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General Description

The LM21215 is a monolithic synchronous buck regulator that
is capable of delivering up to 15A of continuous output current
while producing an output voltage down to 0.6V with out-
standing efficiency. The device is optimized to work over an
input voltage range of 2.95V to 5.5V, making it suited for a
wide variety of low voltage systems. The voltage mode control
loop provides high noise immunity, narrow duty cycle capa-
bility and can be compensated to be stable with any type of
output capacitance, providing maximum flexibility and ease of
use.

The LM21215 features internal over voltage protection (OVP)
and resistor-programmable over-current protection (OCP) for
increased system reliability. A precision enable pin and inte-
grated UVLO allow turn-on of the device to be tightly con-
trolled and sequenced. Startup inrush currents are limited by
both an internally fixed and externally adjustable soft-start
circuit. Fault detection and supply sequencing are possible
with the integrated power good circuit.

The LM21215 is designed to work well in multi-rail power
supply architectures. The output voltage of the device can be
configured to track an external voltage rail using the SS/TRK
pin. If the output is pre-biased at startup, it will not sink current,
allowing the output to smoothly rise past the pre-biased volt-
age. The regulator is offered in a 20-pin eTSSOP package
with an exposed pad that can be soldered to the PCB, elimi-
nating the need for bulky heatsinks.
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Features

m Integrated 7.0 mQ high side and 4.3 mQ low side FET
switches

m  Adjustable current limit

Adjustable output voltage from 0.6V to V, (100% duty

cycle capable), +1% reference

Input voltage range 2.95V to 5.5V

500 kHz fixed switching frequency

Startup into pre-biased loads

Output voltage tracking capability

Wide bandwidth voltage loop error amplifier

Adjustable soft-start with external capacitor

Precision enable pin with hysteresis

Integrated OVP, OTP, UVLO and Power-Good

Thermally Enhanced eTSSOP-20 exposed pad package

Applications

m Broadband, networking and wireless communications
m High-performance FPGAs, ASICs and microprocessors

m Simple to design, high efficiency point of load regulation
from a 5V or 3.3V bus

Simplified Application Circuit
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LM21215

Connection Diagram

Top View
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Ordering Information

eTSSOP-20 Package

Order Number Package Type NSC Package Drawing Package Marking Supplied As
LM21215MH eTSSOP-20 MYB20A LM21215MH 73 Units per Rail
LM21215MHX eTSSOP-20 MYB20A LM21215MH 2500 Units Per Reel
Pin Descriptions

Pins Name Description

1 ILIM Resistor-programmable current limit pin. A resistor connected to this pin and
ground will set the value of the rising current limit | 5. Shorting this pin to AGND
will program the device to the maximum possible current limit.

2 SS/TRK Soft-start control pin. An internal 2pA current source charges an external capacitor
connected between this pin and AGND to set the output voltage ramp rate during
startup. This pin can also be used to configure the tracking feature.

3 EN Active high enable input for the device. If not used, the EN pin can be left open,
which will go high due to an internal current source.

4 AVIN Analog input voltage supply that generates the internal bias. It is recommended to
connect PVIN to AVIN through a low pass RC filter to minimize the influence of
input rail ripple and noise on the analog control circuitry.

5,6,7 PVIN Input voltage to the power switches inside the device. These pins should be
connected together at the device. A low ESR input capacitance should be located
as close as possible to these pins.

8,9,10 PGND Power ground pins for the internal power switches.

11-16 SW Switch node pins. These pins should be tied together locally and connected to the
filter inductor.

17 PGOOD Open-drain power good indicator.

18 COMP Compensation pin is connected to the output of the voltage loop error amplifier.

19 FB Feedback pin is connected to the inverting input of the voltage loop error amplifier.

20 AGND Quiet analog ground for the internal reference and bias circuitry.

EP Exposed Pad Exposed metal pad on the underside of the package with an electrical and thermal
connection to PGND. It is recommended to connect this pad to the PC board
ground plane in order to improve thermal dissipation.
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Absolute Maximum Ratings (vote 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

PVIN(Note 2), AVIN to GND -0.3V to +6V

SW(Note 3), EN, FB, COMP, -0.3V to PVIN + 0.3V
PGOOD, SS/TRK to GND

Storage Temperature

Lead Temperature
(Soldering, 10 sec.)

—-65°C to 150°C
260°C

ESD Rating

Human Body Model (Note 4)

Operating Ratings

PVIN, AVIN to GND
Junction Temperature

eJA(Note 5)

(Note 1)

+2kV

+2.95V to +5.5V

-40°C to +125°C

24°C/W

Electrical Characteristics unless otherwise stated, the following conditions apply: Vpyin, aviy = 5V. Limits in
standard type are for T, = 25°C only, limits in bold face type apply over the junction temperature (T ) range of —40°C to +125°C.
Minimum and maximum limits are guaranteed through test, design, or statistical correlation. Typical values represent the most
likely parametric norm at T = 25°C, and are provided for reference purposes only.

