Raytheon Electronics
Semiconductor Division

RC5036

Dual Adjustable Voltage Regulators w/Enable

Features

» Combines switching regulator and low dropout linear
regulator in single chip

« Pentiun® P54C/P55C CPU selectable — no jumpers
required

 Linear regulator on/off control

« Each output voltage adjustable from 1.5V to 3.6V

* Built-in soft start

» Switcher can be configured for 13A loads, linear for 5A

» Precision trimmed low TC voltage reference

» “Constant On-Time” oscillator (patent pending)

» Small footprint 16 lead SOIC package

Applications

» Switchable single/dual power supply for Pentium
P54C/P55C flexible motherboard implementation

» Dual 3.3V/2.xV or 3.xV power supply for Intel Pentium
MMX™ and AMD-K6™ MMX and Cyrix 6x86MX™
(M2) processors requiring separate voltage planes

» Programmable dual power supply for high current loads

Block Diagram

Description

The RC5036 combines a switch-mode DC-DC converter
with a low-dropout linear regulator. In addition, it integrates
the circuitry required to switch the DC-DC converter output
between 3.5V and a user-selectable voltage from 1.5V to
3.6V as well as an enable function to allow the linear
regulator to be turned off when not required. RC5036 has
built-in Soft Start feature which offers system protection dur-
ing power-up by reducing both inrush current and output
overshoot. Using minimal external components, the RC5036
can be configured to directly implement the two supply situ-
ations required in a P54/P55 and K6 flexible motherboard
application. In one mode, the DC-DC converter provides the
3.5V VRE level required by the P54 processor. The linear
regulator can be disabled or can provide 3.3V for peripheral
components. Using théCC2DETpin from the P55C pro-
cessor, the RC5036 can be automatically reconfigured to
provide a 2.xV or 3.xV CPU core supply from the DC-DC
converter and a 3.3V I/O supply from the linear regulator.

With the appropriate external components, the DC-DC
converter can deliver load current as high as 13A and the
linear regulator can provide 5A. The DC-DC converter and
the linear regulator can be set independently using two
external resistors each to any value between 1.5V and 3.6V.
The factory trimmed internal reference achieves tight
tolerance voltage regulation on both outputs. Independent
short circuit protection is also provided.
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RC5036 PRODUCT SPECIFICATION

Functional Description be seen from Figure 1, the amp is used to compare the

. . ) divided davn output of the linear grilator to the precision
The RC5036 contains a precision trimmed ZBEovoltage  oferenceThe error signal is used to control either an

reference, a constanti-time architecture controllea high N-channel MOSFET or a peer NPN transistor
current switcher output deer, a lov offset opamp, and
switches for selectingavious output mode3he block
diagram in Figure 1 sl hav the RC5036 in combination
with the external components achies a switchable dual
power supply

High Current Output Driver s

The RC5036 switching high current outputveri (SDR/)
contains high speed bipolanper transistors corgiured in a
pushpull configuration.The output drrer is capable of
supplying 0.5A of current in less than 100fke driver's
power and ground are separated from therall chip pover
and ground for added switching noise immunity

Switc h-Mode Contr ol Loop

The main control loop for the switahede comerter con-
sists of a current conditioning ampdifiand one of the v
voltage conditioning amplirs that ta& the rav voltage and
current information from the gellator output, compare them
agninst the precision reference and present the error signal
the input of the constamin-time oscillator The two woltage
conditioning amplifers act as an analog switch to select
between the internal resistowriier netvork (set for 3.5V)

or an aternal resistor dider netvork (adjustable for 1.5V

to 3.6V) The switchmode select pin determines which of . .
the two amplifiers is selectedhe current feedback signals Constant-On-Time Oscillator

come across the lout sense resistor to the IFBH and IFBL The RC5036 switclmode oscillator is designed asxefi
inputs of the RC503@ he error signals from both the on-ime, \ariable of-time oscillatorThe constant-on-time
current feedback loop and theltage feedback loop are oscillator consists of a comparagtan eternal capacitora
summed together and used to control thidinfe duration of  fixed current source, @xable current source, and an analog
the oscillatorThe current feedback error signal is also used switch that selects betweendwhreshold wltages for the

Internal Ref erence

tthe reference in the RC5036 is a precision bgapltype
reference. Its temperature cieient is trimmed to prade a
near zerd C. For guaranteed stable operation under all load-
ing conditions, a O{F capacitor is recommended on the
VREF output pin.

