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Applications

B Auxiliary supplies
Bl DDR memory supplies
B Point-of-load supplies

B Active current balancing between all phases
B Built-in power-good/crowbar functions
B Programmable over current protection with adjustable latch-

B Selectable 1-, 2-, or 3-phase operation at up to 1MHz per

+2% Worst-case differential sensing error over temperature
W Externally adjustable 0.8V to 5V output from a 12V supply
B Logic-level PWM outputs for interface to external high-power
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Adjustable Output 1, 2, or 3-Phase Synchronous Buck

Description

The FAN5182 is a highly efficient multi-phase synchronous buck
switching regulator controller optimized for converting a 12V
main supply into a high-current low voltage supply for use in
point-of-load (POL) applications. It uses a multi-loop PWM
architecture to drive the logic-level outputs at a programmable
switching frequency that can be optimized for regulator size and
efficiency. The phase relationship of the output signals can be
programmed to provide 1, 2, or 3-phase operation, allowing for
construction of up to three complementary interleaved buck
switching stages.

The FAN5182 also provides accurate and reliable over-current
protection and adjustable current limiting.

FAN5182 is specified over the commercial temperature range of
0°C to +85°C and is available in a 20-lead QSOP package.
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Pin Assignment

Pin Description

vce [1] @ 20] PWM1
FBRTN [2] [19] PWM2
FB [3] 18] PWM3
CcomP [4] 7] swi
PWRGD [5] FAN5182 6] sw2
EN [6] 5] sw3
DELAY [7] 4] GND
RT [&] 3] cscomp
RAMPADJ [9] [12] cCsSsuM
ILMIT [igf [11] CSREF
QSOP-20L

Pin # Pin Name Pin Description

1 VCC Supply Voltage for the Device.

FBRTN Feedback Return. Voltage error amplifier reference for remote sensing of the output voltage.

FB Feedback Input. Error amplifier input for remote sensing of the output voltage. An external resistor
divider between the output and FBRTN connected to this pin sets the output voltage. This pin is also
the reference point for the power good and crowbar comparators.

COMP Error Amplifier Output and Compensation Pin.

PWRGD Power Good Output. Open-drain output that signals when the output voltage is outside the proper
operating range.

6 EN Power Supply Enable Input. Pulling this pin to GND disables the PWM outputs and pulls the PWRGD
output low.

7 DELAY Soft-Start Delay and Current Limit Latch-Off Delay Setting Input. An external resistor and capacitor
connected between this pin and GND set the soft-start ramp-up time and the overcurrent latch-off
delay time.

8 RT Frequency Setting Resistor Input. An external resistor connected between this pin and GND sets the
oscillator frequency of the device.

9 RAMPADJ PWM Ramp Current Input. An external resistor from the converter input voltage to this pin sets the
internal PWM ramp.

10 ILIMIT Current Limit Setpoint/Enable Output. An external resistor connected from this pin to GND sets the
current limit threshold of the converter. This pin is actively pulled low when the FAN5182 EN input is
low, or when VCC is below its UVLO threshold, to signal to the driver IC that the driver high-side and
low-side outputs should go low.

11 CSREF Current Sense Reference Voltage Input. The voltage on this pin is used as the reference for the cur-
rent sense amplifier. This pin should be connected to the common point of the output inductors.

12 CSSuUM Current Sense Summing Node. External resistors from each switch node to this pin sum the average
inductor currents together to measure the total output current.

13 CSCOMP Current Sense Compensation Point. A resistor and a capacitor from this pin to CSSUM determine
the gain of the current sense amplifier.

14 GND Ground. All internal biasing and the logic output signals of the device are referenced to this ground.

15-17 | SW3 To SWA1 Current Balance Inputs. These are inputs for measuring the current level in each phase. The SW pins
of unused phases should be left open.
18-20 |PWMS3 To PWM1 | Logic-Level PWM Outputs. Each output is connected to the input of an external MOSFET driver such

as the FAN5009. Connecting the PWMS3 output to GND causes that phase to turn off, allowing the
FAN5182 to operate as a 1- or 2-phase controller.
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Absolute Maximum Ratings (Note 1)

Parameter Min. Max. Unit
VCC -0.3 +15 \
FBRTN -0.3 +0.3 \
EN, DELAY, ILIMIT, RT, PWM1-PWM3, COMP -0.3 5.5 \
SW1-SW3 -5 +25 \
All Other Inputs and Outputs -0.3 VCC + 0.3 \Y
Operating Junction Temperature, T 0 +125 °C
Storage Temperature -65 +150 °C
Lead Soldering Temperature (10 seconds) 300 °C
Lead Infrared Temperature (15 seconds) 260 °C
Thermal Resistance Junction-to-Case, (8,c) 38 °C/W
Thermal Resistance Junction-to- Ambient, (6,4) (Note 2) 90 °C/W
Recommended Operating Conditions

Parameter Min Typ Max Unit

Supply Voltage Range 10.8 12 13.2 \
Operating Ambient Temperature 0 +85 °C

Notes:

1. Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating
only and functional operation of the device at these or any other conditions above those indicated in the operational section of this
specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability.
Absolute maximum ratings apply individually only, not in combination. Unless otherwise specified all other voltages are referenced

to GND.

2. Junction to ambient thermal resistance, 0,, is a strong function of PCB material, board thickness, thickness and number of copper
planes, number of via used, diameter of via used, available copper surface, and attached heat sink characteristics. Measured with
the device mounted on a board of FR-4 material, 0.063” thickness, no copper plane and zero airflow.
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Electrical Characteristics
Ve =12V, FBRTN = GND. e Indicates specifications over operating ambient temperature range. (Note 1)

