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1.2A High Efficient Step Down Converter with Snooze Mode

Check for Samples: TPS62080, TPS62080A, TPS62081, TPS62082

FEATURES
+ DCS-Control™ Architecture for Fast Transient
Regulation

e Snooze Mode for 6.5pA Ultra Low Quiescent
Current

e 2.3V to 6.0V Input Voltage Range

e Supports High Output Capacitance up to
100uF

e 100% Duty Cycle for Lowest Dropout

» Power Save Mode for Light Load Efficiency
e Output Discharge Function

» Short Circuit Protection

e Power Good Output

e Thermal Shutdown

e Available in 2x2mm 8-Pin SON Package and
VSSOP Package

APPLICATIONS

» Battery Powered Portable Devices

» Point of Load Regulators

* System Power Rail Voltage Conversion

TPS62081

MODE

GND

PG

Sw

VOs

FB

DESCRIPTION

The TPS6208x devices are a family of high frequency
synchronous step down converters. With an input
voltage range of 2.3V to 6.0V, common battery
technologies are supported. Alternatively, the device
can be used for low voltage system power rails.

The TPS6208x focuses on high efficient step down
conversion over a wide output current range. At
medium to heavy loads, the converter operates in
PWM mode and automatically enters Power Save
Mode operation at light load currents to maintain high
efficiency over the entire load current range. To
maintain high efficiency at very low load or no load
currents, a Snooze Mode with an ultra low quiescent
current is implemented, that is enabled by the Mode
pin. This function increases the run-time of battery
driven applications and keeps the standby current at
its lowest level to meet green energy standards
targeting for a low stand-by current.

To address the requirements of system power rails,
the internal compensation circuit allows a large
selection of external output capacitor values ranging
from 10uF up to 100uF effective capacitance. With its
DCS-Control™ architecture excellent load transient
performance and output voltage regulation accuracy
is achieved. The device is available in 2x2mm SON
package and VSSOP package with Thermal PAD.

POWER GOOD

180k

Vour

Figure 1. Typical Application of TPS62081 (1.8V Fixed Output)

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

UNLESS OTHERWISE NOTED this document contains
PRODUCTION DATA information current as of publication date.
Products conform to specifications per the terms of Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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Table 1. ORDERING INFORMATION

Ta OUTPUT VOLTAGE® PACKAGE MARKING PACKAGE PART NUMBER®@
Adjustable QVR 8-Pin SON TPS62080DSG
1.8V QVsS 8-Pin SON TPS62081DSG
—40°C to 85°C 33V QVT 8-Pin SON TPS62082DSG
Adjustable SBN 8-Pin SON TPS62080ADSG

Adjustable 8-Pin VSSOP TPS62080ADGN®

(1) Contact the factory to check availability of other fixed output voltage versions.

(2) For detailed ordering information please check the PACKAGE OPTION ADDENDUM section at the end of this datasheet.

(3) Product Preview

ABSOLUTE MAXIMUM RATINGS

over operating free-air temperature range (unless otherwise noted)®

VALUE UNIT
Voltage range at VIN, PG, VOS® -0.3t07 Y
Voltage range at SW®@®) -1to7 Y
Voltage range at FB® -0.3t03.6 Y
Voltage range at EN, MODE® —0.3to (VIN + 0.3V) Y
ESD rating, Human Body Model 2 kv
ESD rating, Charged Device Model 500 \%

Continuous total power dissipation

See Dissipation Rating Table

Operating junction temperature range, T; —40 to 150 °C
Operating ambient temperature range, Tp —40 to 85 °C
Storage temperature range, T —65 to 150 °C

(1) Stresses beyond those listed under absolute maximum ratings may cause permanent damage to the device. These are stress ratings
only and functional operation of the device at these or any other conditions beyond those indicated under recommended operating
conditions is not implied. Exposure to absolute—maximum-rated conditions for extended periods may affect device reliability.

(2) All voltage values are with respect to network ground terminal.

(3) During operation, device switching

THERMAL INFORMATION

1 TPS62080

THERMAL METRIC® UNITS
DSG (8 PINS)

03a Junction-to-ambient thermal resistance 65.1

8ictop Junction-to-case (top) thermal resistance 100.7

038 Junction-to-board thermal resistance 135.7 oW

Wit Junction-to-top characterization parameter 2.3

Wig Junction-to-board characterization parameter 45.1

B3chot Junction-to-case (bottom) thermal resistance 8.6

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.

