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RC5053

5-Bit Programmable Synchronous Switching

Regulator Controller for Pentium

Features

5-Bit Digitally Programmable 1.8V to 3.5V Fixed Output

Voltage

Provides All Features Required by the Intel Pentium 11
Processor VRM 8.2 DC/DC Converter Specification
Flags for Power Good, Over-Temperature and Over-

Voltage Fault

Output Current Exceeds 14A from a5V Supply
Dua N-Channel MOSFET Synchronous Driver

Initial Output Accuracy: +1.5%
Excellent Output Accuracy: +2% Typ Over Line, Load

and Temperature Variations

High Efficiency: Over 95% Possible
Adjustable Current Limit Without External Sense

Resistors
Fast Transient Response

Available in SO-20 and SSOP-20 Packages

Applications
» Power Supply for Pentium 11, SPARC, ALPHA and

PA-RISC Microprocessors

» High Power 5V to 1.8V-3.5V Regulators

Block Diagram

115% VREfF

oT

® |1 Processor

Descriptions

The RC5053 is a high power, high efficiency switching regu-
lator controller optimized for 5V input to 1.8V-3.5V output
applications. It features a digitally programmable output
voltage, aprecision interna reference and an internal feed-
back system that provides output accuracy of +£1.5% at room
temperature and typically £2% over-temperature, load cur-
rent and line voltage shifts. The RC5053 uses a synchronous
switching architecture with two external N-channel output
devices, providing high efficiency and eliminating the need
for a high power, high cost P-channel device. Additionally, it
senses the output current across the on-resistance of the
upper N-channel MOSFET, providing an adjustable current
limit without an external low value sense resistor.

The RC5053 free-runs at 300kHz and can be synchronized to
afaster externa clock if desired. It includesall theinputsand
outputs required to implement a power supply conforming to
the Intel Pentium® 11 Processor VRM 8.2 DC/DC Converter
Specification.
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PRODUCT SPECIFICATION

Pin Assignment

Pin Definitions

TOP VIEW
c2[ |1 ~ 2 ] 1
Pec[ |2 19| | OUTEN
GNo[ |3 18] ] vibo
sGND[_| 4 17| ] vip1
vee |5 16| | viD2
sense[_| 6 15[ ] vip3
max | 7 14| ] viD4
ks |8 13| _] PWRGD
ss[]o 12| ] FAULT
comp |10 1] ] ot
G PACKAGE M PACKAGE

20-LEAD PLASTIC SSOP 20-LEAD PLASTIC SO

Timax=125°C, 834 =130°C/W(F)
Timax=125°C, 834 =85.2°C/ W (M)

Pin Number

Pin Name

Pin Description

1

G2

Gate Drive for the Lower N-Channel MOSFET, Q2. This output will swing
from PVcc to GND. It will always be low when G1 is high or when the output
is disabled. To prevent undershoot during a soft start cycle, G2 is held low
until G1 first goes high.

PVvcc

Power Supply for G1 and G2. PVcc must be connected to a potential of at
least VIN + VGS(ON)Q1. If VIN = 5V, PVcc can be generated using a simple
charge pump connected to the switching node between Q1 and Q2 (see
Figure 7), or it can be connected to an auxiliary 12V supply if one exists.

GND

Power Ground. GND should be connected to a low impedance ground plane
in close proximity to the source of Q2.

SGND

Signal Ground. SGND is connected to the low power internal circuitry and
should be connected to the negative terminal of the output capacitor where it
returns to the ground plane. GND and SGND should be shorted right at the
RC5053.

\ele

Power Supply. Power for the internal low power circuitry. Vcc should be
wired separately from the drain of Q1 if they share the same supply. A 10uF
bypass capacitor is recommended from this pin to SGND.

SENSE

Output Voltage Pin. Connect to the positive terminal of the output capacitor.
There is an internal 120k resistor connected from this pin to SGND. SENSE is
a very sensitive pin; for optimum performance, connect an external 0.1uF
capacitor from this pin to SGND. By connecting a small external resistor
between the output capacitor and the SENSE pin, the initial output voltage can
be raised slightly. Since the internal divider has a nominal impedance of
120kQ, a 1200Q series resistor will raise the nominal output voltage by 1%.
If an external resistor is used, the value of the 0.1uF capacitor on the SENSE
pin must be greatly reduced or loop phase margin will suffer. Set a time
constant for the RC combination of approximately 0.1ps. So, for example, with
a 1200Q resistor, set C = 83pF. Use a standard 100pF capacitor.

IMAX

Current Limit Threshold. Current limit is set by the voltage drop across an
external resistor connected between the drain of Q1 and Imax. There is a
180pA internal pull-down at IMAX.
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Pin Definitions (continued)

Pin Number

Pin Name

Pin Description

8

IFB

Current Limit Sense Pin. Connect to the switching node between the source
of Q1 and the drain of Q2. If IFB drops below Imax when G1 is on, the RC5053
will go into current limit. The current limit circuit can be disabled by floating
IMAX and shorting IFB to Vcc through an external 10k resistor.

SS

Soft Start. Connect to an external capacitor to implement a soft start function.
During moderate overload conditions, the soft start capacitor will be
discharged slowly in order to reduce the duty cycle. In hard current limit, the
soft start capacitor will be forced low immediately and the RC5053 will rerun a
complete soft start cycle. Css must be selected such that during power-up the
current through Q1 will not exceed the current limit value.

10

COMP

External Compensation. The COMP pin is connected directly to the output of
the error amplifier and the input of the PWM comparator. An RC+ C network is
used at this node to compensate the feedback loop to provide optimum
transient response.

11

Over-Temperature Fault. OT is an open-drain output and will be pulled low if
OUTEN is less than 2V.

12

FAULT

Overvoltage Fault. FAULT is an open-drain output. If VOUT reaches 15%
above the nominal output voltage, FAULT will go low and G1 and G2 will be
disabled. Once triggered, the RC5053 will remain in this state until the power
supply is recycled or the OUTEN pin is toggled. If OUTEN = 0, FAULT floats or
is pulled high by an external resistor.

