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LM3075
High Efficiency, Synchronous Current Mode Buck

Controller
General Description Features

The LM3075 is a current mode control, synchronous buck B Input voltage range of 4.5V-36V
controller IC. Use of synchronous rectification and pulse-  ® Current Mode Control

skipping operation at light load achieves high efficiency over ~ m Skip mode operation available
a wide load range. Fixed frequency operation can be ob-  m Cycle by cycle current limit
tained by disabling the pulse-skipping mode. Current mode g { o4y +29, Reference

control assures excellent line and load regulation and a wide
loop bandwidth for fast response tq load tran3|‘ents. . Appllcatlons
Current mode control can be achieved by either sensing ) )
across the high side NFET or a sense resistor. The switching ™ Automotive Power Supplies
frequency can be selected as either 200 kHz or 300 kHz ™ Distributed Power Systems
from an internal clock.

The LM3075 is available with an adjustable output in a

TSSOP-20 package.
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LM3075

Connection Diagram

TOP VIEW
VLINS [ 1 20|11 PGOOD
Vind2 193 1LIM
EXT 3 18 CsH
Fs 4 173 csL
EN]5 163 sw
FB CJ6 15[ HDRV
FPWM ] 7 14| cBOOT
COMP ] 8 133 Vpp
ss ]9 12| LDRV
AGND []10 11| PGND
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20-Lead TSSOP (MTC)

Ordering Information

Order Number Package Type NSC Package Drawing Supplied As
LM3075MTC TSSOP-20 MTC-20 73 Units per Anti-Static Tube
LM3075MTCX TSSOP-20 MTC-20 2500 Units on Tape and Reel

Pin Descriptions

LM3075 Pin # Name Function
1 VLIN5 5V linear regulator output
2 VIN Input voltage supply
3 EXT External power connection for VLIN5
4 FS Frequency select
5 EN Enable pin
6 FB Feedback pin
7 FPWM Forced PWM selection
8 COMP Compensation pin
9 SS Output enable / soft-start pin
10 AGND Analog ground
11 PGND Power ground
12 LDRV Low side gate drive
13 VDD Low side gate drive supply
14 CBOOT Bootstrap capacitor connection
15 HDRV High side gate drive
16 SwW Switch node
17 CSL Current sense low
18 CSH Current sense high
19 ILIM Current limit threshold adjustment
20 PGOOD Power good flag
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Absolute Maximum Ratings (Note 1) HDRV to SW -0.3V
If Military/Aerospace specified devices are required, HDRV to CBOOT +0.3V
please contact the National Semiconductor Sales Office/ Storage Temperature Range -65°C to +150°C
Distributors for availability and specifications. Junction Temperature 150°C
Voltages from the indicated pins to GND: Lead Temperature (Soldering, 10
VIN, ILIM, CSH -0.3V to 38V sec) 260°C
SW, CSL -0.3 to (Viy + 0.3V) ESD Rating (Note 2) 1.5kV
PGOOD, FB, VDD, EXT, EN -0.3V to +7V
COMP, SS, FPWM, FS -0.3V to (Vuns 0perating RatinQS(NOte 1)

+0.3)V
CBOOT 0.3V to +43V Junction Temperature -40°C to +125°C
CBOOT to SW ~0.3V to 7V VIN to GND 4.5V to 36V
LDRV ~0.3V to (Vpp+0.3V) EXT 6V Max

Electrical Characteristics Limits in standard type are for T, = 25°C only, and limits in boldface type apply
over the junction temperature T, range of -40°C to +125°C. Minimum and Maximum limits are guaranteed through test, de-

sign, or statistical correlation. Typical values represent the most likely parametric norm at T, = 25°C, and are provided for ref-
erence purposes only. Unless otherwise specified V,y = 12V.

Symbol Parameter Conditions Min Typ Max Unit
Ves Feedback pin voltage V\n = 4.5V to 36V 1.213 1.238 1.259 \Y
AVyr Load Regulation Vcome = 0.5V to 1.5V 0.04 %
Aloyr
Voyr Line Regulation V\n = 4.5V to 36V 0.04 Y%
AV

lg Operating Quiescent current |V = 4.5V to 36V 1.0 2 mA
lsp Shutdown Quiescent current | Vgy = 0V 60 100 pA
Viins V| ns Output Voltage lyiins = 0 to 25mA \Y
Vin = 5.5V to 36V 4.7 5 5.3
Vuvio Viins Under Voltage 3.7 3.9 4.1 \
Lockout
VuvLo Hys V,ns Under Voltage 0.2 Vv
B Lockout Hysteresis
Vel os Current Limit Comparator +0.2 mV
) Offset
(ViLm — Vesu)
liim I.im Sink current 8.3 10 11.3 pA
Iss src Soft-Start Pin Source Vgg =1.2V 1 2 3 HA
Current
Iss_snk Soft-Start Pin Sink Current |Vgg =2V 4 pA
Vss 1o Soft-Start Timeout 2 \Y
. Threshold
Vove Over Voltage Protection With respect to Vg 105 111 117 %
Rising Threshold
Vovp Hys Over Voltage Protection With respect to Veg 2.8 %
B Hysteresis
POWERGOOD
VpwRr_coobp PGOOD Rising Threshold 92.5 95.5 98.5 %
Vewr_BAD PGOOD Falling Threshold 87 90.5 95 %