RECOMMENDED OPERATING CONDITIONS®

MIN TYP MAX| UNIT
Vin Input voltage range, VIN 2.3 6.0 \%
Vout QOutput voltage range 0.5 4.0 \%
Isnooze  Maximum load current in Snooze Mode 2 mA
Ta Operating ambient temperature -40 85 °C
T; Operating junction temperature -40 125 °C

(1) Refer to the APPLICATION INFORMATION section for further information.
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ELECTRICAL CHARACTERISTICS

Over recommended free-air temperature range, T, = -40°C to 85°C, typical values are at T, = 25°C (unless otherwise noted),

Vj\=3.6V, MODE = LOW.

PARAMETER | TEST CONDITIONS | MIN TYP  MAX| UNIT
SUPPLY
Vin Input voltage range 2.3 6.0 \%
Quiescent current into VIN lout = OMA, Device not switching 30 uA
lo Quiescent current into VIN (SNOOZE lout = OMA, Device not switching, MODE=HIGH 6.5 uA
MODE)
Isp Shutdown current into VIN EN = LOW pA
Voulo Under voltage lock out Input voltage falling 1.8 2.0 \%
Under voltage lock out hysteresis Rising above Vyy o 120 mV
Tisp Thermal shut down Temperature rising 150 °C
Thermal shutdown hysteresis Temperature falling below T;5p 20 °C
LOGIC INTERFACE (ENABLE, MODE)
Vi High level input voltage 23V <V £6.0v 1 \Y
Vi Low level input voltage 23V <V £6.0v 0.4 \Y
lLke Input leakage current 0.01 0.5 pA
POWER GOOD
Vpg Power good threshold Vour falling referenced to Vot nominal -15 -10 -5 %
Power good hysteresis 5 %
Vi Low level voltage lsink = 500 pA 0.3 \%
lpg, ke | PG Leakage current Vpg =5.0V 0.01 0.1 HA
OUTPUT
e e o s v
Vour ?gg’g‘zta’gfage accuracy lout = 0 MA: Vjy = 2.3V 25 25 %
(T)F‘,“Spé‘ztc‘)’é’gage accuracy lour = 0 MA; Vjy = 3.6V 25 25 %
Snooze Mode output voltage accuracy MODE = HIGH; V|y 2 2.3V and V|y 2 Vout + 1V -5 5 %
Ves ig‘:‘;‘ébz%%kofeﬁgg’g?&‘éﬂtage Vin 2 2.3V and Vi = Vour + 1V 0438 045 0462 V
o | e b caren 0 w00 m
) ) EN = LOW, Voyr =18V 1 kQ
Rpis Output discharge resistor
TPS62080A , EN = LOW, Vour = 1.2V, 25 40 65 Q
Line Regulation 0 %IV
Load Regulation TPS62081, TPS62082 -0.25 %/A
Ros(on High s.ide FET on-res.istance Isw = 500 mA 120 mQ
Low side FET on-resistance Isw = 500 mA 20 mQ
ILim High side FET switch current limit Rising inductor current 1.6 2.8 4 A

Copyright © 2011-2012, Texas Instruments Incorporated
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DEVICE INFORMATION

QFN
8 PIN 2X2 mm
EN | | VIN
GND | 1 sw
MODE | 1PG
FB| 4! 1 vos
PIN FUNCTIONS
PIN
/0 DESCRIPTION
NAME | NO.
VIN 8 PWR | Power Supply Voltage Input.
EN IN Device Enable Logic Input.
Logic HIGH enables the device, logic LOW disables the device and turns it into shutdown.
MODE 3 IN Snooze Mode Enable Logic Input.
Logic HIGH enables the Snooze Mode, logic LOW disables the Snooze Mode
GND PWR | Power and Signal Ground.
VOS 5 IN Output Voltage Sense Pin for the internal control loop. Must be connected to output.
SW PWR | Switch Pin connected to the internal MOSFET switches and inductor terminal.
Connect the inductor of the output filter here.
FB 4 IN Feedback Pin for the internal control loop.
Connect this pin to the external feedback divider for the adjustable output version. For the fixed output voltage
versions this pin must be left floating or connected to GND.
PG 6 OUT | Power Good open drain output.
This pin is pulled to low if the output voltage is below regulation limits. Can be left floating if not used.
Thermal Pad Connect it to GND.
4 Submit Documentation Feedback Copyright © 2011-2012, Texas Instruments Incorporated
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FUNCTIONAL BLOCK DIAGRAMS
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Figure 2. Functional Block Diagram (Adjustable Output Voltage Version)
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Figure 3. Functional Block Diagram (Fixed Output Voltage Version)