13

PWRGD

Power Good. This is an open-drain signal to indicate validity of output
voltage. A high indicates that the output has settled to within £5% of the rated
output for more than 1ms. PWRGD will go low if the output is out of regulation
for more than 500ps. If OUTEN = 0, PWRGD pulls low.

18, 17, 16,
15, 14

VIDO, VID1, VID2,
VID3, VID4

Digital Voltage Select.TTL inputs used to set the regulated output voltage
required by the processor (Table 3). There is an internal 20kQ pull-up at each
pin. When all five VIDn pins are high or floating, the chip will shut down.

19

OUTEN

Output Enable. TTL input which enables the output voltage.The external
MOSFET temperature can be monitored with an external thermistor as shown
in Figure 6. When the OUTEN input voltage drops below 2V, OT trips. As
OUTEN drops below 1.7V, the drivers are internally disabled to prevent the
MOSFETSs from heating further. If OUTEN is less than 1.2V for longer than
30ps, the RC5053 will enter shutdown mode. The internal oscillator can be
synchronized to a faster external clock by applying the external clocking signal
to the OUTEN pin.

20

G1

Gate Drive for the Upper N-Channel MOSFET, Q1.This output will swing
from PVcc to GND. It will always be low when G2 is high or the output is
disabled.

Absolute Maximum Ratings?

Parameter Min. Typ. Max.
Supply Voltage
Vcc ™
PVcc 13.5v
Input Voltage
IFB (Note 2) Pvcc + 0.3V
IMAX -0.3v 13V
All Other Inputs -0.3v Vcc + 0.3V
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Absolute Maximum Ratings? (continued)

Parameter Min. Typ. Max.
Digital Output Voltage -0.3v Y
IFB Input Current (Notes 2, 3) -100mA

Operating Temperature Range 0°C 70°C
Storage Temperature Range -65°C 150°C
Lead Temperature (Soldering, 10 sec.) 300°C

Electrical Characteristics (vcc =5V, PVce = 12V, Ta = 25°C, unless otherwise noted.)3

Symbol Parameter Conditions Min. | Typ. | Max. |Units
Vcc Supply Voltage | 45 5.5 Vv
PVcc Supply Voltage for G1, G2 . 13.2 \%
VouT 1.8V Initial Output Voltage With Respect to Rated Output Voltage +1.5% mV

(Fig. 2)
2.8V Initial Output Voltage +1.5% mV
3.5V Initial Output Voltage +1.5% mV
1.8V Initial Output Voltage . +2% mVv
2.8V Initial Output Voltage . +2% mV
3.5V Initial Output Voltage . +2% mV
AVouT |Output Load Regulation louT = 0 to 14A (Fig. 2) -5 mV
Output Line Regulation Vcc =4.75V to 5.25V (Fig. 2) +1 mV
VPWRGD |Positive Power Good Trip Point|% Above Output Voltage (Fig. 2) . 5 10 %
Negative Power Good Trip % Below Output Voltage (Fig. 2) | -10 -5 %
Point
VFEAULT |FAULT Trip Point % Above Output Voltage (Fig. 2) «| 10 15 20 %
Icc Operating Supply Current OUTEN = Vcc = 5V (Fig. 3) . 2.0 3.0 mA
Shutdown Supply Current OUTEN =0, VIDO to VID4 Floating . 760 | 1500 | pA
(Fig. 3)
IPvcc Supply Current PVcc = 12V, OUTEN = Vcc® (Fig. 3) 26 mA
PVcc = 12V, OUTEN =0, VIDO to 430 HA
VID4 Floating
fosc Internal Oscillator Frequency |(Fig. 4) | 250 | 300 | 350 | kHz
VsawL |[Vcowmp at Minimum Duty Cycle 1.8 \Y,
VsawH [Vcomp at Maximum Duty 2.8 \Y
Cycle
GERR Error Amplifier Open-Loop DC | 40 53 dB
Gain
gmERR |Error Amplifier | 0.7 1.3 1.9 |mmho
Transconductance
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Electrical Characteristics (vcc =5V, PVce = 12V, Ta = 25°C, unless otherwise noted.)® (continued)