as part of the RC5036 short-circuit protection. comparatarThe eternal timing capacitor is alternately
chaged and dischged through the enabling and disabling
Linear Contr ol Loop of the fxed current sourc&he \ariable current source is

controlled from the error inputs that are reeelifrom the

The lov-offset opamp is confjured to be the controlling > - )
current and wltage feedback signalBhe oscillator dftime

element in a precisionwsdrop-out linear rgulator As can
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Figure 1. RC5036 Block Diagram




PRODUCT SPECIFICATION

RC5036

is controlled by the amount of current thatvaitable from

the \ariable current source to clhyarthe gternal capacitor pin directly and set each of itsdvoutputs accordingly

up to the high thresholdvel of the comparatofhe on-time

is set be the constant current source that digesahe gterr ~ When the SWCTRL pin is HIGH, the switchingytéator
nal capacitor @ltage davn to the lever comparator will set its output at 3.5V using twinternal precision resis-

threshold.

Using Intel' s VCC2DET pin

Intel has speciéd a logic pin on both the P54 and P55C
Pentium processors in order to simplify the task of designin
a “flexible motherboard” that can accept botrigties of

tors.When this pin is L@/, the switching rgulator output
can be set to gnvoltage between 1.5V and 3.6V usingesx
nal precision resistorghe LIN_EN pin is used to enable or
disable the linear gulator When the LIN_EN pin is HIGH,
he linear rgulator will be disabled. If this pin is M@, the
inear reyulator output can be set from 1.5V to 3.5V using

CPU.This pin (VCC2DET) is located at positiéi.1, and is external precision resistorshe linear rgulator output can

internally bonded to ground on the P55C and left uncon-

be left on to preide paver to other 3.3V components such

nected on the P54 and its eqlents The RC5036 has v~ 25 SRAM, DRAM and I/0 chipset.

Pin Assignments

Pin Descriptions

LIN_EN 1 16 [ SWCTRL
VREF 1T 2 15 1 CEXT
IFBH 1 3 14 11 GNDA
IFBL I 4 13 M VSCL
FBSW 1 5 12 1 LDRV
VCCA I 6 11 [ VCCL
VFBL 1 7 10 [ VCCP
GNDP I 8 9 [ SDRV

65-5036-02

Pin
Name

Pin
Number

Pin Function Description

LIN_EN

1

Linear regulator enable input.  Accepts TTL/open collector input levels. A logic level HIGH
on this pin disables the output of the linear regulator, pin 12. For P54/P55 applications, this
pin should be connected to the VCC2DET processor pin (located at CPU pin position AL1).

VREF

Voltage reference test point.  This pin provides access to the internal precision 1.5V
bandgap reference and should be decoupled to ground using a 0.1pF ceramic capacitor.
No load should be connected to this pin.

IFBH

High side current feedback for switching regulator. Pins 3 and 4 are used as the inputs
for the current feedback control loop and as the short circuit current sense points. Careful
layout of the traces from these pins to the current sense resistor is critical for optimal
performance of the short circuit protection scheme. See Applications Discussion for details.

IFBL

Low side current feedback for switching regulator. See Applications Discussion for
details.

FBSW

Voltage feedback for switching regulator. This input is active when a logic level LOW is
input on pin 16 (SWCTRL). Using two external resistors, it sets the output voltage level for
the switching regulator. See Applications Discussion for details.

VCCA

Switching Regulator V ¢c. Power supply for switching regulator control circuitry and
voltage reference. Connect to system 5V supply and decouple to ground with 0.1pF
ceramic capacitor.

VFBL

Voltage feedback for linear regulator.  Using two external resistors, this pin sets the
output voltage level for the linear regulator. See Applications Discussion for details.

logic inputs (SWCTRL and LIN_EN) that can read this CPU
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Pin Descriptions

(continued)

Pin
Name

Pin
Number

Pin Function Description

GNDP

8

Power Ground. Return pin for high currents flowing in pins 9, 10 and 12 (SDRV, VCCP and
LDRV). Connect to a low impedance ground. See Applications Discussion for details.

SDRV

FET driver output for switching regulator. Connect this pin to the gate of the N-channel
MOSFET M1 as shown in Figure 14. The trace from this pin to the MOSFET gate should be
kept as short as possible (less than 0.5"). See Applications Discussion for details.

VCCP

10

Switching regulator gate drive V- ¢c. Power supply for SDRV output driver. Connect to
system 12V supply with R-C filter shown in Figure 14. See Applications Discussion for
details.

VCCL

11

Linear Regulator Vcc. Power supply for LDRV output op-amp. Connect to system 12V
supply and decouple to ground with 0.1F ceramic capacitor.

LDRV

12

Output driver for linear regulator.  Connect this pin to the base of an NPN transistor.
When pin 1 (LIN_EN) is pulled HIGH, the linear regulator is disabled and pin 12 will be
pulled low internally.

