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Application Bulletin

Implementing Short Circuit Protection
using the RC5036 DC-DC Converter for Pentium® P55/P54

Implementing Short Circuit
Protection

Intel currently requires all power supply manufacturersto
provide continuous protection against short circuit condi-
tions that may damage the CPU. Fairchild has implemented
a current sense methodol ogy to disable the output drive
signal to the MOSFET(s) on the switch-mode regulator of
the RC5036 when an over current condition is detected.
The voltage drop created by the output current flowing
across a sense resistor is presented to one terminal of an
internal comparator with hysterisis. The other comparator
terminal has the threshold voltage, nominally of 90mV.
The linear regulator of the RC5036 similarly uses a current
sense resistor to disable the output drive when the threshold
voltage (45mv typical) is reached. However, no hysterisisis
included in the linear regulator. Table 1 statesthe limitsfor
the comparator threshold for both Switching Regulator and
the Linear Regulator.

Table 1: RC5036 Comparator Threshold
Voltage

Vthreshold Vthreshold
Switcher(mV) Linear(mV)
Typical 80 45
Minimum 100 37
Maximum 90 53

Switching Regulator

When designing the external current sense circuitry, the
designer must pay careful attention to the output limitations
during normal operation and during afault condition. If the
short circuit protection threshold current is set too low, the
DC-DC converter may not be able to continuously deliver
the maximum CPU load current. If the threshold level istoo
high, the output driver may not be disabled at asafe limit and
the resulting power dissipation within the MOSFET(s) may
rise to destructive levels.

The design equation used to set the short circuit threshold
limit is asfollows:

\%
Rsense = ﬁ , where: |5 = Output short circuit current

I | = +(|Bk_|min)
sc = linductor = Load, max 2

Where | and | i, are peak ripple current and |oaq, max =
maximum output load current

The designer must also take into account the current

(Ipk = Imin» or the ripple current flowing through the induc-
tor under normal operation. Figure 1 illustrates the inductor
current waveform for the RC5036 DC-DC converter at
maximum load.
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Figure 1. Typical DC-DC
Converter Inductor Current Waveform

The calculation of thisripple current is as follows:

(ka_lmin) _ (VIN_VSW_VOUT) T
2 - L * Ton

where:

Vi, = input voltage to Converter

Vg = voltage across Switcher (MOSFET)=I| oap X Rpsion)
Vp = Forward Voltage of the Schottky diode

T = 2.8usec for Cgx 1 = 180pf.

Vin

lsc = § s where: Isc min > 1pk
SENSE

Inductor = Noad * (Ipk = Imin)/2

For an input voltage of 5V, output voltage of 2.8V, L equals
4.7uH, and a Ty =2.8usec, the [pk-Imin/2 current can be
calculated as follows:

x28x107° =

(Iok=!min) _ (5.0-10x0.037-2.8)
2 47x107°

0.545A ~ 0.5A

Therefore, to be able to deliver a continuous 10A of load
current, the short circuit detection threshold must be at least
10.5A.
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The next step is to determine the value of the sense resistor.

Including sense resistor tolerance, the sense resistor value
can be approximated as follows:

Where TF = Tolerance Factor for the sense resistor.

There are several different type of sense resistors. Table 2
describes tolerance, size, power capability, temperature coef-

R _ Vth,min
SENSE — |
PK

*(1-Th) = 05+ 1 oapmax

Vth,min

x (1-TF)

Table 2: Comparison of Sense Resistors

ficient and cost of various type of sense resistors:

Discrete Discrete
Discrete Metal Strip Discrete CuNi Alloy
Iron Alloy surface mount MnCu Alloy wire
Motherboard resistor resistor wire resistor
Description Trace Resistor (IRC) (Dale) resistor (Copel)
Tolerance +29% +5% +1% +10% +10%
Factor (TF) (x1% available)
Size 2"x0.2"x0.001" | 0.45"x 0.065" x | 0.25"x0.125"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 >50A/in 1 watt 1 watt 1 watt 1 watt
capability (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 included in
piece motherboard
Quantity

Based on the Tolerance in the above table:

For an embedded PC traceresistor and || pap max = 10A:

\ 80mvV

0.5A + 10A

th,min

x(1-TF) =
0.5+ 1 capmax

Rsense =

For adiscreteresistor I opap max = 10A:
\%

th,min « (1-TF) = 80mV

Rsense = = 05A +10A

05+ 1 oapmax

For user convenience, Table 3 lists recommended Value for
sense resistor for various load current using Embedded PC
Trance Resistor or Discrete Resistor.

