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5 Device Comparison Table

ORDERABLE PART NUMBER |CURRENT FPWM SPREAD SPECTRUM
LMR38020SDDAR 2A No Yes
LMR38020FDDAR 2A Yes No
LMR38020FSDDAR 2A Yes Yes
LMR38010SDDAR 1A No Yes
LMR38010FDDAR 1A Yes No
LMR38010FSDDAR 1A Yes Yes

6 Pin Configuration and Functions

(O N\
GND(] 11~ " 18[Jsw
ENC] 2| | 7 D BOOT
VINC] 3! = le[Dra
RT/SYNC(| 4!  !s[JFB
\ 4

& 6-1. 8-Pin SO PowerPAD DDA Package (Top View)

Z% 6-1. Pin Functions

PIN
110 DESCRIPTION

NAME NO.

GND 1 G Power and analog ground terminal. All electrical parameters are measured with respect to this pin.
Connect a high-quality bypass capacitor directly to this pin and VIN with short and wide traces.

EN 2 A Enable input to regulator. High = ON, low = OFF. Can be connected directly to VIN. Do not float.

VIN 3 p Input supply to the regulator. Connect a high-quality bypass capacitor or capacitors directly to this pin
and GND with short and wide traces.
Resistor timing or external clock input. An internal amplifier holds this pin at a fixed voltage when
using an external resistor to ground to set the switching frequency. If the pin is pulled above the PLL

RT/SYNC 4 A upper threshold, a mode change occurs and the pin becomes a synchronization input. The internal
amplifier is disabled and the pin is a high impedance clock input to the internal PLL. If clocking edges
stop, the internal amplifier is re-enabled and the operating mode returns to frequency programming
by resistor.

FB 5 A Feedback input to the regulator. Connect to tap point of the feedback voltage divider. Do not float. Do
not ground.
Open-drain power-good flag output. Connect to a suitable voltage supply through a current limiting

PG 6 A resistor. High = power OK, low = power bad. The flag pulls low when EN = low. Can be left open
when not used.
Bootstrap supply voltage for the internal high-side driver. Connect a high-quality 100-nF capacitor

BOOT 7 P S .
from this pin to the SW pin.

SW 8 P Regulator switch node. Connect to a power inductor.

EP THEEI'\DAAL Thermal |Connect to system ground. Connect to GND and CIN with short, wide traces.

Copyright © 2022 Texas Instruments Incorporated Submit Document Feedback
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7 Specifications

7.1 Absolute Maximum Ratings
Over junction temperature range of - 40°C to 150°C (unless otherwise noted)(")

MIN MAX UNIT
VIN to PGND -0.3 85
EN to PGND -0.3 VIN +0.3
Input voltage \%
FB to PGND -0.3 5.5
RT/SYNC to PGND -0.3 5.5
CBOOT to SW -0.3 5.5
SW to PGND -0.3 85
Output voltage \%
SW to PGND less than 10-ns transients -3.5 85.3
PGOOD to PGND -0.3 20
Junction temperature T -40 150 °C
Storage temperature, Tgq -65 150 °C

(1)  Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute Maximum Ratings do not imply
functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Conditions. If
used outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not be fully
functional, and this may affect device reliability, functionality, performance, and shorten the device lifetime.

ESD Ratings

VALUE| UNIT
Human body model (HBM), per ANSI/ESDA/JEDEC JS-001(") +2000
V(Esp) Electrostatic discharge - \
Charged device model (CDM), per ANSI/ESDA/JEDEC JS-002() +500

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
7.2 Recommended Operating Conditions
Over the recommended operating junction temperature range of - 40°C to 150°C (unless otherwise noted) (1)

MIN NOM MAX UNIT
Input voltage Input voltage range after start-up 4.2 80 Vv
Input voltage EN to PGND VIN \%
Input voltage RT to PGND 5 Vv
Input voltage PGOOD to PGND 20 \Y
Output voltage SW to PGND 80 Vv
Output voltage Output voltage range for adjustable version () 1 75 \%
Frequency Frequency adjustment range 200 2200 kHz
Sync frequency Synchronization frequency range 300 2100 kHz
Load current Output DC current range (LMR38010)®) 0 1 A
Load current Output DC current range (LMR38020)() 0 2 A
Temperature Operating junction temperature T, range ) -40 150 °C

(1) Recommended operating conditions indicate conditions for which the device is intended to be functional, but do not ensure specific

performance limits. For compliant specifications, see the Electrical Characteristics table.
(2) Under no conditions should the output voltage be allowed to fall below 0 V.

(3) Maximum continuous DC current may be derated when operating with high switching frequency, high ambient temperature, or both.
See the Application and Implementation section for details.
(4) High junction temperatures degrade operating lifetimes. Operating lifetime is de-rated for junction temperatures greater than 150C.
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7.3 Thermal Information

THERMAL METRIC(") DDA (Hsaic) UNIT
8 PINS

Roua Junction-to-ambient thermal resistance 429 °C/W
R o Ja(Effecitve) Junction-to-ambient thermal resistance with TI EVM board 29 °C/W
R Jc(top) Junction-to-case (top) thermal resistance 54 °C/W
Rous Junction-to-board thermal resistance 13.6 °C/W
V7 Junction-to-top characterization parameter 4.3 °C/W
LTSS Junction-to-board characterization parameter 13.8 °C/W
R0 Jc(bot) Junction-to-case (bottom) thermal resistance 4.3 °C/W

(1
report.

7.4 Electrical Characteristics

Limits apply over operating junction temperature (T,) range of - 40°C to +150°C, unless otherwise stated. Minimum and
maximum limits(") are specified 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 stated, the following
conditions apply: V|y =24 V.

For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNIT

SUPPLY VOLTAGE AND CURRENT

. Needed to start-up 4.2 \
VIN_operaTE | Input operating voltage Once operating 38 v
lo-sw Operating quiescent current Ven = 3.3 V (PFM variant only) 40 uA
'so measured atthe VINpin Ven=0V 3. 10 A
ENABLE
VEN-H Enable input high level VENnaBLE Mising 1.1 1.25 1.4 Vv
VEN-L Enable input low level VenagLe falling 0.95 1.10 1.22 \%
lLkG-EN Enable input leakage current Ven=3.3V 5.0 nA
VOLTAGE REFERENCE (FB PIN)
VRer Feedback reference voltage ViN=4.2V 1080V, T, =25°C, FPWM 0.99 1 1.01 \Y
VRer Feedback reference voltage FPWM 0.985 1 1.015 \%
lLkG-FB Feedback leakage current FB=12V 2.1 nA
CURRENT LIMITS AND HICCUP
Isc High-side current limit(@) 2-A version 2.6 3.2 3.8 A
lLsumir Low-side current limit(@) 2-A version 1.8 23 2.8 A
Isc High-side current limit(2) 1-A version 1.3 1.6 1.9 A
I s.LmiT Low-side current limit(2) 1-A version 0.9 1.2 1.5 A
ILzc Zero cross detector threshold PFM variants only 0.01 A
IPEAK-MIN Minimum inductor peak current(2) 2-A version, PFM variants only 0.5 A
IPEAK-MIN Minimum inductor peak current(2) 1-A version, PFM variants only 0.25 A
IL.NEG Negative current limit(® 2A Version, FPWM variant only -0.9 A
IL.NEG Negative current limit(® 1-A version, FPWM variant only -0.5 A
POWER STAGE
Rps-oN-Hs High-side MOSFET ON-resistance 303 mQ
Rps-on-Ls Low-side MOSFET ON-resistance 133 mQ
toN-MIN Minimum switch on time®) ViNn=24V, lour=1A 80 131 ns
toFF-MIN Minimum switch off time 190 300 ns
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Limits apply over operating junction temperature (T,) range of -40°C to +150°C, unless otherwise stated. Minimum and
maximum limits(!) are specified 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 stated, the following
conditions apply: V| =24 V.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
toN-MAX Maximum switch on time 5 us
SWITCHING FREQUENCY AND SYNCHRONIZATION
Fosc Switching frequency Rt =49.9 kQ 430 525 650 kHz
VSYNC_HI |SYNC clock high level threshold 2 \Y
VSYNC_LO |SYNC clock low level threshold 0.6 \%
tuLSE H High duration needed to be recognized 50 ns