VSCL

13

Low side current sense for linear regulator. Connect this pin between the sense resistor
and the collector of the power transistor. The high side current sense is internally connected
to pin 6 (VCCA). Layout is critical to optimal performance of the linear regulator short circuit
protection scheme. See Applications Discussion for details.

GNDA

14

Analog ground. All low power internal circuitry returns to this pin. This pin should be
connected to system ground so that ground loops are avoided. See Applications Discussion
for details.

CEXT

15

External capacitor. A 180pF capacitor is connected to this pin as part of the constant
on-time pulse width circuit. Careful layout of this pin is critical to system performance.
See Applications Discussion for details.

SWCTRL

16

Switching regulator control input.  Accepts TTL/open collector input levels. A logic level
HIGH on this pin presets the switching regulator output voltage at 3.5V using internal
resistors. A logic level LOW on this pin will select the output voltage set by two external
resistors and the voltage feedback control pin 5 (VFBSW). See Applications Discussion for
details.

Absolute Maxim um Ratings

Supply Voltages, VCCA, VCCL, VCCP 13v

Junction Temperature, TJ +150°C

Storage Temperature, TS -65 to +150°C

Lead Soldering Temperature, 10 seconds 300°C
Note:

1. Functional operation under any of these conditions is not implied. Performance is guaranteed only if Operating Conditions are
not exceeded.




PRODUCT SPECIFICATION RC5036
Operating Conditions
Parameter Conditions Min. Typ. Max. Units
Switching Regulator Vcc, VCCA 4.75 5 5.25 \%
Linear Regulator Vcc, VCCL 114 12 12.6 \%
Logic Inputs, SWCTRL, LIN_EN Logic HIGH 2.4 \%
Logic LOW 0.8 \
Ambient Operating Temperature, TA 0 70 °C
Drive Gate Supply, Vccp 9 12 13 \%
Electrical Characteristics — Switc  h-Mode Regulator
(VCCA =5V, VCCL =12V, Ta = 25°C using circuit of Figure 14, unless otherwise noted)
The « denotes specifications which apply over the full ambient operating temperature range.
Parameter Conditions Min. Typ. Max. Units
Output Voltage, VOSW? SWCTRL = HIGH 35 v
Set by internal resistors
Output Voltage, VOSW? SWCTRL = LOW 15 3.6 Y
Set by external resistors
Setpoint Accuracy? Isw = 5A 1.2 +1.2 %Vo
Output Temperature Drift 40 ppm
Output Current, Isw 13 A
Line Regulation VCCA =4.75to0 5.25V 0.10 0.15 %Vo
Isw = 5A
Load Regulation Isw = 0 to 5A or 5A to 10A +0.9 +1.3 %Vo
Output Ripple, peak-peak 20MHz BW, Isw = 5A 15 mV
Cumulative DC Accuracy?® +55 +100 mV
Efficiency Isw = 5A 80 87 %
Output Driver Current Open Loop 0.5 A
Short Circuit Threshold 80 90 100 mV
Voltage
On Time Pulse Width* CEXT = 180pF 3.5 us
Notes:
1. When the SWCTRL pin is HIGH or left open, the switch-mode regulator output will be preset at 3.5V using internal precision

resistors. When the SWCTRL pin is LOW, the output voltage may be programmed with external resistors. Please refer to

the Applications Section for output voltage selection information.

Setpoint accuracy is the initial output voltage variability under the specified conditions. When SWCTRL is LOW, the matching
of the external resistors will have a major influence on this parameter.

Cumulative DC accuracy includes setpoint accuracy, temperature drift, line and load regulation, and output ripple.
The on-time pulse width of the oscillator is preset using external capacitor CExT. See Typical Operating Characteristics

curves.
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Electrical Characteristics — Linear Regulator
(VCCA =5V, VCCL = 12V, Ta = 25°C using circuit in Figure 14, unless otherwise noted)

The » denotes specifications which apply over the full ambient operating temperature range.

Parameter Conditions Min Typ Max Units
Output Voltage, VOL! Set by external resistors 15 3.6 \%
Setpoint Accuracy? IL=0.5A, using 0.1% resistors -1.5 +1.5 %
Output Temperature Drift 40 ppm
Output Current, IL 5 A
Line Regulation VCCL =11.4Vto12.6V, IL=3A 0.1 0.15 %\o
Load Regulation IL=0to5A +0.7 +1 %Vo
Output Noise 0.1 to 20KHz 1 mV
Cumulative DC Accuracy® +1.7 +3 %
Crosstalk* Isw = 5A 35 mV, p-p
Short Circuit Comparator Internal comparator offset 40 50 60 mV
Threshold

Op-amp Output Current Open Loop 50 70 mA

Notes:

1.