Table 3: Rgense for various load current

RSENSE RSENSE
lLoap, wax | PC Trace Resistor | Discrete Resistor
(A) (mQ) (MmQ)
5 10.3 13.8
6 8.7 11.7
7 7.6 10.1
8 6.7 8.9
9 6.0 8.0
10 5.4 7.2

x (1-29%) = 54mQ

x (1-5%) = 7.2mQ

Discrete Sense Resistor

Discrete Iron Alloy resistor comesin variety of tolerances
and power ratings, and is most ideal for precision implemen-
tation. MuCu Alloy wire resistor or CuNi Alloy wire resistor
isideal for low cost implementation.

Embedded Sense Resistor (PC Trace Resistor)

Embedded PC trace resistor has the advantage of almost zero
cost implementation. However, value of the PC trace resistor
has large variations. Embedded resistors have 3 mgjor error
sources, the sheet resistivity of the inner layer, the mismatch
due to L/W, and the temperature variation of the resistor. For
laying out embedded sense resistors one has to consider all
three error sources which are described below:
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1. Sheset resigtivity. For 1 ounce copper, the thickness vari-
ationistypicaly 1.15 mil to 1.35 mil. Therefore error
due to sheet resistivity is (1.35 — 1.15)/1.25 = 16%

2. Mismatch dueto L/W. Percent error in L/W is dictated
by geometry and the power dissipation capability of the
sense resistor. The sense resistor must be able to handle
theload current and therefore requires aminimum width
which is calculated by equation 1.:

— IL
W= om0 (Eq. 1)

where: W = minimum width required for proper power
dissipation(mils)
[ = Load currentin Amps

For 15A of load current, minimum width required is
300mils, which reflectsa1% L/W error.

3. Thermal Consideration. Dueto I°R power losses the
surface temperature of the resistor will increase leading
to ahigher value. In addition, ambient temperature vari-
ation will add the change in resistor value:

R = Ryo[1+ aty(T —20)] (Eq. 2)

where: Ry isthe resistance at 20°C,
apg = 0.00393/ °C,
T isthe operating temperature
Risthe desired value.

For temperature T = 50°C, the % R change = 12%.

Table 4 isthe summary of the tolerance for the Embedded
PC Trace Resistor.

Table 4: Summary PC Trace Resistor Tolerance

Tolerance due to Sheet Resistivity variation 16%
Tolerance due to L/W error 1%
Tolerance due to 12%
temperature variation

Total Tolerance for PC Trace Resistor 29%

Design rules for using an embedded resistor
The basic equation for laying an embedded resistor is:

(Eq. 3)

where:  p = Resigtivity (Q-mil),
L = Length (mils),
W = Width (mils),
t = Thickness (mils).

For 1 oz. copper, t = 1.35 mils, p = 717.86 uQ2-mil, and
1L/1W =1 Square.

Asan example, we would like to layout a 5.3m<2 embedded
sense resistor.

From Equation 1.
W = 10/0.05 = 200 mils.

From Equation 3.
L (mils) = 0.00530* 200* 1.35/717.86 = 2000 mils
L/W =10

Therefore to model 5.30m€, one needs W = 200 mils, and
L = 2000 mils (see Figure 2).

10 10 10 10 10 10 10 10 10 10

W =200 mils

L = 2000
Figure 2. 5.30 mQ Sense Resistor (10 0)

One can a'so implement the sense resistor in the following
manner. Each corner square is counted as 0.6 square since
current flowing through the corner square does not flow
uniformly and is concentrated towards the inside edge.
See Figure 3.

10 10 10 10 10 10

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

Figure 3. 5.30 mQ Sense Resistor (10 0)
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A design example combining Embedded
resistor with Discrete Resistor
For low cost implementation, the embedded PC trace resistor

is the most desirable one. However, the wide tolerance
(x29%) presents achallenge. In addition, requirement for the

CPU changes frequently, the maximum load current may be
subject to change. Combining embedded resistor with dis-
creteresistor option may bedesirable. A design that provides
flexibility, and solution to address wide toleranceis pre-
sented below for consideration:

Embedded Sense Resistor

IFBH ——— O

MnCu Discrete O
Resistor R2 R22
IFBL

O

Output Power
O Plane (Vout)

R-Ar

R

R+Ar

In this design, the user has the option to choose either an
embedded or a discrete MnCu sense resistor. |n order to use
the discrete sense resistor, populate R21 with a shorting bar
(zero Ohm resistor) for proper Kelvin connection and aso
add the MnCu sense resistor. On the other hand in order to
use the embedded sense resistor, populate R22 with a
shorting bar for Kelvin connection. Also, the embedded
sense resistor allows the user to choose a plus or a minus
delta resistance tap to offset any large sheet resistivity
change. In this design, the center tap will yield 6mQ, and the
left or the right tap will yield 6.7 or 5.3 mQ respectively.

