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5 Pin Configuration and Functions

YKA Package
4-Bump DSBGA

Top View
Top View
777N /7N
Al rout) IN
\ / \ /
~N_~ ~_~
, -~ N , — =~ N
B v+ ) yv- )
\ \
~_~ ~_~
Pin Functions
PIN
110 DESCRIPTION
NAME Number
ouT Al (0] Comparator output: OUT is open-drain.
V+ B1 P Positive (highest) power supply; functions as an external reference voltage
V- B2 P Negative (lowest) power supply
IN A2 | Comparator input: IN is the noninverting input

Copyright © 2018, Texas Instruments Incorporated
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6 Specifications
6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)®

MIN MAX UNIT

Supply voltage Vs = (V+) - (V-) -0.3 6 \%
Input (IN) to (V=)@ -03 6 \Y
Current into input (IN) +10 mA
Output (OUT) to (V=) -03 6 Y,
Output short-circuit duration® 10 s
Junction temperature, T, 150 °C
Storage temperature, Tgyg —65 150 °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) Input signals that can swing more than 0.3 V below (V-) must be current-limited to 10 mA or less.

(3) Short-circuit to ground, one comparator per package.

6.2 ESD Ratings

VALUE UNIT
v Electrostatic Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001 +1500 v
(ESD)  discharge Charged-device model (CDM), per JEDEC specification JESD22-C101® +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.

6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN MAX UNIT
Supply voltage Vs = (V+) - (V-) 1.7 55 \%
Open-Drain PULL-UP voltage Vpy,-up 55 \%
Ambient temperature, Tp -40 125 °C
6.4 Thermal Information
TLV7081
THERMAL METRIC® YKA (DSBGA) UNIT
4 PINS

Roia Junction-to-ambient thermal resistance 207 °C/W
Rojctop) Junction-to-case (top) thermal resistance 18 °C/W
Ross Junction-to-board thermal resistance 73.2 °C/W
Yyt Junction-to-top characterization parameter 1 °C/W
Y8 Junction-to-board characterization parameter 73.3 °C/W

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

4 Copyright © 2018, Texas Instruments Incorporated
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6.5 Electrical Characteristics

Over the operating temperature range of T, = —40°C to +125°C, V5 = 3.3 V, and Vpy,,.yp = V+ (unless otherwise

noted). Typical values are at T, = 25°C. Voltage at input pin (IN) is referenced to (V-).

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

Vio Input Offset Voltage Vs = 3'8 Vand 3.3V, Ty=-40°Cto -10 +1 10 mvV
+125°C
dV,o/dT Input Offset Voltage Drift Tp =-40°C to +125°C +3 pv/eCc
Vhys Input Hysteresis Voltage 10 mV
ViN Input Voltage Range @ 0 5.6 Y
. IN = 5.6 V, positive value means current

IBias Input bias current entering pin (IN) 3 pA

IN=5.6V, Vg =0V, positive value means
I EAK Input leakage current current entering pin (IN) 4 pA
C Input Capacitance 1.9 pF

Sinking 200 pA, measured relative to (V-) 0.1 \%
VoL Low-Level Output Voltage — -

Sinking 2 mA, measured relative to (V-) 0.4 \%
lo.sc Short-circuit sink current Vg=5V 45 mA
lo-LKG Output Leakage Current LN(\:/ é)\/ *) + 0.1V (output high), VeuiL-up 130 pA
PSRR Power Supply Rejection Ratio |Vg=1.8Vto5V 75 dB

no I_oad,o IN = (V+) — 0.1V (output low), 370 470

Ta=25°C
Is Supply Current nA

no load, IN = (V+) — 0.1V (output low), 630

Ta =—-40°C to +125°C

(1) Over Operating Supply Voltage Range (Vg): 1.7 Vto 5.5V
6.6 Switching Characteristics
Typical values are at T, = 25°C, Vg = 3.3 V; C_ = 15 pF, (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
High-to-low propagation L
tPHL delay @ Input overdrive = =100 mV 4 us
t Low-to-high propagation Input overdrive = +100 mV, Rpy-up = 4 s
PLH delay @ 4.99 kQ M
te Output fall time Measured from 20% to 80% 7 ns
ton Start-up delay @ 1 ms

(1) High-to-low and low-to-high refers to the transition at the input pin (IN).

(2) During power on, Vs must exceed 1.7 V for 1 ms before the output is in a correct state.

