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TMI6411-XXDA-Q1

200mA 36V Input Ultra Low Supply Current LDO
Regulators

FEATURES

AEC-Q100 result certification in progress
Temperature grade 1: -40°C to +125°C,Ta
3.5V to 36V Operating Supply Voltage
Typical Dropout Voltage:820mV@
Vout=3.3V/5V, loyt=200mA

Stable with 1uF Ceramic Output Capacitor

Low Quiescent Current: 2.5uA typical

Low Shutdown Current: <1pA

Output Accuracy: £0.6%

Fixed Output Voltage: 3.3V, 5V

Output Short-circuit Protection Circuit
Over-current Protection Circuit

Thermal Shutdown

Output Auto-Discharge in Shutdown

RoHS Compliant and 100% Lead (Fb)-Free
Halogen-Free

APPLICATIONS

® Car Audios

® Car Navigation Systems

® ETC Systems

@ Battery Charge Control Unit

TYPICAL APPILCATION

GENERAL DESCRIPTION

The TMI6411-XXDA-Q1 is an ultra-low supply
current voltage regulator featuring 200mA output
current and 36V input voltage. The operating
temperature range is between -40°C to 125°C,
and the maximum input voltage is 36V.This device
consists of an Output Short-circuit Protection
Circuit, an Over-current Protection Circuit, and a
Thermal Shutdown Circuit in addition to the basic
regulator circuits.

The TMI6411-XXDA-Q1 is designed to work with
low-ESR ceramic capacitors, reducing the amount
of the PCB area necessary for power applications.
Only a 1uF ceramic output capacitor can make the
device stable over the whole load range current
OmA to 200mA.

TMI6411-XXDA-Q1 is an internal fixed output
voltage, which can provide a LDO regulator with an
output voltage of 3.3V, 5V, and its output voltage
accuracy can reach £0.6%. TMI6411-XXDA-Q1 is
packaged in DFN 3*3-8 packages.
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ABSOLUTE MAXIMUM RATINGS (note 1)

Parameter Min Max Unit
Vin and Ven Voltage -0.3 45 \
Vourt Voltage -0.3 14 \Y
Storage Temperature Range -65 150 °C
Junction Temperature (ote2) - 155 °C
Power Dissipation - 3.2 W
Lead Temperature (Soldering,10s) - 260 °C

PACKAGE

viN | 1

EN

i 8 |vour

rrrrrrrrrrrrrr 3 GND

NC | 3. Exposed Pad
enp|

DFN 3x3-8

ORDER INFORMATION

Part Number Package Top Mark Quantity/ Reel
T6411EQ
TMI6411-33DA-Q1 DFN 3x3-8 5000
TBXXXXX
T6411HQ
TMI6411-50DA-Q1 DFN 3x3-8 5000
TBXXXXX

TMI6411-XXDA-Q1 devices are Pb-free and RoHS compliant.
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PIN DESCRIPTION

Pin Name Function
1 VOUT Output of the LDO.
2 GND Ground pin.
Enable Pin. Connect this pin to ground or less than 0.4V to disable the
3 EN device, connect EN to 1.8V or above to enable the device.
This pin should not be floated.
GND Ground pin.
5 VIN Input Supply of the LDO.
ESD RATING
ltems Description Value Unit
VESD_HBM Human Body Model for all pins +2000 Vv
VESD_cpm Charge Device Model for all pins +1000 Vv
JEDEC specification JS-001
RECOMMENDED OPERATING CONDITIONS
Items Description Min Max Unit
ViN Voltage Range 3.5 36 \%
T, Operating Junction Temperature Range -40 125 °C
THERMAL RESISITANCE (note 3)
Items Description Value Unit
Bsa Junction-to-ambient thermal resistance 43 °C/W
Bic Junction-to-case thermal resistance 11 °C/W
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ELECTRICAL CHARACTERISTICS

ViNn=Vout+3V, =40°C < Ta £ 125°C, unless otherwise noted.