Parameter Symbol Conditions | Min. | Typ. | Max. | Units
OSCILLATOR
Frequency Range fosc ° 0.25 3 MHz
Frequency Variation fpHASE Rt = 332kQ, 3-phase | ® 155 200 245 kHz
Ta = 25°C, Ry = 154kQ, 3-phase 400
Ta = 25°C, Ry = 100kQ, 3-phase 600
Output Voltage Vgt Rt = 100kQ to GND 2.0 \
RAMPADJ Output Voltage VRAMPADY RAMPADJ - FB - 2KQ X Igampapy | @ -50 +50 mV
(with Igampapy Set to 20 pA)
RAMPADJ Input Current IRAMPADY 0 100 HA
Range (Note 2)
VOLTAGE ERROR AMPLIFIER
Output Voltage Low 0.3 Vv
Output Voltage High 3.1 Vv
Accuracy Veg Referenced to FBRTN ® 784 800 816 mV
Input Bias Current Irg FB =800mV L4 -4 +1 +4 HA
Line Regulation AVEg Voo =10V to 14V 0.05 %
FBRTN Current IFBRTN ° 100 140 A
Output Current |0(ERR) FB forced to Voyt - 3% 500 HA
DC Gain (Note 2) 87 dB
Gain Bandwidth Product GBW(ERR) COMP =FB 20 MHz
(Note 2)
Slew Rate (Note 2) Ccomp = 10pF 10 Vius
CURRENT SENSE AMPLIFIER
Offset Voltage Vos(csa) CSSUM-CSREF ( See Figure 1.) | ® -5.5 +5.5 mV
Input Bias Current IgiAS(CSSUM) ° -50 +50 nA
DC Gain (Note 2) 70 dB
Gain Bandwidth Product GBW(csa) 10 MHz
(Note 2)
Slew Rate (Note 2) Cescowp = 10pF 10 Vius
Input Common-Mode Range CSSUM & CSREF 0 Vee2.5 \
Output Voltage Low 0.1 Vv
Output Voltage High Vee-2.5 Vv
Output Current lcscomp 500 HA
CURRENT BALANCE CIRCUIT
Common-Mode Range Vswx)cm -600 +200 mV
(Note 2)
Input Resistance Rsw(x) SW(X) = 0V ° 20 30 40 kQ
Input Current Isw(x) SW(X) = 0V ° 4 7 10 LA
Input Current Matching Algw(x) SW(X) = 0V L4 -7 +7 %
CURRENT LIMIT COMPARATOR
Output Voltage: Normal Mode | Vi mit(nm) EN > 2V, Ry it = 250kQ L4 2.9 3 3.1 \
Output Voltage: Shutdown ViLMIT(SD) EN < 0.8V, l; jwit = -100pA ® 400 mV
Mode
Output Current: Normal Mode | I jmir(nm) EN > 2V, Ryt = 250kQ 12 HA
Maximum Output Current L] 60 LA
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Parameter Symbol Conditions Min. Typ. Max. | Units
Current Limit Threshold Voo Vesrer - Vescome Riuvir = 105 125 145 mV
Voltage 250kQ
Current Limit Setting Ratio Vedhumir 10.4 mV/uA
DELAY Normal Mode Voltage | VpeLay(nvy | RpeLay = 250kQ 2.9 3 3.1 \
DELAY Overcurrent Threshold | Vpeiavoc) | RpeLay = 250kQ 1.7 1.8 1.9 \
Latch-Off Delay Time (Note 2) | tpgLay RpeLay = 250kQ, Cpgay = 12nF 1.5 ms
SOFT-START
Output Current, Soft-Start IDELAY(SS) During startup, DELAY < 2.4V 15 20 25 HA
Mode
Soft-Start Delay Time (Note 2) |tpeiav(ss) RpeLay = 250kQ, Cpgay = 12nF 500 us
ENABLE INPUT
Input Low Voltage ViLEN) 0.8 \
Input High Voltage ViHEN) 2.0 \
Input Hysteresis Voltage 100 mV
Input Current IINEN) -1 +1 A
POWER GOOD COMPARATOR
Undervoltage Threshold Vewrap(uv) | Relative to FBRTN 600 660 720 mV
Overvoltage Threshold Vewrap(ov) | Relative to FBRTN 880 940 1000 mV
Ouput Low Voltage VoLrwRrab) | lPwRraD(sINK) = 4MA 225 400 mV
Power Good Delay Time 200 ns
Crowbar Trip Point VCROWBAR Relative to FBRTN 0.970 1.05 1.105 \
Crowbar Reset Point Relative to FBRTN 550 650 750 mV
Crowbar Delay Point (Note 2) | tcrowsaR Overvoltage to PWM going low 400 ns
PWM OUTPUTS
Output Low Voltage VoLpwm) IpwM(sINK) = 400uA 160 500 mV
Output High Voltage VoHPwM) IpwM(sOURCE) = -400uA 4.0 5 \
SUPPLY
DC Supply Current 5 10 mA
UVLO THreshold Voltage VuvLo V¢ rising 6.5 6.9 7.3 \
UVLO Hysteresis 0.7 0.9 1.1 Vv
Notes:

1. All limits at operating temperature extremes are guaranteed by design, characterization and statistical quality control.
2. Guaranteed by design, not tested in production.
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Test Circuit

. FAN5182
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Figure 1. Current Sense Amplifier Vgg
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Typical Characteristics
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Application Circuit
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Figure 5. 1.8V, 55A Application Circuit

( Consult Fairchild Sales for an updated version of the Application Circuit )
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Theory of Operation

The FAN5182 combines a multi-loop, fixed frequency PWM con-
trol with multi-phase logic outputs for use in 1-, 2-, and 3-phase
synchronous buck point-of-load power supplies. Multi-phase
operation is important for producing the high current and low
voltage demanded by auxiliary supplies in desktop computers,
workstations, and servers. Handling high current in a single-
phase converter places high thermal stress on components
such as inductors and MOSFETSs, therefore is not preferred.

The multi-loop control of the FAN5182 ensures a stable, high
performance topology for:

¢ Balancing current and thermal between/among phases

* Fast response at the lowest possible switching frequency and
output decoupling

* Reducing switching losses due to low frequency operation
¢ Tight line and load regulation
* Reducing output ripple due to multiphase cancellation

¢ Better noise immunity to facilitate PCB layout

Start-up Sequence

During start-up, the number of operational phases and their
phase relationship are determined by the internal circuitry that
monitors the PWM outputs. Normally, the FAN5182 operates as
a 3-phase PWM controller. Grounding the PWMS3 pin programs
for 1- or 2-phase operation.