Symbol |Parameter Conditions | Min | Typ | Max | Units
SYSTEM
Veg Feedback pin voltage ViNy =2.95V to 5.5V 1% | 06 | 1% \'
AV /Alg,r | Load Regulation 0.02 %Vout!
A
AVq1/AV,y | Line Regulation 0.1 %Vout!
\Y
Rpsonns | High Side Switch On Resistance lsw = 12A 7 9.0 mQ
Rpsonts |Low Side Switch On Resistance lgw = 12A 43 | 6.0 mQ
lcLr HS Rising Switch Current Limit Rium = 16.5 kQ 16.5 20 23.5 A
Rium = 41.3 kQ 8.5 10 | 115
Rium = 130 kQ 3.8
loLr LS Falling Switch Current Limit Rium = 16.5 kQ 14.5 A
Rium = 41.3 kQ 7.5
Rium = 130 kQ
Vay Zero Cross Voltage -8 12 mV
lq Operating Quiescent Current 1.5 3 mA
Isp Shutdown Quiescent Current Vey =0V 50 70 pA
Vuvio AVIN Under Voltage Lockout AVIN Rising 245 | 2.7 | 295 \
Vuvionys |AVIN Under Voltage Lockout Hysteresis 140 | 200 | 280 mV
Vigrackos | SS/TRACK PIN accuracy (Vgg - Vig) 0 < Vigack < 0.55V -10 6 20 mV
Iss Soft-Start Pin Source Current 1.3 | 1.9 [ 25 pA
tinTss Internal Soft-Start Ramp to Vref Cgs=0 350 | 500 | 675 ps
treserss | Device reset to soft-start ramp 50 110 | 200 us
OSCILLATOR
fosc Switching Frequency 475 | 500 | 525 | kHz
tussiank  |HS OCP blanking time Rising edge of SW to I 5 55 ns
comparison
t seiank  |LS OCP blanking time Falling edge of SW to I ¢ 400 ns
comparison
toxeank | Zero Cross blanking time Falling edge of SW to V,y 120 ns
comparison
tviNON Minimum HS on-time 140 ns
AVgaye  |PWM Ramp p-p Voltage 0.8 \Y
ERROR AMPLIFIER
VoL Error Amplifier Open Loop Voltage Gain ICOMP = -65pA to TmA | | 95 | | aBV/V
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Tp)
E Symbol |Parameter Conditions | Min | Typ | Max | Units
S SYSTEM
-l GBW Error Amplifier Gain-Bandwidth Product 11 MHz
Ies Feedback Pin Bias Current Vg = 0.6V 1 nA
lcompsre | COMP Output Source Current 1 mA
lcompsink | COMP Output Sink Current 65 pA
POWERGOOD
Vovp Over Voltage Protection Rising Threshold Vg Rising 105 (1125 120 | %V
Voveavs | Over Voltage Protection Hysteresis Vg Falling 2 % Ve
Vuve Under Voltage Protection Rising Threshold Vg Rising 82 90 97 | %Vig
Vuvenys | Under Voltage Protection Hysteresis Vg Falling 25 % Veg
toape.  |PGOOD Deglitch Low (OVP/UVP Condition 15 ps
Duration to PGOOD Falling)
teepan PGOOD Deglitch High (minimum low pulse) 12 ys
Rep PGOOD Pull-down Resistance 10 20 40 Q
lbgoopLeak |PGOOD Leakage Current Vpgoop =5V 1 nA
LOGIC
Viuenme | EN Pin Rising Threshold Vey Rising 1.20 [ 1.35 | 1.45 \Y
Vennys | EN Pin Hysteresis 50 110 | 180 mV
len EN Pin Pullup Current Ven =0V 2 HA
THERMAL SHUTDOWN
Tthuervwsp | Thermal Shutdown 165 °C
Trhermsorys | Thermal Shutdown Hysteresis 10 °C

Note 1: Absolute Maximum Ratings indicate limits beyond witch damage to the device may occur. Operating Ratings indicate conditions for which the device is
intended to be functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics.

Note 2: The PVIN pin can tolerate transient voltages up to 6.5 V for a period of up to 6ns. These transients can occur during the normal operation of the device.

Note 3: The SW pin can tolerate transient voltages up to 9.0 V for a period of up to 6ns, and -1.0V for a duration of 4ns. These transients can occur during the
normal operation of the device.

Note 4: The human body model is a 100 pF capacitor discharged through a 1.5 kQ resistor to each pin.
Note 5: Thermal measurements were performed on a 2x2 inch, 4 layer, 2 oz. copper outer layer, 1 oz.copper inner layer board with twelve 8 mil. vias underneith

the EP of the device and an additional sixteen 8 mil. vias under the unexposed package.
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Typical Performance Characteristics unless otherwise specified: V,y = 5V, Vour = 1.2V, L= 0.56uH
(1.8mQ RpcR), Cgg = 33nF, T, = 25°C for efficiency curves, loop gain plots and waveforms, and T = 25°C for all others.
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Non-Switching I,y and lpyy vs. Temperature
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Vgg vs. Temperature

LM21215
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UVLO Threshold and Hysteresis vs. Temperature
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Enable Low Current vs. Temperature
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Minimum On-Time vs. Temperature
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FET Resistance vs. Temperature
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Output Voltage Ripple Startup with Prebiased Output

LM21215
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Block Diagram
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LM21215

Operation Description

GENERAL

The LM21215 switching regulator features all of the functions
necessary to implement an efficient low voltage buck regula-
tor using a minimum number of external components. This
easy to use regulator features two integrated switches and is
capable of supplying up to 15A of continuous output current.
The regulator utilizes voltage mode control with trailing edge
modulation to optimize stability and transient response over
the entire output voltage range. The device can operate at
high switching frequency allowing use of a small inductor
while still achieving high efficiency. The precision internal
voltage reference allows the output to be set as low as 0.6V.
Fault protection features include: current limiting, thermal
shutdown, over voltage protection, and shutdown capability.
The device is available in the eTSSOP-20 package featuring
an exposed pad to aid thermal dissipation. The LM21215 can
be used in numerous applications to efficiently step-down
from a 5V or 3.3V bus.