Symbol Parameter Conditions Min | Typ | Max [Units
ViN Input Voltage Range (ote 4) 3.5 36 \%
lo Quiescent Current Ven=2V, No load 25| 85 | pA
UVLO Input Under Voltage Lock Off Vi rising 3.2 | 35 \%
UVLO Hysteresis 300 mV
Iso  |Shutdown Current Vin=12V, Ven=0V 1 MA
Ven 1 [Enable Input High Voltage 1.8 \%
Ven L |Enable Input Low Voltage 0.4 \%
len EN Input Current Ven=5V -0.1 1 A
Vout+3VsVinE36V Ta=25°C -0.6 0.6
Vour |Output Voltage Accuracy %
lout=1mA -40°C<Ta<125°C | -1.6 1.6
Vine  |Output Line Regulation Vour+3VsVinS36V, lout=1mA -0.04|0.01 | 0.02 | %/V
. Voutr=3.3V, TmA<lours200mA -45 10 mvV
Vipr  |Output Load Regulation
Vout=5V, 1mA<lout<200mA -65 10 mV
Vprop |Dropout Voltage (note 5) lout=200mA 820 mV
PSRR Power Supply Ripple Vout=3.3V, lout=10mA, f=1kHz 68 dB
Rejection Vour=5V, lout=10mA, f=1kHz 64 dB
) Bw=10Hz to 90kHz  Vout=3.3V 68 MVRMs
Vnoise |Output Noise Voltage
lour=10mA Vour=5V 80 MVRrMs
loutmax [Maximum Output Current Vin = Vout +Vbrop 200 mA
Resistance of
Robis . 600 Q
Auto-Discharge
lumr  |Output Current Limit Vout = 90% Vnor 220 | 400 mA
ViN=12V, Ven=1.8V
IsvorT |Short Current 90 mA
Vout Short to GND
Thermal Shutdown
Tso 160 °C
Temperature (ote 6)
Thermal Shutdown
TspHys : 20 °C
Hysteresis (note 6)

Note 1: Absolute Maximum Ratings are those values beyond which the life of a device may be

impaired.
Note 2: T, is calculated from the ambient temperature T and power dissipation Pp according to the
following formula: Ty = Ta + Pp X 83a.
Note 3: Measured on JESD51-7, 4-layer PCB.
Note 4: The load condition and dropout voltage should be considered in low input voltage application
to ensure input voltage have enough headroom for expected load current.

Note 5: The dropout voltage is defined as Vin-Vour, when Vour is 98% of the normal value of Vour.

Note 6: Guaranteed by design.
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Operation Description

Overview

The TMI6411-XXDA-Q1 is an ultra-low supply current voltage regulator featuring 200mA output
current and 36V input voltage. TMI16411-XXDA-Q1 provide fixed output voltage with 3.3V, 5V. The
operating temperature range is between —40°C to 125°C, and the maximum input voltage is 36V. It
is designed to work with low-ESR ceramic capacitor, reducing the amount of the PCB area. Only a
1uF ceramic output capacitor can make the device stable over the whole load range.

As shown in the function block diagram, the TMI6411-XXDA-Q1 is composed of the band gap
reference voltage, the error amplifier, P-channel MOSFET pass transistor, internal resistor divider
and some additional protection circuits. The reference voltage, connected to the cathode terminal
of the error amplifier, compares with the feedback voltage to regulate the output voltage to make it
constant over the whole load current range. If the feedback voltage is lower than the reference
voltage, the pass transistor gate is pulled lower to increase its conductivity. This allows more current
to flow to the output and increase the output voltage. If the feedback voltage is higher than the
reference voltage, the pass transistor gate is pulled higher to decrease its conductivity. This allows
less current to flow to the output and decrease the output voltage. The feedback point is the output
of the internal resistor divider connected to the Vour pin.