Symbol Parameter Conditions Min. | Typ. | Max. |Units
BWERR |Error Amplifier -3dB Bandwidth [COMP = Open 400 kHz
lIMAX IMAX Sink Current VIMAX = VCC | 150 | 180 | 220 | pA
Iss Soft Start Source Current Vss = 0.4V, VIMAX =0V, VIFB =VccC |*| -13 -10 -7 A
IssIL Maximum Soft Start Sink VSENSE = VOuT, VIMAX = VCC, « 30 60 150 MA
Current Under Current Limit VIFB = 0V® 7, Vss = Vce
ISSHIL  |Soft Start Sink Current Under |VSENSE = 0V, VIMAX = VCC, | 20 45 mA
Hard Current Limit VIFB = 0V, Vss =VccC
tssHIL  |Hard Current Limit Hold Time |VSENSE = 0V, VIMAX = 4V, VIFB! 500 ps
from 5V
tPWRGD |Power Good Response Timet |VSENSE! from OV to Rated VouT | 05 1 2 ms
tPWRBAD|Power Good Response Time! |VSENSE! from Rated VouT to OV | 200 | 500 | 1000 | us
tFAULT |FAULT Response Time VSENSE! from Rated VouTtoVcc |+ 200 | 500 | 1000 | ps
toT OT Response Time OUTEN!, VIDO to VID4 = 0 (Fig. 3)8 | 15 40 60 Hs
VoT Over-Temperature Trip Point [OUTEN., VIDO to VID4 = 0 (Fig. 3)® |+| 1.9 2 2.12 \Y,
VOTDD |Over-Temperature Driver OUTEN!, VIDO to VID4 =0 (Fig. 3)® [+| 1.6 1.7 1.8 \Y,
Disable
VSHDN [Shutdown OUTEN!, VIDO to VID4 = 0 (Fig. 3)8 [+| 0.8 1.2 15 \Y
tr, tf Driver Rise and Fall Time (Figure 4) . 90 150 ns
tNOL Driver Nonoverlap Time (Figure 4) | 30 100 ns
DCmAX |Maximum G1 Duty Cycle (Figure 4) o| 77 82 88 %
VIH VIDO to VID4 = 1 Input High . 2 \%
Voltage
VIL VIDO to VID4 = 0 Input Low . 0.8 \
Voltage
RIN VIDO to VID4 = 0 Internal | 10 20 kQ
Pull-Up Resistance
ISINK Digital Output Sink Current | 10 mA
The « denotes specifications which apply over the full operating temperature range.
Notes:
1. Absolute Maximum Ratings are those values beyond which the life of a device may be impaired.
2. When IFB is taken below GND, it will be clamped by an internal diode. This pin can handle input currents greater than 100mA
below GND without latchup. In the positive direction, it is not clamped to Vcc nor PVcc.
3. Allcurrents into device pins are positive; all currents out of the device pins are negative. All voltages are referenced to ground
unless otherwise specified.
4. The RC5053 goes into the shutdown mode if VIDO to VID4 are floating. Due to the internal pull-up resistors, there will be an
additional 0.25mA/pin if any of the VIDO to VID4 pins are pulled low.
5. Supply current in normal operation is dominated by the current needed to charge and discharge the external FET gates. This
will vary with the RC5053 operating frequency, supply voltage and the external FETs used.
6. The current limiting amplifier can sink but cannot source current. Under normal (not current limited) operation, the output
current will be zero.
7. Under typical soft current limit, the net soft start discharge current will be 60pA (IssIL ) + [-10uA(Iss )] = 50uA. The soft start
sink-to-source current ratio is designed to be 6:1.
8. When VIDO to VID4 are all HIGH, the RC5053 will be forced to shut down internally. The OUTEN trip voltages are

guaranteed by design for all other input codes.
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Typical Application
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Figure 1. 5V to 1.8V-3.5V Supply Application
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Test Circuits (continued)
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SGND GND T 5000pF 50%
Figure 4
Function Tables
Table 1. OT Logic
OUTEN (V) ort
<2 0
>2 1
Note:
1. With external pull-up resistor
Table 2. PWRGD and FAULT Logic
Input Output1
OUTEN VSENSE? oT FAULT PWRGD
0 X 0 1 0
1 < 95% 1 0
1 > 95% 1 1
< 105%
>105% 1 0
> 115% 0
Notes:

1. With external pull-up resistor

2. With respect to the output voltage selected in Table 3 as required by Intel Specification VRM 8.2

3. X=Don't care

Table 3. Rated Output Voltage

Input Pin

VID4

VID3

VID2

VID1

VIDo

Rated Output
Voltage (V)

1

Disabled! (1.30)

Disabled! (1.35)

Disabled® (1.40)

Disabled” (1.45)

Disabled! (1.50)

Disabled! (1.55)

OO0 |O|O

e

OO |O|FR|[F|F

O|rRr|FP|IOC|O|F

P|O|FRP|O|FRL|O

Disabled! (1.60)
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Table 3. Rated Output Voltage (continued)

Input Pin

Rated Output

ViD4 VID3 ViD2

ViD1

VIDO Voltage (V)

o

1 0

o

o

Disabled! (1.65)

Disabled! (1.70)

Disabled! (1.75)

1.80

1.85

1.90

1.95

2.00

2.05

SHDN

2.1

2.2

2.3

2.4

2.5

2.6

2.7

2.8

2.9

3.0

3.1

3.2

3.3

3.4

RlRrlRP|P[RPIP|IP|P|[RP|P|[RP|RP|RPR|RP|[R|r|Oo|o|o|o|o|o|o|o
o|lo|lo|o|o|o|lo|o|r|r|r|kr|kr|r|r|lr|lo|lo|lojo|o|lo|o|o
o|lo|lo|o|r|r|r|r|lojlo|o|o|lr|r|r|r|o|lo|lolo|r|r|r]|+

olo|r|r|o|lo|lr|r|lo|lo|lr|r|o|o|r|r|o|o|r|r|o|o|r]|r

O(FRP|O|FRP|O|FRP|O|RP|O|(RP|O|FRP|O|FRP|O|RP|O|RP|O|FRP|O|FR|O|F

3.5

Notes:
1. These code selections are disabled in RC5053

Applications Information

Overview

The RC5053 is a voltage feedback, synchronous switching
regulator controller (see Block Diagram) designed for usein
high power, low voltage step-down (buck) converters. It is
designed to satisfy the requirements of the Intel Pentium |1
power supply specification. It includes an on-chip DAC to
control the output voltage, a PWM generator, a precision ref-
erence trimmed to +1%, two high power MOSFET gate driv-
ersand all the necessary feedback and control circuitry to
form a.complete switching regulator circuit.

The RC5053 includes a current limit sensing circuit that uses
the upper external power MOSFET as a current sensing ele-
ment, eliminating the need for an external sense resistor.
Once the current comparator, CC, detects an overcurrent con-
dition, the duty cycleis reduced by discharging the soft start
capacitor through a voltage-controlled current source. Under

severe overloads or output short circuit conditions, the chip
will be repeatedly forced into soft start until the short is
removed, preventing the external components from being
damaged. Under output over-voltage conditions, the
MOSFET driverswill be disabled permanently until the chip
power supply is recycled or the OUTEN pin is toggled.