PRECISION ENABLE

The enable (EN) pin allows the output of the device to be en-
abled or disabled with an external control signal. This pin is a
precision analog input that enables the device when the volt-
age exceeds 1.35V (typical). The EN pin has 110 mV of
hysteresis and will disable the output when the enable voltage
falls below 1.24V (typical). If the EN pin is not used, it can be
left open, and will be pulled high by an internal 2 pA current
source. Since the enable pin has a precise turn-on threshold
it can be used along with an external resistor divider network
from VIN to configure the device to turn-on at a precise input
voltage.

UVLO

The LM21215 has a built-in under-voltage lockout protection
circuit that keeps the device from switching until the input
voltage reaches 2.7V (typical). The UVLO threshold has 200
mV of hysteresis that keeps the device from responding to
power-on glitches during start up. If desired the turn-on point
of the supply can be changed by using the precision enable
pin and a resistor divider network connected to VIN as shown
in Figure 5in the design guide.

CURRENT LIMIT

The LM21215 has programmable current limit protection to
avoid dangerous current levels through the power FETs and
inductor. A current limit condition is met when the current
through the high side FET exceeds the rising current limit level
(IcLr)- The control circuitry will respond to this event by turning
off the high side FET and turning on the low side FET. This
forces a negative voltage on the inductor, thereby causing the
inductor current to decrease. The high side FET will not con-
duct again until the lower current limit level (I ) is sensed on
the low side FET. At this point, the device will resume normal
switching.

A current limit condition will cause the internal soft-start volt-
age to ramp downward. After the internal soft-start ramps
below the Feedback (FB) pin voltage, (nominally 0.6 V), FB
will begin to ramp downward, as well. This voltage foldback
will limit the power consumption in the device, thereby pro-
tecting the device from continuously supplying power to the
load under a condition that does not fall within the device
SOA. After the current limit condition is cleared, the internal
soft-start voltage will ramp up again. Figure 1 shows current
limit behavior with Vgg, Vg, Vour and Vg

www.national.com
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SHORT-CIRCUIT PROTECTION

In the unfortunate event that the output is shorted with a low
impedance to ground, the LM21215 will limit the current into
the short by resetting the device. A short-circuit condition is
sensed by a current-limit condition coinciding with a voltage
on the FB pin that is lower than 100 mV. When this condition
occurs, the device will begin its reset sequence, turning off

lelr

both power FETs and discharging the soft-start capacitor after
treseTss (Nominally 110 ps). The device will then attempt to
restart. If the short-circuit condition still exists, it will reset
again, and repeat until the short-circuit is cleared. The reset
prevents excess current flowing through the FETs in a highly
inefficient manner, potentially causing thermal damage to the
device or the bus supply.

I leif

VY4 v

Vss

VFB

100 mv

Vout

Vsw

CURRENT LIMIT

SHORT-CIRCUIT
REMOVED

SHORT-CIRCUIT

30103719

FIGURE 1. Current Limit Conditions

THERMAL PROTECTION

Internal thermal shutdown circuitry is provided to protect the
integrated circuit in the event that the maximum junction tem-
perature is exceeded. When activated, typically at 165°C, the
LM21215 tri-states the power FETs and resets soft start. After
the junction cools to approximately 155°C, the device starts
up using the normal start up routine. This feature is provided
to prevent catastrophic failures from accidental device over-
heating. Note that thermal limit will not stop the die from
operating above the specified absolute maximum tempera-
ture,125°C. The die should be kept under 125°C to guarantee
correct operation.

POWER GOOD FLAG

The PGOOQOD pin provides the user with a way to monitor the
status of the LM21215. In order to use the PGOQOD pin, the
application must provide a pull-up resistor to a desired DC
voltage (i.e. Vin). PGOOD will respond to a fault condition by
pulling the PGOOD pin low with the open-drain output.
PGOOD will pull low on the following conditions: 1) Vg moves
above or below the Vp or V yp, respectively 2) The enable
pin (EN) is brought below the enable threshold 3) The device
enters a pre-biased output condition (Vgg>Vgg).

Figure 2 shows the conditions that will cause PGOOD to fall.
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LM21215
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FIGURE 2. PGOOD Conditions

LIGHT LOAD OPERATION

The LM21215 offers increased efficiency when operating at
light loads. Whenever the load current is reduced to a point
where the peak to peak inductor ripple current is greater than
two times the load current, the device will enter the diode em-
ulation mode preventing significant negative inductor current.
The point at which this occurs is the critical conduction bound-
ary and can be calculated by the following equation:

(Vin = Vour) XD
lBounDARY = "5 X | x fow

Several diagrams are shown in Figure 3 illustrating continu-
ous conduction mode (CCM), discontinuous conduction
mode (DCM), and the boundary condition.