Enable/Shutdown

The TMI6411-XXDA-QL1 is disabled when the EN pin is connected to ground or the voltage less
than 0.4V. Connect EN pin to 1.8V or higher voltage to enable the device. This EN pin cannot be
floated.

Output Auto Discharge

When the regulator is disabled, an internal 600Q) resister is connected between Vour and GND to
discharge output capacitor Cour.

Current Limit

The TMI6411-XXDA-Q1 contains an independent current limiter, which monitors and controls the
pass transistor's gate voltage, limiting the output current to 0.4A (typ). The current limiting level is
reduced to around 0.09A named fold-back current limit when the output voltage is further decreased.
The output can be shorted to ground indefinitely without damaging the part.

Thermal Shutdown

The TMI6411-XXDA-Q1 monitors internal temperature. When the junction temperature exceeds
160°C, the over temperature protection (OTP) circuit turn off the pass transistor until the device is
cooled down by 20°C. Then the pass transistor resumes. For continue operation, do not exceed
absolute maximum junction temperature.
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FUNCTIONAL BLOCK DIAGRAM
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Figure 2. TMI6411-XXDA-Q1 Block Diagram
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TYPICAL CHARACTERISTICS

Output Voltage Vs. Temperature Output Voltage Vs. Temperature
V|N=6.3V, VOUT=3.3V, louT=1MmA V|N=6.3V, VOUT=3.3V, lout=50mA
3.32 3.34
S 3.31 s 3.32
o 3.30 < 3.30
(o)) (]
8 329 /\ 2 3.28
o =
; 3.28 g 3.26
g 327 s 3.24
3 326 %‘ 3.22
3.25 O 320
-40 -25 -10 5 20 35 50 65 80 95 110125 -40 -25 -10 5 20 35 50 65 80 95 110125
Temperature (°C) Temperature (°C)
Output Voltage Vs. Temperature Output Voltage Vs. Temperature
V|N:8V, VOUT:5V, lout=1mA V|N:8V, VOUT:5V, lout=50mA
5.10 5.10
S S
o 5.05 o 5.05
()] [@)]
3 8
© 5.00 o 5.00
> /’\ > /\
5 5
2 495 2 495
> >
(@) O
4.90 4.90
-40 -25 -10 5 20 35 50 65 80 95 110125 -40 -25 -10 5 20 35 50 65 80 95 110125
Temperature (°C) Temperature (°C)
Output Voltage Vs. Output Current Output Voltage Vs. Output Current
V|N:6.3V, VOUT:3.3V V|N:8V, VOUTZSV
4.0 6.0
E < 5.0
o 30 b
g % 4.0
% 2.0 g 3.0
>~ E ’
‘:;: < 20
E; Lo £ 10
o
0.0 0.0
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
Output Current (A) Output Current (A)
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Typical Performance Characteristics (continued)

Output Voltage Vs. Input Voltage Output Voltage Vs. Input Voltage
VoUT=3.3V, lout=1mA VOUT=5V, louT=1mA
3.33 5.03
% 3.32 S 502
g 3.31 % 5.01
<>3 3.30 § 5.00
5 3.29 - 4.99
=y 2
8 3.28 g 4.98
3.27 4.97
5 10 15 20 25 30 35 40 8 12 16 20 24 28 32 36 40
Intput Voltage (V) Intput Voltage (V)
Load Transient Load Transient

Vin=6.3V, Vour=3.3V, lour=1mA to 200mA Vin=6.3V, Vour=3.3V, lour=100mA to 200mA

Vour=300mV/div. AC Cogpled

Vour=300mV/div AC Coupled !

P [ our=100mA/div

Time: 4ms/div

Time: 4ms/div

|OUT:lOOmA/diV

Load Transient Load Transient
V|N:8V, VOUT:5V, loutT=1mA to 200mA V|N:8V, VOUT:5V, lout=100mMA to 200mA
Vour=300mvidiv AC Coupled | o | Vour=300mV/div AC Coupled |-

A S .