OUTEN can optionally be connected to an external negative
temperature coefficient (NTC) thermistor placed near the
external MOSFETs or the microprocessor. Three threshold
levelsare provided internally. When OUTEN dropsto 2V, OT
will trip, issuing awarning to the external CPU. If the tem-
perature continues to rise and the OUTEN input drops to
1.7V, the G1 and G2 pinswill beforced low. If OUTEN is
pulled below 1.2V, the RC5053 will go into shutdown mode,
cutting the supply current to aminimum. If thermal shutdown
isnot required, OUTEN can be connected to a conventional
TTL enable signal. The free-running 300kHz PWM
frequency can be synchronized to afaster externa clock
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connected to OUTEN. Adjusting the oscillator frequency can
add flexibility in the external component selection. Seethe
Clock Synchronization section.

Output regulation can be monitored with the PWRGD pin
which in turn monitors the internal MIN and MAX compara-
tors. If the output is +5% beyond the selected value for more
than 500ps, the PWRGD output will be pulled low. Once the
output has settled within £5% of the selected value for more
than 1ms, PWRGD will return high.

Theory of Operation

Primary Feedback Loop

The regulator output voltage at the SENSE pinis divided
downinternally by aresistor divider with atotal resistance of
approximately 120kQ. This divided down voltage is sub-
tracted from areference voltage supplied by the DAC output.
The resulting error voltage is amplified by the error amplifier
and the output is compared to the oscillator ramp waveform
by the PWM comparator. This PWM signal controls the
externa MOSFETs through G1 and G2. The resulting
chopped waveform isfiltered by Lo and CouT closing the
loop. Loop frequency compensation is achieved with an
external RC + C network at the COMP pin, which is con-
nected to the output node of the transconductance amplifier.

MIN, MAX Feedback Loops

Two additional comparators in the feedback loop provide
high speed fault correction in situations where the ERR
amplifier may not respond quickly enough. MIN compares
the feedback signal FB to avoltage 60mV (5%) below the
internal reference. If FB islower than the threshold of this
comparator, the MIN comparator overrides the ERR ampli-
fier and forces the loop to full duty cycle which is set by the
internal oscillator typically to 82%. Similarly, the MAX
comparator forces the output to 0% duty cycle if FB is more
than 5% above the internal reference. To prevent these two
comparators from triggering due to noise, the MIN and MAX
comparators’ response times are deliberately controlled so
that they take two or three microseconds to respond. These
two comparators help prevent extreme output perturbations
with fast output transients, while allowing the main feedback
loop to be optimally compensated for stability.

Soft Start and Current Limit

The RC5053 includes a soft start circuit which is used for
initial start-up and during current limit operation. The SSpin
requires an external capacitor to SGND with the value deter-
mined by the required soft start time. An internal 10pA cur-
rent source is included to charge the external SS capacitor.
During start-up, the COMP pin is clamped to a diode drop
above the voltage at the SS pin. This prevents the error
amplifier, ERR, from forcing the loop to maximum duty
cycle. The RC5053 will begin to operate at low duty cycle as
the SS pin rises above about 1.2V (Vcomp= 1.8V). AsSS
continuesto rise, Qss turns off and the error amplifier begins

to regulate the output.The MIN comparator is disabled when
soft start is active to prevent it from overriding the soft start
function.

The RC5053 includes yet another feedback |oop to control
operation in current limit. Just before every falling edge of
G1, the current comparator, CC, samples and holds the volt-
age drop measured across the external MOSFET, Q1, at the
IFB pin. CC comparesthe voltage at |FB to the voltage at the
IMAX pin. Asthe peak current rises, the measured voltage
across Q1 increases due to the drop across the RDS(ON) of
Q1.When the voltage at IFB drops below IMAX, indicating
that Q1'sdrain current has exceeded the maximum level, CC
startsto pull current out of the external soft start capacitor,
cutting the duty cycle and controlling the output current
level. The CC comparator pulls current out of the SSpinin
proportion to the voltage difference between IFg and IMAX.
Under minor overload conditions, the SS pin will fall gradu-
ally, creating atime delay before current limit takes effect.
Very short, mild overloads may not affect the output voltage
at al. More significant overload conditionswill alow the SS
pin to reach a steady state, and the output will remain at a
reduced voltage until the overload is removed. Serious over-
loadswill generate alarge overdrive at CC, alowingit to pull
SS down quickly and preventing damage to the output com-
ponents.

By using the RDS(ON) of Q1 to measure the output current,
the current limiting circuit eliminates an expensive discrete
sense resistor that would otherwise be required. This helps
minimize the number of componentsin the high current path.
Due to switching noise and variation of RDS(ON), the actual
current limit trip point is not highly accurate. The current
limiting circuitry is primarily meant to prevent damage to the
power supply circuitry during fault conditions. The exact
current level where the limiting circuit begins to take effect
will vary from unit to unit as the RDS(ON) of Q1 varies.

For agiven current limit level, the external resistor from
IMAX to VIN can be determined by:

_ U max)(Rpsonyar)

RIMAX - |

IMAX
where, |
| = + RIPPLE
LMAX — "LOAD 2

ILOAD = Maximum load current;
IRIPPLE = Inductor ripple current
_ Vin=Vour)(Vour)

(fosc) (L) (Vin)

fosc = RC5053 oscillator frequency = 300kHz
Lo = Inductor value

RDS(ON)Q1 = Hot on-resistance of Q1 at ILMAX
lIMAX = Internal 180pA sink current at IMAX
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Figure 5. Current Limit Setting

OUTEN and Thermistor Input

The RC5053 includes alow power shutdown mode, con-
trolled by the logic at the OUTEN pin. A high at OUTEN
allows the part to operate normally. A low level at OUTEN
stops al internal switching, pulls COMP and SS to ground
internally and turns Q1 and Q2 off. OT and PWRGD are
pulled low, and FAULT is left floating. In shutdown, the
RC5053 quiescent current will drop to about 760pA.

The remaining current is used to keep the thermistor sensing
circuit at OUTEN dlive. Note that the |eakage current of the
external MOSFETs may add to the total shutdown current
consumed by the circuit, especially at elevated temperature.