It can be seen that in diode emulation mode, whenever the
inductor current reaches zero the SW node will become high
impedance. Ringing will occur on this pin as a result of the LC
tank circuit formed by the inductor and the parasitic capaci-
tance at the node. If this ringing is of concern an additional
RC snubber circuit can be added from the switch node to
ground.

At very light loads, usually below 100mA, several pulses may
be skipped in between switching cycles, effectively reducing
the switching frequency and further improving light-load effi-
ciency.
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FIGURE 3. Modes of Operation for LM21215
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LM21215

Design Guide

OUTPUT VOLTAGE

The first step in designing the LM21215 application is setting
the output voltage. This is done by using a voltage divider
between V,;; and AGND, with the middle node connected to
Veg . When operating under steady-state conditions, the
LM21215 will force V7 such that Vg is driven to 0.6 V.

Vout
Lm21215 | R,
FB 0.6V
Rego

30103704

FIGURE 4. Setting Vo

A good starting point for the lower feedback resistor, Rgg,, is
10 kQ. Rgg4 can then be calculated with the following equa-
tion:

Rrg1 + Reg2

VOUT = 0.6V

RFBZ

PRECISION ENABLE

The enable (EN) pin of the LM21215 allows the output to be
toggled on and off. This pin is a precision analog input. When
the voltage exceeds 1.35V, the controller will try to regulate
the output voltage as long as the input voltage has exceeded
the UVLO voltage of 2.70V. There is an internal current
source connected to EN so if enable is not used, the device
will turn on automatically. If EN is not toggled directly the de-
vice can be preprogrammed to turn on at a certain input
voltage higher than the UVLO voltage. This can be done with
an external resistor divider from AVIN to EN and EN to AGND
as shown below in Figure 5.

Input Power
Supply

AVIN
LM21215
EN

—O Vour

30103728

FIGURE 5. Enable Startup Through Vin

The resistor values of R, and Rg can be relatively sized to
allow EN to reach the enable threshold voltage depending on
the input supply voltage. With the enable current source ac-
counted for, the equation solving for R, is shown below:

R, = Re(Vpyin- 1.35V)
A 1.35V - IenRg

In the above equation, R, is the resistor from V y to enable,
Rg is the resistor from enable to ground, Ig is the internal
enable pull-up current (2 pA) and 1.35V is the fixed precision
enable threshold voltage. Typical values for Rg range from 10
kQ to 100 kQ.

SOFT START

When EN has exceeded 1.35V, and both PVIN and AVIN
have exceeded the UVLO threshold, the LM21215 will begin
charging the output linearly to the voltage level dictated by the
feedback resistor network. The LM21215 employs a user ad-
justable soft start circuit to lengthen the charging time of the
output set by a capacitor from the soft start pin to ground. After
enable exceeds 1.35V, aninternal 2 pA current source begins
to charge the soft start capacitor. This allows the user to limit
inrush currents due to a high output capacitance and not
cause an over current condition. Adding a soft-start capacitor
can also reduce the stress on the input rail. Larger capacitor
values will result in longer start up times. Use the equation
below to approximate the size of the soft-start capacitor:

tssxlss _
06V - Css

where Iggis nominally 2 pA and tgq is the desired startup time.
If V,y is higher than the UVLO level and enable is toggled high
the soft start sequence will begin. There is a small delay be-
tween enable transitioning high and the beginning of the soft
start sequence. This delay allows the LM21215 to initialize its
internal circuitry. Once the output has charged to 90% of the
nominal output voltage the power good flag will transition
high. This behavior is illustrated in Figure 6.

A 92% Vo1
v +V, )
2 uvp * VuvpHysT Vour
S Enable
§ Delay
{treseTss)
—» -
ov
VEN
VpcooD
il - >
- > Ti
Soft Start Time (t,,) me

30103731

FIGURE 6. Soft Start Timing

As shown above, the size of the capacitor is influenced by the
nominal feedback voltage level 0.6V, the soft-start charging
current Igg (2 pA), and the desired soft start time. If no soft-
start capacitor is used then the LM21215 defaults to a mini-
mum startup time of 500 ps. The LM21215 will not startup
faster than 500us. When enable is cycled or the device enters
UVLO, the charge developed on the soft-start capacitor is
discharged to reset the startup process. This also happens
when the device enters short circuit mode from an over-cur-
rent event.
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INDUCTOR SELECTION

The inductor (L) used in the application will influence the ripple
current and the efficiency of the system. The first selection
criteria is to define a ripple current, Al, . In a buck converter,
it is typically selected to run between 20% to 30% of the max-
imum output current. Figure 7 shows the ripple current in a
standard buck converter operating in continuous conduction
mode. Larger ripple current will result in a smaller inductance
value, which will lead to a lower series resistance in the in-
ductor, and improved efficiency. However, larger ripple cur-
rent will also cause the device to operate in discontinuous
conduction mode at a higher average output current.