- r

¥ H i

o — — Tour=100MmA/div - o
lour=100mAdiv ] Time: 4ms/div ot ] Time: 4ms/div

=
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Typical Performance Characteristics (continued)

Input Power On Input Power Down
V|N=6.3V, VOUT=3.3V, |oUT=0mA V|N=6.3V, VOUT=3.3V, |0UT=0mA

.—/ . o ] D Vin=5V/div Lo
V|N:5V/div: : ] : |
/ Q. VOUTZZV/diV 4

Vour=2V/div

'OUT:loomNdiV T Time: 800us/div lour=100mA/div T Time: 10ms/div
Input Power On Input Power Down
V|N=6.3V, VOUT=3.3V, |0UT=200mA V|N=6.3V, VOUT=3.3V, |0UT=200mA
f : Vin=6.3V/div \
Vin=5V/div : : ] : ]
. 1 VOUT=2V/diV 1
® E Bl oV ] - _
_ _Vou'r:z_\//di_v
e D | B Jour=200MAY . e —
IOUT:ZOOmA/div : ] Time: 800us/div : ] Time: 10ms/div
Input Power On Input Power Down
Vin=8V, Vour=5V, lour=0mA Vin=8V,Vour=5V, lour=0mA
: Vin=5V/div o
V|N=5V/diV' 1
. L : r
o Vour=5V/div o
VQUTZSV/diV
. 4 1 + = 1 4
o s o —
|QUT:200mA/diV : 1 |OUT:200mA/diV : 1
. . : B . :
: : ] Time: -800us/div : ] Time: 10ms/div
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Typical Performance Characteristics (continued)

Input Power On
VIN=8V,VOUT=5V, IOUT=200mA

Input Power Down
VIN=8V,VOUT=5V, IOUT=200mA

V|N:5V/diV:

I 'V|N:5V/div

VOUTZSV/diV

VOUTZSV/di_V

|OUT:200mA/diV

Time: 800us/div

| l+

|OUT:200mA/diV

Time: - 10ms/div

EN Enable Power On
Vin=6.3V, Ven=5V, Vour=3.3V, lout=0mA

EN Enable Power Down
Vin=6.3V, Ven=5V, Vour=3.3V, lout=0mA

—EV/div: Vin=5V/div
V= IN
[ INT 5V[dIV_ R L ] B R
Vour=2V/div / : § Vour=2Vidiy \ 4
2/ : 2/
|OUT:lOOmA/diV IOUT:].OOmA/diV
T Time: 800us/div T Time: 800us/div

EN Enable Power On
V|N:6.3V, VEN:5V, VOUT:3.3V, |0UT:200mA

EN Enable Power Down
V|N:6.3V, VEN:5V, VOUT:3.3V, |0UT:200mA

V|N=5V/diV:
D

V|N=5V/diV

Vour= 2vid |V

lour=200mA/div Time: 800us/div

VOUTZZVIdiV

|QUT:200mA/diV

Time: 800us/div
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Typical Performance Characteristics (continued)

EN Enable Power On

EN Enable Power Down

V|N=8V, VEN =5V, |0UT=0mA

V|N=8V, VEN =5V, |oUT=0mA

| Vin=5V/div

-V|N:5V/div

|OUT:200mA:/diV

Vorssvidy

Time: 800us/div

|OUT:200mA/diV

m\/om:g)v/div . o ]

Time: -800us/div

EN Enable Power On
V|N=8V, VEN =5V, |0UT=200mA

EN Enable Power Down

V|N=8V, VEN =5V, |0UT=200mA

Vin=5V/div : Vin=5V/div
B 4 4

lour=200mA/div

Time: 800us/div

|OUT:200mA/diV .

