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Device Comparison Table

DEVICE OPTION PACKAGE FREQUENCY RATED CURRENT OUTPUT VOLTAGE
LMR33630AQRNX 400 kHz 3A

RNX (12-pin VQFN) .
LMR33630BQRNX 3% 2 % 0.85 mm 1400 kHz 3A Adjustable
LMR33630CQRNX 2100 kHz 3A
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5 Pin Configuration and Functions
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5-1. 12-Pin VQFN RNX Package (Top View)

# 5-1. Pin Functions

PIN
TYPE DESCRIPTION
NO. NAME
11 PGND G Power ground terminal. Connect to system ground and AGND. Connect to a bypass capacitor with short wide
’ traces.
2,10 VIN P Input supply to regulator. Connect a high-quality bypass capacitor(s) directly to this pin and PGND.

On the VQFN package, connect the SW pin to NC on the PCB. This simplifies the connection from the Cgpoot

3 NC | capacitor to the SW pin. This pin has no internal connection to the regulator.

Boot-strap supply voltage for internal high-side driver. Connect a high-quality 100-nF capacitor from this pin to
4 BOOT P the SW pin. On the VQFN package connect the SW pin to NC on the PCB. This simplifies the connection from
the Cgoot capacitor to the SW pin.

Internal 5-V LDO output. Used as supply to internal control circuits. Do not connect to external loads. Can be

5 vee P used as logic supply for power-good flag. Connect a high quality 1-yF capacitor from this pin to GND.
Analog ground for regulator and system. Ground reference for internal references and logic. All electrical

6 AGND G . N
parameters are measured with respect to this pin. Connect to system ground on PCB.
Feedback input to regulator. Connect to tap point of feedback voltage divider. DO NOT FLOAT. DO NOT

7 FB A
GROUND.

8 PG A Open drain power-good flag output. Connect to suitable voltage supply through a current limiting resistor. High
= power OK, low = power bad. Flag pulls low when EN = Low. Can be left open when not used.

9 EN A Enable input to regulator. High = ON, low = OFF. Can be connected directly to VIN; DO NOT FLOAT.

12 SW p Regulator switch node. Connect to power inductor. On the VQFN package the SW pin must be connected to

NC on the PCB. This simplifies the connection from the Cgoo1 capacitor to the SW pin.

A = Analog, P = Power, G = Ground
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6 Specifications
6.1 Absolute Maximum Ratings

Over the recommended operating junction temperature range(!)

PARAMETER MIN MAX UNIT

VIN to PGND -0.3 38

EN to AGND® -0.3 ViN+0.3

FB to AGND -0.3 55 \Y

PG to AGND®@ 0 22
Voltages AGND to PGND -0.3 0.3

SW to PGND -0.3 ViN+0.3

SW to PGND less than 100-ns transients -3.5 38 v

BOOT to SW -0.3 55

VCC to AGND®) -0.3 55
T, Junction temperature(®) —40 150 °C
Tstg Storage temperature -55 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under
Recommended Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device
reliability.

(2) The voltage on this pin must not exceed the voltage on the VIN pin by more than 0.3 V

(3) Operating at junction temperatures greater than 125°C, although possible, degrades the lifetime of the device.

(4) Under some operating conditions the VCC LDO voltage may increase beyond 5.5V.

6.2 ESD Ratings

VALUE UNIT

Human-body model (HBM), per AEC Q100-002 (")

HBM ESD Classification Level 2 +2500
V(esD) Electrostatic discharge v
Charged-device model (CDM), per AEC Q100-011 +750

CDM ESD Classification Level C5

(1) AEC Q100-002 indicates that HBM stressing shall be in accordance with ANSI/ESDA/JEDEC JS-001 specification.

6.3 Recommended Operating Conditions

Over the recommended operating temperature range of —40 °C to 125 °C (unless otherwise noted) (1)

MIN MAX UNIT
VIN to PGND 3.8 36
Input voltage EN (@ 0 Vin \Y%
PG®@ 0 18
Adjustable output voltage Vout @ 1 24 \%
Output current lout 0 3 A

(1) Recommended operating conditions indicate conditions for which the device is intended to be functional, but do not ensure specific
performance limits. For ensured specifications, see =227 6.5.