OUTEN is designed with multiple thresholdsto alow it to
also be utilized for over-temperature protection. The power
MOSFET operating temperature can be monitored with an
external negative temperature coefficient (NTC) thermistor
mounted next to the external MOSFET which is expected to
run the hottest —often the high-side device, Q1. Electrically,
the thermistor should form a voltage divider with another
resistor, R1, connected to Vcc. Their midpoint should be
connected to OUTEN (see Figure 6). As the temperature
increases, the OUTEN pin voltage is reduced. Under normal
operating conditions, the OUTEN pin should stay above 2V.
All circuits will function normally, and the OT pin will
remain in ahigh state. If the temperature gets abnormally
high, the OUTEN pin voltage will eventually drop below 2V.
OT will switch to alogic low, providing an over-temperature
warning to the system. As OUTEN drops below 1.7V, the
RC5053 disables both FET drivers. If OUTEN islessthan
1.2V, the RC5053 will enter shutdown mode. To activate any
of these three modes, the OUTEN voltage must drop below
the respective threshold for longer than 30ps.

Vee ViN

%SGk
PENTIUM Il oT G1

- I 1
SYSTEM Q

Vee Lo

RC5053 Vout

+
145 Q2 Cout
1T

R1

R2 OUTEN G2
NTC THERMISTOR
MOUNT IN CLOSE

THERMAL PROXIMITY

TOQ1L

4.7Q
4.7Q

Figure 6. OUTEN Pin as a Thermistor Input

Clock Synchronization

Theinternal oscillator can be synchronized to an external
clock by applying the external clocking signal to the OUTEN
pin. The synchronizing range extends from the initial operat-
ing frequency up to 500kHz. If the external frequency is
much higher than the natural free-running frequency, the
peak-to-peak sawtooth amplitude within the RC5053 will
decrease. Since theloop gainisinversely proportional to the
amplitude of the sawtooth, the compensation network may
need to be adjusted dlightly. Note that the temperature sens-
ing circuitry does not operate when external synchronization
is used.

MOSFET Gate Drive

Power for the internal MOSFET driversis supplied by

PV cc. This supply must be above the input supply voltage
by at least one power MOSFET VGS(ON) for efficient opera-
tion. This higher voltage can be supplied with a separate sup-
ply, or it can be generated using a simple charge pump as
shown in Figure 7. The 82% typical maximum duty cycle
ensures sufficient off-time to refresh the charge pump during
each cycle.

1N5817 ViN =5V

ﬁzj PVee

RC5053
P

Figure 7. Doubling Charge Pump

Upon power-down, G1 and G2 will both be held low to
prevent output voltage under shoot. On power-up or wake-up
from thermal shutdown, the driver is designed such G2 will
be held low until after G1 first goes high.

Power MOSFETSs

Two N-channel power MOSFETS are required for most
RC5053 circuits. They should be selected based primarily on
gate threshold and on-resistance considerations. Therequired
MOSFET threshold should be determined based on the avail-
able power supply voltages and/or the complexity of the gate
driver charge pump scheme. In 5V input designs where a
12V supply isused to power PV cc, standard MOSFETswith
RDS(ON) specified at VGs =5V or 6V can be used with good
results. However, logic level devices will improve efficiency.
The current drawn from the 12V supply varies with the
MOSFETs used and the RC5053 operating frequency, but is
generally less than 50mA.

10
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RC5053 designs that use a5V VN voltage and a doubler
charge pump to generate PV cc will not provide enough
drive voltage to fully enhance standard power MOSFETS.
Under this condition, the effective MOSFET RDS(ON) may
be quite high, raising the dissipation in the MOSFETs and
reducing efficiency. Logic level MOSFETSs are a better
choicefor 5V-only systems. They can be fully enhanced with
the generated charge pump voltage and will operate at maxi-
mum efficiency. See the MOSFET Gate Drive section for
more charge pump information.

Once the threshold voltage has been selected, RDS(ON)
should be chosen based on input and output voltage,
allowable power dissipation and maximum required output
current. In atypical RC5053 buck converter circuit the aver-
age inductor current is equal to the output load current. This
current is aways flowing through either Q1 or Q2 with the
power dissipation split up according to the duty cycle:

v
DC(Q1) = \f’UT
IN

Vour _ (Vin=Vour)
DC(Q2) = 1- =
(Q2) Vin Vin

The RDS(ON) required for a given conduction loss can now
be calculated by rearranging the relation P= 12 R.

R _ PMAX(Ql) _ (VIN)[PMAX(Ql)]
DS(ON)QL — 2 - 2
[DC(QL)I(Iyax) (Vour)(Imax)
R _ PMAX(QZ) (VIN)[PMAX(QZ)]
DS(ON)Q2 ~

[DCQ2)](yax)®  (Vin—Vour)(max)®
PmAx should be calculated based primarily on required
efficiency or allowable thermal dissipation. A typical high
efficiency circuit designed for Pentium Il witha5V input and
a 2.0V, 14.2A output might allow no more than 4% loss at
full load for each MOSFET. Assuming roughly 90%
efficiency at this current level, this givesa PmaX value of:

[(2.0)(14.2A/0.9)(0.04)] = 1.26W per MOSFET
and arequired RDS(ON) of:
(5V)(1.26W)

5 = 0.016Q
(2.0V)(14.2A)

Rosionor =

(5V)(L1.26W)
(5V —2.0V)(14.2A)?

Rosone = = 0.010Q

Note also that while the required RDS(ON) val ues suggest
large MOSFETS, the dissipation numbersare only 1.26W per
device or less—large TO-220 packages and heat sinks are not
necessarily required in high efficiency applications. Fairchild
NDBG6030L are small footprint surface mount devices with
RDS(ON) values below 0.03Q at 5V of gate drive that work
well in RC5053 circuits. With lower output voltages, the
RDS(ON) of Q2 may need to be significantly lower than that
for Q1. These conditions can often be met by paralleling two

MOSFETsfor Q2 and using asingle device for Q1. Note that
using a higher PMAX value in the RDS(ON) calculations will
generally decrease MOSFET cost and circuit efficiency
while increasing MOSFET heat sink reguirements.