When the LIN_EN pin is LOW, the linear regulator output is set with external resistors. When the LIN_EN pin is HIGH, the

linear regulator is disabled and will exhibit no output voltage. Please refer to the Application Section for output voltage

selection information.

will have a major influence on this parameter.

regulator when both outputs are in a static load condition.

Electrical Characteristics — Common
(VCCA =5V, VCCL =12V, Ta = 25°C using circuit of Figure 14, unless otherwise noted)

The « denotes specifications which apply over the full ambient operating temperature range.

Cumulative DC accuracy includes setpoint accuracy, temperature drift, line and load regulation.
Crosstalk is defined as the amount of switching noise from the switch-mode regulator thatappears on the output of the linear

Setpoint accuracy is the initial output voltage variability under the specified conditions. The matching of the external resistors

Parameter Conditions Min Typ Max Units
Reference Voltage, VREF 1.485 15 1.515 \Y
VREF PSRR 60 dB
Thermal Impedance, 63A 150 °C/IW
VCCA Supply Current Independent of load 5 10 mA
VCCP Supply Current Isw = 5A 20 25 mA
VCCL Supply Current IL=2A 5 mA
Internal Power Dissipation Isw = 5A, IL = 2A, using Figure 1 325 mwW
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Typical Operating Characteristics
(VCCA =5V, VCCL = 12V and Ta = +25°C using circuit in Figure 14, unless otherwise noted)
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Typical Operating Characteristics
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Test Cir cuit Confi gurations
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Figure 14. P54/P55C, K6, or M2 Single/Dual Power Supply Application Schematic
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Table 1. Bill of Materials f or a RC5036 P55C, K6, or M2 Application

linear regulator

Manufacturer Requirements and
Qty. |Reference Part Order # Description Comments
4 C7, C8, Panasonic ECU-V1H104ZFX 0.1uF 50V SMT 0805
C9, C10 capacitors
Cl1 Panasonic ECU-V1H103KBX 10nF 50V SMT 0805 capacitor
C13 Panasonic ECU-V1H181JCG 180pF 50V SMT0805
capacitor
1 C14 Panasonic ECSH1CY105R 1pF 16V SMT 0805 Capacitor
See | CouTt Sanyo 6MV1500GX 1500uF 6.3V electrolitic ESR <0.044Q
Table 2 capacitor, 10mm x 20mm
See | CIN Sanyo 10MB1200GX 1200pF 10 B electrolytic
Table 2 capacitor, 10mm x 20mm
1 C1 Sanyo 6MV1500GX 1500uF 6.3V electrolytic
capacitor, 10mm x 20mm
DS1 Motorola MBR1545CT Schottky Diode Vi< 0.57V at If = 7.5A
L1 Pulse Engineering PE-53682 4.7uH inductor
L2 Beads Inductor 2 Beads, 3.5 x 8mm wire, Optional—Helps reduce
diameter = 0.6mm ripple on the 5V line
1 M1 IRL3103 N-Channel Logic Level RDS(ON) < 20mQ,
Enhancement Mode MOSFET | VGs < 4.5V,
ID > 20A
Q1 Motorola MJE15028 NPN power transistor 3 >80 at 3A
R1 RSENSE (SW) 5mQ MnCu or Copel resistor
R8 Panasonic ERJ-6ENF 0.80KV 0.80KQ 1% resistor 0.1% resistor desirable
for accuracy
1 R9 Panasonic ERJ-6ENF2.26KV 2.26KQ 1% resistor 0.1% resistor desirable
for accuracy
1 R10 Panasonic ERJ-6ENF1.87KV 1.87KQ 1% resistor 0.1% resistor desirable
for accuracy
1 R11 Panasonic ERJ-6ENF1.74KV 1.74KQ 1% resistor 0.1% resistor desirable
for accuracy
1 R7 Panasonic ERJ-6ENF2.00KV 2.00KQ 1% resistor 0.1% resistor desirable
for accuracy
1 R3 Panasonic ERJ-6ENF12.1KV 12.1KQ 1% resistor 0.1% resistor desirable
for accuracy
1 R4 Panasonic ERJ-6ENF10.0KV 10.0KQ 1% resistor 0.1% resistor desirable
for accuracy
1 R5 Panasonic ERJ-6GEY000V 0Q 5% resistor Resistor raises VouT
25mV/5Q
R6 Panasonic ERJ-6GEY047V 47Q 5% resistor
R2 RSENSE (Lin) 7mQ MnCu or Copel resistor
Ul Raytheon Dual Regulator for P55—
RC5036M switching regulator + LDO