(2) The voltage on this pin must not exceed the voltage on the VIN pin by more than 0.3 V.

(3) The maximum output voltage can be extended to 95% of V; contact Tl for details. Under no conditions should the output voltage be
allowed to fall below zero volts.
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6.4 Thermal Information

The value of Rgyp given in this table is only valid for comparison with other packages and can not be used for design
purposes. These values were calculated in accordance with JESD 51-7, and simulated on a 4-layer JEDEC board. They do
not represent the performance obtained in an actual application. For design information see Maximum Ambient Temperature
section.

LMR336x0
THERMAL METRIC() (@) RNX (VQFN) UNIT
12 PINS
RoJa Junction-to-ambient thermal resistance 72.5@) °C/W
Reuc(top) Junction-to-case (top) thermal resistance 35.9 °C/W
Rays Junction-to-board thermal resistance 23.3 °C/W
(N Junction-to-top characterization parameter 0.8 °C/W
Wis Junction-to-board characterization parameter 235 °C/W
ReJcibot) Junction-to-case (bottom) thermal resistance N/A °C/W

(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.

(2) The value of Rgya given in this table is only valid for comparison with other packages and can not be used for design purposes. These
values were calculated in accordance with JESD 51-7, and simulated on a 4-layer JEDEC board. They do not represent the
performance obtained in an actual application. For design information see Maximum Ambient Temperature section.

6.5 Electrical Characteristics

Limits apply over the operating junction temperature (T;) range of —40°C to +125°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:

VIN =12 V, VEN =4V.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
SUPPLY VOLTAGE
Vin Minimum operating input 38 v
voltage
Non-switching input current; _
la measured at VIN pin Vrs=12V 24 34 WA
Shutdown quiescent current; _
Isp measured at VIN pin EN=0 5 10 WA
ENABLE
EN input level required to turn -
VEN-VCC-H on internal LDO Rising threshold 1 \%
EN input level required to turn .
VENVCe-L off internal LDO Falling threshold 0.3 \%
Vens EN input level required to start | . . threshold 1.2 1.231 126 v
switching
VEN-HYS Hysteresis below Vgny Hysteresis below Vgp.p; falling 100 mV
ILkG-EN Enable input leakage current |Vgy =3.3V 0.2 nA
INTERNAL SUPPLIES
Internal LDO output voltage
VCC appearing at the VCC pin 6VsVy<36V 4.75 5 5.25 \%
Bootstrap voltage
VBooT-UVLO undervoltage lock-out 2.2 \%
threshold(®)
VOLTAGE REFERENCE (FB PIN)
Ve Feedback voltage; ADJ option 0.985 1 1.015 \%
s Current into FB pin; ADJ FB=1V 02 50 nA
option
CURRENT LIMITS®)
Isc High-side current limit LMR33630 3.85 45 5.05 A
lumir Low-side current limit LMR33630 2.9 3.5 4.1 A
IPEAK-MIN Minimum peak inductor current | LMR33630 0.69 A
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Limits apply over the operating junction temperature (T,) range of —40°C to +125°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:

VlN =12 V, VEN =4V.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Zero current detector
lzc threshold -0.106 A
SOFT START
tss Internal soft-start time 29 4 6 ms
POWER GOOD (PG PIN)
VpG.HIGH.UP fi’;’i‘;“gr'go"d upper threshold - | o, ¢ Fg \oitage 105% 107% 110%
VpG.HIGH.DN ;‘ﬁ‘i“r’]‘;r'go‘)d upper threshold - | o/ ¢ £ \oltage 103% 105% 108%
VpG-LOW-UP fi’;‘gger'gmd lower threshold - | o/ ¢ B voltage 92% 94% 97%
VoG.LOWDN fam?'g“d lower threshold - | o/ ¢ £ \oltage 90% 92% 95%
Power-good glitch filter
trg delay® 60 170 us
N o iR ViN=12V, Vegy =4V 76 150 o
ower-good flag
Fe DSON Ven=0V 35 60
Minimum input voltage for _
Vin-pe proper PG function 50-pA. EN=0V 2 v
Vps PG logic low output 50-uA,EN=0V, V|y=2V 0.2 \
OSCILLATOR
fsw Switching frequency "A" Version 340 400 460 kHz
fsw Switching frequency "B" Version 1.2 1.4 1.6 MHz
fsw Switching frequency "C" Version, RNX package 1.8 2.1 2.3 MHz
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Limits apply over the operating junction temperature (T,) range of —40°C to +125°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:

VlN =12 V, VEN =4V.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
MOSFETS
High-side MOSFET ON-
Rps-oN-Hs resistance RNX package 75 145 mQ
Low-side MOSFET ON-
Rps-on-Ls resistance RNX package 50 95 mQ

(1) See Power-Good Flag Output for details.

(2) This is the current used by the device open loop. It does not represent the total input current of the system when in regulation.

(3)  When the voltage across the CgooT capacitor falls below this voltage, the low side MOSFET is turned on to recharge Cgoot-

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

6.6 Timing Characteristics

Limits apply over the operating junction temperature (T,) range of —40°C to +125°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
=12V, Vgn=4 V.

MIN NOM MAX UNIT
toN-MIN Minimum switch on-time RNX package 68 80 ns
toFF-MIN Minimum switch off-time RNX package 52 70 ns
toN-MAX Maximum switch on-time 7 9 us
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6.7 System Characteristics

The following specifications apply to a typical applications 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 125°C. These specifications are not ensured by
production testing.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
Vin Operating input voltage range Voutr =33V, lout=0A 3.8 36 \%
Vour=5V,VN=7V1036V,loyr=0Ato —1.5% 2.5%
Output voltage regulation for Voyt = 5 max. load
v Vour=5V, V=7Vt =
ouT =5V, VN = 036V, loyr=1Ato 1 E0 o
v max. load 1.5% 1.5%
out Vour=33V,Vin=38V1036V, loyr=0A 1 5% 0 5%
=1 (] . (]
Output voltage regulation for Vour = 3.3 |to max. load
(1)
Vv VOUT=3-3 vV, V|N=3.8Vt0 36V, IOUT= 1A —1.5% 1.5%
to max. load
lsupPLY Input supply current when in regulation \R/,':‘B:=121 \,(/’I(\I/OUT =3.3V.lour=0A, 25 pA
Vout =5V, lour = 1A
Vbrop Dropout voltage; (Vin — Vour) Dropout at —1% of regulation, 150 mV
fsw =140 kHz
Dmax Maximum switch duty cycle(@ Vin=Vour =12V, lout=1A 98%
v FB pin voltage required to trip short-circuit 0.4 v
HC hiccup mode :
tue Time between current-limit hiccup burst 94 ms
to Switch voltage dead time 2 ns
Shutdown temperature 165 °C
Tsp Thermal shutdown temperature
Recovery temperature 148 °C

(1)  Deviation is with respect to V| =12V, loyt =1 A.
(2) Indropout the switching frequency drops to increase the effective duty cycle. The lowest frequency is clamped at approximately: fyyn =

17 (ton-max * torr-min)- Dmax = ton-max /(ton-max + torr-min)-
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6.8 Typical Characteristics