Copyright © 2018, Texas Instruments Incorporated
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6.7 Timing Diagrams

VPULL*UP

Y S R B R Veuuue
(V=)

VPULL-UP REF OUT
ouT 50%
(V=)
Figure 1. Start-up Delay
REF + 100 mV Veuuue
IN  REF REF
ouT

e
REF — 100 mV

ol tpHL —>§ — tpLH - v
VeuL-up :
ouT
20% -
V- H
>

Figure 2. Timing Diagram

NOTE
The propagation delays t, y and t, include the contribution of input offset and hysteresis.
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6.8 Typical Characteristics
TA = 25°C, VS = 33 V, RPULL-UP = 499 kQ, CL = 15 pF
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Typical Characteristics (continued)

TA = 25°C, VS =3.3 V, RPULL-UP =499 kQ, CL =15 pF
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Figure 9. Output Voltage Low vs. Output Sink Current Figure 10. Output Voltage Low vs. Output Sink Current
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Typical Characteristics (continued)

TA = 25°C, VS =3.3 V, RPULL-UP =499 kQ, C

L= 15 pF
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Figure 15. Hysteresis vs. Temperature Figure 16. Input Offset Histogram
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Figure 19. Supply Current vs. Temperature
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7 Detailed Description

7.1 Overview

The TLV7081 is a single-channel, nano-power comparator that does not need a dedicated power supply
connection, and can operate down to 1.7 V. The comparator is available in an ultra-small, WCSP package
measuring 0.7 mm x 0.7 mm, making the TLV7081 applicable for space-critical designs like smartphones and
other portable or battery-powered applications.

The TLV7081 features a wide input-voltage range that is independent of supply voltage. Having an input range
that is independent of supply voltage allows the TLV7081 to be directly connected to sources that are active
even if the TLV7081 is not powered.

The TLV7081 has an open-drain output stage that can be pulled beyond V+, making it appropriate for level
translators and bipolar to single-ended converters.

7.2 Functional Block Diagram

Veer VpuiL-up

TLV7081 A
V+
= S

IN

Bias POR

V-

7.3 Feature Description

The TLV7081 is a single-channel, nano-power comparator that operates down to 1.7 V. The inverting input is
internally tied to V+ which helps to streamline applications which use supply as the reference. The non-inverting
input IN extends to 5.6 V which is independent of the power supply V+ (1.7 V - 5.5 V) and it's available in an
ultra-small, WCSP package measuring 0.7 mm x 0.7 mm.

7.4 Device Functional Modes

The TLV7081 has a power-on-reset (POR) circuit. While the power supply (Vg) is greater than Vpog (typically 1V)
and less than the minimum operating supply voltage, either upon ramp-up or ramp-down, the POR circuitry is
activated.

The POR circuit keeps the output high impedance (logical high) while activated.

When the supply voltage is greater than, or equal to, the minimum supply voltage, the comparator output reflects
the state of the input IN.

10 Copyright © 2018, Texas Instruments Incorporated
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Device Functional Modes (continued)
7.4.1 Inputs

The TLV7081 input extends from V- to 5.6 V which is independent of supply. The input IN can be any voltage
within these limits and no phase inversion of the comparator output occurs.

The input of TLV7081 is fault tolerant. It maintains the same high input impedance when V+ is unpowered or
ramping up. The input can be safely driven up to the specified maximum voltage (5.6 V) with V+ = 0 V or any
value up to the maximum specified.

The input bias current is typically 3 pA for input IN voltages between 0 and 5.6 V. The comparator inputs are
protected from undervoltage by internal diodes connected to V-. As the input voltage goes under V-, the
protection diodes become forward biased and begin to conduct causing the input bias current to increase
exponentially. Input bias current typically doubles for every 10°C temperature increase.

7.4.2 Internal Hysteresis

The device hysteresis transfer curve is shown in Figure 20. This curve is a function of three components: Vi,
Vos, and Vyysr:

e Vqyis the actual set voltage or threshold trip voltage.

* Vs is the internal offset voltage between IN and V+. This voltage is added to V1 to form the actual trip point
at which the comparator must respond to change output states.

*  Vyvyst is the internal hysteresis (or trip window) that is designed to reduce comparator sensitivity to noise
(20 mV typical).

< < » < » <
< < > < > <

A

!

Vos Vi *Vos * (Vhyst/2)

Y

!

|
|
|
|
|
|
|
|
|
|
|
|
|
|
«— « 1
Vn + Vos = (Viyst /2) Vi +

Figure 20. Hysteresis Transfer Curve

7.4.3 Output

The TLV7081 features an open-drain output stage enabling the output logic levels to be pulled up to an external
source up to 5.5 V independently of the supply voltage.

Copyright © 2018, Texas Instruments Incorporated 11
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8 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

8.1 Application Information

The TLV7081 is a 4-pin, nano-power comparator with open-drain output that is well suited for monitoring battery
voltages. The TLV7081's benefits include a small package footprint and a unique input stage that allows the
comparator input to be driven by a voltage source even when the operating voltage for the comparator is turned-
off (zero volts).