10




PRODUCT SPECIFICATION RC5036
Table 2. Switc hing Regulator Components Selection  Table
CIN Cout Power MOSFET
Output Voltage Output Current Sanyo 10MV1200GX | Sanyo 6M1500GX (M1)

3.5 8 1x 2X IRL3103

2.8 6 1x 2X IRL3103

29 6.25 1x 2X IRL3103

29 7.5 1x 2X IRL3103

3.2 9.5 2X 4x IRL3103

3.2 13 3X 6X IRL3103

21 5.6 1x 2X IRL3103

3.3 3 N/A 1x MJE15028
Applications Discussion For 3.3V
The follaving discussion is intended to be an abtated list = 15x %?4;5*?5% = 1.5x EJQ-JJITT(NKE = 3.3

of design considerationsgarding the RC5036 as used in a
typical dual wltage processor motherboard application.
For a more thorough discussion of applicable sptifins
relating to the Intel Pentium P55C processor as well as
details on RC5036 design equations, please refspptica-
tion Note 48.

Output Voltage Selection
Feedback Voltage Divider

Linear Regulator Design Considerations

Figure 14 shas the application schematic for the RC5036
with a paver NPN used for the lineargelator

Careful consideration must bevgn to the base current of
the paver NPN deice. The base current to theyger NPN
device is limited by:

The RC5036 precision reference is trimmed to be 1.5V nom-

inally. When using the RC5036, the system designer has
complete #xibility in choosing the outputoitage for each
regulator from 1.5V to 3.6V This is done by appropriately
selecting the feedback resistofithese should be 0.1% resis-
tors to realize optimum output accuyad he folloving
equations determine the outputtages of the te regula-

tors:

Switching Regulator

2+R3
Vour = 1.5><ER 30

Linear Rgulator

- 15x [RA*+RSQ

VOUT_ . 0 rs O

where R2 > 1.5 and (R2 + R3x 25kQ and R4 > 1.5
and (R4 + R5k 25kQ

Example:
For 2.8V

_ R2+R3[_ rl.6k +1.85 7 _
Vour = LEX grmag= LEx e = 2.8V

» The RC5036 op-amp output current (50mA)
« The internal paer dissipation of the RC5036 package
* Thef of the paver NPN deice.

The internal RC5036 peer dissipation is the mostvare
limitation for this application. & optimum reliability we
require that the junction temperature nateed 130C; thus
we can calculate the maximumvper dissipation allwable
for this 16-lead SOIC package as folk

PD - TJ(max) _TA

RG)JA
If we assume that the ambient temperaiyres 5CC and
the thermal resistance of the 16-lead SOIC package is
150°C/W, then the maximum peer dissipation for the IC is:

Pp = 122=0< 0539w
Pp = Psw+PLy =

(35MA x 5.25V) + (12.6V =V 1 — Vi) X o < 0.533W

Where Bis the internal pwer dissipation of the switching
regulator and PN is the internal pwer dissipation of the
linear rggulator loL is the linear rgulator op-amp output
current. BrvVouT = 3.3V nominal, the wrst case output
will be determined by the spedfCPU used.

11



RC5036

PRODUCT SPECIFICATION

For example, for a wrst cas&/ouT = 3.135V the maximum
op-amp output current is:

_ 0.533V —(35mA x 5.25V)

<40mV

loL =

(12.6V -3.135/ —0.8V)
3000mA _
B=Zoma = 7

The paver NPN transistor must i@ a minimuny of 75 at
I_=3Ain order to meet the internalyer dissipation limit
of the 16-SOIC package.

Using a D44H11 pwer transistor (eailable from seeral
manufgcturers), we fid that the minimun for operation at

3Ais around 50 at 2&. At first glance, we might think that

this violates our requirement f8r>75. Havever, further

analysis will sher that thef in the actual application will be

much higher than 5@8Ve knav that the manuafcturers mini-
mum at 258C is conserative, and thatwer temperatur@

increases. If we calculate the junction temperature of the

power transistor under a 3A load, we get:

Pp = IxVeg = 3A%(5-3.3) = 51W

Using the equation from abe for obtaining the junction

temperature, we ha:

T yma) ~ T
Pp = XA = 53w

Rosa

For aTO-220 package with the appropriate heat sink, the

©Jcis about 8C/W. If we agin assume that the ambient
temperature is SC, then we can sodvfor TJj(max)

Tymax) = Po*Roga +Ta = 5.IW x8+50 = 90.8°C

Table 3. Comparison of Sense Resistor s

At this temperature, the typic@lfor a D44H11 will be wer

90, much higher than the minimum, so that a transistor with
a rated3 minimum of 50 at 28C will yield a well abore 75
under typical ambient conditions.