Copyright © 2011-2012, Texas Instruments Incorporated
Product Folder Link(s): TPS62080 TPS62080A TPS62081 TPS62082

Submit Documentation Feedback 5


http://www.ti.com/product/tps62080?qgpn=tps62080
http://www.ti.com/product/tps62080a?qgpn=tps62080a
http://www.ti.com/product/tps62081?qgpn=tps62081
http://www.ti.com/product/tps62082?qgpn=tps62082
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSAE8B&partnum=TPS62080
http://www.ti.com/product/tps62080?qgpn=tps62080
http://www.ti.com/product/tps62080a?qgpn=tps62080a
http://www.ti.com/product/tps62081?qgpn=tps62081
http://www.ti.com/product/tps62082?qgpn=tps62082

TPS62080, TPS62080A .

TPS62081, TPS62082 1B TEXAS ENTS
SLVSAE8B —SEPTEMBER 2011-REVISED MARCH 2012 www.ti.com

TYPICAL CHARACTERISTICS

PARAMETER MEASUREMENT INFORMATION

TPS6208x POWER GOOD
Vi VIN PG R3
+c3 | c1 EN SwW Vour
MODE VoS c2
I I GND FB X I
R2
Table 2. List of Components
REFERENCE DESCRIPTION MANUFACTURER
C1 10uF, Ceramic Capacitor, 6.3V, X5R, size 0603 Std
c2 22uF, Ceramic Capacitor, 6.3V, X5R, size 0805, Murata
GRM21BR60J226ME39L
cs
L1 1.0pH, Power Inductor, 2.2A, size 3x3x1.2mm, XFL3012-102MEB Coilcraft
R1 Depending on the output voltage of TPS62080, 1%; Not be
populated for TPS62081, TPS62082;
R2 39.2k, Chip Resistor, 1/16W, 1%, size 0603 Std
R3 178Kk, Chip Resistor, 1/16W, 1%, size 0603 Std
TABLE OF GRAPHS
Figure
TPS62080, Load Current, Vout = 0.9V Figure 4
TPS62080, Load Current, Vout = 1.2V Figure 5
Efficiency TPS62080, Load Current, Vout = 2.5V Figure 6
TPS62081, Load Current, Vout = 1.8V Figure 7
TPS62082, Load Current, Vout = 3.3V Figure 8
TPS62080, Input Voltage, Voyt = 0.9V Figure 9
TPS62080, Input Voltage, Voyt = 2.5V Figure 10
TPS62081, Input Voltage, Voyt = 1.8V Figure 11
Output Voltage TPS62082, Input Voltage, Vout = 3.3V Figure 12
Accuracy TPS62080, Load Current, Vour = 0.9V Figure 13
TPS62080, Load Current, Vout = 2.5V Figure 14
TPS62081, Load Current, Vout = 1.8V Figure 15
TPS62082, Load Current, Vout = 3.3V Figure 16
. Input Voltage, Normal Mode Figure 17
Quiescent Current -
Input Voltage, Snooze Mode Figure 18
Roson) Input Voltage, High Side FET Figure 19
Input Voltage, Low Side FET Figure 20
o TPS62080, Load Current, Vout = 0.9V, Figure 21
Switching Frequency -
TPS62080, Load Current, Vout = 2.5V, Figure 22
TPS62080, V|y = 3.3V, Voyt = 1.2V, Load Current = 500mA, PWM Mode Figure 23
Typical Operation | TPS62080, V|y = 3.3V, Voyut = 1.2V, Load Current = 10mA, PFM Mode Figure 24
TPS62080, V|y = 3.3V, Voyut = 1.2V, Load Current = 2mA, Snooze Mode Figure 25
6 Submit Documentation Feedback Copyright © 2011-2012, Texas Instruments Incorporated
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Figure
Load Transient TPS62080, V|y = 3.3V, Voyut = 1.2V, Load Current = 50mA to 1A Figure 26
Line Transient TPS62080, V|y = 3.3V to 4.2V, Voyut = 1.2V, Load = 2.2Q Figure 27
Start TPS62080, V|y = 3.3V, Voyut = 1.2V, Load = 2.2Q Figure 28
artu
P TPS62080, V|y = 3.3V, Voyut = 1.2V, No Load Figure 29
Shutdown with _ _ .
Output Discharge TPS62080, V|y = 3.3V, Voyut = 1.2V, No Load Figure 30
EFFICIENCY EFFICIENCY
'S 'S
LOAD CURRENT LOAD CURRENT