8.2 Typical Applications

8.2.1 Nano-Power Battery Monitor
The application of the TLV7081 for an under-voltage detection circuit is shown in Figure 21.

VPULL-UP
REF
1.7to 55V

TLV7081 VDD

V+

ouT

RN

. +

Wy ] Micro-
Controller

Battery E
V-
_|_
v <~

Copyright © 2017, Texas Instruments Incorporated

Figure 21. Under-Voltage Detection

8.2.1.1 Design Requirements

For this design, follow these design requirements:

» The supply voltage connected to pin (V+) serves as the reference voltage for the comparator and can be any
voltage between 1.7 Vand 5.5 V.

« The voltage applied to the input pin (IN) can be any voltage in the range of 0 V to 5.6 V. This voltage range is
uniquely independent of the supply voltage applied to pin (V+).

e The comparator output pin (OUT) requires a pull-up resistor that sets the output-high logic level (Voy) for the
comparator. Vpy.up Should be connected to the supply voltage of the microcontroller which is monitoring the
comparator output and serves as the level-shifting block for the logic levels in the application.

12 Copyright © 2018, Texas Instruments Incorporated
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Typical Applications (continued)
8.2.1.2 Detailed Design Procedure

Instead of being powered directly from the battery, the TLV7081 is powered directly from a voltage reference that
exists in the system. The input to the comparator (IN) is allowed to operate above and below the reference
voltage due to the unique analog front end of the TLV7081. When the battery voltage is above the reference
threshold, the output of the comparator is high and when the battery drops below the threshold of the reference,
the output of the comparator goes low (see Figure 22 for details). For simplicity, the integrated hysteresis of the
comparator is not shown in the timing diagram. Integrated hysteresis is helpful in avoiding glitches at the
comparator output when operating in noisy environments or when the input voltage changes thresholds very
slowly. An open-drain output configuration allows the output logic level of the comparator to be level-shifted to
match the logic level of the receiving device.

8.2.1.3 Application Curve

When the voltage applied to the input pin (IN) falls below the reference threshold (REF), the output pin (OUT) is
pulled low to ground (V-). Moreover, when the input voltage rises above REF, the output of the comparator goes
into a high impedance state and the OUT pin is pulled high by the pull-up resistor and Vpy.up SUpply voltage.

IN R S 7S

|
VPULL—UP

ouT

(V-)

Figure 22. Under-Voltage Timing Results

8.2.2 Battery Monitoring in Portable Electronics

A recommended circuit diagram for monitoring a battery voltage in a personal electronic device is shown in
Figure 23. In this diagram, the GPIO pin of an application specific integrated circuit (ASIC) serves as the supply
voltage and the voltage reference for the TLV7081. Using a GPIO pin to power the TLV7081 is possible because
of the low quiescent current of the TLV7081. In systems where power consumption needs to be further reduced,
the GPIO pin can be used to power-cycle the TLV7081.

1.8V
Regulator
L|th|um \ d GPIO ( Logstfel?els)
0V & 1.8V
lon R, b Roy
Battery - .
® GPIO (input)
+
TLV7081
2
PE ASIC

Figure 23. Battery Monitor
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9 Layout

9.1 Layout Guidelines

A power supply bypass capacitor of 100 nF is recommended when supply output impedance is high, supply
traces are long, or when excessive noise is expected on the supply lines. Bypass capacitors are also
recommended when the comparator output drives a long trace or is required to drive a capacitive load. Due to
the fast rising and falling edge rates and high-output sink and source capability of the TLV7081 output stages,
higher than normal quiescent current can be drawn from the power supply. Under this circumstance, the system
would benefit from a bypass capacitor across the supply pins.

9.2 Layout Example

4-Bump DSBGA

(0.7 x 0.7 mm)
N (a2) (i V- (B2)
0.1 uF
OUT (A1) g v+ (B1)___ (0402)
Top-Layer
Trace

Figure 24. Layout Example
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10 BREEMIXHXE
10.1 MHXE

10.1.1 ABR3HY
BES RN TR -

 TLV7081
 TLV7031
 TLV7041
 TLV7011
 TLV7021

10.2 ERXHEFEA

BERERHEFEA , EEMZE Tl.comen EHSRHFFmXHR, BEHLANBEAE #H1TEM , BUSRAEK=
MEEENHE, AXEANEAEE  FEEFEMAESEIT NP EENEBITHEIERK,

10.3 #HXHIR

TOIgEEREMAR T A XFRMERE, SEENATHEN D EHEEREF R, IERNBATHER TI FAMNE ,
AEF—ERRTINAR ; FSH TIH (ERAKK)

TIE2E™ L4 X T 89 TRJPX TREIF (E2E) #X, btk X632 B 8 E TIest TRIT 2 B e, £
e2e.ticom 1, BAILZHEE, 5 EZHR, HRBBEHEERITIEN —EFPERFAE,
RitXEF T SERIIXF THEBEREERERBEN E2E iz, RITXBFIEURBRRIZFNERRER.