Traoob PGOOD delay PGOOD pin de-asserting 10 us
loL PGOOD Low Sink Current |Vpgoop = 0.4V 0.6 1 mA
lon PGOOD High Leakage Vegoop = 5V 5 200 nA

Current
GATE DRIVE
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LM3075

Electrical Characteristics Limits in standard type are for T, = 25°C only, and limits in boldface 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. Unless otherwise specified V,y = 12V. (Continued)

Symbol Parameter Conditions Min Typ Max Unit
lceooT Cgoot Leakage Current Veeoor = 7V 10 nA
Ras_on 1 HDRV FET driver pull-up 2.9 Q
On resistance
Ras on 2 HDRV FET driver pull-down 1.7 Q
On resistance
Ras on 3 LDRV FET driver pull-up On 2.4 Q
resistance
Ras_on 4 LDRV FET driver pull-down 0.8 Q
On resistance
OSCILLATOR
fosc Oscillator Frequency Veg = 5V 255 300 330 kHz
Veg = 0V 165 200 215
Dmax Maximum Dutycycle Veg = 1V 95.5 98 %
Ton_miN Minimum On Time 180 260 ns
ERROR AMPLIFIER
les Feedback pin bias current |Veg = 1.5V 50 nA
lcomp_src COMP Output Source Veg =1V 120 HA
Current Vecowme = 1V
lcomp_snk COMP Output Sink Current |Vgg = 1.5V 110 pA
Veowmp = 0.5V
Gm Error Amplifier 620 umho
Transconductance
AvoL Error Amplifier Voltage Gain 1250 VIV
Vs Slope Compensation Veg = OV 0.051 V/us
(referred to the internal
summing node) Ves =5V 0.076
Acs Current Sense Amplifier Vcowme = 1.25V 4 5 6 VIV
Gain
LOGIC
\" FS, /FPWM Pin Maximum 0.8 \Y
Low Level Input Level
Vin FS, /FPWM Pin Minimum 2 \
High Level Input Level
THERMAL SHUTDOWN
Tsp Thermal Shutdown 160 ‘C
Tsp_nvs Thermal Shutdown 10 °C
Hysteresis
EXT
Rexr EXT pin on resistance Vext = 5V 4 Q
lviins = 50 MA
THexr VLINS to EXT Switch Over 4.6 \

Rising Threshold
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Electrical Characteristics Limits in standard type are for T, = 25°C only, and limits in boldface 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. Unless otherwise specified V,y = 12V. (Continued)

Note 1: Absolute maximum ratings indicate limits beyond which damage to the device may occur. Operating Range indicates conditions for which the device is
intended to be functional, but does not guarantee specfic performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics.

The guaranteed specifications apply only for the test conditions. Some performance characteristics may degrade when the device is not operated under the listed
test conditions.

Note 2: For testing purposes, ESD was applied using the human-body model, a 100pF capacitor discharged through a 1.5kQ resistor.
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LM3075

Typical Performance Characteristics
Efficiency (V\y = 12V to Vot = 1.8V)
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Efficiency (V\y = 12V to Voyr = 5V)
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Error Amplifier Gm vs Temperature

720

700

680

660

640

EA Gm (umho)

620

600

/

580

-40

-15

10 35 60 85
TEMPERATURE (°C)

110 135

20162364

Efficiency (V\y = 12V to Vot = 3.3V)
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Switching Frequency vs Temperature
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Typical Performance Characteristics (continueq)
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LM3075

Line Regulation
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Typical Performance Characteristics (continued)
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LM3075

Operating Descriptions

GENERAL

The LM3075 solves the need within many portable systems
for 5V, 3.3V, 3.3V stand-by and 12V legacy power supplies.
The controller (IC) uses synchronous rectification and em-
ploys a peak current mode control scheme. Protection Fea-
tures include over-voltage protection (OVP), under-voltage
protection (UVP), thermal protection, and positive and nega-
tive peak current limiting. UVP functionality is automatically
disabled during soft-start and then enabled once the IC has
correctly started. The device operates with a wide input
voltage range from 4.5V to 36V.

SOFT START
In normal operation the soft-start functions as follows:

As the input voltage rises above the 4.2V UVLO threshold,
where the internal circuitry is powered on, an internal 2 pA
current starts to charge the capacitor connected between the
SS pin and ground. A minimum on-time comparator gener-
ates the soft-start PWM pulses. As the SS pin voltage ramps
up, the duty cycle increases, causing the output voltage to
ramp up. During this time, the error amplifier output voltage
is clamped at 2V, and the duty cycle generated by the PWM
comparator is ignored. When the output voltage exceeds
98.5% (typical) of the set target voltage, the regulator tran-
sitions from soft-start to operating mode. Beyond this point,
once the PWM pulses generated by the PWM comparator
are narrower than those generated by the minimum on-time
comparator, the PWM comparator takes over and starts to
regulate the output voltage. Peak current mode control now
takes place. The rate at which the duty cycle increases
depends on the capacitance of the soft-start capacitor. The
higher the capacitance, the slower the output voltage ramps
up.