When the FAN5182 is enabled, the controller outputs a voltage
on PWM3 which is approximately 675mV. An internal compara-
tor checks this pin's voltage versus a threshold of 300mV. If the
PWMS3 pin is grounded, it is below the threshold and the phase
3 is disabled. The output resistance of the PWM pin is approxi-
mately 5kQ during this detection period. Any external pull-down
resistance connected to the PWM pin should not be less than
25kQ to ensure proper operation. PWM1 and PWM2 are dis-
abled during the phase detection interval, which occurs during
the first two clock cycles of the internal oscillator. After this time,
if the PWMS3 output is not grounded, the 5kQ resistance is dis-
connected and PWMS3 switches between OV and 5V. If the
PWMS3 output is grounded, the controller will operate in 1 and/or
2-phase.

The PWMs output logic-level signals in order to interface with
external gate drivers such as the FAN5009. Since each phase is
able to operate close to 100% duty cycle, more than one PWM
output can be on at the same time.

Master Clock Frequency

The clock frequency of the FAN5182 is set by an external resis-
tor connected from the RT pin to ground. The frequency setting
follows the graph shown in Figure 2. To determine the frequency
per phase, divide the clock frequency by the number of phases
in use. One exception is single phase operation, in which the
clock frequency is set to be twice the single phase frequency.

Output Voltage Differential Sensing

The FAN5182 uses a differential low offset voltage error ampli-
fier to maintain +2% differential sensing accuracy over tempera-
ture. The output voltage is sensed between the FB and FBRTN
pins. The power supply output connects to the FB pin through a
resistor divider, and the FBRTN pin should be connected
directly to the remote sense ground. The internal precision ref-
erence is referenced to FBRTN, which has a typical current of

100pA to allow accurate remote sensing. The internal error
amplifier compares the precision reference to the FB pin to reg-
ulate the output voltage.

Output Current Sensing

The FAN5182 uses a current sense amplifier (CSA) to monitor
the total output current for current limit detection. Sensing the
load current at the output gives the total average current being
delivered to the load, which is an inherently more accurate
method than peak current detection or sampling the current
across a sense element, such as the low-side MOSFET. This
amplifier can be configured several ways depending on the
objectives of the system design:

e Output inductor DCR sensing without a thermistor for lowest
cost

¢ Output inductor DCR sensing with a thermistor for improved
accuracy and moderate cost

* Discrete resistor sensing for the best accuracy

The positive input of the CSA is connected to the CSREF pin,
and the CSREF is tied to the power supply output. The inverting
input of the CSA, CSSUM, is the summing node of load current
sense through sensing elements (such as the switch node side
of the output inductors). The feedback resistor between
CSCOMP and CSSUM sets the gain of the amplifier, and a filter
capacitor is placed in parallel with this resistor. The gain of the
amplifier is programmable by adjusting the feedback resistor.
The current information is then given as the difference between
CSREF and CSCOMP. This difference signal is then used as a
differential input for the current limit comparator.

To provide the best accuracy for sensing current, the CSA is
designed to have low input offset voltage. The CSA gain is
determined by external resistors, so that it can be set very accu-
rately.

Current Control Loop and Thermal Balance

The FAN5182 adopts low side MOSFET Rpgpy sensing for
phase current balance. The sensed individual phase current is
combined with a fixed internal ramp, then compared with the
common voltage error amplifier output to balance phase cur-
rent. This current balance information is independent of the
average output current information used for current limit
described previously.

The magnitude of the internal ramp can be set to optimize tran-
sient response of the system. It also tracks the supply voltage
for better line regulation and transient response. A resistor con-
nected from the power supply input to the RAMPADJ pin deter-
mines the slope of the internal PWM ramp. Resistors Rgy
through Rgy3 (see Figure 5) can be used for adjusting phase
current balance. It's recommended to put placeholders for these
resistors during the initial PCB layout, so that phase current bal-
ance fine adjustments can be made on bench if necessary.

To increase the current in any given phase, make Rgyy for that
phase larger (make Rgyy = 0Q for the hottest phase as the start-
ing point). Increasing Rgyy to 5009 could typically make a sub-
stantial increase in this particular phase current. Increase each
Rsw value by small amounts to optimize phase current balance,
starting with the coolest phase first.

www.fairchildsemi.com
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Voltage Control Loop

A high gain-bandwidth voltage error amplifier is used for the
voltage control loop. The non-inverting input of the error ampli-
fier is derived from the internal 800mV reference. The output of
the error amplifier, the COMP pin sets the termination voltage
for the internal PWM ramps plus sensed phase current.

The inverting input (FB) is tied to the center point of a resistor
divider from the output voltage sense point. The closed loop
compensation is realized through the compensator networks
connecting to the FB and COMP pins.

Soft Start

The soft-start rise time of the output voltage is set by a parallel
capacitor and resistor between the DELAY pin and ground. The
resistor capacitor (RC) time constant also determines the cur-
rent limit latch off delay time as explained in the following sec-
tion. In UVLO or when EN is logic low, the DELAY pin is held to
ground. After the UVLO threshold is reached and EN is in logic
high state, the DELAY capacitor is charged with an internal
20pA current source. The output voltage follows the ramping
voltage on the DELAY pin to limit the inrush current. The soft-
start time depends on the value of Cp,y, with a secondary effect
from HDLY‘

If either EN is logic low or V¢ drops below UVLO, the DELAY
capacitor resets to ground, and is ready for another soft-start
cycle.

Figure 6. Typical Startup Waveforms shows a typical soft-start
sequence for the FAN5182.
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Figure 6. Typical Startup Waveforms

Current Limit and Latch-off Protection

The FAN5182 compares a programmable current limit set point
to the voltage from the output of the current sense amplifier. The
level of current limit is set with the resistor from the ILIMIT pin to
ground. During normal operation, the voltage on ILIMIT is 3V.
The current through the external resistor is internally scaled to
give a current limit threshold of 10.4mV/pA. If the difference in
voltage between CSREF and CSCOMP rises above the current
limit threshold, the internal current limit amplifier controls the
COMP voltage to maintain the power supply output current at
the over current level.

After the limit is reached, the 3V pull-up voltage source on the
DELAY pin is disconnected, and the external DELAY capacitor
discharges through the external resistor. A comparator monitors
the DELAY pin voltage and shuts off the controller when the
voltage drops below 1.8V. The current limit latch-off delay time
is therefore set by the RC time constant discharging the DELAY
voltage from 3V to 1.8V. Typical over-current latch-off wave-
forms are shown in Figure 7.