Short Circuit foldback

During a short circuit condition, the current foldback asillus-
trated in Figure 5, thus reducing the IR power dissipationin
the sense resistor as well as the power loss in the MOSFET.
Thisinsures against thermal damage due to excessive output
currents. For this reason, we will design around the maxi-
mum value for Rgense-

Switcher Output Voltage versus
Output Current Rsens = 6mQ

3.2 + \
25 \

Output Voltage (V)

15 \
1

0.5

|

7 9 11 13 15 17
Output Current (A)

Figure 5, Short Circuit Foldback
characteristics for the Switching Regulator

Power Dissipation Consideration During a
Short Circuit Condition

The RC5036 controller responds to an output short circuit by
drastically changing the duty cycle of the gate drive signa to
the power MOSFET. In doing this, the power MOSFET will
be protected from being over-stressed and eventual destruc-
tion. During the normal operation, the duty cycleis set by the
ratio of the input voltage to the output voltage. If the input
voltage is 5V, and the output voltage is 2.8V, the ratio of
Vout/ Vin is 56%. In ashort circuit condition, the duty cycle
is dramatically reduced to around 20%. The power
dissipated in the MOSFET at normal operation for aload
current of 10A, isgiven by:

2
Pomosrer = (I"Rgy) x (Duty Cycle) =
100 x .03 x .62 = 1.86W

The power dissipated in the MOSFET at short circuit
condition for a peak short circuit current of 15A, isgiven by:

Pomosrer = 15°x .03x .2 = 135W

Thus, the MOSFET isnot being over-stressed during a
short circuit condition.

The Schottky diode has a power dissipation consideration
during the short circuit condition as well. During the normal
operation of the device, the Schottky diode will dissipate
power during the time that the power MOSFET is off. The
power dissipated in the diode during normal operation, is
given by

Pb.biode = |Fx Vgx (1-DutyCycle) =

10x 0.5V x (1-0.62) = 1.9W
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In short circuit mode, the duty cycle dramatically reduces Table 5: Rgenge for Various Load Current
to around 20%. The forward current, in the short circuit
condition, decays exponentially through the inductor. The Rsense . ] Rsense _
power dissipated in the diode during short circuit condition, lLoap,max | PCTrace Resistor | Discrete Resistor
is approximately given by: (A) (mQ) (mQ)
2 13.1 17.6
1 24us
Ie ending = lseX € "= 15A x e ™' ~9.2A 3 88 117
4 6.6 8.8
Ie. ave~ (15A +9.2A) /2~ 12A 5 53 70
Po. biode = Ir. avex Vi x (1—DutyCycle) = 6 4.4 5.9

12 x 0.45 x 0.8 = 4.3W

Thus for the Schottky diode, the thermal dissipation during
short circuit is greatly magnified and requires that the ther-
mal dissipation of the diode be properly managed by the
appropriate choice of aheat sink. In order to protect the
Schottky from being destroyed in the event of a short, we
should limit the junction temperature to less than 130°C.
Using the equation for maximum junction temperature, we
can arrive at the thermal resistance required below:

p. = TJ(max) —Ta
° R@JA

Assuming that the ambient temperature is 50°C,

Tyman =T
- JJmax)” TA _ 130-50 - o
Roia P 13 18.6°C/W

Thus we need to provide for a heat sink that will give the
Schottky diode a thermal resistance of at least 18.6°C/W or
lower in order to protect the device during an indefinite
short.

In summary, with proper heat sink, the Schottky diodeis not
being over stressed during a short circuit condition.

Linear Regulator

The analysis for short circuit protection of the linear regula-
tor is much simpler than that of the switching regulator. The
formulafor the inception point of short-circuit protection for
thelinear regulator is

V .
_ th,min
Rsense = 7— — x(1-TF)
Load, max

Vinmin = 37 MV and |gg max = 5A

th,min

Regnse = ooV, (1-29%) = 53me for using PC

5A .
Trace Resistor

R _ 3rmV
SENSE — 5A

x (1-95%) = 7.0mQ

For user convenience, Table 5 lists recommended Value for
sense resistor for various load current using Embedded PC
Trance Resistor or Discrete Resistor.

Figure 6 shows the short circuit characteristic for the linear
regulator.

RC5036 Linear Regulator Shortcircuit Characteristic
Rsense = 7mohm

35
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0
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Output Current (A)
Figure 6. Short Circuit Characteristic for Linear Regulator

Power Dissipation Consideration During a
Short Circuit Condition

The output current folds back to approximately 50% of the
output peak current during a short circuit condition. The
power deviceis, therefore, not being over stressed during a
short circuit condition.
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LIFE SUPPORT POLICY

FAIRCHILD’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES
OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR

CORPORATION. As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the body,
or (b) support or sustain life, and (c) whose failure to
perform when properly used in accordance with
instructions for use provided in the labeling, can be
reasonably expected to result in a significant injury of the
user.

www.fairchildsemi.com

2. A critical component in any component of a life support
device or system whose failure to perform can be
reasonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.
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