Inductor Selection

Theinductor is often the largest component in the RC5053
design and should be chosen carefully. Inductor value and
type should be chosen based on output slew rate require-
ments, output ripple requirements and expected peak current.
Inductor valueis primarily controlled by the required current
slew rate. The maximum rate of rise of current in the inductor
is set by itsvalue, theinput-to-output voltage differential and
the maximum duty cycle of the RC5053. In atypical 5V
input, 2.0V output application, the maximum current slew
rate will be:

(Vin—Vour) _ 246 A
DCumax L =TT us

where L isthe inductor value in pH. With proper frequency
compensation, the combination of the inductor and output
capacitor will determine the transient recovery time. In
general, asmaller value inductor will improve transient
response at the expense of increased output ripple voltage
and inductor core saturation rating. A 2uH inductor would
have a 1.23A/usrisetimein this application, resulting in a
4.1us delay in responding to a 5A load current step. During
this 4.1ps, the difference between the inductor current and
the output current must be made up by the output capacitor,
causing atemporary voltage droop at the output. To mini-
mize this effect, the inductor value should usually be in the
1pH to 5pH range for most typical 5V input RC5053 cir-
cuits. To optimize performance, different combinations of
input and output voltages and expected loads may require
different inductor values.

Once the required value is known, the inductor core type can
be chosen based on peak current and efficiency requirements.
Peak current in the inductor will be equal to the maximum
output load current plus half of the peak-to- peak inductor
ripple current. Ripple current is set by the inductor value, the
input and output voltage and the operating frequency. The
ripple current is approximately equal to:

| _ Vin=Vour)(Vour)
RIPPLE (fOSC)(LO)(VIN)

fosc = RC5053 oscillator frequency = 300kHz
Lo = Inductor value

Solving this equation with our typical 5V to 2.0V application
with a 2uH inductor, we get:

(3.0)(0.40)  _
(300kHZ)(2uH) ~ 2App
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Peak inductor current at 14.2A |oad:

14.2A + %A = 152A

The ripple current should generally be between 10% and
40% of the output current. The inductor must be able to with-
stand this peak current without saturating, and the copper
resistance in the winding should be kept as low as possible to
minimize resistive power loss. Note that in noncurrent lim-
ited circuits, the current in the inductor may rise above this
maximum under short circuit or fault conditions; the inductor
should be sized accordingly to withstand this additional
current. Inductors with gradual saturation characteristics are
often the best choice.

Input and Output Capacitors

A typical RC5053 design puts significant demands on both
the input and the output capacitors. During constant load
operation, a buck converter like the RC5053 draws square
waves of current from the input supply at the switching
frequency. The peak current value is equal to the output load
current plus 1/2 peak-to-peak ripple current, and the mini-
mum valueis zero. Most of this current is supplied by the
input bypass capacitor. Theresulting RM S current flow in the
input capacitor will heat it up, causing premature capacitor
failurein extreme cases. Maximum RMS current occurs with
50% PWM duty cycle, giving an RMS current value equal to
louT/2. A low ESR input capacitor with an adequate ripple
current rating must be used to ensure reliable operation.

Note that capacitor manufacturers' ripple current ratings are
often based on only 2000 hours (three months) lifetime at
rated temperature. Further derating of the input capacitor
ripple current beyond the manufacturer’s specification is
recommended to extend the useful life of the circuit.

L ower operating temperature will have the largest effect

on capacitor longevity.

The output capacitor in a buck converter sees much less rip-
ple current under steady-state conditions than the input
capacitor. Peak-to-peak current is equal to that in the induc-
tor, usually 10% to 40% of the total load current. Output
capacitor duty places a premium not on power dissipation but
on ESR. During an output load transient, the output capacitor
must supply all of the additional load current demanded by
the load until the RC5053 can adjust the inductor current to
the new value. Output capacitor ESR resultsin astep in the
output voltage equal to the ESR value multiplied by the
change in load current. An 11A load step with a0.05Q ESR
output capacitor will result in a550mV output voltage

shift; thisis 27.5% of the output voltage for a 2.0V supply!
Because of the strong relationship between output capacitor
ESR and output load transient response, the output capacitor
isusually chosen for ESR, not for capacitance value;

a capacitor with suitable ESR will usually have alarger
capacitance value than is needed for energy storage.

Electrolytic capacitors rated for use in switching power
supplies with specified ripple current ratings and ESR can be
used effectively in RC5053 applications. OS-CON electro-
Iytic capacitors from SANY O and other manufacturers give
excellent performance and have avery high performance/size
ratio for electrolytic capacitors. Surface mount applications
can use either eectrolytic or dry tantalum capacitors.
Tantalum capacitors must be surge tested and specified for
usein switching power supplies. Low cost, generic tantalums
are known to have very short lives followed by explosive
deaths in switching power supply applications. AVX TPS
series surface mount devices are popular surge tested tanta-
lum capacitors that work well in RC5053 applications.

A common way to lower ESR and raise ripple current isto
parallel several capacitors. A typical RC5053 application
might exhibit 5A input ripple current. SANY O OS-CON part
number 10SA220M (220uF/10V) capacitors feature 2.3A
alowableripple current at 85°C; threein parallel at theinput
(to withstand the input ripple current) will meet the above
requirements. Similarly, AV X TPSE337M006R0100
(330uF/6V) have arated maximum ESR of 0.1Q; sevenin
paralel will lower the net output capacitor ESR to 0.014Q.
For low cost application, SANYO MV-GX series of capaci-
tors can be used with acceptable performance.

Feedback Loop Compensation

The RC5053 voltage feedback |oop is compensated at the
COMP pin, attached to the output node of the internal gm
error amplifier. The feedback |oop can generally be compen-
sated properly with an RC + C network from COMP to GND
as shownin Figure 8a.