100 100
90 TPS62080 90 TPS62080 ‘ ‘
Vour =09V = Vour=1.2V .
80 80 2 —— N
LTl //'
70 ," 70 / 7
g 7z < 60 7
: 2wl Y
o o 14/
2 —_— V=28V g 40 ,' '// — V=28V
w —_— V=36V w Y —_— V=36V
—_— V=42V 30 [~ —_— V=42V
— = Vy=2.8YV, Snooze Mode 20 tHH——— = V\y=2.8V, Snooze Mode
= Vv = 3.6 V, Snooze Mode 10 = Vv = 3.6 V, Snooze Mode
= Vi =4.2V, Snooze Mode ‘ =V =4.2V, Snooze Mode
0
10u 100u im 10m 100m 1 3 10u 100u im 10m 100m 1 3
Output Current (A) G001 Output Current (A) 002
Figure 4. Figure 5.
EFFICIENCY EFFICIENCY
'S 'S
LOAD CURRENT LOAD CURRENT
100 100
g0 | TPS62080 H il 9o | TPs62081 ‘HH ‘ ‘ ‘
Vour=25V | | = Vour =18V |||l e N
80 ar 80 at —
| 4 /
70 70 Y/
= < /
S 60 S 60 /
> 3 Y/l
.5 50 |— .5 50 /
£ 40 — V=36V £ 40 | —_— V=28V
w —_— V=42V w —_— V=36V
% — V=50V %0 — V=42V
20 = V|\ = 3.6V, Snooze Mode 20 = V| = 2.8V, Snooze Mode
10 e Vv = 4.2V, Snooze Mode 10 = Vv = 3.6 V, Snooze Mode
= Vv =5.0V, Snooze Mode = Vv =4.2V, Snooze Mode
0 0
10u 100u im 10m 100m 1 3 10u 100u im 10m 100m 1 3
Output Current (A) 003 Output Current (A) 005
Figure 6. Figure 7.
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EFFICIENCY OUTPUT VOLTAGE
VS VS
LOAD CURRENT INPUT VOLTAGE
100 0.910
90 % et ’#I \
or]
80 0.905
70 S
g 60 TPS62082 o 0900 —_—
;; Vour = 3.3V g
g5 0 A - £ 0.89%5
£ 40 —— V=36V 3 —— lour = 1A, To = 25°C
Y — V=42V = 0.890 — lour = 1A, Tp = —40°C
— VN=50V o —— lour = 1A, Ta = 85°C
20 = Vv =3.6V, Snooze Mode 0.885 e oyt = 10MA, Tp = 25°C
10 = V| = 4.2V, Snooze Mode ' TPS62080 |yt = 10MA, Tp = -40°C
= Vv =5.0V, Snooze Mode Vour =09V e oyt = 10mMA, T =85°C
0 0.880
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Output Current (A) o0 Input Voltage (V) o0
Figure 8. Figure 9.
OUTPUT VOLTAGE OUTPUT VOLTAGE
VS VS
INPUT VOLTAGE INPUT VOLTAGE
2.56 1.86
TPS62080 TPS62081
sig | Vour=25V 1.84 | Vour=18V
1.82 —
S 252 S
% — % 1.80
S 250 7 ; S 178
3 —— lour = 1A, To = 25°C ] 1.76 —— lour = 1A, To = 25°C
5 248 —— lour = 1A, Tp = -40°C 5 - —— lour = 1A, Tp = -40°C
o | —— lour = 1A, T = 85°C © 14 —— lour = 1A, T4 = 85°C
046 I —— lour = 10MA, Ta = 25°C —— lour = 10MA, Tp = 25°C
’ " = loyT = 10MA, Tp = -40°C 1.72 = louT = 10mMA, Tp = -40°C
_" —— lour = 10MA, TA = 85°C —— lour = 10mA, TA = 85°C
2.44 1.70
25 3 35 4 45 5 55 6 23 28 33 38 43 48 53 58
Input Voltage (V) 007 Input Voltage (V) G008
Figure 10. Figure 11.
OUTPUT VOLTAGE OUTPUT VOLTAGE
VS VS
INPUT VOLTAGE LOAD CURRENT
3.36 0.910
TPS62082 0.008 | TPS62080
334 | vour=33V : ViNn=3.6V
3.32 0.906 1]
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o 77 o I T
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g 328 g =
S S 0.900 R i N
2 3.26 2 Nl ~
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3 - :OUT - i/,:‘ ?* - ;ggcc 3 089 il
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32217 —— lour = 10MA, Tp = 25°C 0.894 — Ta=25°C
1l e lout = 10MA, Tp = -40°C —— T, =-40°C
2| out » Ia A
8.20 ,l,l' —— lour = 10MA, T = 85°C 0.892 — T,=85C
3.18 0.890
3.3 3.8 43 48 5.3 5.8 10u 100u 1im 10m 100m 1 3
Input Voltage (V) G000 Output Current (A) G010
Figure 12. Figure 13.
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DETAILED DESCRIPTION