Vsw A
Vi
P Time
WA
ILave = lout //\\//\\ IA'L

- Time

30103707

FIGURE 7. Switch and Inductor Current Waveforms

Once the ripple current has been determined, the appropriate
inductor size can be calculated using the following equation:

L= (Vin—Vour)-D
Al - fsw

OUTPUT CAPACITOR SELECTION

The output capacitor, Cqr, filters the inductor ripple current
and provides a source of charge for transient load conditions.
A wide range of output capacitors may be used with the
LM21215 that provide various advantages. The best perfor-
mance is typically obtained using ceramic, SP or OSCON
type chemistries. Typical trade-offs are that the ceramic ca-
pacitor provides extremely low ESR to reduce the output
ripple voltage and noise spikes, while the SP and OSCON
capacitors provide a large bulk capacitance in a small volume
for transient loading conditions.

When selecting the value for the output capacitor, the two
performance characteristics to consider are the output volt-
age ripple and transient response. The output voltage ripple
can be approximated by using the following formula:

1
AVout = Al X |:RESR 8% fow X COUT:|

where AV ;7 (V) is the amount of peak to peak voltage ripple
at the power supply output, Regg (Q) is the series resistance
of the output capacitor, fg,, (Hz) is the switching frequency,
and Cqr (F) is the output capacitance used in the design.
The amount of output ripple that can be tolerated is applica-
tion specific; however a general recommendation is to keep
the output ripple less than 1% of the rated output voltage.
Keep in mind ceramic capacitors are sometimes preferred
because they have very low ESR; however, depending on

package and voltage rating of the capacitor the value of the
capacitance can drop significantly with applied voltage. The
output capacitor selection will also affect the output voltage
droop during a load transient. The peak droop on the output
voltage during a load transient is dependent on many factors;
however, an approximation of the transient droop ignoring
loop bandwidth can be obtained using the following equation:

2
y - Al « R + L x AloutsTer
oroor = AloutsTer X Resr
Cout X (Vin - Vour)

where, Cq 1 (F) is the minimum required output capacitance,
L (H) is the value of the inductor, Vproop (V) is the output
voltage drop ignoring loop bandwidth considerations, Alqr.
step (A) is the load step change, Regg (Q) is the output
capacitor ESR, V| (V) is the input voltage, and Vg (V) is
the set regulator output voltage. Both the tolerance and volt-
age coefficient of the capacitor should be examined when
designing for a specific output ripple or transient droop target.

INPUT CAPACITOR SELECTION

Quality input capacitors are necessary to limit the ripple volt-
age at the VIN pin while supplying most of the switch current
during the on-time. Additionally, they help minimize input volt-
age droop in an output current transient condition. In general,
it is recommended to use a ceramic capacitor for the input as
it provides both a low impedance and small footprint. Use of
a high grade dielectric for the ceramic capacitor, such as X5R
or X7R, will provide improved over-temperature performance
and also minimize the DC voltage derating that occurs with
Y5V capacitors. The input capacitors C,y; and Cy, should be
placed as close as possible to the PVIN and PGND pins.

Non-ceramic input capacitors should be selected for RMS
current rating and minimum ripple voltage. A good approxi-
mation for the required ripple current rating is given by the
relationship:

lin-rms = louT ,/ D(1-D)

As indicated by the RMS ripple current equation, highest re-
quirement for RMS current rating occurs at 50% duty cycle.
For this case, the RMS ripple current rating of the input ca-
pacitor should be greater than half the output current. For best
performance, low ESR ceramic capacitors should be placed
in parallel with higher capacitance capacitors to provide the
best input filtering for the device.

When operating at low input voltages (3.3V or lower), addi-
tional capacitance may be necessary to protect from trigger-
ing an under-voltage condition on an output current transient.
This will depend on the impedance between the input voltage
supply and the LM21215, as well as the magnitude and slew
rate of the output transient.

The AVIN pin requires a 1 pF ceramic capacitor to AGND and
a 1Q resistor to PVIN. This RC network will filter inherent
noise on PVIN from the sensitive analog circuitry connected
to AVIN.

PROGRAMMABLE CURRENT LIMIT

A resisitor from the ILIM pin to GND will set the internal current
limit on the LM21215. The current limit should be pro-
grammed such that the peak inductor current (I ) does not
trigger the current limit in normal operation. This requires set-
ting the resistor from the ILIM pin to GND (R ) to the
appropriate value to allow the maximum ripple current,
Al \ax Plus the DC output current through the high-side FET
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LM21215

during normal operation. The maximum ripple current can be
described as:

ForD>0.5

_ (Vinmax = Voutmin) -Vourmin
Al max =

Lmin * fswmin * Vinmax

ForD <0.5

_ (Vinmin = VouTmax) - VouTmax
Aliuax =

Lain * Fawmin * Vinmin

where VINMAX’ VINM!N1 Voutmax: .VQUTMINI LMIN ?”d Fswmin are
the respective maximum and minimum conditions of the sys-

tem as defined by the component tolerance and device vari-
ation. From this, the maximum allowable current through the
high-side FET (lguax) Of device can be described as:

_ Aluvax
lsmax = —

+ lpcmax

where lgmuax iS the maximum defined DC output current, up
to 15 A. Once the l,,gyax Value has been determined, a nom-
inal value of the R, resistor can be calculated as follows:

582.4

-14.2
IHsmax

Rium (kQ) =

where the R, ,value is the nominal resistance necessary for
the given I guax Value. A conservative design should also
take into account the device variation over V|, and tempera-
ture, as seen seen in the Electrical Characteristics table for
the I r parameter and the typical performance characteris-
tics. These variations can cause the lgyax value to increase,
depending on the range of the input voltage and junction tem-
perature.