MRS RE R R S
+ Vout
L (500mV/Div)

N BRI e e
Timescale = 2.0ms/Div. =~

[ Delay T
[ (1.0V/Div)

- comp 1

2 N S |

[ Phase 1 Switch Node I . . ]
[ (20V/Div)

Figure 7. Over-current Latch-off Waveforms

The controller continues to switch all phases during the latch-off
delay time. If the over-current condition is removed before the
1.8V DELAY threshold being reached, the controller will resume
its normal operation. The over current recovery characteristic
also depends on the state of PWRGD. If the output voltage is
within the PWRGD window during over current, the controller
resumes normal operation once over current condition being
removed. However, if over current causes the output voltage to
drop below the PWRGD threshold, a soft-start cycle will be initi-
ated.

The latch-off function can be reset by either removing and reap-
plying V¢ to the FAN5182 or by pulling the EN pin low for short
time. To disable the over current latch-off function, the external
resistor connecting between the DELAY pin and ground should
be removed, and a high value resistor (>1MQ) should be con-
nected from the DELAY pin to VCC. This prevents the DELAY
capacitor from discharging, so the 1.8V threshold can never be
reached. This pull-up resistor has some impact to the soft-start
time, because the current through this pull-up resistor adds
additional current to the internal 20pA soft-start current.

During start-up when the output voltage is below 200mV, a sec-
ondary current limit is activated. This is necessary because the
voltage swing of CSCOMP cannot go below ground. This sec-
ondary current limit clamps the COMP voltage to 2V.

An inherent per phase current limit protects individual phase if
one or more phases cease to function because of a faulty com-
ponent. This limit is based on the maximum normal mode
COMP voltage.

10
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Power Good Monitoring

The power good comparator monitors the output voltage via the
FB pin. The PWRGD pin is an open-drain output whose high
level (when connected to a pull-up resistor) indicates that the
output voltage is within the nominal limits specified in the electri-
cal characteristic table. PWRGD goes low if the output voltage
is outside of this specified range or whenever the EN pin is
pulled low. Figure 8. shows the PWRGD response when the
input power supply is switched off.

T R RS s e e s
L Vout 1
r (;ouomwniu) -+ Timescale = 100uS/Div

i Delay
L™ (2v/Div)

= ++ - =t
[ COMP
[ (@vDv)

[ PWRGD
[ (2v/Div)

Figure 8. Shutdown Waveforms

As part of the protection for the load and output components of
the supply, the PWM outputs are driven low (turning on the low-
side MOSFETSs) when the output voltage exceeds the crowbar
trip point. This crowbar action stops once the output voltage falls
below the reset threshold of approximately 650mV.

Turning on the low-side MOSFETSs pulls down the output as the
reverse current builds up in the inductors. If the output over volt-
age is due to a short in the high-side MOSFET, this crowbar
action can trip the input supply over current protection or blow
the input fuse, protecting the load from being damaged.

Enable and UVLO

For the FAN5182 to begin switching, the input supply (V¢c) to
the controller must be higher than the UVLO threshold, and the
EN pin must be higher than its logic threshold. If UVLO is less
than the threshold or the EN pin is logic low, the FAN5182 is dis-
abled. This holds the PWM outputs at ground, shorts the
DELAY capacitor to ground, and holds the Iy pin at ground.

In the application circuit, the Iy pin should be connected to
the OD pins of the FAN5009 drivers. Grounding the Iy pin
will disable the drivers such that both HDRV and LDRYV are hold-
ing low. This feature is important in preventing fast discharge of
the output capacitors when the controller shuts off. If the driver
outputs are not being disabled, a negative output voltage can be
generated due to high current being discharged from the output
capacitors through the inductors.
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Application Information

Design parameters for a typical high current point-of-load dc/dc
buck converter shown in Figure 5 are as follows:

* Input voltage (V) = 12V

* Output voltage (VoyT) = 1.8V

¢ Duty cycle (D) =0.15

e Output current |g = 55A

e Maximum output current (I ;) = 110A
* Number of phases (n) =3

* Switching frequency per phase (fgy) = 250kHz

Setting the Clock Frequency

The FAN5182 uses a fixed-frequency control architecture. The
frequency is set by an external timing resistor (Rt). The clock
frequency and the number of phases determine the switching
frequency per phase, which relates directly to switching losses
and the sizes of the inductors and the input and output capaci-
tors. With n = 3 for three phases, a clock frequency of 750kHz
sets the switching frequency (fsy) of each phase to 250kHz,
which represents a practical trade-off between the switching
losses and the sizes of the output filter components.

Equation 1 shows that to achieve a 750kHz oscillator frequency,
the correct value for Rt is 255kQ. Alternatively, the value for Rt
can be calculated using

1

Rp = ————
T~ WX foyx 4TpF

~27kQ (1)

1
Rr = 3><250kHz><4.7pF_27kQ = 256k

where 4.7pF and 27kQ are internal IC component values. For
good initial accuracy and frequency stability, a 1% resistor is
recommended. The closest standard 1% value for this design is
255kQ.

Soft-Start and Current Limit Latch-off Delay Time

Because the soft start and current limit latch-off delay functions
share the DELAY pin, these two parameters must be considered
together. The first step is to set Cp,y for the soft-start ramp. This
ramp is generated with a 20pA internal current source. The
value of Rpy has a second-order impact on the soft-start time
because it sinks part of the current source to ground. However,
as long as Rpyy is kept greater than 200k<, this effect is minor.

The value for Cpy can be approximated using:

VREF Iss

C = (QO}LA - —) X (2)
DLY
2XRpry)  Veer

where lgg is the desired soft-start time. Assuming an Rpy of
390kQ2 and a desired soft-start time of 3ms, Cpy is 71nF. The
closest standard value for Cp,y is 68nF. Once Cp,y is chosen,
RpLy can be calculated for the current limit latch-off time using:

1.96 x ¢t
oLy = DELAY 3)
C
DLY
If the result for Rpy is less than 200k, a smaller soft-start time
should be considered by recalculating the equation for Cpy, or

a longer latch-off time should be used. Rpy should never be
less than 200kQ. In this example, a delay time of 9ms results in
RpLy = 259kQ. The closest standard 1% value is 261k<Q.