DEVICE OPERATION

The TPS6208x synchronous switched mode converters are based on DCS™ Control (Direct Control with
Seamless transition into Power Save Mode). This is an advanced regulation topology that combines the
advantages of hysteretic and voltage mode control.

The DCS™ Control topology operates in PWM (Pulse Width Modulation) mode for medium to heavy load
conditions and in Power Save Mode at light load currents. In PWM the converter operates with its nominal
switching frequency of 2MHz having a controlled frequency variation over the input voltage range. As the load
current decreases the converter enters Power Save Mode, reducing the switching frequency and minimizing the
IC quiescent current to achieve high efficiency over the entire load current range. DCS™ Control supports both
operation modes (PWM and PFM) using a single building block having a seamless transition from PWM to Power
Save Mode without effects on the output voltage. Fixed output voltage versions provide smallest solution size
combined with lowest quiescent current. The TPS6208x offers both excellent DC voltage and superior load
transient regulation, combined with very low output voltage ripple, minimizing interference with RF circuits.

The device is equipped with the Snooze Mode functionality, which is enabled with the Mode pin. The Snooze
Mode supports high efficiency conversion at lowest output currents below 2mA. If no load current is drawn, the
ultra low quiescent current of 6.5uA is sufficient to maintain the output voltage. This extends battery run time by
reducing the quiescent current during lowest or no load conditions in battery driven applications. For mains-
operated voltage supplies, the Snooze Mode reduces the system's stand-by energy consumption. During
shutdown (EN = LOW), the device reduces energy consumption to less than 1uA.

POWER SAVE MODE

As the load current decreases the TPS6208x will enter the Power Save Mode operation. During Power Save
Mode the converter operates with reduced switching frequency in PFM mode and with a minimum quiescent
current maintaining high efficiency. The power save mode occurs when the inductor current becomes
discontinuous. It is based on a fixed on time architecture. The typical on time is given by t,,=210ns-(Vout / Vin)-
The switching frequency over the whole load current range is shown in Figure 21 and Figure 22.

SNOOZE MODE

The TPS6208x offers a Snooze Mode function. If the Snooze Mode is enabled by an external logic signal setting
the MODE pin to HIGH, the device's quiescent current consumption is reduced to typically 6.5pA. As a result, the
high efficiency range is extended towards the range of lowest output currents below 2mA, see the typical
characteristics efficiency figures.

If the device is operating in Snooze Mode, a dedicated, low power consuming block monitors the output voltage.
All other control blocks are snoozing during that time. If the output voltage falls below the programmed output
voltage by 3.5% (typ), the control blocks wake up, regulates the output voltage and allow themselves to snooze
again until the output voltage drops again. The Snooze Mode operation provides a clear efficiency improvement
at lowest output currents. If the load current increases, the advantage of efficiency in Snooze mode will be
deprived. Since the dynamic load regulation operates best if the Snooze Mode is disabled, it is recommended to
turn off the Snooze Mode by external logic signal if the load current exceeds 2mA, like a micro controller to
operate the MODE pin.

100% DUTY CYCLE LOW DROPOUT OPERATION

The device offers low input to output voltage difference by entering 100% duty cycle mode. In this mode the high
side MOSFET switch is constantly turned on and the low side MOSFET is switched off. This is particularly useful
in battery powered applications to achieve longest operation time by taking full advantage of the whole battery
voltage range. The minimum input voltage to maintain switching regulation, depending on the load current and
output voltage can be calculated as:

Vinmin = Vout +lout,max % (Rpseny * RL) (1)
With:

Vinmin = Minimum input voltage
lout Max = Maximum output current
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Rps(n) = High side FET on-resistance
R, = Inductor ohmic resistance

ENABLING / DISABLING THE DEVICE

The device is enabled by setting the EN input to a logic HIGH. Accordingly, a logic LOW disables the device. If
the device is enabled, the internal power stage will start switching and regulate the output voltage to the
programmed threshold. The EN input must be terminated with a resistance less than 1MQ pulled to VIN or GND.