A unique feature of the LM3075 is that the rate at which the
duty cycle grows is independent of the input voltage. This is
because the ramp signal used to generate the soft-start duty
cycle has a peak value proportional to the input voltage,
making the product of duty cycle and input voltage a con-
stant. This makes the soft-start process more predictable
and reliable.

During soft-start, under-voltage protection is temporarily sus-
pended but over-voltage protection and current limit remain
in effect. When the SS pin voltage exceeds 2V, a soft-start
time out signal is issued. This signal sets the under-voltage
protection into ready mode. This is discussed more in the
Under-Voltage Protection section.

If the SS pin is short-circuited to ground before startup, the
LM3075 operates at minimum duty cycle when it is enabled,
and the under-voltage protection is disabled.

FAULT STATE

When a fault condition is detected, a "fault" signal is gener-
ated internally. This signal discharges the capacitor con-
nected between the SS pin and ground with 4 pA of current
until the SS pin reaches 60mV. Once a level of 60mV is
reached at the SS pin, the IC restarts normally and resumes
operation assuming the cause of the fault condition has been
removed.

FORCE PWM MODE

Pulling the FPWM pin to logic low activates the force PWM
mode. In this mode, the top FET and the bottom FET gate
signals are always complementary to each other and the
Negative Current Limit comparator is activated (see Nega-

tive Current Limit section). In force PWM mode, the regulator
always operates in Continuous Conduction Mode (CCM) and
the duty cycle, which is approximately Vout/Vin in this
mode, is almost independent of load. The force PWM mode
is good for applications where fixed switching frequency is
required. In forced PWM mode, the top FET has to be turned
on for a minimum of typically 180 ns each cycle. However, if
the required duty cycle is less than the minimum value, the
IC is unable to reach the desired voltage output in FPWM
mode. This causes the chip to enter a fault state and the IC
attempts to restart until the cause of the fault has been
removed (see the Fault State section).

SKIP COMPARATOR

Whenever the output voltage of the error amplifier (COMP
pin) goes below a 0.5V threshold, the PWM cycles are
"skipped" until that voltage exceeds the threshold again. Due
to the time required for the system loop to respond to
changes, it is unlikely that the system will oscillate around
the threshold and thus the system remains stable.

PULSE-SKIP MODE

Pulse-skip mode is activated by pulling the FPWM pin to a
TTL-compatible logic high. In this mode, the Zero-Crossing /
Negative Current Limit comparator detects the bottom FET
current. Once the bottom FET current flows from drain to
source, the bottom FET is turned off. This prevents negative
inductor current.

In force PWM operation, the inductor current is allowed to go
negative, so the regulator is always in Continuous Conduc-
tion Mode (CCM), no matter what the load is. In pulse-skip
mode, the regulator enters Discontinuous Conduction Mode
(DCM) under light loads. Once the regulator enters DCM, its
switching frequency drops as the load current decreases.
The minimum on-time comparator takes over causing the
output voltage to continuously rise and COMP pin voltage
(the error amplifier output voltage) to continuously drop.
When the COMP pin voltage hits the 0.5V level, the Cycle
Skip comparator toggles, causing the present switching
cycle to be "skipped", i.e., both FETs remain off during the
whole cycle. As long as the COMP pin voltage is below 0.5V,
no switching of the FETs happens. As a result, the output
voltage drops, and the COMP pin voltage rises. When the
COMP pin goes above the 0.5V level, the Cycle Skip com-
parator flips and allows a series of on-time pulses to happen.
If the load current is so small that this series of pulses is
enough to bring the output voltage up to such a level that the
COMP pin drops below 0.5V again, the pulse skipping hap-
pens again. Otherwise it may take a number of consecutive
pulses to bring the COMP pin voltage down to 0.5V again. As
the load current increases, it takes more and more consecu-
tive pulses to drive the COMP voltage to 0.5V. The pulse-
skipping stops when the load current is sufficiently high. In
pulse-skip mode, the frequency of the burst of switching
pulses varies directly with the load current. Since the load is
usually very light in pulse-skip mode, conducted noise is
very low and the variable operating frequency should cause
no EMI problems in the system.

The LM3075 pulse-skip mode helps the light load efficiency
for two reasons. First, the bottom FET is turned on only when
inductor current is in the positive conduction region, this
eliminates circulating energy loss. Second, the FETs switch
only when necessary, rather than every cycle, thus reducing
the FETs switching losses and gate drive power losses.
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Operating Descriptions (continued)

CURRENT SENSING

The inductor current information is extracted by the current
sense pins CSH and CSL. As shown in Figure 1 and Figure
2, current sensing is accomplished by either sensing the V4
of the top FET, or sensing the voltage across a current sense
resistor connected from V to the drain of the top FET. Both
approaches have advantages and disadvantages that need
to be weighed for each specific application. The advantage
of sensing current through the top FET is reduced parts
count, board space, and cost but it also has the disadvan-
tage of accuracy. Using a current sense resistor is the op-
posite, improving current sense accuracy but requiring addi-
tional parts, cost, and board space. The use of a current
sense resistor has the additional disadvantage of increasing
power loss and thus decreasing efficiency.