Inductor Selection

The inductance determines the ripple current in the inductor.
Small inductance leads to high ripple current, which increases
the output ripple voltage and conduction losses in the MOS-
FETs, and vise versa. In any multiphase converters, it's recom-
mended to design the peak-peak inductor ripple current to be
less than 50% of the maximum inductor dc current.

Equation 4 shows the relationship among the inductance, oscil-
lator frequency, and peak-peak ripple current.

Vourx( =D)
Jowx L

Equation 5 can be used to determine the minimum inductance
based on a given output ripple voltage.

Iy = (4)

. VourX Ry X (I = (nx D))

(5)

Jsw>VrippLE
where Ry is the ESR of output bulk capacitors.

Solving Equation 5 for a 20mV peak-to-peak output ripple volt-
age and 3mQ Ry yields
1.8V Xx3mQ x(1-(3x0.15)) _

> 3
L= 250kHz x 20mV >9%4nH

If the resulting ripple voltage is too low, the inductance can be
reduced until the desired ripple voltage is achieved. In this
example, a 600nH inductor is a good starting point that pro-
duces a calculated ripple current of 6.6A. The inductor should
not saturate at the peak current of 21.6A, and should be able to
handle the total power dissipation created by the copper and
core loss.

Another important factor in the inductor design is the DCR,
which is used for measuring the phase current. A large DCR
can cause excessive power losses, whereas too small DCR can
increases measurement error. For this design, a DCR of 1.4mQ
was chosen.

Designing an Inductor

Once the inductance and DCR are known, the next step is to
either design an inductor or find a suitable standard inductor if
one exists. Inductor design starts with choosing appropriate
core material. Some candidate materials that have low core loss
at high frequencies are powder cores (e.g. Kool-Mp® from Mag-
netics, Inc., or from Micrometals) and gapped soft ferrite cores
(e.g. 3F3 or 3F4 from Philips). Powdered iron cores have higher
core loss, and are used for low cost applications.

The best choice for a core geometry is a closed-loop type, such
as a potentiometer core, a PQ/U/E core, or a toroid core.

Some useful references for magnetics design are
¢ Magnetic Designer Software
¢ Intusoft (www.intusoft.com)

¢ Designing Magnetic Components for High-Frequency DC-DC
Converters, by William T. McLyman, Kg Magnetics, Inc.,
ISBN 1883107008
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Selecting a Standard Inductor

The following power inductor manufacturers can provide design
consultation and deliver power inductors optimized for high
power applications upon request.

* Coilcraft
(847) 639-6400
www.coilcraft.com

¢ Coiltronics
(561) 752-5000
www.coiltronics.com

* Sumida Electric Company
(510) 668-0660
www.sumida.com

* Vishay Intertechnology
(402) 563-6866
www.vishay.com

Output Current Sense

The output current can be measured by summing the voltage
across each inductor and passing the signal through a low-pass
filter. The CS amplifier is configured with resistors Rpyyx) (for
summing the voltage), and Rgg and Cg (for the low-pass filter).
The output current g is set by the following equations:
7. = RPH(x) % Vpre 6)

R

Res Ry

L

Cre2 -

cs

R; X Rcg

(7)

where:
Ry is the DCR of the output inductors.
Vprp is the voltage drop from CSCOMP to CSREF.

When load current reaches its limit, Vpgp is at its maximum
(Vorpmax)- Vprpmax can be in the range of 100mV to 200mV.
In this example, it is 110mV.

One has the flexibility of choosing either Rgg or Rpyx). It is rec-
ommended to select Rgg equal to 100k, and then solve for
Rph(x) by rearranging Equation 6.

ILIM
RPH(X) B RL XRCSX VDRPMAX
Rpyyy = 1.4mQ x 100kQ X 1111)(1)11AV = 140kQ

Next, use Equation 7 to solve for C¢g.

600nH 5 2 4.29nF

> - -
Ces> 1.4mQ x 100k

Choose the closest standard value that is greater than the result
given by Equation 7. This example uses a Cgg value of 5.6nF.

Output Voltage

FAN5182 has an internal FBRTN referred 800mV voltage refer-
ence (Vger). The output voltage can be set by using a voltage
divider consists of resistors Rg; and Rgy:

(Rp; + Rp))

(8)
Ry, REF

Vour =

Rearranging Equation 8 to solve Rg, and assuming a 1%, 1kQ
resistor for Rg4 yields

Vour—Vrer
Rp, = % XRp,
REF
Ry, = SBY=08V kg = 125k0

0.8V
The closest standard 1% resistor value for Rg, is 1.24kQ.

Power MOSFETs

For this example, one high-side and one low-side N-channel
power MOSFETs per phase have been selected. The main
selection parameters for power MOSFETs are Vggth), Qg
Ciss, Crss: and Rpg(on)- The minimum gate drive voltage (the
supply voltage to the FAN5009) dictates whether standard
threshold or logic-level threshold MOSFETs can be used. With
VGATE ~10V, Iogic-level threshold MOSFETs (VGS(TH) < 25V)
are recommended.

The maximum output current (lg) determines the Rpg(on)
requirement for the low-side (synchronous) MOSFETs. With
good current balance among phases, the current in each low-
side MOSFET is the output current divided by the total number
of low-side MOSFETSs (ngg). Since conduction loss is dominant
in low-side MOSFET, the following expression can represent
total power dissipation in each synchronous MOSFET in terms
of the ripple current per phase (Ig) and the total output current

(lo):

P = 0=0x[ (G2 ]+ f5x (58] [ Rosan, ©
=(1-D)x||—=| +=x X
SF ngp 0 ngr DS(SF)

Knowing the maximum output current and the maximum
allowed power dissipation, one can determine the required
Rps(on for the MOSFET. For example, D-PAK MOSFETSs oper-
ating up to ambient temperature of 50°C, a safe limit for Pgf is
around 1W to 1.5W at 120°C junction temperature. Therefore, in
this example, Rpg(sF) (per MOSFET) < 7.5mQ. This RpgsF) is
typically measured at junction temperature of about 120°C In
this example, we select a lower-side MOSFET with 4.8mQ at
120°C.