— as a pulse

CLock Time nee_ded_ for (?Iock Fo lock to a valid 230 is
synchronization signal in sync cycles

STARTUP AND TRACKING

tss Internal soft-start time 4 ms

POWER GOOD

Vpg-High-up | Power-good upper threshold - rising |% of FB voltage 110% 112% 114%

Vpg.Lowdn | Power-good lower threshold - falling |% of FB voltage 90% 92% 94%

Vearvs ;imzl;-hood hysteresis (rising and % of FB voltage 200,

VpGVALD Minimum input vo_Itage for proper 2 Vv
power-good function

Rpg Power-good on-resistance Ven=0V 140

Rpg Power-good on-resistance Ven=3.3V 92

tpaDFLT(al) Sgg;)fgt?lrj r:i(r;:; :onstant for 40 is

THERMAL SHUTDOWN

Tsp-Rrising (") | Thermal shutdown Shutdown threshold 163 ‘C

Tsp-raling (!’ | Thermal shutdown Recovery threshold 150 C

(1)  MIN and MAX limits are 100% production tested at 25°C. Limits over the operating temperature range verified through correlation using
Statistical Quality Control (SQC) methods. Limits are used to calculate Average Outgoing Quality Level (AOQL).

(2) The current limit values in this table are tested, open loop, in production. They may differ from those found in a closed loop application.

(3) Not production tested. Specified by correlation by design at 1-A load.
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7.5 System Characteristics

The following specifications apply to a typical application circuit with nominal component values. Specifications in the typical
(TYP) column apply to T, = 25°C only. Specifications in the minimum (MIN) and maximum (MAX) columns apply to the case
of typical components over the temperature range of T; = - 40°C to 150°C. These specifications are not ensured by
production testing.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

VN Operating input voltage range 4.2 80 \%
Vout Adjustable output voltage regulation(") PFM operation -1.5% 2.5%

Vout Adjustable output voltage regulation(") FPWM operation -1.5% 1.5%

IsuppLY Input supply current when in regulation \*Q:B: :2‘; \tho,gFT\AS\;zl'\i/a’\r:?UT =0A, 40 pA
Dmax Maximum switch duty cycle(@ 97%

Vie EECTS \r/T:)(I)tdaé;e required to trip short-circuit 0.4 v
to Switch voltage dead time 5 ns
Tsp Thermal shutdown temperature Shutdown temperature 163 °C
Tsp Thermal shutdown temperature Recovery temperature 150 °C

(1)  Deviation in Voyt from nominal output voltage value at V|5 =24 V, loyt = 0 A to full load
(2) Indropout, the switching frequency drops to increase the effective duty cycle. The lowest frequency is clamped at approximately: Fyn

=1/ (ton-max * torr-miN)- Dmax = ton-max / (ton-max * torr-miN)-

Copyright © 2022 Texas Instruments Incorporated Submit Document Feedback 7
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7.6 Typical Characteristics

Unless otherwise specified the following conditions apply: Ta = 25°C, V| =24V, fgyw = 400 kHz

Vour=3.3V FPWM version

& 7-5. High-Side and Low-Side Current Limit vs
Temperature
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8 Detailed Description
8.1 Overview

The LMR38020 converter is an easy-to-use synchronous step-down DC-DC converter that operates from a 4.2-
V to 80-V supply voltage. It is capable of delivering up to 2-A DC load current in a small solution size. The
LMR38020 employs peak-current mode control. The device enters PFM mode at light load to achieve high
efficiency for PFM version. A FPWM version is provided to achieve low output voltage ripple, tight output voltage
regulation, and constant switching frequency at light load. The device is internally compensated, which reduces
design time, and requires few external components.

Additional features, such as precision enable and internal soft start, provide a flexible and easy-to-use solution
for a wide range of applications. Protection features include the following:

* Thermal shutdown

* V)N undervoltage lockout

* Cycle-by-cycle current limit

* Hiccup mode short-circuit protection

The family requires very few external components and has a pinout designed for a simple, optimal PCB layout.

8.2 Functional Block Diagram

=N
)
VCC r
" Enatie LDO |« ] VvIN
Internal »| Precision |, —Pp— {] BOOT
Ss Enable
HS | Sense
+
EA @ [
REF > X _ P
> Rc >
A A
+ — TSD UVLO
Cc
= .
PG[ }— L
PFM PWM CONTROL LOGIC o {]sw
Detector —>
OV/uv 4 t
Detector FB W
Slope
Comp L
Freq Zero HICCUP
1 Foldback Cross Detector A[H
- A
[
RT/SYNC [ " Oscillator with PLL LS | Sense
) {1FB
!
|-
PGND
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8.3 Feature Description
8.3.1 Fixed Frequency Peak Current Mode Control

The LMR38020 is a step-down synchronous buck converter with integrated high-side (HS) and low-side (LS)
switches (synchronous rectifier). The LMR38020 supplies a regulated output voltage by turning on the high-side
and low-side NMOS switches with controlled duty cycle. During high-side switch on time, the SW pin voltage
swings up to approximately V|y, and the inductor current, i, increases with a linear slope (Viy - Vour) / L.
When the high-side switch is turned off by the control logic, the low-side switch is turned on after an anti-shoot-
through dead time. Inductor current discharges through the low-side switch with a slope of - Voyr / L. The
control parameter of a buck converter is defined as Duty Cycle D = ton / Tsw, Where toy is the high-side switch
on time and Tgy is the switching period. The converter control loop maintains a constant output voltage by
adjusting the duty cycle D. In an ideal buck converter where losses are ignored, D is proportional to the output
voltage and inversely proportional to the input voltage: D = Voyt / V|N-

The LMR38020 employs fixed-frequency peak-current mode control. A voltage feedback loop is used to get
accurate DC voltage regulation by adjusting the peak-current command based on voltage offset. The peak
inductor current is sensed from the high-side switch and compared to the peak current threshold to control the
on time of the high-side switch. The voltage feedback loop is internally compensated, which allows for fewer
external components, making it easy to design and providing stable operation with almost any combination of
output capacitors. The converter operates with fixed switching frequency at normal load condition. At light-load
condition, the LMR38020 operates in PFM mode to maintain high efficiency (PFM version) or in FPWM mode for
low output voltage ripple, tight output voltage regulation, and constant switching frequency (FPWM version).

8.3.2 Adjustable Output Voltage

A precision 1.0-V reference voltage (Vrer) is used to maintain a tightly regulated output voltage over the entire
operating temperature range. The output voltage is set by a resistor divider from the output voltage to the FB pin.
It is recommended to use 1% tolerance resistors with a low temperature coefficient for the FB divider. Select the
bottom-side resistor Rrgg for the desired divider current and use 5 #£5\ 1 to calculate the top-side resistor Rrgrt.
RggT in the range from 10 kQ to 100 kQ is recommended for most applications. A lower Rggt value can be used
if static loading is desired to reduce Vgt offset in PFM operation. Lower Rrgt reduces efficiency at very light
load. Less static current goes through a larger Rggt and can be more desirable when light-load efficiency is
critical. Rggt larger than 1 MQ is not recommended because it makes the feedback path more susceptible to
noise. Larger Rggt values require more carefully designed feedback path on the PCB. The tolerance and
temperature variation of the resistor dividers affect the output voltage regulation.

Vour

Resr

FB[

F‘FBB

& 8-1. Output Voltage Setting

VOUT-VREF R
X Mepg

Veer M
8.3.3 Enable

The voltage on the EN pin controls the ON or OFF operation of the LMR38020. A voltage of less than 0.95 V
shuts down the device, while a voltage of more than 1.4 V is required to start the converter. The EN pin is an
input and cannot be left open or floating. The simplest way to enable the operation of the LMR38020 is to
connect the EN to VIN. This allows self-start-up of the LMR38020 when V| is within the operating range.