@ SENSE

1ol
110} ERR

R
% ¢ —a
DAC

Cc
RC5053 47

—|’_r

Figure 8a. Compensation Pin Hook-Up

L oop stability is affected by the values of theinductor, output
capacitor, output capacitor ESR, error amplifier transconduc-
tance and error amplifier compensation network. The induc-
tor and the output capacitor creates a double pole at the

frequency:

1
f - =
Y 2m (L) (Cour)

12
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The ESR of the output capacitor forms a zero at the
frequency:

_ 1
fesr = 21(ESR)(Coy1)

The compensation network at the error amplifier output isto
provide enough phase margin at the 0dB crossover frequency
for the overall closed-loop transfer function. The zero and
pole from the compensation network are:

1

f, = Z—TT(RC)(CC) and fp =

——-—-:L—-—r ectivel
ZM(RQ)(CL) | Pecivey:

fsw = RC5053 SWITCHING
FREQUENCY

fco = CLOSED-LOOP CROSSOVER

fz FREQUENCY

—20dB /DECADE

4

fic fesr / 'FREQUENCY
fco

Figure 8b. Bode Plot of the RC5053
Overall Transfer Function

LOOP GAIN

Figure 8b shows the Bode plot of the overall transfer func-
tion. The compensation value used in this design is based on
the following criteria: fsw = 12fco, fz = fLc and fp = 5fco.
At the closed-1oop frequency fco, the attenuation duethe LC
filter and the input resistor divider is compensated by the
gain of the PWM modulator and the gain of the error ampli-
fier (gmeERR)(RC).

Although a mathematical approach to frequency compensa-
tion can be used, the added complication of input and/or out-
put filters, unknown capacitor ESR, and gross operating
point changes with input voltage, load current variations, all
suggest amore practical empirical method. This can be done
by injecting atransient current at the load and using an RC
network box to iterate toward the final compensation values,
or by obtaining the optimum loop response using a network
analyzer to find the actual loop poles and zeros.

Table 4. Suggested Compensation Network for 5V
Input Application Using Multiple Paralleled 330puF AVX
TPS Output Capacitors

Lo (uH) | Co (uF) | Rc (kQ) | Cc (pF) | C1 (pF)

1 990 3.6 10000 470

1 1980 6.8 4700 220

1 4950 22 2200 100
2.7 990 10 3300 150
2.7 1980 20 2200 68
2.7 4950 51 1000 47
5.6 990 20 2200 68
5.6 1980 39 1000 47
5.6 4950 100 470 33

Table 4 shows the suggested compensation components for
5V input applications based on the inductor and output
capacitor values. The values were calculated using multiple
paralleled 330uF AV X TPS series surface mount tantalum
capacitors as the output capacitor. The

optimum component values might deviate from the
suggested values slightly because of board layout and
operating condition differences.

An alternate output capacitor is the Sanyo MV-GX series.
Using multiple parald 1500uF Sanyo MV-GX capacitors
for the output capacitor, Table 5 shows the suggested com-
pensation component value for a5V input application based
on the inductor and output capacitor values.

Table 5. Suggested Compensation Network for 5V
Input Application Using Multiple Paralleled 1500uF
SANYO MV-GX Output Capacitors

Lo (UH) | Co (uF) | Rc (kQ) | Cc (pF) | C1 (pF)

1 4500 9.1 3300 150

1 6000 10 3300 100

1 9000 18 2200 68
2.7 4500 22 1500 47
2.7 6000 30 1000 47
2.7 9000 47 680 33
5.6 4500 47 680 33
5.6 6000 62 470 33
5.6 9000 91 330 22

VIDO to VID4, PWRGD and FAULT

Thedigital inputs (VIDO toVID4) program the internal DAC
which in turn controls the output voltage. These digital input
controls are intended to be static and are not designed for
high speed switching. Forcing VouT to step from ahighto a
low voltage by changing the VIDn pins quickly can cause
FAULT to trip.
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Figure 9 shows the relationship between the VouT voltage,
PWRGD and FAULT. To prevent PWRGD from interrupting
the CPU unnecessarily, the RC5053 has a built-in tPwRBAD
delay to prevent noise at the SENSE pin from toggling
PWRGD. The internal time delay is designed to take about
500ps for PWRGD to go low and 1msfor it to recover. Once
PWRGD goes low, the internal circuitry watches for the out-
put voltage to exceed 115% of the rated voltage. If this hap-
pens, FAULT will betriggered. Once FAULT istriggered, G1
and G2 will be forced low immediately and the RC5053 will
remain in this state until Vcc power supply is recycled or
OUTEN istoggled.

15%

S/ Vout
5%
RATED Vour— =~ 4--—4 X ——————F—= Ll
—5% < e
tPWRBAD —>| |<— | tPWRBAD —>| |<—
—>| |=— tpwRrGD

PWRGD

tFAULT —>| [=—

FAULT I_

Figure 9. PWRGD and FAULT

Layout Considerations

When laying out the printed circuit board, the following
checklist should be used to ensure proper operation of the
RC5053. These items are also illustrated graphically in the
layout diagram of Figure 10. The thicker lines show the
high current paths. Note that at 10A current levels or above,
current density in the PC board itself is a serious concern.
Traces carrying high current should be as wide as possible.
For example, a PCB fabricated with 20z copper requires a
minimum trace width of 0.15" to carry 10A.

1. Ingenera, layout should begin with the location of the
power devices. Be sure to orient the power circuitry so
that a clean power flow path is achieved. Conductor
widths should be maximized and lengths minimized.
After you are satisfied with the power path, the control
circuitry should be laid out. It is much easier to find
routes for the relatively small traces in the control
circuits than it isto find circuitous routes for high
current paths.