CONTROL LOOP COMPENSATION

The LM21215 incorporates a high bandwidth amplifier be-
tween the FB and COMP pins to allow the user to design a
compensation network that matches the application. This
section will walk through the various steps in obtaining the
open loop transfer function.

There are three main blocks of a voltage mode buck switcher
that the power supply designer must consider when designing
the control system; the power train, modulator, and the com-
pensated error amplifier. A closed loop diagram is shown in
Figure 8.

PWM Modulator

S

Power Train

("eesccssscsssccanccanany

R

ESR R

DRIVER]| SwW
:I_:COUT =

w1

pemecena
[ Error Amplifier and Compensation
r

(oY)
m
]

30103712

FIGURE 8. Loop Diagram

The power train consists of the output inductor (L) with DCR
(DC resistance Rpcg) , output capacitor (C,) with ESR (effec-
tive series resistance Rggp), and load resistance (R,). The
error amplifier (EA) constantly forces FB to 0.6V. The passive
compensation components around the error amplifier help
maintain system stability. The modulator creates the duty cy-
cle by comparing the error amplifier signal with an internally
generated ramp set at the switching frequency.

There are three transfer functions that must be taken into
consideration when obtaining the total open loop transfer
function; COMP to SW (Modulator) , SW to Vg (Power
Train), and V1 to COMP (Error Amplifier). The COMP to SW
transfer function is simply the gain of the PWM modulator.

\An

Gpwm = o

where AVg,\p is the oscillator peak-to-peak ramp voltage
(nominally 0.8 V). The SW to COMP transfer function includes
the output inductor, output capacitor, and output load resis-
tance. The inductor and capacitor create two complex poles
at a frequency described by:

¢ =1 Ro + Rper
LC2nqL

outCout(Ro * Regr)

In addition to two complex poles, a left half plane zero is cre-
ated by the output capacitor ESR located at a frequency
described by:

fo= s
e~ 2nC R

0 ‘esr

A Bode plot showing the power train response can be seen
below.
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FIGURE 9. Power Train Bode Plot

The complex poles created by the output inductor and ca-
pacitor cause a 180° phase shift at the resonant frequency as
seen in Figure 9. The phase is boosted back up to -90° due
to the output capacitor ESR zero. The 180° phase shift must
be compensated out and phase boosted through the error
amplifier to stabilize the closed loop response. The compen-
sation network shown around the error amplifier in Figure 8
creates two poles, two zeros and a pole at the origin. Placing
these poles and zeros at the correct frequencies will stabilize
the closed loop response. The Compensated Error Amplifier

transfer function is:
S S
Vo)
<2nfz1 2nf,,

EA m s s
( 1) ( 1)
2nfy, anpz

The pole located at the origin gives high open loop gain at DC,
translating into improved load regulation accuracy. This pole
occurs at a very low frequency due to the limited gain of the
error amplifier, however, it can be approximated at DC for the
purposes of compensation. The other two poles and two ze-
ros can be located accordingly to stabilize the voltage mode
loop depending on the power stage complex poles and Q.
Figure 10 is an illustration of what the Error Amplifier Com-
pensation transfer function will look like.
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u PHASE
80 45
(il
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20 = -90
\\\5\ /] ™\
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0 — -135
-20 -180
100 1k 10k 100k 1M 10M
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FIGURE 10. Type 3 Compensation Network Bode Plot

As seen in Figure 10, the two zeros (f ¢/2, f ) in the comen-
sation network give a phase boost. This will cancel out the
effects of the phase loss from the output filter. The compen-
sation network also adds two poles to the system. One pole
should be located at the zero caused by the output capacitor
ESR (fzgr) and the other pole should be at half the switching
frequency (f5/2) to role off the high frequency response. The
dependancy of the pole and zero locations on the compen-
sation components is described below.

P TN
2172 = 2aR,,Cq
fo=f = 1
227 1C 7 21(Ry + Reg)Ciy
_ _ 1
fP1 - fESR - Z“Rczcca
¢ fow Cer+Cep

P27 2 7 21RG; CyCpy

An example of the step-by-step procedure to generate
comensation component values using the typical application
setup, (see Figure 15), is given. The parameters needed for
the compensation values are given in the table below.

Parameter Value
Vi 5.0V
Vour 1.2V
lout 15A
fcrossover 100 kHz
L 0.56 pH
Rocr 1.8 mQ
Co 150 pF
Resr 1.0 mQ
AVF{AMP 0.8V
fow 500 kHz

where AVpayp is the oscillator peak-to-peak ramp voltage
(nominally 0.8V), and fcrossover is the frequency at which
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the open-loop gain is a magnitude of 1. It is recommended
that the forossover NOt exceed one-fifth of the switching fre-
quency. The output capacitance, C, depends on capacitor
chemistry and bias voltage. For Multi-Layer Ceramic Capac-
itors (MLCC), the total capacitance will degrade as the DC
bias voltage is increased. Measuring the actual capacitance
value for the output capacitors at the output voltage is rec-
ommended to accurately calculate the compensation net-
work. The example given here is the total output capacitance
using the three MLCC output capacitors biased at 1.2V, as
seen in the typical application schematic, Figure 15. Note that
it is more conservative, from a stability standpoint, to err on
the side of a smaller output capacitance value in the com-
pensation calculations rather than a larger, as this will result
in a lower bandwidth but increased phase margin.