To ensure linear operation of the current amplifier, the cur-
rent sense voltage input should not exceed 200 mV. There-
fore, the Ryeon Of the top FET or the current sense resistor
must be calculated carefully to ensure that, when the top
FET is conducting the maximum current for that application,
the current sense voltage does not exceed 200 mV.

Assuming a maximum of 200 mV across the CSL/Ryson
resistor, the maximum allowable resistance can be calcu-
lated as follows:

_ 200mV
Ruax=——"—> —

Where Iy ax is the maximum expected load current, including
an overload multiplier (typically 120%), and Al is the induc-
tor ripple current.

Note that the above equation defines only the maximum
allowable value and not necessarily the recommended
value. As the resistance increases, so do the switching
losses.

CURRENT LIMITING

There is a leading edge blanking circuit that forces the top
FET to be on for at least 180 ns. Beyond this minimum on
time, the output of the PWM comparator is used to turn off
the top FET. With an external resistor connected between
the ILIM pin and the CSH pin the 10 pA current sink on the
ILIM pin produces a voltage across the resistor to serve as
the reference voltage for current limit. Adding a 10 nF ca-
pacitor across this resistor filters unwanted noise that could
improperly trip the current limit comparator. Current limit is
activated if the inductor current is too high causing the
voltage at the CSL pin to be lower than that of the ILIM pin,
toggling the comparator thus turning off the top FET imme-
diately. The comparator is disabled either when the top FET
is turned off or during the leading edge blanking time. The
equation for the current limit resistor, RLIM, is as follows:

1
GLIM 5 AIL) Rsns
10 LA

Rum =

—

RILIM

10 pA

%_— L
i
CSH
a 5
B )|
csL 4%
FIGURE 1. Current Sensing by Vds of the Top FET
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FIGURE 2. Current Sensing by External Sense Resistor

NEGATIVE CURRENT LIMIT

The purpose of negative current limit is to ensure that the
inductor does not saturate during negative current flow caus-
ing excessive current to flow through the bottom FET. The
negative current limit is realized through sensing the bottom
FET V4. An internally generated 100mV (typical) reference
is used to compare with the bottom FET V44 when it is on.
Upon sensing too high a Vg, the bottom FET is turned off.
The negative current limit is only activated in force PWM
mode.

OVER VOLTAGE PROTECTION (OVP)

The LM3075 responds to over-voltage events by attempting
to recover without the need to restart the IC. There is a trip
point at approximately 111% (typical) of Vour that, once
reached, causes the circuit to shut off the HDRV FET and
turn on the LDRV FET immediately to drive the bottom FET
to discharge the output capacitor through the filter inductor.
The system stays in this configuration until the output falls
below approximately 108% (typical) of V1. Once this lower
level has been reached, the system resumes operation in
either DCM or CCM. This scenario repeats until the cause of
the over-voltage condition is removed.

UNDER VOLTAGE PROTECTION

When an under-voltage event is detected by the LM3075
and the under-voltage protection (UVP) is in ready mode, the
IC attempts to restart the entire system. It does so by shut-
ting off both the LDRV and HDRV FETs until the soft-start
capacitor has discharged below a level of 60mV (typical). At
this point, the IC shuts off the UVP and restarts the system
as though it had just been powered up. The UVP is re-
engaged once the soft-start capacitor voltage reaches a

www.nhational.com
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LM3075

Operating Descriptions (Continued)

level of 2V (typical) and it enters ready mode as it does when
the IC first was powered up. The UVP stays in ready mode
until a new under-voltage event is detected.

POWER GOOD FUNCTION

A power good signal is available for indicating the general
state of the IC. The function is realized through the internal
MOSFET tied from the PGOOD pin to ground. The power
good signal is asserted by turning off the MOSFET. The on
resistance of the power good MOSFET is about 300Q. The
internal power good MOSFET is not turned on unless at
least one of the following occurs:

1. There is an output over-voltage event.

2. The output voltage is below the power good lower limit
(UVP event).

3. System is in shutdown mode, i.e. the EN pin voltage is
below 0.6V.

As with the other protection responses, the power good
signal has built-in hysteresis. See Vpwr coop in the Elec-
trical Characteristics table.

FREQUENCY SELECT

The operating frequency may be set at 200 kHz or 300 kHz
by the voltage on the frequency select (FS) pin. A voltage of
0V corresponds to a frequency of 200 kHz and a voltage of
5V corresponds to a frequency of 300 kHz. See the Electrical
Characteristics table for more information.