RFBT =
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Many applications will benefit from the employment of an enable divider Rent and Reng (K] 8-2) to establish a
precision system UVLO level for the converter. System UVLO can be used for supplies operating from utility
power as well as battery power. It can be used for sequencing, making sure the user has reliable operation or
supply protection, such as a battery discharge level. An external logic signal can also be used to drive EN input
for system sequencing and protection. Note that the EN pin voltage must never be higher than V| + 0.3 V. It is
not recommended to apply EN voltage when V,y is 0 V.

§ Rent

] En
§ Rens

& 8-2. System UVLO by Enable Divider

8.3.4 Switching Frequency and Synchronization (RT/SYNC)

The switching frequency of the LMR38020 can be programmed by the resistor RT from the RT/SYNC pin and
GND pin. The RT/SYNC pin cannot be left floating or shorted to ground. To determine the timing resistance for a
given switching frequency, use J7#£3\ 2 or the curve in & 8-3. 3k 8-1 gives typical Ry values for a given fgyy.

Ry(k Q) = 30970 x fgyy(kHz) ' 927 @)
140
120 \
100 \
g 80 \
=
X g0
40
N
\\
20 — ]
0

0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
Frequency (kHz)

K 8-3. Ry Versus Frequency Curve

% 8-1. Typical Frequency Setting Rt Resistance

fsw (kHz) Ry (kQ)
200 133
400 64.9
500 52.3
750 34.8
1000 255
1500 16.9
2000 12.7
Copyright © 2022 Texas Instruments Incorporated Submit Document Feedback 11
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# 8-1. Typical Frequency Setting Ry Resistance (continued)
fsw (kHz) Rt (kQ)
2200 1.5

The LMR38020 switching action can also be synchronized to an external clock from 300 kHz to 2.1 MHz.
Connect a square wave to the RT/SYNC pin through either circuit network shown in ¥ 8-4. The internal
oscillator is synchronized by the falling edge of external clock. The recommendations for the external clock
include: high level no lower than 2.0 V, low level no higher than 0.6 V, and have a pulse width greater than 50 ns.
When using a low impedance signal source, the frequency setting resistor Rt is connected in parallel with an AC
coupling capacitor, Ccoyp, t0 a termination resistor, Rtgrm (for example, 50 Q). The two resistors in series
provide the default frequency setting resistance when the signal source is turned off. A 10-pF ceramic capacitor
can be used for Ccoyp-

Ccour

— PLL ] PLL
R
Lo-Z T RT/SYNC Hi-Z RT/SYNC
Clock Clock
Source RTERM Source Rt

K 8-4. Synchronizing to an External Clock

8.3.5 Power-Good Flag Output

The power-good flag function (PG output pin) of the LMR38020 can be used to reset a system microprocessor
whenever the output voltage is out of regulation. This open-drain output goes low under fault conditions, such as
current limit and thermal shutdown, as well as during normal start-up. A glitch filter prevents false flag operation
for short excursions of the output voltage, such as during line and load transients. Output voltage excursions
lasting less than tpg do not trip the power-good flag. Note that during initial power up, a delay of approximately 4
ms (typical) is inserted from the time that EN is asserted to the time that the power-good flag goes high. This
delay only occurs during start-up and is not encountered during normal operation of the power-good function.

The power-good output consists of an open-drain NMOS, requiring an external pullup resistor to a suitable logic
supply. It can also be pulled up to either VCC or VoyT, through a 100-k Q resistor, as desired. If this function is
not needed, the PG pin must be left floating. When EN is pulled low, the flag output is also forced low. With EN
low, power good remains valid as long as the input voltage is greater than or equal to 2 V (typical). Limit the
current into the power-good flag pin to less than 5-mA D.C. The maximum current is internally limited to
approximately 35 mA when the device is enabled and approximately 65 mA when the device is disabled. The
internal current limit protects the device from any transient currents that can occur when discharging a filter
capacitor connected to this output.
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VOUT A

Vea-HigH_up (112%)

Veg-ticH-up — Vea-Hys ——

Veg.Low-on + Vpg-Hys

Vea.Low-DN (92%)

\4

PG

High = Power Good _}

\4

Low = Fault

Kl 8-5. Static Power-Good Operation

Glitches do not cause false operation nor reset timer
Vour
A

Vec-Low-oN + Veg-Hys
Vec-Low-on (92%)

| |
| | |
I I I
| | |
I I I
| | |
I I I
| | |
I I I
| | |
I I I
: | = >
| | |
| | |
| | |
PG I I i
A | | !
| | |
| | |
| | |
| | !
| | |
| | !
| | |
| T |
| | |
| | |
| | |
| | !
| | |
| | !
| | |
| | i
! ! i >
4>{ F_tPG —PI F—(pg _>| |<_tPG
&l 8-6. Power-Good Timing Behavior
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8.3.6 Minimum On Time, Minimum Off Time, and Frequency Foldback

Minimum on time (Ton min) IS the smallest duration of time that the high-side switch can be on. Ton miN IS
typically 75 ns in the LMR38020. Minimum off time (Tore min) iS the smallest duration that the high-side switch
can be off. Topr MmN is typically 190 ns. In CCM operation, Ton min @nd Tore win limit the voltage conversion
range without switching frequency foldback. - -

The minimum duty cycle without frequency foldback allowed is:

Dmin = Ton_miN % fsw (3)
The maximum duty cycle without frequency foldback allowed is:

Dmax =1 - Torr_min * fsw (4)

Given a required output voltage, the maximum Vg without frequency foldback can be found by:

\
VIN_MAX = f ol

sw X TONfMIN (5)
The minimum V| without frequency foldback can be calculated by:

\Yj - A
NN fow x TOFFﬁMIN (6)

In the LMR38020, a frequency foldback scheme is employed once Ton min OF Torr min is triggered, which can
extend the maximum duty cycle or lower the minimum duty cycle.

The on time decreases while V|y voltage increases. Once the on time decreases to Ton min, the switching
frequency starts to decrease while V|y continues to go up, which lowers the duty cycle further to keep Vgyr in

regulation according to 77 f£ = 3.

The frequency foldback scheme also works once larger duty cycle is needed under low V|5 condition. The
frequency decreases once the device hits its Torr win, Which extends the maximum duty cycle according to J7 %
3 4. In such condition, the frequency can be as low as approximately 133 kHz minimum. Wide range of
frequency foldback allows the LMR38020 output voltage stay in regulation with a much lower supply voltage V),
which leads to a lower effective dropout.

The fixed frequency operation at FPWM mode with switching frequency greater than 1.2 MHz, is maintained with
minimum load current about 100 mA for wider input voltage range. And for very light load and switching
frequency over 1.2 MHz, frequency drop can be expected during mintoff frequency foldback.

With frequency foldback, VN max is raised, and V|y_min is lowered by decreased fgyy.
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1450 1250
1300 1150
= =
= 1150 < 1050
g g
E g
g 1000 & 950
& g ///
850 850
700 750

50 60 70 80

Input Voltage (V) 65 ! IerSLJt Voltage ?V) 50 ?
Fsw = 1.1 MHz Vour=5V lour=2A Fsw = 1.1 MHz Vour =5V lout=2A

K 8-7. Typical Frequency Foldback at Ton_miN Kl 8-8. Typical Frequency Foldback at ToFF_MIN

8.3.7 Bootstrap Voltage

The LMR38020 provides an integrated bootstrap voltage converter. A small capacitor between the CB and SW
pins provides the gate drive voltage for the high-side MOSFET. The bootstrap capacitor is refreshed when the
high-side MOSFET is off and the low-side switch conducts. The recommended value of the bootstrap capacitor
is 0.1 yF. A ceramic capacitor with an X7R or X5R grade dielectric with a voltage rating of 16 V or higher is
recommended for stable performance over temperature and voltage.

8.3.8 Overcurrent and Short Circuit Protection

The LMR38020 is protected from overcurrent conditions by cycle-by-cycle current limit on both the peak and
valley of the inductor current. Hiccup mode is activated if a fault condition persists to prevent overheating.