Short Cir cuit Considerations

For the Switch-Mode Regulator

The RC5036 uses a current sensing scheme to limit the load
current if an outputdult condition occurslhe current sense
resistor carries the peak current of the indyettiich is
greater than the maximum load current due to ripple currents
flowing in the inductarThe RC5036 will bgin to limit the
output current to the load by turning tie top-side FET
driver when the @ltage across the current-sense resistor
exceeds the short circuit comparator thresholtage (\h).
When this happens the outputtage will temporarily go

out of rggulation.As the wltage across the sense resistor
becomes layer, the top-side MOSFET will continue to turn
off until the current limit @lue is reachedt this point, the
RC5036 will continuously deléer the limit current at a
reduced outputaltage level. The short circuit comparator
threshold wltage is typically 90mMvith a \ariability of
+10mV. The ripple currentidwing through the inductor is
typically 0.5A. There needs to be a 29% miarfor the

sense resistor when using a motherboard PC trace resistor
Refer toApplication Note 48 for detailed discussiorkhe
sense resistoralue can be approximated as folk

Vth,min

L5A + 1 5ap max

Vih,mi
Rsense = _lp':'nx(l—TF) =

x(1-TF)
WhereTF =Tolerance Ector for the sense resistor and 1.5A
accounts for the inductor current ripplable 3 describes
the tolerance, size, p@r capability temperature coitient
and cost of arious types of sense resistors.

Discrete
Discrete Metal Strip Discrete Discrete
Iron Allo y surface mount MnCu Alloy CuNi Alloy
Motherboar d resistor resistor wire wire resistor
Trace Resistor (IRC) (Dale) resistor (Copel)
Tolerance Factor +29% +5% +1% +10% +10%
(TF) (1% available)
Size 2"x0.2"x 0.001"| 0.45"x0.065" x | 0.25"x0.125" x 0.2" x 0.04" x 0.2" x 0.04" x
(LxW x H) (1 oz Cu trace) 0.2" 0.025" 0.16" 0.1"
Power capability >50A/in lwatt(3and5 | lwatt(3and5 1 watt 1 watt
watts available) | watts available)
Temperature +4,000 ppm +30 ppm +75 ppm +30 ppm +20ppm
Coefficient
Cost@10,000 Low; included in $0.31 $0.47 $0.09 $0.09
piece quantity motherboard

12
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RC5036

Based on th&olerance inTable 3:

» For an embedded PC trace resistor:

Vth min
Rsense = 1547 = T onomax X (1-TF)
80mV

= — — 0, -
TEA + 10A x(1-29%) = 4.9mQ

_ 37mV

Rsense = 5

Table 5 lists recommendedlues for sense resistors farv
ious load currents using an embedded PC trace resistor or a

_Ax(l_S%) =

discrete resistor

7.0mQ for using a
discrete resistor

Table 5. RSeNSE for Various Load Currents,
Linear Regulator

» For a discrete resistor: RSENSE RSENSE
Regnse = _ Vi (1-TF) ILOAD, MAX |PC Trace Resistor | Discrete Resistor
1.5+ 1 0ap,MaxX (A) (mQ) (mQ)
2 13.1 17.6
_ _ 80mv _
= T5A +10a < (175%) = 6.6mQ 3 88 11.7
4 6.6 8.8
Table 4 lists recommendedlues for sense resistors farv 5 53 70
ious load currents using an embedded PC trace resistor orra
discrete resistor 6 4.4 5.9

Thermal Design Considerations
Good thermal management is critical in the design of high

Table 4. RseNSE for Various Load Currents,
Switc hing Regulator

current rgulators. System reliability will be deaded if the

| PCT RSESSE. t Di RtSERNSE_ ‘ component temperatures becommeeassie. The folloving
LOAD, MAX race Resistor ISCrete Resistor guide should seevas a reference for proper thermal manage-
5 8.7 11.7
6 76 10.1 MOSFET Temperature
The maximum pwer dissipation of the MOSFET can be cal-
’ 6.7 8.9 culated by using the follwing formula:
8 6.0 8.0
B = Tamaxy—Ta
9 5.4 7.2 b= "o,
10 49 6.6 . N : .
For IR 31030 is 42C/W. For reliability the junction tem-

Since the alue of the sense resistor is often less than0m perature of the MOSFET should natceed 120C. Assum-
care should be tak in the layout of the PCBrace resis- ing that the ambient temperature iS@0then the maximum
tance can contrilie signifcant errorsThe traces to the power dissipation is calculated as:

IFBH and IFBL pins of the RC5036 should bel¥n con- 120—40
nected to the pads of the current-sense resistominimize Pp = 1
the infuence of noise, the twtraces should be runxteo
each other

= 1.905V

The paver that the MOSFET dissipates at the rated 6A load
. is calculated as folles:
For the Linear Regulator

The analysis for short circuit protection of the linegula- PvmosreT = ILOAD2 X Rpgony X (Duty Cycle) +
tor is much simpler than that of the switchingukator The Vin X1 oab
formula for the inception point of short-circuit protection for - 6
the linear rgulator is:

x(t, +1t;) xf

\Y +V
Duty Cycle = OUT D

\V
_ th,min
Reense = 7 —*(1-TF)
LOAD,MAX

VintVp—(Loap * Rpsiony)
whereVp is the forvard wltage of the Schotikdiode used.
Vi, = 45mV+E 8mV and |oap max = BA,

_ 37mv Using the abee formula, folout = 2.8V, ILOAD = 6A

Reense = —m5— X (1-29%) = 5.3mQ for using an
oA embedded PC trace Duty Cycle = 2.8+0.57 — 61.8%
resistor 2.8+0.57- (6% 0.019

13
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5V x 6A
= T x

Puosrer = 6A”x 0.0180 x 61.8% + =

Board Design Considerations

RC5036 Placement

The RC5036 should be placed as close to the aitage

Puwosrer = 0.82W supply pins of the P55C as possible. Preferably the PC layer
directly underneath the RC5036 should be the ground. layer

Since the pwer at 6A is within the thermal guideline, a heat This seres as gtra isolation from noisy peer planes.

sink is not required other than the PCB.

(210ns + 54ns) x 300KHz

MOSFET Placement
Schottky Diode Placement of the peer MOSFET is critical in the design of

In Figure 14, MOSFET M1 andybback diode DS1 are used the switchmode rgulator The FET should be placed in

as complementary switches in order to maintain a cons'[an'[]:‘:’ucht?1 Vaé g;’(;g Gmél’gglge t?ﬁlletngth ofhthalggbdn/et pat:
current through the output inductor 14s a result, DS1 will rom the pin. This trace should beept under

have to carry the full current of the output load when the 0.5" for optlma] performancg. Excasgllead length on th'.s.
power MOSFET is turned &f The paver in the diode is a _trace causes high freq_ugmnlse resulting fro_m the parasmc
direct function of the forard \oltage at the rated load eur inductance and capacitance of the trace. Since dltege

rent during the dftime of the FET The following equation can transition nearly 12V in around 100nsec, the resultant
can be used to estimate the diode/@o ringing and noise will beery difficult to suppresghis trace

should be routed on one layer only aegikwell avay from

the “quiet” analog pins of the diee: VREF, CEXT, FBSW
IFBH, IFBL, andVFBL. Refer to Figure 15A 10Q resistor

in series with the g@e of the MOSFET can decrease this lay-
out critically.

Poiope = Ip X Vp x (1-DutyCycle)

where b is the forvard current of the diod¥®,p is the for
ward wltage of the diode, and DutyCycle is defil the

same as abhe. .
Inductor and Schottky Diode Placement

The inductor and ytback Schottk diode must be placed
close to the source of thewer MOSFET The node con-
necting the inductor and the diode swing between the drain
voltage of the FET and the foand ltage of the Schotyk
diode. It is recommended that this node beveted to a

d plane if possibleThis node is part of the high current path in
the design, and is best treated as a plane to minimize the par
asitic resistance and inductance on that node.

For the Motorola MBR2030CTL Reer Rectifer used in
Figure 14,

Ppiope = 10A x0.57x (1-64.8%) = 2.0W
It is recommended that the dio@i@-220 package be place

down on the motherboard to utilize thewsr plane as a
heatsink and achie a thermal resistance of°“@@W.

Example of Example of
a Good layout a Problem layout
SDRV SWDRV
9 8 —1 — 81
10 7] 10 7
 — 6 [ | [} .
12 5[ —112 5[
Noisy Signal is Cis (49— weL s | _(apF—reL
routed away from
quiet pins and 14 @ IFBH ha %: IFBH
trace length is
kept under 0.5 in, CEXTC—{i5) (2= VREF  cexiT——i5 (2= VREF
16 I —  — ) 1
um o Noisy Signal
Q = "Quiet” Pins radiates onto
quiet pins
and trace is
too long.