First, a the value of Rgg; should be chosen. A typical value is
10 kQ. From this, the value of R, can be calculated to set
the mid-band gain so that the desired crossover frequency is
achieved:

AVRAMP «R
VIN FB1

_ crossover o
c1™ f

R
LC
_ 100kHz 0.8V

=174 kHz 50V 10k

9.2 kQ

Next, the value of C; can be calculated by placing a zero at
half of the LC double pole frequency (f;):

1
7 cRe

=1.99nF

Cei=

Now the value of C, can be calculated to place a pole at half
of the switching frequency (fg):

CC1

€2 mfgwReq Coq -1
=71pF

C

Rc, can then be calculated to set the second zero at the LC
double pole frequency:

_ Resific
fesr- fic

= 166Q

C2

Last, C5 can be calculated to place a pole at the same fre-
guency as the zero created by the output capacitor ESR:

_ 1
- 2nfesrRee2

= 898 pF

Ccs

An illustration of the total loop response can be seenin Figure
11.
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FIGURE 11. Loop Response

Itis important to verify the stability by either observing the load
transient response or by using a network analyzer. A phase
margin between 45° and 70° is usually desired for voltage
mode systems. Excessive phase margin can cause slow sys-
tem response to load transients and low phase margin may
cause an oscillatory load transient response. If the load step
response peak deviation is larger than desired, increasing
fcrossover a@nd recalculating the compensation components
may help but usually at the expense of phase margin.

THERMAL CONSIDERATIONS

The thermal characteristics of the LM21215 are specified us-
ing the parameter 6 j,, which relates the junction temperature
to the ambient temperature. Although the value of 8 , is de-
pendant on many variables, it still can be used to approximate
the operating junction temperature of the device.

To obtain an estimate of the device junction temperature, one
may use the following relationship:

Ty=Pp+0a+ Th

and
Pp = Py « (1 - Efficiency) - lour?s Rocr

Where:

T, is the junction temperature in °C, P,y is the input power in
Watts (P\\ = V|y X Iin): 8,4 is the junction to ambient thermal
resistance for the LM21215, T, is the ambient temperature in
°C, and |7 is the output load current.

It is important to always keep the operating junction temper-
ature (T ) below 125°C for reliable operation. If the junction
temperature exceeds 165°C the device will cycle in and out
of thermal shutdown. If thermal shutdown occurs it is a sign
of inadequate heatsinking or excessive power dissipation in
the device.

Figure 12, shown below, provides a better approximation of
the 6, for a given PCB copper area. The PCB used in this
test consisted of 4 layers: 10z. copper was used for the inter-
nal layers while the external layers were plated to 20z. copper
weight. To provide an optimal thermal connection, a 3 x 5 ar-
ray of 8 mil. vias under the thermal pad were used, and an
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additional twelve 8 mil. vias under the rest of the device were
used to connect the 4 layers.
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FIGURE 12. Thermal Resistance vs PCB Area (4 Layer
Board)

Figure 13 shows a plot of the maximum ambient temperature
vs. output current for the typical application circuit shown in
Figure 15, assuming a 8, value of 24 °C/W.
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FIGURE 13. Maximum Ambient Temperature vs. Output
Current (0 LFM)

PCB LAYOUT CONSIDERATIONS

PC board layout is an important part of DC-DC converter de-
sign. Poor board layout can disrupt the performance of a DC-
DC converter and surrounding circuitry by contributing to EMI,
ground bounce, and resistive voltage loss in the traces. These
can send erroneous signals to the DC-DC converter resulting
in poor regulation or instability.

Good layout can be implemented by following a few simple
design rules.

1. Minimize area of switched current loops. In a buck regulator
there are two loops where currents are switched at high slew
rates. The first loop starts from the input capacitor, to the reg-
ulator PVIN pin, to the regulator SW pin, to the inductor then
out to the output capacitor and load. The second loop starts
from the output capacitor ground, to the regulator GND pins,
to the inductor and then out to the load (see Figure 14). To
minimize both loop areas, the input capacitor should be
placed as close as possible to the VIN pin. Grounding for both
the input and output capacitor should be close. Ideally, a
ground plane should be placed on the top layer that connects
the PGND pins, the exposed pad (EP) of the device, and the
ground connections of the input and output capacitors in a
small area near pin 10 and 11 of the device. The inductor
should be placed as close as possible to the SW pin and out-
put capacitor.

2. Minimize the copper area of the switch node. The six SW
pins should be routed on a single top plane to the pad of the
inductor. The inductor should be placed as close as possible
to the switch pins of the device with a wide trace to minimize
conductive losses. The inductor can be placed on the bottom
side of the PCB relative to the LM21215, but care must be
taken to not allow any coupling of the magnetic field of the
inductor into the sensitive feedback or compensation traces.

3. Have a solid ground plane between PGND, the EP and the
input and output cap. ground connections. The ground con-
nections for the AGND, compensation, feedback, and soft-
start components should be physically isolated (located near
pin 1 and 20) from the power ground plane but a separate
ground connection is not necessary. If not properly handled,
poor grounding can result in degraded load regulation or er-
ratic switching behavior.