High-side MOSFET overcurrent protection is implemented by the nature of the peak current mode control. The
high-side switch current is sensed when the high-side is turned on after a set blanking time. The high-side switch
current is compared to the output of the error amplifier (EA) minus slope compensation every switching cycle.
The peak current of high-side switch is limited by a clamped maximum peak current threshold, lhigh side_LimIT,
which is constant.

The current going through the low-side MOSFET is also sensed and monitored. When the low-side switch turns
on, the inductor current begins to ramp down. The low-side switch is turned OFF at the end of a switching cycle
if its current is above the low-side current limit, I s | m- The low-side switch is kept on so that inductor current
keeps ramping down until the inductor current ramps below the I, g | iT- Then the low-side switch is turned OFF
and the high-side switch is turned on after a dead time. This is somewhat different to the more typical peak
current limit and results in 77#£5X 7 for the maximum load current.

OUT_MAX LS 2 < fSW < L V|N (7)

If the feedback voltage is lower than 40% of Vggr, the current of the low-side switch triggers I s | miT for 256
consecutive cycles and hiccup current protection mode is activated. In hiccup mode, the converter shuts down
and stays off for a period of hiccup, Thiccup (76-ms typical), before the LMR38020 tries to start again. If
overcurrent or short-circuit fault condition still exist, hiccup repeats until the fault condition is removed. Hiccup
mode reduces power dissipation under severe overcurrent conditions and prevents overheating and potential
damage to the device.

For FPWM version, the inductor current is allowed to go negative. When this current exceeds the low-side
negative current limit, I s neg, the low-side switch is turned off and high-side switch is turned on immediately.
This is used to protect the low-side switch from excessive negative current.
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8.3.9 Soft Start

The integrated soft-start circuit prevents input inrush current impacting the LMR38020 and the input power
supply. Soft start is achieved by slowly ramping up the target regulation voltage when the device is first enabled
or powered up. The typical soft-start time is 4.0 ms.

The LMR38020 also employs overcurrent protection blanking time, Tocp gLk (18 ms typical), at the beginning of
power up. Without this feature, in applications with a large amount of output capacitors and high Vour, the inrush
current is large enough to trigger current-limit protection, which can make the device enter into hiccup mode. The
device tries to restart after the hiccup period, then hits the current limit and enters into hiccup mode again, so
VouTt cannot ramp up to the setting voltage ever. By introducing the OCP blanking feature, the hiccup protection
function is disabled during Tocp gLk, and LMR38020 charges the Voyt with its maximum limited current, which
maximizes the output current capacity during this period. Note that the peak current limit (Iys _wT) @and valley
current limit (I_s ) protection functions are still available during Tocp gLk, SO there is no concern of inductor
current running away. -

8.3.10 Thermal Shutdown

The LMR38020 provides an internal thermal shutdown to protect the device when the junction temperature
exceeds 163°C. Both high-side and low-side FETs stop switching in thermal shutdown. Once the die
temperature falls below 150°C, the device reinitiates the power-up sequence controlled by the internal soft-start
circuitry.

8.4 Device Functional Modes
8.4.1 Auto Mode

In auto mode, the device moves between PWM and PFM as the load changes. At light loads, the regulator
operates in PFM. At higher loads, the mode changes to PWM.

In PWM, the regulator operates as a constant frequency, current mode, full-synchronous converter using PWM
to regulate the output voltage. While operating in this mode, the output voltage is regulated by switching at a
constant frequency and modulating the duty cycle to control the power to the load. This provides excellent line
and load regulation and low output voltage ripple.

In PFM, the high-side MOSFET is turned on in a burst of one or more pulses to provide energy to the load. The
duration of the burst depends on how long it takes the inductor current to reach lpgak.vin. The frequency of
these bursts is adjusted to regulate the output, while diode emulation is used to maximize efficiency (see the
Glossary). This mode provides high light-load efficiency by reducing the amount of input supply current required
to regulate the output voltage at small loads. This trades off very good light-load efficiency for larger output
voltage ripple and variable switching frequency. Also, a small increase in output voltage occurs at light loads.
The actual switching frequency and output voltage ripple depend on the input voltage, output voltage, and load.

8.4.2 Forced PWM Operation

The forced PWM option is choiced for cases when constant frequency operation is more important than light-
load efficiency.

In FPWM operation, the diode emulation feature is turned off. This means that the device remains in CCM under
light loads. Under conditions where the device must reduce the on time or off time below the compliant minimum
to maintain regulation, the frequency reduces to maintain the effective duty cycle required for regulation. This
occurs for very high and very low input and output voltage ratios. In FPWM mode, a limited reverse current is
allowed through the inductor, allowing power to pass from the output of the regulator to the input of the regulator.
Note that in FPWM mode, larger currents pass through the inductor, if lightly loaded, than in auto mode. Once
loads are heavy enough to necessitate CCM operation, FPWM mode has no measurable effect on regulator
operation.

8.4.3 Dropout

The dropout performance of any buck regulator is affected by the Rpgon Of the power MOSFETs, the DC
resistance of the inductor, and the maximum duty cycle that the controller can achieve. As the input voltage is
reduced to the output voltage, the off time of the high-side MOSFET starts to approach the minimum value.
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Beyond this point, the switching can become erratic and the output voltage falls out of regulation. To avoid this
problem, the LMR38020 automatically reduces the switching frequency to increase the effective duty cycle and
maintain regulation. In this data sheet, the dropout voltage is defined as the difference between the input and
output voltage when the output has dropped by 1% of the nominal value. Under this condition, the switching
frequency has dropped to its minimum value of about 140 kHz. Note that the 0.4-V short circuit detection
threshold is not activated when in dropout mode.

8.4.4 Minimum Switch On Time

Every switching regulator has a minimum controllable on time dictated by the inherent delays and blanking times
associated with the control circuits. This imposes a minimum switch duty cycle, therefore, a minimum conversion
ratio. The constraint is encountered at high input voltages and low output voltages. To help extend the minimum
controllable duty cycle, the LMR38020 automatically reduces the switching frequency when the minimum on-
time limit is reached. This way, the converter can regulate the lowest programmable output voltage at the
maximum input voltage. An estimate for the approximate input voltage for a given output voltage, before
frequency foldback occurs, is found in 77 #£x{ 8. As the input voltage is increased, the switch on time (duty cycle)
reduces to regulate the output voltage. When the on time reaches the limit, the switching frequency drops, while
the on time remains fixed.

Vout
YN =3
ON "Tsw (8)
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9 Application and Implementation

#1E

PAR RLFR 4 145 B R T T1 38R YE FE , TI A GRILAERR A e . TI % N5 S
ARG THMH . & I, DU R RS DRE .

9.1 Application Information

The LMR38020 step-down DC-to-DC converter is typically used to convert a higher DC voltage to a lower DC
voltage with a maximum output current of 2 A. The following design procedure can be used to select
components for the LMR38020. Alternately, use the WEBENCH Design Tool to generate a complete design. This
tool utilizes an iterative design procedure and has access to a comprehensive database of components. This
allows the tool to create an optimized design and allows the user to experiment with various options.

B/

All of the capacitance values given in the following application information refer to effective values
unless otherwise stated. The effective value is defined as the actual capacitance under DC bias and
temperature, not the rated or nameplate values. Use high-quality, low-ESR, ceramic capacitors with
an X7R or better dielectric throughout. All high value ceramic capacitors have a large voltage
coefficient in addition to normal tolerances and temperature effects. Under DC bias the capacitance
drops considerably. Large case sizes and higher voltage ratings are better in this regard. To help
mitigate these effects, multiple capacitors can be used in parallel to bring the minimum effective
capacitance up to the required value. This can also ease the RMS current requirements on a single
capacitor. A careful study of bias and temperature variation of any capacitor bank must be made to
ensure that the minimum value of effective capacitance is provided.
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9.2 Typical Application

9-1 show a typical application circuit for the LMR38020. This device is designed to function over a wide ra

nge

of external components and system parameters. However, the internal compensation is optimized for a certain
range of external inductance and output capacitance. As a quick-start guide, 3 9-1 provides typical component

values for a range of the most common output voltages.