OUTPUT DISCHARGE

The output gets discharged by the SW pin with a typical discharge resistor of Ry, whenever the device shuts
down. This is the case when the device gets disabled by enable, thermal shutdown trigger, and undervoltage
lockout trigger.

SOFT START

After enabling the device, an internal soft-start circuitry monotonically ramps up the output voltage and reaches
the nominal output voltage during a soft start time (100us, typical). This avoids excessive inrush current and
creates a smooth output voltage rise slope. It also prevents excessive voltage drops of primary cells and
rechargeable batteries with high internal impedance.

If the output voltage is not reached within the soft start time, such as in the case of heavy load, the converter will
enter regular operation. Consequently, the inductor current limit will operate as described below. The TPS6208x
is able to start into a pre-biased output capacitor. The converter starts with the applied bias voltage and ramps
the output voltage to its nominal value.

POWER GOOD

The TPS6208x has a power good output going low when the output voltage is below its nominal value. The
power good keeps high impedance once the output is above 95% of the regulated voltage, and is driven to low
once the output voltage falls below typically 90% of the regulated voltage. The PG pin is a open drain output and
is specified to sink typically up to 0.5mA. The power good output requires a pull up resistor that is recommended
connecting to the device output. When the device is off due to disable, UVLO or thermal shutdown, the PG pin is
at high impedance.

The PG signal can be used for sequencing of multiple rails by connecting to the EN pin of other converters.
Leave the PG pin unconnected when not used.

UNDER VOLTAGE LOCKOUT

To avoid mis-operation of the device at low input voltages, an under voltage lockout is implemented, that shuts
down the device at voltages lower than Vo With a Vyys yvio hysteresis.

THERMAL SHUTDOWN

The device goes into thermal shutdown once the junction temperature exceeds typically T;sp. Once the device
temperature falls below the threshold the device returns to normal operation automatically.

INDUCTOR CURRENT LIMIT

The Inductor Current Limit prevents the device from high inductor current and drawing excessive current from the
battery or input voltage rail. Excessive current might occur with a shorted/saturated inductor or a heavy
load/shorted output circuit condition.

The incorporated inductor peak current limit measures the current during the high side and low side power
MOSFET on-phase in PWM mode. Once the high side switch current limit is tripped, the high side MOSFET is
turned off and the low side MOSFET is turned on to reduce the inductor current. Until the inductor current drops
down to low side switch current limit, the low side MOSFET is turned off and the high side switch is turned on
again. This operation repeats until the inductor current does not reach the high side switch current limit. Due to
the internal propagation delay, the real current limit value can exceed the static current limit in the electrical
characteristics table.
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Output Filter Design

The inductor and the output capacitor together provide a low pass frequency filter. To simplify this process
Table 3 outlines possible inductor and capacitor value combinations for the most application.

Table 3. Matrix of Output Capacitor / Inductor Combinations

()]
L [uH]® Cour [HF]
10 22 47 100 150
0.47
1 + +(2) 3) + +
2.2 + + + +
4.7

(1) Capacitance tolerance and bias voltage de-rating is anticipated. The effective capacitance can vary
by+20% and -50%. Inductor tolerance and current de-rating is anticipated. The effective inductance
can vary by +20% and -30%.

(2) Plus mark indicates recommended filter combinations.

(3) Filter combination in typical application.

Inductor Selection

Main parameter for the inductor selection is the inductor value and then the saturation current of the inductor. To
calculate the maximum inductor current under static load conditions, Equation 4 is given.

Al
ILmax =loutmax + >
1_ Vour
Al =Vouyr x Yin
L X fSW (2)
Where

lout Max = Maximum output current
Al = Inductor current ripple

fsw = Switching frequency

L = Inductor value

It's recommended to choose the saturation current for the inductor 20%~30% higher than the I yax, out of
Equation 4. A higher inductor value is also useful to lower ripple current, but will increase the transient response
time as well. The following inductors are recommended to be used in designs.