Figure 15. Examples of good and poor layouts

14
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Most PC board manag€turers utilize 1/20z copper on the top MOSFET Gate Bias
and bottom signal layers of the PCB; thus, it is not recom-
mended to use these layers to rout the high current portions 45V >——
of the rgulator design. Since it is more common to use 1 oz. @i?f%?_
copper on the PCB inner layers, it is recommended to use
those layers to route the high current paths in the design.

vcer |
Capacitor Placement M1
One of the kys to a successful switahode paver supply SDRY —|%
design is correct placement of the/l&SR capacitors.
Decoupling capacitors sentwo purposes; fst there must 1uF L1 Vo >
be enough tlk capacitance to support thepected transient T )
current of the CPU, and second, there must leiaty of
values and capacitor types to yid® noise supressiover a 4 Ds1 CBULK
wide range of frequencieshe lov ESR capacitors on the T
input side (5V) of the FET must be located close to the drain
of the paver FET Minimizing parasitic inductance and v
resistance is critical in supressing the ringing and noise
spikes on the pwer supply The output lav ESR capacitors
need to be placed close to the output sense resistoMdero A 12v pawer supply is used to bias tRECP A 47Q
good decoupling at theoltage sense point. One of the ehar resijstor is used to limit the transient current MECP
acteristics of good tv ESR capacitors is that the impedance A 1yF capacitor fier is used to fier theVCCP supply and
gradually increases as the frequeimereasesThus for high  source the transient current required to gaahe MOSFET

\
1

RSENSE

GNDP

Figure 16. 12V Gate Bias Configuration

frequeny noise supression, good qualitydinductance gate capacitanceThis method praides suficiently high
ceramic capacitors need to be placed in parallel with the 10 gate pias wltage to the MOSFET (¥S), and therefore
ESR hulk capacitorsThese can usually be QU 1206 reduces Bs(ON)of the MOSFET and its peer loss.

surface mount capacitors.

Figure 16 preides about 5V of gte bias which arks well

Power and Ground Connections when using typical logic-leel MOSFETS, as shn in
The connection 0f CCA to the 5V paver supply plane Figure 17.

should be short and bypassed with auB.#lirectly at the
VCCA pin of the RC5036The ideal connectionould be a

: L Layout Gerber File and Silk Screen
via down to the 5V pwer planeA similar arrangement ) ) )
should be made for théCCL pin that connects to +12V A reference design for motherboard implementation of the

though this one is soméat less critical since it peers only ~ RC5036 along with the Layout Gerber File and the Silk

the linear opamp. Each ground shouldveea separate via Screen is ailable. Please call Raytheon Electronics
connection to the ground plane helo Semiconductor Dision’s Marketing Departmentat

650-966-7819 to obtain this information.

0.1 %

0.09 +
—a—
0.08 + 25K1388

0.07 - ¢— NDP7060
0.06 + —& NDP706A

0.05 - X~ NDP706AEL
0.04 -
0.03 {-
0.02 -
0.01 +

RDS(ON) Ohms

Figure 17. RDS(ON) vs. VGs for Selected Logic-Level MOSFETs
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RC5036 Evaluation Boar d

Raytheon Electronics SemiconductorBion provides an
evaluation board for erifying the system ieel performance

of the RC5036.The evaluation board prades a guide as to
what can bexpected in performance with the supplied
external components and PCB layout. Please call your local
Sales Cfice or Raytheon Electronics SemiconductoriDi

sion at 650-968-9211 for anaduation board.
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Notes:
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Notes:
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RC5036

Mechanical Dimensions

16-Lead SOIC Package

Inches Millimeters Notes:
Symbol - - Notes 1. Dimensioning and tolerancing per ANSI Y14.5M-1982.
Min. Max. Min. Max. i
2. "D"and "E" do not include mold flash. Mold flash or
A -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
[of 0° 8° 0° 8°
cce — .004 — 0.10
16 9
E H
2 l
FHEEAOEEE
1 8 -
| b | ——‘ h x 45°
— | AL c
T {__f=h
o 18
P ¥ seEaTinG [—c- X 4.‘ E
—[e]~— —||~B PLANE | EAD COPLANARITY L
SIS
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Ordering Inf ormation

Product Number Package
RC5036M 16 pin SOIC

The information contained in this data sheet has been carefully compiteaieat shall not by implication or otherwise become part of the
terms and conditions of gsubsequent sale. Raythedhiability shall be determined solely by its standard terms and conditions of sale.
No representation as to application or use or that the circuits are either licensed or free from patent infringemend isrimtestieel.
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 epected to result in personal injuiithe user of Raytheon components in life support applications assumes all risk of such use and
indemnifies Raytheon Compgragainst all damages.

Raytheon Electronics
Semiconductor Division
350 Ellis Street

Mountain View, CA 94043
650.968.9211

FAX 650.966.7742

9/97 0.0m
Stock# DS30005036
®Raytheon Company 1997