VLINS5, VDD and EXT

An internal 5V supply (Vi ns) is generated from the Vy
voltage through an internal linear regulator. This 5V supply is
mainly for internal circuitry use, but can also be used exter-
nally. When used externally, it is recommended that the
V| ns Voltage only be used for powering the gate drivers, i.e.
supplying the bias for the top drivers’ bootstrap circuit and
the bottom drivers’ VDD pins. When the voltage applied to
the EXT pin is below 4.7V, an internal 5V low dropout regu-
lator supplies the power for the V| ys. If the EXT voltage is
taken above 4.7V, the 5V regulator is turned off and an
internal switch is turned on to connect the EXT pin to the
VLIN5 pin. This allows the VLIN5 power to be derived from a
high efficiency source such as the output of the switching
channel, when the channel is configured to operate in fixed
5V mode. The V| s voltage output comes from the EXT pin
whenever the voltage applied to the EXT pin is higher than
4.7V. The externally applied voltage is required to be less
than the voltage applied to the VIN pin at all times. This
prevents a voltage feedback situation from the EXT pin to
the VIN pin. When the input voltage must be guaranteed to
be within 4.5V to 5.5V, tie the VLIN5 pin directly to the VIN
pin and tie the EXT pin to ground. In this mode, the V \s
current directly comes from power stage input rail and power
loss due to the internal linear regulation is no longer an
issue. Always connect the VDD pin to the VLIN5 pin through
a 4.7Q resistor and connect a ceramic capacitor of at least 1
uF to bypass the VDD pin to ground.

THERMAL PROTECTION

The LM3075 IC enters thermal protection mode if the die
temperature exceeds 160°C. In this mode, the top and bot-
tom FETs are turned off immediately. The IC then behaves in
a manner as described in the Fault State section.

OUTPUT CAPACITORS FOR LINEAR REGULATORS

Like any linear regulator, the linear output that is either
generated or controlled by the LM3075 requires an output
capacitor to ensure stability. The output of VLIN5 needs a
minimum of 4.7 pF.

SWITCHING NOISE REDUCTION

Power MOSFETs are very fast switching devices. In a syn-
chronous rectifier converter, the rapid drain current rise rate
of the top FET coupled with parasitic inductance generates
unwanted Ldi/dt spike noise at the source node of the FET
(SW pin). The magnitude of the spike noise increases as the
output current increases. This parasitic spike noise may turn
into electromagnetic interference (EMI) that may cause
trouble to the system performance. Therefore, it is vital to
correct system performance to suppress this kind of noise.
As shown in Figure 3, adding a resistor in series with the
CBOQT pin scales the spikes and slow down the gate drive
(HDRYV) rise time of the top FET to yield a desired drain
current transition time. Usually a 3.3Q to 5.1Q resistor is
sufficient to suppress the noise. It is important to note that
the addition of these resistors does increase the power loss
in the system and thus decreases the efficiency. It is there-
fore important to choose the size of the resistor carefully; the
top FET switching losses increases with higher resistance
values.

Vbb

\ 4
CBOOT Rboot |

Output

20162310

FIGURE 3. Adding a resistor in series with the CBOOT
pin to suppress the turn-on switching noise

Component Selection

OUTPUT VOLTAGE SETTING

The output voltage for each channel is set by the ratio of a
voltage divider as shown in Figure 4. The resistor values can
be determined by the following equation:

R
R1 = -2
(VOUT 1)
Ve
(1)

Where Vg is the typical value of feedback pin voltage and
Vour is the nominal output voltage . Although increasing the
value of R; and R, increases efficiency, this also decreases
accuracy. Therefore, a maximum value is recommended for
R, in order to keep the output within 0.3% of Vgyr. This
maximum R, value should be calculated first with the follow-
ing equation:

www.national.com




Component Selection (continued)

0.3% x VOUT

R =
2_MAX lFB_mAX

(&)
Where Igg_vax is the maximum current drawn by the FB pin.
Example: Voyt = 5V, Vg = 1.238V, Ieg_ax = 200 nA.

Vout

R2

FBx
GND R1
=

20162312

FIGURE 4. Output Voltage Setting

_03% x5V

RZ_MAX = 200 nA =75kQ

R, is chosen to be 60.4 kQ+1%. To calculate R1:

60.4 kQ
(v )
1.238V
(4)

The output voltage is limited by the maximum duty cycle as
well as the minimum on time. Figure 5 shows the limits for
input and output voltages. The recommended maximum out-
put voltage is approximately 1V less than the nominal input
voltage. At 30V input, the minimum output is approximately
2.3V and the maximum is approximately 27V. For input
voltages below 5.5V, VLIN5 must be connected to VIN
through a small resistor (approximately 4.7Q). Doing this
ensures that VLIN5 does not fall below the UVLO threshold.

Ry = =19.87 kQ =20 kQ

35

30

25

20

\/OUT
\

15

10

0 T T T T T T T T T T T T 1
4 8 12 16 20 24 28 32 36

\GN

20162314

FIGURE 5. Available Output Voltage Range

Output Capacitor Selection

In applications that exhibit large and fast load current
swings, the slew rate of such a load current transient may be
beyond the response speed of the regulator. Therefore, to
meet voltage transient requirements during worst-case load
transients, special consideration should be given to output
capacitor selection. The total combined ESR of the output
capacitors must be lower than a certain value, while the total
capacitance must be greater than a certain value. Also, in
applications where the specification of output voltage regu-
lation is tight and ripple voltage must be low, starting from the
required output voltage ripple (AVoy) often results in fewer
design iterations.