L
VOUT
Vin o VIN SwW MM O
Cn—— —— Cur Csoor
4.7 uF 100 nF N BOOT | | —= Cour
VRY LMR38020 0-1pF
—_ 100 kQ
- R
oG FBT § L
RT/SYNC FB
Rr GND Ress §
K 9-1. Example Application Circuit
% 9-1. Typical External Component Values for 2-A Output Current
fsw Vin (V) NOMINAL Coyr (RATED | MINIMUM Cqyt (RATED
(kHz) | Typical | vour™) | L(H) CAPACITANCE) CAPACITANCE) Rear (2) Rrss (?)
400 48 5 15 3x 22 pF 2x 22 pF 100 k 24.9k
1000 24 5 6.8 2 x 22 yF 2 x 15 pF 100 k 24.9k
400 48 12 33 1x 22 pyF 1x15pF 100 k 9.09 k
1000 24 12 10 2 x 10 pF 1% 10 pF 100 k 9.09 k
500 48 24 47 1 %22 uF 1% 15 pF 100 k 4.32k
9.2.1 Design Requirements
7 9.2.2 provides a detailed design procedure based on % 9-2.
% 9-2. Detailed Design Parameters
DESIGN PARAMETER EXAMPLE VALUE
Input voltage 6Vto80V
Output voltage 5V
Maximum output current 0OAto2A
Switching frequency 400 kHz
9.2.2 Detailed Design Procedure
The following design procedure applies to ] 9-1 and % 9-1.
9.2.2.1 Custom Design With WEBENCH® Tools
Click here to create a custom design using the LMR38020 device with the WEBENCH® Power Designer.
1. Start by entering the input voltage (Vy), output voltage (Vout), and output current (Ioyt) requirements.
2. Optimize the design for key parameters such as efficiency, footprint, and cost using the optimizer dial.
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3. Compare the generated design with other possible solutions from Texas Instruments.

The WEBENCH Power Designer provides a customized schematic along with a list of materials with real-time
pricing and component availability.

In most cases, these actions are available:

* Run electrical simulations to see important waveforms and circuit performance
* Run thermal simulations to understand board thermal performance

* Export customized schematic and layout into popular CAD formats

* Print PDF reports for the design, and share the design with colleagues

Get more information about WEBENCH tools at www.ti.com/WEBENCH.
9.2.2.2 Choosing the Switching Frequency

The choice of switching frequency is a compromise between conversion efficiency and overall solution size.
Lower switching frequency implies reduced switching losses and usually results in higher system efficiency.
However, higher switching frequency allows the use of smaller inductors and output capacitors, hence, a more
compact design. For this example, 400 kHz is used.

9.2.2.3 FB for Adjustable Output

In an adjustable output voltage version, pin 5 of the device is FB. The output voltage of the LMR38020 is
externally adjustable using an external resistor divider network. The divider network is comprised of Rggt and
Regg and closes the loop between the output voltage and the converter. The converter regulates the output
voltage by holding the voltage on the FB pin equal to the internal reference voltage, Vgeg. The resistance of the
divider is a compromise between excessive noise pickup and excessive loading of the output. Smaller values of
resistance reduce noise sensitivity, but also reduce the light-load efficiency. The recommended value for Regt is
100 kQ with a maximum value of 1 MQ. Once RggT is selected, /723 9 is used to select Rrgg. VRer is
nominally 1 V.

R
Regg = — 21—
|: VOUT _ 1:|
VRer 9)

For this 5-V example, Rggt = 100 kQ and Regg = 24.9 kQ is chosen.
9.2.2.4 Inductor Selection

The parameters for selecting the inductor are the inductance and saturation current. The inductance is based on
the desired peak-to-peak ripple current and is normally chosen to be in the range of 20% to 40% of the
maximum output current. Experience shows that the best value for inductor ripple current is 30% of the
maximum load current. Note that when selecting the ripple current for applications with much smaller maximum
load than the maximum available from the device, use the maximum device current. /523 10 can be used to
determine the value of inductance. The constant K is the percentage of inductor current ripple. For this example,
choose K = 0.4 and find an inductance of L = 14 yH. Select the next standard value of L = 15 pH.

_ (Mn-Vour)  Vour
fsw -K-loutmax  Vin (10)

Ideally, the saturation current rating of the inductor is at least as large as the high-side switch current limit, Igc.
This makes sure that the inductor does not saturate, even during a short circuit on the output. When the inductor
core material saturates, the inductance falls to a very low value, causing the inductor current to rise very rapidly.
Although the valley current limit, I T, is designed to reduce the risk of current runaway, a saturated inductor
can cause the current to rise to high values very rapidly. This can lead to component damage. Do not allow the
inductor to saturate. Inductors with a ferrite core material have very hard saturation characteristics, but usually
have lower core losses than powdered iron cores. Powered iron cores exhibit a soft saturation, allowing some
relaxation in the current rating of the inductor. However, they have more core losses at frequencies above
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approximately 1 MHz. In any case, the inductor saturation current must not be less than the maximum peak
inductor current at full load.

To avoid subharmonic oscillation, the inductance value must not be less than that given in 752 11:

Lpin = M- Your
fow (1)

where

* Lmin = minimum inductance (H)
* M=0.25 for a 2-A device
*  fsw = switching frequency (Hz)

The maximum inductance is limited by the minimum current ripple for the current mode control to perform
correctly. As a rule-of-thumb, the minimum inductor ripple current must be no less than about 10% of the device
maximum rated current under nominal conditions.

9.2.2.5 Output Capacitor Selection

The current mode control scheme of the LMR38020 devices allows operation over a wide range of output
capacitance. The output capacitor bank is usually limited by the load transient requirements and stability rather
than the output voltage ripple. Refer to % 9-1 for typical output capacitor values for 5-V to 24-V output voltages.
For a 5-V output design, 3 x 22-uyF ceramic output capacitors are recommended for this example. For other
designs with other output voltages, WEBENCH can be used as a starting point for selecting the value of output
capacitor.

In practice, the output capacitor has the most influence on the transient response and loop-phase margin. Load
transient testing and bode plots are the best way to validate any given design and must always be completed
before the application goes into production. In addition to the required output capacitance, a small ceramic
placed on the output can help reduce high-frequency noise. Small-case size ceramic capacitors in the range of 1
nF to 100 nF can be very helpful in reducing spikes on the output caused by inductor and board parasitics.

Limit the maximum value of total output capacitance to approximately 10 times the design value, or 1000 pF,
whichever is smaller. Large values of output capacitance can adversely affect the start-up behavior of the
regulator as well as the loop stability. If values larger than noted here must be used, then a careful study of start-
up at full load and loop stability must be performed.

9.2.2.6 Input Capacitor Selection

The ceramic input capacitors provide a low impedance source to the regulator in addition to supplying the ripple
current and isolating switching noise from other circuits. A minimum ceramic capacitance of 4.7 uF is required on
the input of the LMR38020. This must be rated for at least the maximum input voltage that the application
requires, preferably twice the maximum input voltage. This capacitance can be increased to help reduce input
voltage ripple and maintain the input voltage during load transients. In addition, a small case size 100-nF to 220-
nF ceramic capacitor must be used at the input, as close a possible to the regulator. This provides a high
frequency bypass for the control circuits internal to the device. For this example, a 4.7-uF, 100-V, X7R (or better)
ceramic capacitor is chosen. The 100 nF must also be rated at 100 V with an X7R dielectric.

It is often desirable to use an electrolytic capacitor on the input in parallel with the ceramics. This is especially
true if long leads or traces are used to connect the input supply to the regulator. The moderate ESR of this
capacitor can help damp any ringing on the input supply caused by the long power leads. The use of this
additional capacitor also helps with voltage dips caused by input supplies with unusually high impedance.