Another important consideration for choosing the synchronous
MOSFET is the input capacitance and feedback capacitance.
The ratio of feedback to input capacitance must be small (less
than 10% is recommended) in order to preventing accidentally
turning on the synchronous MOSFETs when the switch node
goes high.

Also, the time to switch the synchronous MOSFETs off should
not exceed the non-overlap dead time of the MOSFET driver
(40ns typical for the FAN5009). The output impedance of the
driver is approximately 2Q, and the typical MOSFET input gate
resistances are about 1Q to 2Q. Therefore, the total gate capac-
itance should be less than 6000pF. In the event there are two
MOSFETSs in parallel, the input capacitance for each synchro-
nous MOSFET should be limited to 3000pF.

The high-side (main) MOSFET power dissipation consists of
two elements: conduction and switching losses. The switching
loss is related to the main MOSFET’s turn on and off time, and
the current and voltage being switched. Based on the main
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MOSFET’s switching speed (rise and fall time that the gate
driver can offer) and MOSFET input capacitance, the following
expression provides approximate switching loss for each main
MOSFET:

Veex 1y

(10)

Py = 2 Rox M ¢
sour) = 2% fswX XRex—==xCiss

where:
Ny is the total number of main MOSFETSs.

Rg is the total gate resistance (2Q for the FAN5009 and about
1Q for typical logic level n-channel MOSFETSs, total Rg = 3Q).

C,ss is the input capacitance of the main MOSFET.

Note that adding more main MOSFETs (ny) does not help to
lower the switching loss for each main MOSFET, it can only
reduces conduction loss. The most efficient way to reduce
switching loss is to use low gate charge / capacitance devices.

The conduction loss of the main MOSFET is given by the follow-
ing equation:

I, 2 9 n><IR2
_) +E><( )}(RDS(MF) (11)

where Rpgyr) is the on resistance of the main MOSFET.

Pegry = DX K

Ny v

Typically, for main MOSFETS, a low gate charge (Cgg) device is
preferred, but low gate charge MOSFETSs usually have higher
on resistance. Select a device that meets total power dissipation
around 1.5W for a single D-PAK MOSFET.

In this example, a FDD6296 is selected as the main MOSFET
(three total; nyr = 3), with a Cigg = 1440pF, and RpgvF) = 9IMQ
(at Ty =120°C), and a FDD8896 is selected as the synchronous
MOSFET (three total; Ngg = 3), with ClSS =2525pF and RDS(SF)
= 5.4mQ (at T; = 120°C). The synchronous MOSFET C,gg is
less than 6000pF. Solving for the power dissipation per MOS-
FET at Ig = 55A and Ig = 6.6A yields 1.56W for each synchro-
nous MOSFET and 1.29W for each main MOSFET. These
numbers comply with the power dissipation limit of around 1.5W
per MOSFET.

One more item that needs to be considered is the power dissi-
pation in the driver for each phase. The gate drive loss is
described in terms of the Qg for the MOSFETS, and is given by
the following equation

Tsw
PDRVz[T XypXQourt nsp*Qasr) +[CC} xVee (12)

where:
Qg is the total gate charge for each main MOSFET.
Qgsk is the total gate charge for each synchronous MOSFET.

lcc % Voo in equation (12) represents the driver's standby
power dissipation. For the FAN5009, the maximum dissipation
should be less than 400mW. In this example, with Igc = 5mA,
Qgmr = 25nC, and Qggr = 50nC, there is 285mW in each
driver, which is below the 400mW dissipation limit. See the
“Thermal Information” table in the FAN5009 datasheet for more
details.

Ramp Resistor Selection

The ramp resistor (RR) is used for setting the size of the internal
PWM ramp. The value of this resistor is chosen to provide the

best combination of phase current balance, stability, and tran-
sient response. The following expression is used to determine
the optimum value:

R Arx (13)
K7 3% X Rpsconysr) % Cr
0.2 x 600nH
= = kQ
R ™ 3x5%x4.8mQ x 5pF 333
where:

AR is the internal ramp amplifier gain.

Ap is the current balancing amplifier gain.

Rbs(ony(sF) is the equivalent low-side MOSFET on resistance.
CRis the internal ramp capacitor value.

The closest standard 1% resistor value is 332kQ.. The internal
ramp voltage magnitude can be calculated by using

B (Vin=Vggr) XA XD
R (Rp+2KQ) X Cy X foy

(14)

_ (12-0.8)x0.2x0.15
(332k€Q +2kQ) x 5pF x 250kHz

The size of the internal ramp can be made larger or smaller. If it
is made larger, stability and transient response improve, but
thermal balance degrades. Likewise, if the ramp is made
smaller, thermal balance improves but transient response and
stability degrade. The factor of three in the denominator of
Equation 13 sets a ramp size with optimal balance for good sta-
bility, transient response, and thermal balance.

Vi = 805SmV

Current Limit Setpoint

The current limit threshold of the FAN5182 is set with a 3V
source (V) across Ry with a gain of 10.4 mV/pA (A w)-
R m can be found using

_ A > Vi (15)

RL[M 17
DRPMAX

If R is greater than 500k<, the actual current limit threshold
may be lower than the intended value. Hence some adjustment
for Ry may be neeeed. Here, I\ is the average current limit
for the output of the supply. In this example, using the Vprpmax
value of 110mV from Equations 6 and 7 and choosing a peak
current limit of 110A for I results in Ry = 284kQ, for which
287kQ is chosen as the nearest 1% value.

The per phase current limit described earlier is determined by

_Veompwaxy=Ve—Vaias + I_R

Iprrin = (16)

Ap X Rpgvax) 2
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Close Loop Compensation Design

Optimum compensation of the FAN5182 assures the best possi-
ble load regulation and transient response of the regulator. The
target of the compensation design is to achieve reasonably high
control bandwidth with sufficient phase and gain margin.