ALLOWED TRANSIENT VOLTAGE EXCURSION
The allowed output voltage excursion during a load transient
(AVrRrans) is:

AVTRANS = (8% - 8%) XVOUT = %AVOUT
(5)

Where 3% is the output voltage regulation window, €% is the
output voltage initial accuracy Vot is the nominal output
voltage, and AVt is the output voltage ripple.

Example: Vot =5V, 8% = 7%, €% = 3.4%, AVgyr = 40 mV
peak-to-peak.

AVTRANS = (7% = 34%) x5V - 402rnv

=160 mV.
(6)
Since the ripple voltage is included in the calculation of
AV1grans, the inductor ripple current should not be included
in the worst-case load current excursion. That is, the worst-
case load current excursion should be simply maximum load
current change specification, Altgans-

MAXIMUM ESR CALCULATION

Unless the rise and fall times of a load transient are slower
than the response speed of the control loop, if the total
combined ESR (Rgg,) is too high, the load transient require-
ment is not met, no matter how large the capacitance. The
maximum allowed total combined ESR is:

AVTRANS

Resr_max = 73]

TRANS

@)
Example: AVigang = 160mV, Alygans = 3A. Then Regr max =
53.3mQ. -

Maximum ESR criterion can be used when the associated
capacitance is high enough, otherwise more capacitors than
the number determined by this criterion should be used in
parallel.

MINIMUM CAPACITANCE CALCULATION

In a switch mode power supply, the minimum output capaci-
tance is typically dictated by the load transient requirement.
If there is not enough capacitance, the output voltage excur-
sion will exceed the maximum allowed value even if the
maximum ESR requirement is met. The worst-case load
transient is an unloading transient that happens when the

13
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Output Capacitor Selection
(Continued)

input voltage is the highest and when the present switching
cycle has just finished. The corresponding minimum capaci-
tance is calculated as follows:

Lx |:AVTRANS - \/ (AVTRANS)2 - (AITRANS X RESR)Z]

2
Vout X Resr

MIN =

8)
Notice it is already assumed the total ESR, R, is no
greater than R.s, max, Otherwise the term under the square
root will be a negative value. Also, it is assumed that L has
already been selected, therefore the minimum L value
should be calculated before Cy, and after R, (see Induc-
tor Selection below). Example: Ry, = 20mQ, Voyur = 5Y,
AV1gans = 160mV, Altgans = 3A, L = 8uH

8uH x|:160 mV - /(160 mV)2- (5Ax20 mQ)ZJ

Cyin =
M 5x (20 mQ)2
=140 pF.

9
Generally speaking, Cy,n decreases with decreasing R,
Altgans, @nd L, but with increasing Vot and AVrgans. The
output capacitance can therefore be chosen to be slightly
larger than the calculated value so that it is more easily
available. Here we would likely be fine choosing 220 pF.

Inductor Selection

The size of the output inductor can be determined from the
desired output ripple voltage, AVgyr, and the impedance of
the output capacitors at the switching frequency. The equa-
tion to determine the minimum inductance value is as fol-
lows:

Lo = Vin ~ Vour , Vour X Resr
fsw X Vin AVouyr

(10)
In the above equation, Ry, is used in place of the imped-
ance of the output capacitors. This is because in most cases,
the impedance of the output capacitors at the switching
frequency is very close to Rgg,. In the case of ceramic
capacitors, replace R, with the true impedance.
Example: V| pax =36V, Vour =5.0V, AVoyr =40 mV, Reg,
=20 mQ, fgy = 300 kHz,

. _36V-50V  50VX20mQ
MIN™ 300 kHz x 36V 40 mV
=717 pH

(1)
The actual selection process usually involves several itera-
tions of all of the above steps, from ripple voltage selection,
to capacitor selection, to inductance calculations. Both the
highest and the lowest input and output voltages and load
transient requirements should be considered. If an induc-
tance value larger than Ly, is selected, make sure that the
Cwin requirement is not violated.

Priority should be given to parameters that are not flexible or
more costly. For example, if there are very few types of

capacitors to choose from, it may be a good idea to adjust
the inductance value so that a requirement of 3.2 capacitors
can be reduced to 3 capacitors.

Since inductor ripple current is often the criterion for select-
ing an output inductor, it is a good idea to double-check this
value. The equation is:

(12)
Where D is the duty cycle, defined by Vgoy1/V -

Also important is the ripple current, which is defined by Al
/Inom-» Where lyonm is the nominal output current. Generally
speaking, a ripple content of less than 50% is ok. Larger
ripple content causes excessive losses in the inductor.

Example: V,y = 12V, Vour = 5.0V, fy = 300 kHz, L = 8 pH

__12v-50V 50V
" 300kHz x8pH 12V

Al =1.22A

(13)
Given a maximum load current of 5A, the ripple content is
1.2A/ 5A = 24%. When choosing an inductor, the saturation
current should be higher than the maximum peak inductor
current and the RMS current rating should be higher than the
maximum load current.