Table 4. List of Recommended Inductors

INDU[(EITH?NCE CURRE[I:InTAI]?ATING LI)D(I\I\//IVEXN?%\I”S]S] DC I?E]ZI?;’QNCE TYPE MANUFACTURER
1.0 2500 3x3x12 35 XFL3012-102ME Coilcraft
1.0 1650 3x3x12 40 LQH3NPN1RONJO Murata
2.2 2500 4 x3.7x1.65 49 LQH44PN2R2MPO Murata
2.2 1600 3x3x12 81 XFL3012-222ME Coilcraft

Capacitor Selection

The input capacitor is the low impedance energy source for the converter which helps to provide stable
operation. A low ESR multilayer ceramic capacitor is recommended for best filtering and should be placed
between VIN and PGND as close as possible to that pins. For most applications 10uF will be sufficient, a larger
value reduces input current ripple.
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The architecture of the TPS6208X allows to use tiny ceramic-type output capacitors with low equivalent series
resistance (ESR). These capacitors provide low output voltage ripple and are recommended. To keep its
resistance up to high frequencies and to get narrow capacitance variation with temperature, it's recommended to
use X7R or X5R dielectric. The TPS6208x is designed to operate with an output capacitance of 10uF to 100uF,
as outlined in Table 3.

Table 5. List of Recommended Capacitors

AP NCE TYPE LW r B O] MANUFACTURER
10 GRM188R60J106M 0603: 1.6 X 0.8 x 0.8 Murata
22 GRM188R60G226M 0603: 1.6 X 0.8 x 0.8 Murata
22 GRM21BR60J226M 0805: 2.0 x 1.2 x 1.25 Murata

Setting the Output Voltage

The TPS608x devices are available as fixed and adjustable output voltage versions. The fixed versions are
internally programmed to a fixed output voltage, whereas the adjustable output voltage version needs to be
programmed via an external voltage divider to set the desired output voltage.

Adjustable output voltage version

For the adjustable output voltage version, an external resistor divider is used. By selecting R; and R,, the output
voltage is programmed to the desired value.

o POWER GOOD

TPS62080

PGH] 180k

Figure 31. Typical Application Circuit for Adjustable Output Voltage Option

When the output voltage is regulated, the typical voltage at the FB pin is Vg for the adjustable devices. The
following equation can be used to calculate R; and R,.

R1 R1
Vout =V, 1+ — | =045V x| 1+ —
ouT FBX[ +R2j X( +R2j -

For best accuracy, R2 should be kept smaller than 40kQ to ensure that the current flowing through R2 is at least
100 times larger than Ig. Changing the sum towards a lower value increases the robustness against noise
injection. Changing the sum towards higher values reduces the quiescent current and supports the Snooze Mode
function for achieving highest efficiency at low load currents. For lowest quiescent current during the Snooze
Mode, it is recommended to use a fixed output voltage version like TPS62081 and TPS62082.

PCB Layout
The PCB layout is an important step to maintain the high performance of the TPS6208x devices.

The input/output capacitors and the inductor should be placed as close as possible to the IC. This keeps the
traces short. Routing these traces direct and wide results in low trace resistance and low parasitic inductance. A
common power GND should be used. The low side of the input and output capacitors must be connected
properly to the power GND to avoid a GND potential shift.

The sense traces connected to FB and VOS pins are signal traces. Special care should be taken to avoid noise
being induced. By a direct routing, parasitic inductance can be kept small. GND layers might be used for
shielding. Keep these traces away from SW nodes.
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Figure 32. PCB Layout Suggestion

THERMAL INFORMATION

Implementation of integrated circuits in low-profile and fine-pitch surface-mount packages typically requires
special attention to power dissipation. Many system-dependent issues such as thermal coupling, airflow, added
heat sinks and convection surfaces, and the presence of other heat-generating components affect the power-
dissipation limits of a given component.

Three basic approaches for enhancing thermal performance are listed below:

» Improving the power dissipation capability of the PCB design

* Improving the thermal coupling of the component to the PCB by soldering the ThermalPAD™

* Introducing airflow in the system

For more details on how to use the thermal parameters, see the application notes: Thermal Characteristics
Application Notes SZZA017 and SPRA953.