Time: -800us/div

www.toll-semi.com

TMI6411-XXDA-Q1 V0.1 2023.07

11



TMI6411-XXDA-Q1

IR B T

TOLL Microelectronic

Typical Performance Characteristics (continued)

V|N:6.3V, VOUT:3.3V
lout=50mA, 58.12dB@1kHz

PSRR (dB)

Droput Voltage (mV)

Dropout Voltage Vs. Output Current
Vour=3.3V

1
1
1
1
1
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A=-40°

TA=-20°C . 1600
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o
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o
200
0
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Dropout Voltage Vs. Output Current
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Application Information

Input capacitor

A 1uF or higher capacitance value ceramic capacitor is required between the Vv pin and the GND
pin. Place it as close as possible to the device. There are no requirements for the ESR on the input
capacitor, but the tolerance and temperature coefficient must be considered. The ceramic capacitor
with 1uF or larger rating capacitance, X5R or X7R type dielectrics and 0603 or larger size is
recommended as input capacitor.

Output capacitor

An output capacitor (Cour) is needed to improve transient response and maintain stability. The
TMI6411-XXDA-QL1 is stable with very small ceramic output capacitors. A 1uF to 10pF capacitor is
suitable for the most TMI6411-XXDA-Q1 applications. For typical application, the ceramic capacitor
with 1uF or larger rating capacitance, X5R or X7R type dielectrics and 0603 or larger size is
recommended as output capacitor.

Layout Consideration

PCB layout is very important to achieve good regulation, ripple rejection, transient response and
thermal performance. It is highly recommended to duplicate PCB layout for optimum performance.
If change is necessary, please follow these guidelines and take PCB for reference.

1) Input and output bypass ceramic capacitors are suggested to be put close to the Viy pin and Vour
pin respectively.

2) Connect Vn pin, Vour pin and especially GND respectively to a large copper area to cool the chip
to improve thermal performance and long-term reliability.
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PACKAGE INFORMATION

DFN3x3-8

PIN1

; Laser Mark

Nd

D2

E2

EXPOSED THERMAL

PAD ZONE
TOP VIEW BOTTOM VIEW
|
S X '
SIDE VIEW =
Unit: mm
Symbol F)imensions In Millimeters Symbol Pimensions In Millimeters

Min Nom Max Min Nom Max
A 0.70 0.75 0.80 Nd 1.50 BSC
Al 0 0.02 0.05 E 2.90 3.00 3.10
b 0.20 0.25 0.30 E2 1.50 1.60 1.70
c 0.203 REF L 0.35 0.40 0.45
D 2.90 3.00 3.10 h 0.20 0.25 0.30
D2 2.35 2.45 2.55 K 0.30 REF
e 0.50 BSC

Note:

1) All dimensions are in millimeters.
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TAPE AND REEL INFORMATION
TAPE DIMENSIONS: DFN3x3-8

4.00+0.10

0.30£0.05

1.75%£0.10

$o

N
%l/
il R
¢V

3.30+0.10(B0)

5.504£0.05

12.0010.30

b D D
2 e
|

u/\—
H N T T
% %
1.10£0.10(K0) J‘ 8.00£0.10 \\
Direction of feed '\_ 0.10
%
3.3040.10(A0) ), .
REEL DIMENSIONS: DFN3x3-8
i
i
S|
®
| | || : :
Y
Unit: mm
DA @C B w1 W2 N
330+1.0 13.5+0.2 4.7+0.5 13.4+0.5 17.4+0.5 100+0.5

Note:

1) All Dimensions are in Millimeter
2) Quantity of Units per Reel is 5000
3) MSL levelis level 1.
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Important Notification

This document only provides product information. TOLL Microelectronic Inc. reserves the right to make
corrections, modifications, enhancements, improvements, and other changes to its products and to
discontinue any product without notice at any time.

TOLL Microelectronic Inc. cannot assume responsibility for use of any circuitry other than circuitry
entirely embodied in a TOLL Microelectronic Inc. product. No circuit patent licenses are implied.

All rights are reserved by TOLL Microelectronic Inc.
http:// www.toll-semi.com
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