Unless otherwise specified the following conditions apply: Tp =25°C and V|y =12V

36 12
11 o
34 0
g3 <9
= Z 8
g 30 = 5
3 28 — é ;
% 26 L— — S 5
Q o
3 S 4
5 24 — ——-40C 23 —— 40C
20 — ——25C 2 25C
125C 1 125C
20 0
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
Input Voltage (V) Input Voltage (V)
Veg =12V EN=0V
B 6-1. Non-Switching Input Supply Current 6-2. Shutdown Supply Current
1000 1.35
< 1.30
£
< 900 s
5] o 1.25
S 800 S 120
= kel
> o
S 700 N 115 —
3 c 7 —
-(% ——-40C g 1.10
5 600 ——25C Y os —— P
(%]
125C ——DN
500 1.00
0 5 10 15 20 25 30 35 40 40 —20 0 20 40 60 80 100 120 140
Input Voltage (V) Temperature (C)
Vour = ov fs =400 kHz See 8-29
6-3. Short-Circuit Output Current B 6-4. Precision Enable Thresholds
1,200
_ 1,100
g :(E, 1,000
3 & 900 —
S 3 =1 T
1] 5 800
o] 3 ~
E g 700
g § 600 —-40C
5 “ 500 —=C
o 125C
B 400
8 5 10 15 20 25 30 35 40
0 L { Input Voltage (V)
INPUT VOLTAGE (1V/Div) lour=0A Vour=5V See [X] 8-29
fsw =400 kHz
loutr =1 mMA See [ 8-29
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7 Detailed Description
7.1 Overview

The LMR33630-Q1 is a synchronous peak-current-mode buck regulator designed for a wide variety of
applications. Advanced high speed circuitry allows the device to regulate from an input voltage of 20 V, while
providing an output voltage of 3.3 V at a switching frequency of 2.1 MHz. The innovative architecture allows the
device to regulate a 3.3-V output from an input of only 3.8 V. The regulator automatically switches modes
between PFM and PWM depending on load. At heavy loads, the device operates in PWM at a constant
switching frequency. At light loads, the mode changes to PFM with diode emulation allowing DCM. This reduces
the input supply current and keeps efficiency high. The device features internal loop compensation which
reduces design time and requires fewer external components than externally compensated regulators.

The LMR33630-Q1 is available in an ultra-miniature VQFN package with wettable flanks. This package features
extremely small parasitic inductance and resistance, enabling very high efficiency while minimizing switch node
ringing and dramatically reducing EMI. The VIN/PGND pin layout is symmetrical on either side of the VQFN
package. This allows the input current magnetic fields to partially cancel, resulting in reduce EMI generation.

7.2 Functional Block Diagram

VCC VIN
1 1
T 1T
[
OSCILLATOR VS A {1 BOOT
] ENABLE HS CURRENT
EN [ LOGIC MA SENSE
< d i O
1.0V
Reference —
ERROR PWM |>
AMPLIFIER .
Ccﬁggﬁ{gl‘ ——1 DRIVER —I :| SW
+

—| _ |—

FB[] L
| 0

LS CURRENT
PFM MODE
PG I: CONTROL SENSE
POWER GOOD
CONTROL
) !
LT LT
AGND PGND
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7.3 Feature Description
7.3.1 Power-Good Flag Output

The power-good flag function (PG output pin) of the LMR33630-Q1 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. The timing
parameters of the glitch filter are found in =22z~ 6.5. Output voltage excursions lasting less than tpg do not
trip the power-good flag. Power-good operation can best be understood by reference to [X| 7-1 and [X] 7-2. Note
that during initial power up, a delay of about 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 Vgyr, through a 100-kQ 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 = 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 about 35 mA when the device
is enabled and about 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.

VOUT A

Vea-HigH_up (107%)
Vea-HigH-DN (105%)——

Vpg.Low-up (95%)

Vpa-Low-DN (93%)

A 4

PG

High = Power Good

Low = Fault

v

7-1. Static Power-Good Operation
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Glitches do not cause false operation nor reset timer

Vour /R
A

Vea-Low-Up (95%)—
Vpg.Low-on (93%)

\4

v

|
|
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|
|
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|
I
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
_’I <_tPG —PI <—th > e tPG
7-2. Power-Good-Timing Behavior

7.3.2 Enable and Start-up

Start-up and shutdown are controlled by the EN input. This input features precision thresholds, allowing the use
of an external voltage divider to provide an adjustable input UVLO (see =32 8.2.2.10). Applying a voltage of
= Ven.vee H causes the device to enter standby mode, powering the internal VCC, but not producing an output
voltage. Increasing the EN voltage to Vgy.y fully enables the device, allowing it to enter start-up mode and start
the soft-start period. When the EN input is brought below Vgn.y by Ven.HYs, the regulator stops running and
enters standby mode. Further decrease in the EN voltage to below Vgnycc. completely shuts down the device.
This behavior is shown in 7-3. The EN input can be connected directly to VIN if this feature is not needed.
This input must not be allowed to float. The values for the various EN thresholds can be found in =222 6.5.