4. Carefully route the connection from the VOUT signal to the
compensation network. This node is high impedance and can
be susceptible to noise coupling. The trace should be routed
away from the SW pin and inductor to avoid contaminating
the feedback signal with switch noise.

5. Make input and output bus connections as wide as possi-
ble. This reduces any voltage drops on the input or output of
the converter and can improve efficiency. Voltage accuracy
at the load is important so make sure feedback voltage sense
is made at the load. Doing so will correct for voltage drops at
the load and provide the best output accuracy.

6. Provide adequate device heatsinking. For most 15A de-
signs a four layer board is recommended. Use as many vias
as is possible to connect the EP to the power plane heatsink.
The vias located underneith the EP will wick solder into them
if they are not filled. Complete solder coverage of the EP to
the board is required to achieve the 6, values described in
the previous section. Either an adequate amount of solder
must be applied to the EP pad to fill the vias, or the vias must
be filled during manufacturing. See the Thermal Considera-
tions section to ensure enough copper heatsinking area is
used to keep the junction temperature below 125°C.
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FIGURE 14. Schematic of LM21215 Highlighting Layout Sensitive Nodes
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FIGURE 15. Typical Application Schematic 1
Bill of Materials (V,y = 3.3 - 5.5V, Vg1 = 1.2V, lg,7 = 15A)
ID DESCRIPTION VENDOR PART NUMBER QUANTITY
Ce CAP, CERM, 1uF, 10V, +/-10%, MuRata GRM188R71A105KA61D 1
X7R, 0603
Cint' Cing Cinas CAP, CERM, 100uF, 6.3V, MuRata GRM31CR60J107ME39L 6
Co1s Coz Cos +/-20%, X5R, 1206
Ccy CAP, CERM, 1800pF, 50V, TDK C1608C0G1H182J 1
+/-5%, COG/NPO, 0603
(07 CAP, CERM, 68pF, 50V, +/-5%, TDK C1608C0G1H680J 1
COG/NPO, 0603
Ccs CAP, CERM, 820pF, 50V, +/-5%, TDK C1608C0G1H821J 1
COG/NPO, 0603
Css CAP, CERM, 0.033uF, 16V, MuRata GRM188R71C333KA01D 1
+/-10%, X7R, 0603
Lo Inductor, Shielded Drum Core, Vishay-Dale IHLP4040DZERR56MO01 1
Powdered Iron, 560nH, 27.5A,
0.0018 ohm, SMD
Re RES, 1.0 ohm, 5%, 0.1W, 0603 Vishay-Dale CRCWO06031R00JNEA 1
Rcq RES, 9.31k ohm, 1%, 0.1W, 0603| Vishay-Dale CRCWO06039K31FKEA 1
Res RES, 165 ohm, 1%, 0.1W, 0603 | Vishay-Dale CRCWO0603165RFKEA 1
Res1s Resoy Regoop| RES, 10k ohm, 1%, 0.1W, 0603 | Vishay-Dale CRCWO060310KOFKEA 3
RiLm RES, 7.15k ohm, 1%, 0.1W, 0603 | Vishay-Dale CRCWO06037K15FKEA 1
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FIGURE 16. Typical Application Schematic 2

Bill of Materials (V,y = 4.0 - 5.5V, Vo = 0.9V, Iy = 8A)
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ID DESCRIPTION VENDOR PART NUMBER QUANTITY
Ce CAP, CERM, 1uF, 10V, +/-10%, MuRata GRM188R71A105KA61D 1
X7R, 0603
Cint» Cots Coo CAP, CERM, 100uF, 6.3V, MuRata GRM31CR60J107ME39L 3
+/-20%, X5R, 1206
Ccy CAP, CERM, 1800pF, 50V, MuRata GRM1885C1H182JA01D 1
+/-5%, COG/NPO, 0603
Cco CAP, CERM, 82pF, 50V, +/-5%, TDK C1608C0G1H820J 1
COG/NPO, 0603
Ccs CAP, CERM, 820pF, 50V, +/-5%, TDK C1608C0G1H821J 1
COG/NPO, 0603
Css CAP, CERM, 0.033uF, 16V, MuRata GRM188R71C333KA01D 1
+/-10%, X7R, 0603
Lo Inductor, Shielded Drum Core, Coilcraft XAL1060-681ME 1
680nH, 22A, 0.0014 ohm, SMD
Re RES, 1.0 ohm, 5%, 0.1W, 0603 Vishay-Dale CRCWO06031R00JNEA 1
Rey RES, 8.25k ohm, 1%, 0.1W, 0603 Vishay-Dale CRCWO06038K25FKEA 1
Rco RES, 124 ohm, 1%, 0.1W, 0603 Vishay-Dale CRCWO0603124RFKEA 1
Rents Res1s Bpgoon| RES, 10k ohm, 1%, 0.1W, 0603 Vishay-Dale CRCWO060310KOFKEA 3
Reng RES, 19.6k ohm, 1%, 0.1W, 0603 Vishay-Dale CRCWO060319K6FKEA 1
Rego RES, 20.0k ohm, 1%, 0.1W, 0603 Vishay-Dale CRCWO060320KOFKEA 1
Rim RES, 39.2k ohm, 1%, 0.1W, 0603 Vishay-Dale CRCWO060339K2FKEA 1
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LM21215 15A High Efficiency Synchronous Buck Regulator

Notes
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