The power stage of the synchronous buck converter consists of
two poles and one zero. A two-pole, one-zero compensator of
the voltage error amplifier is adequate for proper compensation,
if the output bulk capacitors are electrolytic types (low ESR
zero). Equations 17 to 19 are able to yield an approximate start-
ing point for the design. To further optimize the design, some
bench adjustments may be necessary

Cyx Ry nx Ry
Ca = Txm,, | T, (17)
(V xRL)+(AD><RDS)
out
R - 4XRp, ( LXVy - ADxRDS) (18)
A7 nxCoxR.\R X Vour 2XfgyXR,

1

Crp = 2XnXfoyXxR, (19)

If Cx is 6000pF (five 1200pF capacitors in parallel) with an
equivalent ESR of 3mQ, the equations above give the following
compensation values:

Ca=1.33nF
Ra = 6.05kQ
CFB =110pF

Selecting the nearest standard value for each of these compo-
nent yields Cp = 1.2nF, Ry = 6.04kQ, and Cgg = 100pF.

As mentioned above, this compensation design scheme is typi-
cally good for applications using electrolytic type capacitors,
where the capacitor ESR zero can roughly cancel one of the
power stage poles. However, for all ceramic capacitor types of
applications, since the capacitor ESR zero can be very high, a
three-pole, two-zero compensator has to be used.

A complete Mathcad control design program is available from
Fairchild upon request.

Input Capacitor Selection and Input Current di/dt
Reduction

In continuous inductor current mode, the source current of the
high-side MOSFET is approximately a square wave with a duty
ratio equal to n x Vout/V)y and an amplitude of one-nth the
maximum output current. To prevent large voltage variation, a
low ESR input capacitor, sized for the maximum rms current,
must be used. The maximum rms capacitor current is given by

1
nxD

Iequs = 015X 55AX st 1 = 0.1A

Note that manufacturers often specify capacitor ripple current
rating based on only 2,000 hours of life. Therefore, it is advis-
able to further derate the capacitor or to choose a capacitor
rated at a higher temperature than required. Several capacitors
may be placed in parallel to meet size or height requirements in

Tepms = DX 1pX

-1 (20)

the design. In this example, the input capacitor bank is formed
by two 2,700pF, 16V aluminum electrolytic capacitors and three
4.7uF ceramic capacitors.

To reduce the input current di/dt to a level below the system
requirement, in this example 0.1A/ps, an additional small induc-
tor (L > 370nH @ 10A) can be inserted between the converter
and the supply bus. This inductor serves as a filter between the
converter and the primary power source.

Inductor DCR Temperature Correction

With the inductor's DCR being used as the sense element, one
needs to compensate for temperature changes in the inductor's
winding if a highly accurate current limit setpoint is desired. For-
tunately, copper has a well-known temperature coefficient (TC)
of 0.39%/°C.

If Rgs is designed to have an opposite and equal percentage of
change in resistance to that of the inductor wire, it cancels the
temperature variation of the inductor's DCR. Due to the nonlin-
ear nature of NTC thermistors, resistors Rcgy and Rggo are
needed. See Figure 9. for instructions on how to linearize the
NTC and produce the desired temperature coefficient.

PLACE AS CLOSE AS POSSIBLE
TO NEAREST INDUCTOR

OR LOW-SIDE MOSFET TO TO
..................... i \R SWITCH Vour
FAN5182 : T; NODES SENSE
N ’4 A
Ren13 RpH23  Rpus
CSCOMP O vavsv, nSiz 1 \
! Cest -L l Ces2 KEEP THIS PATH
CSSUM r‘\ T AS SHORT AS POSSIBLE
(12 AND WELL AWAY FROM
H SWITCH NODE LINES
CSREF :

Figure 9. Temperature Compensation
Circuit Values

Follow the procedures and expressions shown below for calcu-
lation of Rcgy, Rese, and Rry (the thermistor value at 25°C)
based on a given Rgg value.

1. Select an NTC according to type and value. Because we do
not have a value yet, start with a thermistor with a value close
to Rgs. The NTC should also have an initial tolerance of bet-
ter than 5%.

2. Based on the NTC type, find its relative resistance value at
two temperatures. The temperatures that work well are 50°C
and 90°C. These resistance values are called A (Rtpso°c)/
Rr(esec)) and B (Rrigoecy/RrH(zsc))- Note that the NTC's
relative value is always 1 at 25°C.

3. Find the relative value of R¢g required for each of these tem-
peratures. This is based on the percentage of change
needed, which in this example is initially 0.39%/°C. These are
called r1 (1/(1 + TC x (T4 - 25))) and r2 (1/(1 + TC x (T, -
25))), where TC = 0.0039 for copper. Ty = 50°C and T, =
90°C are chosen. From this, one can calculate that r1 =
0.9112 and r2 = 0.7978.
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4. Compute the relative values for Rggq, Rgso, and Ry using

(A= B) xriXrp—AX(1-B) X1, + BX(1-4) X ry

r'cs2= AX(1=B)Xry=Bx(1-A)Xr,—(4-B) 21
B (1-A)
VCS] - ( 1 )_( A ) (22)
l-1cg5 r1=res2
1 (23)

)
1=rcgs resi

5. Calculate Ry = rry = Rgs, then select the closest value of
thermistor available. Also, compute a scaling factor k based
on the ratio of the actual thermistor value used relative to the
computed one:

R
k= TH(ACTUAL)) (24)
Rry(carcuratep)
6. Calculate values for Rggy and Rggp using
Reg) = Regxkxreg, (25)
Regy = Rogx((1=k) + (kxrgg,)) (26)

PCB Layout Guidelines

General Recommendations

To achieve the best possible performance, a PCB with at least
four layers is recommended. When doing the layout, please
keep in mind that each square unit of 1 ounce copper has resis-
tance of ~0.53mQ at room temperature.

Whenever high currents must be routed to a different PCB lay-
ers, vias should be used properly to create several parallel cur-
rent paths so that the resistance and inductance introduced by
these current paths are minimized, and the via current-rating is
not exceeded.

If critical signal traces must be routed close to power circuitry, a
signal ground plane must be interposed between those signal
lines and the traces of the power circuitry. This serves as a
shield to minimize noise injection into the signals at the expense
of making signal ground a bit noisier.

An analog ground island should be used around and under the
FAN5182 as a reference for the components associated with the
controller. This analog ground should be connected to the
power ground at a single point.

The components around the FAN5182 should be close to the
controller with short traces. The output capacitors should be
placed as close as possible to the load. If the load is distributed,
the capacitors should also be distributed in proportion to the
respective load.