2. The GND and SGND pins should be shorted right at the
RC5053. This helpsto minimize internal ground distur-
bances in the RC5053 and prevents differencesin
ground potential from disrupting internal circuit opera-
tion. This connection should then tie into the ground
plane at asingle point, preferably at afairly quiet point

HIGH CURRENT PATHS

= 0.1pF

ViN
A
p 47
on oo LYY :
N Q1 i AM
Lo 4.7 1 20
Vour=—g="Y Y"1 AN G2 RC5053 J
PVce
10 19
§ 56 2 OUTEN
+ P\Vcc 18
1uF — 0.1pF L — VIDO
L N | [ 4 $enp Voo
1~ Cout Q2—_>" FIAN ViDL 17 o1
\ 10pF 4|sGND . §56k
1
\- — 0.1uF VID2 — VID2 é
5.6k
Vi 15
= ce vID3 = VID3 N
: s
SENSE 14 5.6k
Rimax 7 VID4 [— VID4
R IMAX 13
'FB 8 | PWRGD
9 FB R BT
3s FAULT
10 I
COMP ot
CssJ_
BOLD LINES INDICATE T

T TCCT
v

Figure 10. RC5053 Layout Diagram
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in the circuit such as close to the output capacitors. This
is not aways practical, however, due to physical con-
straints. Another reasonably good point to make this
connection is between the output capacitors and the
source connection of thelowside FET Q2. Do not tiethis
single point ground in the trace run between the low side
FET source and the input capacitor ground, as this area
of the ground plane will be very noisy.

The small signal resistors and capacitors for frequency
compensation and soft start should be located very close
to their respective pins and the ground ends connected to
the signal ground pin through a separate trace. Do not
connect these parts to the ground plane!

TheVcc and PV cc decoupling capacitors should be as
close to the RC5053 as possible. The 10uF bypass
capacitorsfor Vcc and a 1F bypass capacitor for PV cc
will help provide optimum regulation performance.

The (+) plate of CiN should be connected as close as
possible to the drain of the upper MOSFET. An addi-
tional 1uF ceramic capacitor between VN and power
ground is recommended.

The SENSE pinis very sensitive to pickup from the
switching node. Care should be taken to isolate SENSE
from possible capacitive coupling to the inductor switch-
ing signal. A 0.1pF isrequired between the SENSE pin
and the SGND pin next to the RC5053.

OUTEN is ahigh impedance input and should be exter-
nally pulled up to alogic HIGH for normal operation.

Kelvin sense IMmAXx and IFB at Q1 drain and source pins.

™
1200pF

%l.Bk 1N5817
N Imax  PVec I

DALE

NTHS-1206N02
MOUNT THERMISTER
IN CLOSE THERMAL
PROXIMITY TO Q1

PENTIUMNI | 5
SYSTEM [ 5, RC5053
7 | vipo o vipa
V 7
5 OUTEN
1.8k compP

SS SGND

GND SENSE

0.4F ——

330pF
x7

Css
0.01yF

Cc
2200pF

v v -

* FAIRCHILD NDB6030L
** SANYO 10MV1200GX
T COILTRONICS CTX02-13198 OR
PANASONIC 12TS-2R5SP
Tt AVX TPSE337M006R0100

T

0.1pF

Figure 11. Single Supply RC5053 5V to 1.8V-3.5V Application with Thermal Monitor
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Mechanical Dimensions (20 Lead SSOP)

Inches Millimeters Notes:
Symbol i o i o Notes 1. Dimensioning and tolerancing per ANSI Y14.5M-1982.
2. "D"and "E1" do not include mold flash. Mold flash or
A — 079 — 2.00 protrusions shall not exceed .010 inch (0.25mm).
Al 002 — 0.05 — 3. "L"is the length of terminal for soldering to a substrate.
A2 065 073 1.65 1.85 4. Terminal numbers are shown for reference only.
b .009 015 0.22 0.38 5 5. "b" and "c" dimensions include solder finish thickness.
¢ 004 010 0.09 025 5 6. Symbol "N" is the maximum number of terminals.
D 272 .295 6.90 7.50 2,4
E 291 .323 7.40 8.20
E1l 197 .220 5.00 5.60 2
e .026 BSC 0.65 BSC
L .022 .037 0.55 0.95 3
N 20 20 6
a 0° 8° 0° 8°
cce — .004 — 0.10
D |
LA
E H
O
IR
) A1 C
A A TOOAAAAAD L i 4
} seating [-c- L 1
PLANE | FAD COPLANARITY

(= ccec]
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Mechanical Dimensions (20 Lead SOIC)

Inches Millimeters Notes:
Symbol - - Notes 1. Dimensioning and tolerancing per ANSI Y14.5M-1982.
Min. Max. Min. Max. i
2. "D" and "E" do not include mold flash. Mold flash or
A 093 104 2.35 2.65 protrusions shall not exceed .010 inch (0.25mm).
Al -004 012 0.10 0.30 3. "L"is the length of terminal for soldering to a substrate.
B 013 020 0.33 0.51 4. Terminal numbers are shown for reference only.
c .009 .013 0.23 0.32 ) 5. "C" dimension does not include solder finish thickness.
D 496 512 12.60 13.00 2 6. Symbol "N" is the maximum number of terminals.
E .291 .299 7.40 7.60 2
e .050 BSC 1.27 BSC
H .394 419 10.00 10.65
h .010 .029 0.25 0.75
L .016 .050 0.40 1.27 3
N 20 20 6
o 0° 8° 0° 8°
cce — .004 — 0.10

NEAEARARAE T

10

LEAD COPLANARITY

EN[

Al C
T U%J:f\gi
P seamne [-c-] L»‘ ;I
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Ordering Information

Product Number Package

RC5053M Se][e

RC5053G SSOP
DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY
LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN; NEITHER
DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

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, or (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 significant injury to the user.

www.fairchildsemi.com

2. A critical component is 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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Stock#DS30005053
[ 1998 Fairchild Semiconductor Corporation
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