Most of the input switching current passes through the ceramic input capacitor or capacitors. The approximate
RMS value of this current can be calculated from 77 #£{ 12 and must be checked against the manufacturers'
maximum ratings.
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lents = lour.
2 (12)
9.2.2.7 Caoor

The LMR38020 requires a bootstrap capacitor connected between the BOOT pin and the SW pin. This capacitor
stores energy that is used to supply the gate drivers for the power MOSFETs. A high-quality ceramic capacitor of
100 nF and at least 16 V is required.

9.2.2.8 External UVLO

In some cases, an input UVLO level different than that provided internal to the device is needed. This can be
accomplished by using the circuit shown in 9-2. The turn-on voltage is designated as Vpn while the turn-off
voltage is Vorf. First, a value for Rgng is chosen in the range of 10 kQ to 100 kQ, then H#:{ 13 is used to
calculate RENT and VOFF-

VIN

RENT

EN

RENB

& 9-2. Setup for External UVLO Application

V,
Rent = Rens .[V N —1j
EN-H

V,
Vorr = VEn-L [ on ]

VEN-H (13)

where
* Von = V|n turn-on voltage
. VOFF = VIN turn-off voltage

9.2.2.9 Maximum Ambient Temperature

As with any power conversion device, the device dissipates internal power while operating. The effect of this
power dissipation is to raise the internal temperature of the converter above ambient. The internal die
temperature (T,) is a function of the ambient temperature, the power loss, and the effective thermal resistance,
R ya, of the device and PCB combination. The maximum junction temperature for the LMR38020 must be
limited to 150°C. This establishes a limit on the maximum device power dissipation and, therefore, the load
current. J7#£ 3 14 shows the relationships between the important parameters. It is easy to see that larger
ambient temperatures (Tp) and larger values of Ry ja reduce the maximum available output current. The
converter efficiency can be estimated by using the curves provided in this data sheet. If the desired operating
conditions cannot be found in one of the curves, interpolation can be used to estimate the efficiency.
Alternatively, the EVM can be adjusted to match the desired application requirements and the efficiency can be
measured directly. The correct value of R j5 is more difficult to estimate. As stated in the Semiconductor and IC
Package Thermal Metrics Application Report, the values given in the Thermal Information are not valid for
design purposes and must not be used to estimate the thermal performance of the application. The values
reported in that table were measured under a specific set of conditions that are rarely obtained in an actual
application.
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I | _ (TJ — TA) . n 1
OUTIMAX ™ Rgja (1-1) Vour (14)

where
* 1 = efficiency
The effective R jp is a critical parameter and depends on many factors such as the following:

* Power dissipation

* Air temperature/flow

* PCB area

* Copper heat-sink area

* Number of thermal vias under the package
* Adjacent component placement

Use the following resources as guides to optimal thermal PCB design and estimating Ry s for a given
application environment:

* Thermal Design by Insight not Hindsight Application Report

* A Guide to Board Layout for Best Thermal Resistance for Exposed Pad Packages Application Report
* Semiconductor and IC Package Thermal Metrics Application Report

* How to Properly Evaluate Junction Temperature with Thermal Metrics Application Report

* Using New Thermal Metrics Application Report
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9.2.3 Application Curves

Unless otherwise specified the following conditions apply: Vi =48 V,L =15 pH, Tp = 25°C.

& 9-3. Start-Up by VIN

[{ T j j j j 7]
e ey
EN 2 V/DIV 4
VIN 20 V/DIV
®
>
VOUT 2 VIDIV
VOUT 2 VDIV 4
(0 pii———————
-
Power Good 5 V/IDIV
POWER GOOD 5 V/DIV o ——————— s
B P
:
B ﬁM
Inductor Current:2 A/DIV 1.6 ms/DIV Indcutor Current. 2 A/IDIV 2ms/DIV
LMR38020 Vour=5V 400 kHz LMR38020 Vour=5V 400 kHz

& 9-4. Start-Up by EN

VOUT 20 mV/DIV

SW 20 V/IDIV

VOUT 20 mV/DIV

NN TN

ﬂ SW 20 VIDIV ﬂ

|
| s s

K 9-7. Short Circuit Applied

& M—M\
‘ ‘ ‘ Inductor Current 1 A/DIV
; ; " ) 1 ps/DIV
Inductor Current 500 mA/DIV 20 ms/DIV
LMR38020 Vour =5V No Load LMR38020 Vour=5V 400 kHz
AC Coupled AC Coupled
Al 9-5. PFM Switching & 9-6. Full Load Switching
VOUT 2 V/DIV '
4 VOUT 2 VDIV
e o
Inductor-Current 1 A/DIV
& e ———]
40 ms/DIV Inductor Current 1 A/DIV 40 ms/DIV
LMR38020 Vour=5V 2 A to Short LMR38020 Vour=5V Short Recovery

& 9-8. Short Circuit Recovery
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& 9-9. Start-Up with Prebias

Clock: 2 VDIV
B ﬂ—-w—mli?
[
D SW 20 VDIV
————————————| m
; 4 ‘ : N0 N o M. ; N D
W
VOUT 2 VIDIV
I T *
& L N’[\\J\N(\\Hﬁ/\’\x/\/\\/\\
Inductor Current 500 mA/DIV' Ihductor Current 1" A/DIV/ 2 ps/DIV
4 ms/DIV.
LMR38020F Vour =5V No Load LMR38020 Vour =5V 400 kHz
Biasto 3V

& 9-10. Frequency Synchronization

VOUT 100 mVIDIV.

'€

VIN 20 V/DIV

ey

Output Current

@

VOUT 50 mV/DIV

& 9-13. 5-V Load Regulation

500 mADIV 100 ps/DIV Output Current 1:A/DIV
800 ps/DIV
LMR38020 Vour=5V 400 kHz LMR38020 Vour=5V 400 kHz
(AC Coupled) (AC Coupled)
200 mA to 1.8 A at 200 mA/us 10 Vto 70 V at 200 V/ms
& 9-11. Load Transient & 9-12. Line Transient
53 12.3
— VIN=24V — VIN=24V
— VIN=36V — VIN=36V
— VIN=48V — VIN=48V
52 —— VIN=64V 122 —— VIN=64V
= s
% 5.1 j‘é, 12.1 \
35 Ke)
> >
:§ 5 N ]
o o
48 11.8
0 04 08 12 16 0 0.4 0.8 1.2 1.6 2
Output Current (A) Output Current (A)
LMR38020 Vour=5V 400 kHz LMR38020 Vour =12V 400 kHz
PFM Version PFM Version

& 9-14. 12-V Load Regulation
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9.3 What to Do and What Not to Do

* Do not exceed the Absolute Maximum Ratings.

* Do not exceed the Recommended Operating Conditions.

* Do not exceed the ESD Ratings.

* Do not allow the EN input to float.

* Do not allow the output voltage to exceed the input voltage, nor go below ground.

* Follow all the guidelines and suggestions found in this data sheet before committing the design to production.
Tl application engineers are ready to help critique your design and PCB layout to help make your project a
success.

10 Power Supply Recommendations

The characteristics of the input supply must be compatible with the Absolute Maximum Ratings and
Recommended Operating Conditions found in this data sheet. In addition, the input supply must be capable of
delivering the required input current to the loaded regulator. The average input current can be estimated with /7
2= 15.

Iy = Vour “lout
ViN'm (15)

where
* 1 = efficiency

If the regulator is connected to the input supply through long wires or PCB traces, special care is required to
achieve good performance. The parasitic inductance and resistance of the input cables can have an adverse
effect on the operation of the regulator. The parasitic inductance, in combination with the low-ESR, ceramic input
capacitors, can form an under damped resonant circuit, resulting in overvoltage transients at the input to the
regulator. The parasitic resistance can cause the voltage at the VIN pin to dip whenever a load transient is
applied to the output. If the application is operating close to the minimum input voltage, this dip can cause the
regulator to momentarily shutdown and reset. The best way to solve these kind of issues is to reduce the
distance from the input supply to the regulator, use an aluminum or tantalum input capacitor in parallel with the
ceramics, or both. The moderate ESR of these types of capacitors help damp the input resonant circuit and
reduce any overshoots. A value in the range of 22 pF to 68 pF is usually sufficient to provide input damping and
help to hold the input voltage steady during large load transients.