10.4 Trademarks

E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

10.5 Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

‘m 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.

10.6 RiFX
SLYZ022 — Tl RiEZ,
XMPAREBRIHEHERKE, BEMNE L,

11 Hl. HRMATHRES

UTREEZEIE, HRATITHES. XEFEREERFNSEMTAKE. BENEEXE , #151TEA , B
TaX X ITEIT . WEREULF MU ABRR KRR , BEAENH S,
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
TLV7081YKAR Active Production DSBGA (YKA) | 4 3000 | LARGE T&R Yes SAC396 | SNAGCU  Level-1-260C-UNLIM -40 to 125 w
TLV7081YKAR.A Active Production DSBGA (YKA) | 4 3000 | LARGE T&R Yes SAC396 Level-1-260C-UNLIM -40 to 125 w

@ status: For more details on status, see our product life cycle.

@ material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the Tl RoHS Statement for additional information and value definition.

@ Lead finish/Ball material: Parts 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.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer: The information provided on this page represents TI'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. TI has taken and 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
4 |+ KO [¢—P1—
LR ey R g T
o| |e e Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O OO 0O 0O 0 O0 Sprocket Holes
| |
T T
L@l e )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ .4 |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TLV7081YKAR DSBGA | YKA 4 3000 180.0 8.4 0.8 0.8 | 047 | 4.0 8.0 Q1
TLV7081YKAR DSBGA | YKA 4 3000 180.0 8.4 0.8 0.8 | 047 | 4.0 8.0 Q1
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TLV7081YKAR DSBGA YKA 4 3000 182.0 182.0 20.0
TLV7081YKAR DSBGA YKA 4 3000 182.0 182.0 20.0
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o PACKAGE OUTLINE

YKAO0004 DSBGA - 0.4 mm max height
DIE SIZE BALL GRID ARRAY
E —T
BALL Al— |-
CORNER
D
0.4 MAX
| g
SEATING PLANE
015 BALL TYP
B
SYMM .
¢ —- D: Max = 0.73 mm, Min = 0.67 mm
A E: Max = 0.73 mm, Min = 0.67 mm
XPois
|9 [o.0150) [c[A[B]
4221909/B 08/2018
NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.
2. This drawing is subject to change without notice.
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EXAMPLE BOARD LAYOUT
YKAO0004 DSBGA - 0.4 mm max height

DIE SIZE BALL GRID ARRAY

(0.35) TYP
L,

4X (©0.2)
1T |
A
SYMM
035 TYP —— - M
e |
’ |
SYMM
¢
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:60X
I\S%’AZB 0.0325 MAX 0.0325 MIN METAL UNDER
SOLDER MASK
SOLDER MASK— EXPOSED EXPOSED N @0.2)
OPENING METAL METAL SOLDER MASK
OPENING
NON-SOLDER MASK
SOLDER MASK
DEFINED DEFINED

(PREFERRED)

SOLDER MASK DETAILS
NOT TO SCALE

4221909/B 08/2018

NOTES: (continued)

3. Final dimensions may vary due to manufacturing tolerance considerations and also routing constraints.
For more information, see Texas Instruments literature number SNVA009 (www.ti.com/lit/snva009).
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EXAMPLE STENCIL DESIGN
YKAO0004 DSBGA - 0.4 mm max height

DIE SIZE BALL GRID ARRAY

(0.35) TYP ~

4X ([J0.21) !
1 | (R0.05) TYP
|

SYMM

METAL

SOLDER PASTE EXAMPLE
BASED ON 0.075 mm - 0.1 mm THICK STENCIL
SCALE:60X

4221909/B 08/2018

NOTES: (continued)

4. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release.
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EHNHEWNA , ) BRENEAFREHAREARTAEMIIERS, FERE. KERHAMBER,
XEFRNMELE , BFZTEH, TI BRVENTRXLERRATRHARTIRARN TI ~ROEXEA, MRUEMEAIXERFRRT
SHARTR, EXRERETEM TI HRFRFEFTE=FDR~R, ENETBERTEXERFRHERATN T REARERNEAR
WE,BE. BAR, BANES , TI WEEFAR.
THRENZRZ T HHERADR ticom EEMERRRT F=REHRHRAEERZFRBAR. TIREXEFRA T RRURMAERER
THEX T FREABHERNERRBRERFHA.
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