Input Capacitor Selection

The input capacitor must be selected such that it can handle
both the maximum ripple RMS current at highest ambient
temperature and the maximum input voltage. The equation
for the RMS current through the input capacitor is then

lirus = Imax 4/ P(1-D)
(14)
Where Iy ax is maximum load current and D is the duty cycle.
Example: Iyax = 5A and D = 0.42

lirms = 5A 4/ 0.42 x (1-0.42) = 2.46A
(15)

The function D(1-D) has a maxima at D = 0.5. This duty cycle
corresponds to the maximum RMS input current that may be
used as a worst case in selecting an input capacitor. Input
capacitors must meet the minimum requirements of voltage
and ripple current capacity. The size of the capacitor should
then be selected based on hold up time requirements. Bench
testing for individual applications is still the best way to
determine a reliable input capacitor value. The input capaci-
tor should always be placed as close as possible to the
current sense resistor or the drain of the top FET.

MOSFET Selection

BOTTOM FET SELECTION

During normal operation, the bottom FET is switching at
almost zero voltage and therefore only conduction losses
are present in the bottom FET. This makes the on resistance
(Rgson) the most important parameter when selecting the
bottom FET; the lower the on resistance, the lower the power
loss. The bottom FETs’ power losses peak at the maximum
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MOSFET Selection

input voltage and load current. The equation for the maxi-
mum allowable on resistance at room temperature for a
given FET package, is:

(Continued)

1

dson_max = X
2 __ Vour
Iinax X (1
VIN_MAX

Ty max - Ta_max
|:1 +To X (T)_max - 25°Ci| XRgya

R

(16)
where T yax is the maximum allowed junction temperature
in the FET, Ta max is the maximum ambient temperature,
Reya is the junction-to-ambient thermal resistance of the
FET, and T¢ is the temperature coefficient of the on resis-
tance which is typically in the range of 10,000ppm/°C.

If the calculated Ryson_max is sSmaller than the lowest value
available, multiple FETs can be used in parallel. This effec-
tively reduces the Iyax term in the above equation, thus
reducing Ryson- When using two FETs in parallel, multiply the
calculated Ryson_max DY 4 to obtain the Ryson max fOr each
FET. In the case of three FETs, multiply by 9.

Example: T, yax = 100°C, Tao_max = 60°C, Rgya = 60°C/W,
Vin_max = 36V, Vout = 5V, and lyax = 5A

1

(5A)% x (1 - ﬂ) "

dson_max =
36V
100°C - 60°C
[1 +0.01/°C x(100°C - 25°C):| X60°C/W
=17.7 mQ

(17)
If the selected FET has an Ryeo, Value higher than 17.7Q,
then two FETs with an Ryg.,, less than 30mQ can be used in
parallel. In this case, the temperature rise on each FET will
not go to T, wax because each FET is now dissipating only
half of the total power.

TOP FET SELECTION

The output resistance for the top FET driver is 3.1Q (maxi-
mum). The bias voltage is developed by an external boot-
strap supply circuit, which is comprised of a diode and a
capacitor. Before selecting the top FET, it is recommended to
select the driving voltage for the bootstrap circuit first (see
more in the Bootstrap Component Selection section).

If VLINS is chosen to drive the bootstrap circuit, care must be
taken to ensure that the gate threshold voltage of the top
FET is less than 3V (maximum). The top FET starts to turn
on when the input voltage exceeds the threshold voltage of
the UVLO, which has a minimum threshold of 3.8V. In this
case, VLINS5 follows at approximately 3.8V also and thus the
bias voltage to the top FET driver is about 3V after the
bootstrap diode.

The top FET has two types of losses: switching loss and
conduction loss. The switching losses mainly consist of
crossover loss and bottom diode reverse recovery loss.
Since it is rather difficult to estimate the switching loss, a
general starting point is to allot 60% of the top FET thermal

capacity to switching losses. The best way to precisely de-
termine switching losses is through bench testing. The equa-
tion for calculating the on resistance of the top FET is thus:

V, x 0.4
_ VIN_MIN X

dson_max "~ |2
Iiax X Vout

TJ_MAX - TA_MAX
|E]+TC X (TJ_MAX - 25°Ci| X RGJA

(18)
Example: T, yax = 100°C, Ta_max = 60°C, Rgya = 60°C/W,
Vin_wmin = 5.5V, Vyom = 5V, and Iyax = 5A.

55Vx04
Roson_max= - X
(5A)* x 5V
100°C - 60°C
IEI+ 0.01/°C x(100°C - 25°C)j| X60°C/W
= 6.7 mQ

(19)
When using FETs in parallel, the same guidelines apply to
the top FET as apply to the bottom FET.

BOOTSTRAP COMPONENT SELECTION

Selection of the bootstrap components can be done after top
FET and driving voltage are chosen. Vs or another supply
such as input may be used as the driving voltage. Once
chosen, the bootstrap components can be selected .

Typically a 0.1pF ceramic (X5R, X7R) works well.

Any suitably sized Schottky diode works well for the boot-
strap Diode. If excessive leakage current is seen, the a
larger bootstrap capacitance may be needed .