Sometimes, for other system considerations, an input filter is used in front of the regulator. This can lead to
instability, as well as some of the effects mentioned above, unless it is designed carefully. The AN-2162 Simple
Success With Conducted EMI From DCDC Converters User's Guide provides helpful suggestions when
designing an input filter for any switching regulator.

In some cases, a transient voltage suppressor (TVS) is used on the input of regulators. One class of this device
has a snap-back characteristic (thyristor type). The use of a device with this type of characteristic is not
recommended. When the TVS fires, the clamping voltage falls to a very low value. If this voltage is less than the
output voltage of the regulator, the output capacitors discharge through the device back to the input. This
uncontrolled current flow can damage the device.

The input voltage must not be allowed to fall below the output voltage. In this scenario, such as a shorted input
test, the output capacitors discharges through the internal parasitic diode found between the VIN and SW pins of
the device. During this condition, the current can become uncontrolled, possibly causing damage to the device. If
this scenario is considered likely, then a Schottky diode between the input supply and the output should be used.
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11 Layout

11.1 Layout Guidelines

The PCB layout of any DC/DC converter is critical to the optimal performance of the design. Bad PCB layout can
disrupt the operation of an otherwise good schematic design. Even if the converter regulates correctly, bad PCB
layout can mean the difference between a robust design and one that cannot be mass produced. Furthermore,
the EMI performance of the regulator is dependent on the PCB layout, to a great extent. In a buck converter, the
most critical PCB feature is the loop formed by the input capacitor or input capacitors, and power ground, as
shown in ¥ 11-1. This loop carries large transient currents that can cause large transient voltages when reacting
with the trace inductance. These unwanted transient voltages will disrupt the proper operation of the converter.
Because of this, the traces in this loop must be wide and short, and the loop area as small as possible to reduce
the parasitic inductance. & 11-2 shows a recommended layout for the critical components of the LMR38020.

* Place the input capacitor or capacitors as close as possible to the VIN and GND terminals. VIN and GND
pins are adjacent, simplifying the input capacitor placement.

* Use wide traces for the Cgpoot capacitor. Place Cgoot close to the device with short/wide traces to the BOOT
and SW pins.

* Place the feedback divider as close as possible to the FB pin of the device. Place Rrgg, RrgT, and Ckgf, if
used, physically close to the device. The connections to FB and GND must be short and close to those pins
on the device. The connection to Vot can be somewhat longer. However, this latter trace must not be routed
near any noise source (such as the SW node) that can capacitively couple into the feedback path of the
regulator.

* Use at least one ground plane in one of the middle layers. This plane acts as a noise shield and also act as a
heat dissipation path.

* Connect the thermal pad to the ground plane. The SOIC package has a thermal pad (PAD) connection that
must be soldered down to the PCB ground plane. This pad acts as a heat-sink connection and an electrical
ground connection for the regulator. The integrity of this solder connection has a direct bearing on the total
effective Ry j5 of the application.

* Provide wide paths for VIN, VOUT, and GND. Making these paths as wide and direct as possible reduces any
voltage drops on the input or output paths of the converter and maximizes efficiency.

* Provide enough PCB area for proper heat sinking. Enough copper area must be used to keep a low R ja,
commensurate with the maximum load current and ambient temperature. Make the top and bottom PCB
layers with two-ounce copper; and no less than one ounce. With the SOIC package, use an array of heat-
sinking vias to connect the thermal pad (PAD) to the ground plane on the bottom PCB layer. If the PCB
design uses multiple copper layers (recommended), thermal vias can also be connected to the inner layer
heat-spreading ground planes.

*  Keep switch area small. Keep the copper area connecting the SW pin to the inductor as short and wide as
possible. At the same time the total area of this node should be minimized to help reduce radiated EMI.

See the following PCB layout resources for additional important guidelines:

* Layout Guidelines for Switching Power Supplies

» Simple Switcher PCB Layout Guidelines

* Construction Your Power Supply- Layout Considerations

* Low Radiated EMI Layout Made Simple with LM4360x and LM4600x
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o VIN

Cn ——

0 GND

& 11-1. Current Loops with Fast Edges

11.1.1 Ground and Thermal Considerations

As mentioned above, Tl recommends using one of the middle layers as a solid ground plane. A ground plane
provides shielding for sensitive circuits and traces. It also provides a quiet reference potential for the control
circuitry. PGND pins are connected directly to the source of the low-side MOSFET switch, and also connected
directly to the grounds of the input and output capacitors. The PGND net contains noise at the switching
frequency and can bounce due to load variations. The PGND trace, as well as the VIN and SW traces, must be
constrained to one side of the ground planes. The other side of the ground plane contains much less noise and
must be used for sensitive routes.

Tl recommends providing adequate device heat sinking by utilizing the thermal pad (PAD) of the device as the
primary thermal path. Use a minimum 4 x 3 array of 10-mil thermal vias to connect the PAD to the system
ground plane heat sink. The vias must be evenly distributed under the PAD. Use as much copper as possible, for
system ground plane, on the top and bottom layers for the best heat dissipation. Use a four-layer board with the
copper thickness for the four layers, starting from the top as: 2 0z /1 0z / 1 0z / 2 oz. A four-layer board with
enough copper thickness, and proper layout, provides low current conduction impedance, proper shielding, and
lower thermal resistance.
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11.2 Layout Example

VIA

Top Trace Bottom Trace Ground Plane VIA Bottom

E 11-2. Example Layout for HSOIC (DDA) Package
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12 Device and Documentation Support
12.1 Device Support

12.1.1 Development Support
12.1.1.1 Custom Design With WEBENCH® Tools

Click here to create a custom design using the LMR38020 device with the WEBENCH® Power Designer.

1. Start by entering the input voltage (Vy), output voltage (Vout), and output current (Ioyt) requirements.
2. Optimize the design for key parameters such as efficiency, footprint, and cost using the optimizer dial.
3. Compare the generated design with other possible solutions from Texas Instruments.

The WEBENCH Power Designer provides a customized schematic along with a list of materials with real-time
pricing and component availability.
In most cases, these actions are available:

* Run electrical simulations to see important waveforms and circuit performance
* Run thermal simulations to understand board thermal performance

* Export customized schematic and layout into popular CAD formats

* Print PDF reports for the design, and share the design with colleagues

Get more information about WEBENCH tools at www.ti.com/WEBENCH.
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12.4 Trademarks
PowerPAD™ and TI E2E™ are trademarks of Texas Instruments.
WEBENCH® is a registered trademark of Texas Instruments.
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12.5 Electrostatic Discharge Caution
This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled

A with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.
‘Si. \ ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may
- be more susceptible to damage because very small parametric changes could cause the device not to meet its published
specifications.
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13 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ®3) (4/5)
(6)
LMR38020FDDAR ACTIVE SO PowerPAD DDA 8 2500 RoHS & Green NIPDAUAG Level-2-260C-1 YEAR  -40 to 150 C3802F Samples
LMR38020FSDDAR ACTIVE SO PowerPAD DDA 8 2500 RoOHS & Green NIPDAUAG Level-2-260C-1 YEAR  -40 to 150 C802FS m
LMR38020SDDAR ACTIVE SO PowerPAD DDA 8 2500 RoHS & Green NIPDAUAG Level-2-260C-1 YEAR  -40 to 150 C3802s
PLMR38020FDDAR ACTIVE SO PowerPAD DDA 8 75 TBD Call Tl Call Tl -40 to 150

@ The marketing status values are defined as follows:
ACTIVE: Product device recommended for new designs.
LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.
OBSOLETE: Tl has discontinued the production of the device.

@ RoHS: Tl defines "ROHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may

reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.
Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based

flame retardants must also meet the <=1000ppm threshold requirement.

@ MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

® There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a

of the previous line and the two combined represent the entire Device Marking for that device.

will appear on a device. If a line is indented then it is a continuation

® | ead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two

lines if the finish value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
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continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
7'} |¢ KO
i |
& go W
Reel — ) l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QrSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
LMR38020FDDAR SO DDA 8 2500 330.0 12.8 6.4 5.2 2.1 8.0 12.0 Q1
Power
PAD
LMR38020FSDDAR SO DDA 8 2500 330.0 12.8 6.4 5.2 2.1 8.0 12.0 Q1
Power
PAD
LMR38020SDDAR SO DDA 8 2500 330.0 12.8 6.4 5.2 2.1 8.0 12.0 Q1
Power
PAD

Pack Materials-Page 1



i3 TEXAS PACKAGE MATERIALS INFORMATION

INSTRUMENTS
www.ti.com 2-Feb-2022
TAPE AND REEL BOX DIMENSIONS
At
4
-
// S
/\g\ /)i\
. 7
‘\ /
. P -
e e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LMR38020FDDAR SO PowerPAD DDA 8 2500 366.0 364.0 50.0
LMR38020FSDDAR SO PowerPAD DDA 8 2500 366.0 364.0 50.0
LMR38020SDDAR SO PowerPAD DDA 8 2500 366.0 364.0 50.0

Pack Materials-Page 2




ERFRNRREH
THERHFRUEEARNTREMERE (@FRER ) . RUTAR (8F3E)1) . MAREMRTEN, RETE, R2EENAEMER ,
gﬁiﬁiﬁﬁiﬁmﬂﬂzﬁ&ﬂ-ﬂﬂﬂ FAHEETWER  SEETRTEHE. ERHEARAEHNERESTRILEMSE =77 FR~ RN ETE
REFRARER T FRBTRITORETRAREH, BFATREUT2HIRME : (1) HNEHEARRESEN TIFR , (2) Rit. B
EHNREHNEA |, (3) BRENNABEEMREUREAR MRS, FERE, UERHEMER,
XERFNARE , BFSTEA, T RUEXAFXLERRATHARREMRN TI ~RONA. mENXEFRETEEEFHNRER.
BEREREMEM TI HIRFRNREFME=ZF MR~ ENEFBRZREXEHFHEATY TI REARERNEARE, BE. K
A, BEMHES , TI HHBRAZE,
TIREN™RZ T HEERRD ticom LEHMEARRT ~REHHEMERARRNAR. T REXEFRATLT BIURMEFNER
THEX TIFRAFHERNERIIBRETFH.
Tl R3S F B4R AT REIR MV R T R AR R

Bt : Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2022 , EM{YEE (TI) A7



X-ON Electronics

Largest Supplier of Electrical and Electronic Components

Click to view similar products for Switching Voltage Regulators category:
Click to view products by Texas Instruments manufacturer:

Other Similar products are found below :

FANS3610AUC33X FANS3611AUCI123X EN6310QA 160215 R3 KE177614 FANS3611AUCI2X MAXB809TTR NCV891234AMWS50R2G
AST1S31PUR NCP81203PMNTXG NCP81208MNTXG PCA9412AUKZ NCP81109GMNTXG NCP3235MNTXG NCP81109IMNTXG
NCP81241IMNTXG NTE7223 NTE7222 NTE7224 L6986FTR MPQ4481GU-AEC1-P MP8756GD-P MPQ2171GJP MPQ2171GJ-AEC1-P
NIW4153U2-A-TE2 MP2171GJ-P MP28160GC-Z XDPE132G5CGO00XUMA1 LM60440AQRPKRQ1 MP5461GC-P IW673-20
NCV896530MWATXG MPQ4409GQBE-AEC1-P S-19903DA-A8T1U7 S-19903CA-A6T8U7 S-19903CA-S8T1U7 S-19902BA-A6T8U7
S-19902CA-A6T8U7 S-19902AA-A6T8U7 S-19903AA-A6T8U7 S19902AA-S8T1U7 S19902BA-A8T1U7 AUB310
LMR23615QDRRRQ1 LMR33630APAQRNXRQ1 LMR33630APCQRNXRQ1 LMR36503R5RPER LMR36503RFRPER
LMR36503RS3QRPERQ1



https://www.xonelec.com/category/semiconductors/integrated-circuits-ics/power-management-ics/voltage-regulators-voltage-controllers/switching-voltage-regulators
https://www.xonelec.com/manufacturer/texasinstruments
https://www.xonelec.com/mpn/onsemiconductor/fan53610auc33x
https://www.xonelec.com/mpn/onsemiconductor/fan53611auc123x
https://www.xonelec.com/mpn/enpirion/en6310qa
https://www.xonelec.com/mpn/teconnectivity/160215
https://www.xonelec.com/mpn/commscope/r3
https://www.xonelec.com/mpn/khatod/ke177614
https://www.xonelec.com/mpn/onsemiconductor/fan53611auc12x
https://www.xonelec.com/mpn/analogdevices/max809ttr
https://www.xonelec.com/mpn/onsemiconductor/ncv891234mw50r2g
https://www.xonelec.com/mpn/stmicroelectronics/ast1s31pur
https://www.xonelec.com/mpn/onsemiconductor/ncp81203pmntxg
https://www.xonelec.com/mpn/onsemiconductor/ncp81208mntxg
https://www.xonelec.com/mpn/nxp/pca9412aukz
https://www.xonelec.com/mpn/onsemiconductor/ncp81109gmntxg
https://www.xonelec.com/mpn/onsemiconductor/ncp3235mntxg
https://www.xonelec.com/mpn/onsemiconductor/ncp81109jmntxg
https://www.xonelec.com/mpn/onsemiconductor/ncp81241mntxg
https://www.xonelec.com/mpn/nte/nte7223
https://www.xonelec.com/mpn/nte/nte7222
https://www.xonelec.com/mpn/nte/nte7224
https://www.xonelec.com/mpn/stmicroelectronics/l6986ftr
https://www.xonelec.com/mpn/monolithicpowersystems/mpq4481guaec1p
https://www.xonelec.com/mpn/monolithicpowersystems/mp8756gdp
https://www.xonelec.com/mpn/monolithicpowersystems/mpq2171gjp
https://www.xonelec.com/mpn/monolithicpowersystems/mpq2171gjaec1p
https://www.xonelec.com/mpn/nisshinbo/njw4153u2ate2
https://www.xonelec.com/mpn/monolithicpowersystems/mp2171gjp
https://www.xonelec.com/mpn/monolithicpowersystems/mp28160gcz
https://www.xonelec.com/mpn/infineon/xdpe132g5cg000xuma1
https://www.xonelec.com/mpn/texasinstruments/lm60440aqrpkrq1
https://www.xonelec.com/mpn/monolithicpowersystems/mp5461gcp
https://www.xonelec.com/mpn/renesas/iw67320
https://www.xonelec.com/mpn/onsemiconductor/ncv896530mwatxg
https://www.xonelec.com/mpn/monolithicpowersystems/mpq4409gqbeaec1p
https://www.xonelec.com/mpn/ablic/s19903daa8t1u7
https://www.xonelec.com/mpn/ablic/s19903caa6t8u7
https://www.xonelec.com/mpn/ablic/s19903cas8t1u7
https://www.xonelec.com/mpn/ablic/s19902baa6t8u7
https://www.xonelec.com/mpn/ablic/s19902caa6t8u7
https://www.xonelec.com/mpn/ablic/s19902aaa6t8u7
https://www.xonelec.com/mpn/ablic/s19903aaa6t8u7
https://www.xonelec.com/mpn/ablic/s19902aas8t1u7
https://www.xonelec.com/mpn/ablic/s19902baa8t1u7
https://www.xonelec.com/mpn/aurasemiconductor/au8310
https://www.xonelec.com/mpn/texasinstruments/lmr23615qdrrrq1
https://www.xonelec.com/mpn/texasinstruments/lmr33630apaqrnxrq1
https://www.xonelec.com/mpn/texasinstruments/lmr33630apcqrnxrq1
https://www.xonelec.com/mpn/texasinstruments/lmr36503r5rper
https://www.xonelec.com/mpn/texasinstruments/lmr36503rfrper
https://www.xonelec.com/mpn/texasinstruments/lmr36503rs3qrperq1