Power Circuitry Recommendations

The PCB layout starts with high frequency power component
placement. Try to minimize stray inductance of the MOSFET
half bridge which is composed of the input capacitors, and top
and bottom MOSFETSs. A good practice is to use short and wide
traces or copper pours to minimize the inductance in the MOS-
FET half bridge. Failure to do so can lead to severe phase node

ringing. A snubber circuit is always recommended to partly kill
the phase node switching noise.

Whenever using a power dissipating component, for example, a
power MOSFET that is soldered to the PCB, the proper use of
vias, both directly on the mounting pad and immediately sur-
rounding the mounting pad is recommended. Make a mirror
image of the power pad being used on the component side to
heatsink the MOSFETs on the opposite side of the PCB. Use
large copper pour for high current traces to lower the electrical
impedance and help dissipate heat. Do not make the switching
node copper pour unnecessarily large, since it could radiate
noise.

An undisturbed solid power ground plane should be used as
one of the inner layers.

Signal Circuitry Recommendations

The output voltage is sensed from the FB and the FBRTN pins.
To avoid differential mode noise pickup in these differential
sensed traces, the loop area between the FB and FBRTN traces
should be minimized. In other words, the FB and FBRTN traces
should be routed adjacent to each other with minimum spacing
on top of the analog / power ground plane back to the controller.

The signal traces connecting to the switch nodes should be tied
as close as possible to the inductor pins. The CSREF sense
trace should be connected to the second nearest inductor pin to
the controller.

Detailed step-by-step PCB layout instructions are available from
Fairchild upon request.
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Mechanical Diagram

20 Pin - QSOP
Inches Millimeters Notes:
Symbol - - Notes 1. Symbols are defined in the "MO Series Symbol List" in
Min. Max. Min. Max. Section 2.2 of Publication Number 95.
A 0.053 | 0.069 1.35 1.75 2. Dimensioning and tolerancing per ANSI Y14.5M-1982.
Al 0.004 0.010 0.10 0.25 3. Dimension "D" does not include mold flash, protrusions
A2 - 0.061 - 1.54 or gate burrs. Mold flash, protrusions shall not exceed
B 0.008 0.012 0.20 0.30 9 0.25mm (0.010 inch) per side.
(¢} 0.007 0.010 0.18 0.25 4. Dimens_ion "E" does not include interlegd flash or
D ] 304 81 10. protrusions. Interlead flash and protrusions shall not
0.386 0.39 9.8 0.00 8 exceed 0.25mm (0.010 inch) per side.
E 0.150 0.157 3.81 3.98 4 5. The chamb the body Is optional. If ‘ t
. e chamber on the body is optional. If it is not present,
e 0.025 BSC 0.635 BSC a visual index feature must be located within the
H 0.228 0.244 5.80 6.19 crosshatched area.
h 0.0099 | 0.0196 | 0.26 0.49 5 6. “L"is the length of terminal for soldering to a substrate.
L 0.016 0.050 0.41 1.27 6 7. "N"is the maximum number of terminals.
N 20 20 7 8. Terminal numbers are shown for reference only.
0 8 0 8 9. Dimension "B" does not include dambar protrusion.
Allowable dambar protrusion shall be 0.10mm (0.004
inch) total in excess of "B" dimension at maximum
material condition.
10. Controlling dimension: INCHES. Converted millimeter
dimensions are not necessarily exact.
D
E H
@)
________ A1 / [ | ¢
lililililihhEs N Nt
P seamne o | g T
PLANE | EAD COPLANARITY
e
Ordering Information
Temperature
Part Number Range Package Type Packing Method Quantity per Reel
FAN5182QSCX_NL 0°C to +85°C QSOP-20L Tape and Reel 2500

Note: FAN5182QSCX_NL is a Pb-free part.
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TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is
not intended to be an exhaustive list of all such trademarks.

ACEx™ FAST® IntelliMAX™ POP™ SPM™
ActiveArray™  FASTr™ ISOPLANAR™ Power247™ Stealth™
Bottomless™  FpS™ LittleFET™ PowerEdge™ SuperFET™
CoolFET™ FRFET™ MICROCOUPLER™ PowerSaver™ SuperSOT™-3
CROSSVOLT™ GlobalOptoisolator™ MicroFET™ PowerTrench® SuperSOT™-6
DOME™ GTO™ MicroPak™ QFET® SuperSOT™-8
ECoSPARK™  HiSeC™ MICROWIRE™ QSsS™ SyncFET™
E2CMOS™ [pCT™ MSX™ QT Optoelectronics™ TinyLogic®
EnSigna™ j-Lo™ MSXPro™ Quiet Series™ TINYOPTO™
FACT™ ImpliedDisconnect™ OCX™ RapidConfigure™ TruTranslation™
FACT Quiet Series™ OCXPro™ RapidConnect™ UHC™

Across the board. Around the world.™ OPTOLOGIC® uSerDes™ UltraFET®
Programmable Active Droop™ PACMANT™ SMART START™ VeX™
DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TOANY
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 FAIRCHILD SEMICONDUCTOR CORPORATION.
As used herein:

1. Life support devices or systems are devices or 2. A critical component is any component of a life
systems which, (a) are intended for surgical implant into support device or system whose failure to perform can
the body, or (b) support or sustain life, or (c) whose be reasonably expected to cause the failure of the life
failure to perform when properly used in accordance support device or system, or to affect its safety or
with instructions for use provided in the labeling, can be effectiveness.

reasonably expected to result in significant injury to the

user.

PRODUCT STATUS DEFINITIONS

Definition of Terms

Datasheet Identification Product Status Definition
Advance Information Formative or This datasheet contains the design specifications for
In Design product development. Specifications may change in

any manner without notice.

Preliminary First Production This datasheet contains preliminary data, and
supplementary data will be published at a later date.
Fairchild Semiconductor reserves the right to make
changes at any time without notice in order to improve
design.

No Identification Needed Full Production This datasheet contains final specifications. Fairchild
Semiconductor reserves the right to make changes at
any time without notice in order to improve design.

Obsolete Not In Production This datasheet contains specifications on a product
that has been discontinued by Fairchild semiconductor.
The datasheet is printed for reference information only.
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