Loop Compensation

The purpose of loop compensation is to meet static and
dynamic performance requirements while maintaining stabil-
ity. Loop gain is usually checked to determine small-signal
performance. Loop gain is equal to the product of the
control-output transfer function and the output-control trans-
fer function (the compensation network transfer function).
Generally speaking, it is a good idea to have a loop gain
slope that is -20dB/decade from a very low frequency to well
beyond the crossover frequency. The crossover frequency
should not exceed one-fifth of the switching frequency. The
higher the bandwidth, the faster the load transient response
speed unless duty cycle saturates during a load transient.
Since the control-output transfer function usually has very
limited low frequency gain, it is a good idea to place a pole in
the compensation at zero frequency, so that the low fre-
quency gain is relatively large. A large DC gain means high
DC regulation accuracy (i.e. DC voltage changes little with
load or line variations). The rest of the compensation
scheme depends highly on the shape of the control-output
plot. As shown in Figure 6, the control-output transfer func-
tion consists of one pole (f,), one zero (f,), and a double pole
at f, (half the switching frequency). The following can be
done to create a -20dB/decade roll-off of the loop gain: Place
the first pole at OHz, the first zero at f,, the second pole at f,,
and the second zero at f,,. The resulting output-control trans-
fer function is shown in Figure 7.

15
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Loop Compensation (continued)

20 0
SeqpREn
L Asymptotic
\. /‘
0 \\
) I~ g Z
ke
Z 20 w; §
b4
T
© Phase /| o
40 -
Gain
-60
10 100 1k 10k 100k 1M
FREQUENCY (Hz)

20162331

FIGURE 6. Control-Output Transfer Function
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FIGURE 7. Output-Control Transfer Function

The control-output corner frequencies, and thus the desired
compensation corner frequencies, can be determined ap-
proximately by the following equations:

1
fec—e———
z 2nResrCour
(20)

fo_ 1, 05
P™ 21RsCo  2rLfg,Co

(21)
Since f,, is determined by the output network, it shifts with
loading (R,) and duty cycle. First determine the range of
frequencies (fominmax) Of the pole across the expected load
range and then place the first compensation zero within that
range.
Example: R, = 20mQ, C, = 100uF, Rgnax = 5V/
100mA=50Q, Rynin = 5V/5A =1Q, L = 8 pH.

1

2= Sux20max2z20uF - 0 KH2

(22)

1
femn = 5 X500 x 220 4F ¥
0.5 _
27 X 300 kHz x 8 tH x 220 uF — 109 H2
(23)
f = ; +
PMAX™ 21 X1Q X 220 uF
0.5 _
27 X 300 Kz x 8 uH x 220 uF . o/ 4 Hz
(24)

Once the f, range is determined, R;; should be calculated

using:
R =E(L - RZJX 103
C1~ gm R,

(25)
Where B is the desired gain in V/V at f; (f,;), gm is the
transconductance of the error amplifier, and R; and R, are
the feedback resistors.
A gain value around 10dB (3.3V/V) is generally a good
starting point.
Example: B = 3.3 V/V, gm = 0.650 pmho, R; =20 kQ, R, =
60.4 kQ:

R = 3.3 (20kQ+60.4k
et~ 0.650 20 kQ

Q) =20.4kQ =20 kQ

(26)
Bandwidth varies proportionally to the value of R.;. Next,
C.1 can be determined with the following equation :

1

C =
o 2“ofp minoRc1
27)
Example: fpmin = 313Hz, R,y = 20kQ:
C.= L =48 nF =47 nF
¢l 27 X165 Hz X 20 kQ B
(28)

The value of C; should be within the range determined by
fomin/max- A higher value generally provides a more stable
loop, but too high a value slows the transient response time.

The compensation network also introduces a low frequency
pole that is close to OHz. A second pole should also be
placed at f,. This pole can be created with a single capacitor
C., and a shorted R, (see Figure 9). The minimum value for
this capacitor can be calculated by:

C

¢2 min
(29)
C., may not be necessary, however it does create a more

stable control loop. This is especially important with high
load currents and in current sharing mode.

Example: f, = 36kHz, R,y = 20kQ:
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Loop Compensation (continued)

1
C = = 221pF
C2MIN = 5 "X 36 kHz x 20 kQ P
(30)
~
\/O
A
Ve / ¥
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I 2
Cci1
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Rc1 compensation R,
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i & -
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FIGURE 8. Compensation Network
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Typical Application Circuit
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LM3075 High Efficiency, Synchronous Current Mode Buck Controller

PhySiCﬁ' Dimensions inches (millimeters) unless otherwise noted
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DETAIL A

TYPICAL MTC20 (Rev E)

20-Lead TSSOP Package
Order Number LM3075MTC
NS Package Number MTC20

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves
the right at any time without notice to change said circuitry and specifications.

For the most current product information visit us at www.national.com.

LIFE SUPPORT POLICY

NATIONAL’'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS
WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL COUNSEL OF NATIONAL SEMICONDUCTOR
CORPORATION. As used herein:

1.

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

2.

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

BANNED SUBSTANCE COMPLIANCE

National Semiconductor manufactures products and uses packing materials that meet the provisions of the Customer Products
Stewardship Specification (CSP-9-111C2) and the Banned Substances and Materials of Interest Specification (CSP-9-111S2) and contain
no “Banned Substances” as defined in CSP-9-111S82.

Leadfree products are RoHS compliant.
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