The LMR33630-Q1 uses a reference-based soft start that prevents output voltage overshoots and large inrush
currents as the regulator is starting up. A typical start-up waveform is shown in [X| 7-4, indicating typical timings.
The rise time of the output voltage is about 4 ms (see the &> 6.5).
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5V ——
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7-3. Precision Enable Behavior

EN, 3V/Div

.....
o
i

- VOUT, 2V/Div

PG, 5V/Div

pi: ]
- Inductor Current, 3A/Div 2ms/Div ]

I I L i i i I

B 7-4. Typical Start-up Behavior Viy =12V, Vour =5V, loyr=3 A

7.3.3 Current Limit and Short Circuit

The LMR33630-Q1 incorporates both peak and valley inductor current limit to provide protection to the device
from overloads and short circuits and limit the maximum output current. Valley current limit prevents inductor
current runaway during short circuits on the output, while both peak and valley limits work together to limit the
maximum output current of the converter. Cycle-by-cycle current limit is used for overloads, while hiccup mode is
used for sustained short circuits. Finally, a zero current detector is used on the low-side power MOSFET to
implement DEM at light loads (see the Glossary). The typical value of this current limit is found under Iz¢c in &~

>7.6.5.

When the device is overloaded, the valley of the inductor current may not reach below | 1 (see ©2>7.26.5)
before the next clock cycle. When this occurs, the valley current limit control skips that cycle, causing the
switching frequency to drop. Further overload causes the switching frequency to continue to drop, and the
inductor ripple current to increase. When the peak of the inductor current reaches the high-side current limit, Isc

14 Submit Document Feedback Copyright © 2022 Texas Instruments Incorporated

Product Folder Links: LMR33630-Q1


https://www.ti.com/product/ja-jp/lmr33630-q1?qgpn=lmr33630-q1
https://www.tij.co.jp/jp/lit/pdf/JAJSFN3
https://www.tij.co.jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSFN3C&partnum=LMR33630-Q1
https://www.ti.com/product/ja-jp/lmr33630-q1?qgpn=lmr33630-q1

13 TEXAS
INSTRUMENTS LMR33630-Q1

www.tij.co.jp JAJSFN3C — JUNE 2018 — REVISED OCTOBER 2020

(see Er:>z2 6.5), the switch duty cycle is reduced and the output voltage falls out of regulation. This
represents the maximum output current from the converter and is given approximately by = 1.

lour| _lumir +lsc
Oou max 2 (1)

If, during current limit, the voltage on the FB input falls below about 0.4 V due to a short circuit, the device enters
into hiccup mode. In this mode, the device stops switching for tyc (see ©=~>7.-6.7), or about 94 ms and then
goes through a normal re-start with soft start. If the short-circuit condition remains, the device runs in current limit
for about 20 ms (typical) and then shuts down again. This cycle repeats, as shown in [X| 7-5 as long as the short-
circuit-condition persists. This mode of operation helps reduce the temperature rise of the device during a hard
short on the output. The output current is greatly reduced during hiccup mode. Once the output short is removed
and the hiccup delay is passed, the output voltage recovers normally as shown in [X| 7-6.

Output
Voltage
2V/div

CInductor

- Curent

9 L 2n/

- Inductor

©  Curent
1A/

, . — | | TR
I i i 50ms/div [ ; i ; 50ms/div

7-5. Inductor Current Burst in Short-Circuit 7-6. Short-Circuit Transient and Recovery
Mode

7.3.4 Undervoltage Lockout and Thermal Shutdown

The LMR33630-Q1 incorporates an undervoltage-lockout feature on the output of the internal LDO (at the VCC
pin). When VCC reaches about 3.7 V, the device is ready to receive an EN signal and start up. When VCC falls
below about 3 V, the device shuts down, regardless of EN status. Because the LDO is in dropout during these
transitions, the above values roughly represent