APPLICATION EXAMPLES
TPS62082

POWER GOOD

PG 180k

sSW Vou'r

VoS

FB

Figure 33. 3.3V Fixed Output Voltage Application (TPS62082)
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Figure 34. 1.2V Output Voltage Application (TPS62080)
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Figure 35. 2.5V Output Voltage Application (TPS62080)
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Changes from Original (September 2011) to Revision A Page
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¢ Added TPS62080ADSG (Product Preview) and TPS62080ADGN (Product Preview) to ORDERING INFORMATION ...... 2
e Added TPS62080A OULPUL dISCRAIGE FESISTON .....ciiiiiiiiiiie ettt e ettt e e e ettt e e e e e bbb e e e e e e sabbb e e e e e e aabbeeeeeesannbaeeaeeeannnneeeas 3
Changes from Revision A (February 2012) to Revision B Page
¢ Changed TPS62080ADSG from Product Preview to Production Data in ORDERING INFORMATION .......ccccccevvvveeivinnnn. 2
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PACKAGING INFORMATION
Orderable Device status (¥ Package Type Package Pins Package Qty Eco Plan @ Lead/ MSL Peak Temp (3) Samples
Drawing Ball Finish (Requires Login)
TPS62080ADGNR PREVIEW MSOP- DGN 8 2500 TBD Call TI Call TI
PowerPAD
TPS62080ADGNT PREVIEW MSOP- DGN 8 250 TBD Call T Call TI
PowerPAD
TPS62080ADSGR ACTIVE WSON DSG 8 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR
& no Sh/Br)
TPS62080ADSGT ACTIVE WSON DSG 8 250 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR
& no Sh/Br)
TPS62080DSGR ACTIVE WSON DSG 8 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR
& no Sh/Br)
TPS62080DSGT ACTIVE WSON DSG 8 250 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR
& no Sh/Br)
TPS62081DSGR ACTIVE WSON DSG 8 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR
& no Sh/Br)
TPS62081DSGT ACTIVE WSON DSG 8 250 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR
& no Sh/Br)
TPS62082DSGR ACTIVE WSON DSG 8 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR
& no Sh/Br)
TPS62082DSGT ACTIVE WSON DSG 8 250 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR
& no Sh/Br)

® 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: TI has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sh/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.
TBD: The Pb-Free/Green conversion plan has not been defined.
Pb-Free (RoHS): TlI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.

Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Addendum-Page 1



http://www.ti.com/productcontent

13 TEXAS
INSTRUMENTS

www.ti.com 31-Mar-2012

PACKAGE OPTION ADDENDUM

Green (RoHS & no Sh/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

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

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. Tl 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
+ —> KO |e— P1—»]
% { I
iy’
@ ’@ @ EI) l
A T {
Cavity (€ A0 P,
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
v w Overall width of the carrier tape
P1 Pitch between successive cavity centers
E W1
TAPE AND REEL INFORMATION
*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)
TPS62080ADSGR WSON DSG 8 3000 179.0 8.4 2.2 2.2 1.2 4.0 8.0 Q2
TPS62080ADSGT WSON DSG 8 250 179.0 8.4 2.2 2.2 1.2 4.0 8.0 Q2
TPS62080DSGR WSON DSG 8 3000 179.0 8.4 2.2 2.2 1.2 4.0 8.0 Q2
TPS62080DSGT WSON DSG 8 250 179.0 8.4 2.2 2.2 1.2 4.0 8.0 Q2
TPS62081DSGR WSON DSG 8 3000 179.0 8.4 2.2 2.2 1.2 4.0 8.0 Q2
TPS62081DSGT WSON DSG 8 250 179.0 8.4 2.2 2.2 1.2 4.0 8.0 Q2
TPS62082DSGR WSON DSG 8 3000 179.0 8.4 2.2 2.2 1.2 4.0 8.0 Q2
TPS62082DSGT WSON DSG 8 250 179.0 8.4 2.2 2.2 1.2 4.0 8.0 Q2
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TAPE AND REEL BOX DIMENSIONS
,/”?/
4
e ~.
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™~ e
- //' "\.\ 7
T s
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS62080ADSGR WSON DSG 8 3000 195.0 200.0 45.0
TPS62080ADSGT WSON DSG 8 250 195.0 200.0 45.0
TPS62080DSGR WSON DSG 8 3000 195.0 200.0 45.0
TPS62080DSGT WSON DSG 8 250 195.0 200.0 45.0
TPS62081DSGR WSON DSG 8 3000 195.0 200.0 45.0
TPS62081DSGT WSON DSG 8 250 195.0 200.0 45.0
TPS62082DSGR WSON DSG 8 3000 195.0 200.0 45.0
TPS62082DSGT WSON DSG 8 250 195.0 200.0 45.0

Pack Materials-Page 2



MECHANICAL DATA

DGN (S—PDSO—-G8) PowerPAD™ PLASTIC SMALL OQUTLINE

0,38

=YL R
il

- -1
[ [ T~
THERMAL PAD 0,23 / AN

SIZE AND SHAPE SHOWN d g 0,13 /
ON SEPARATE SHEET 2,90 475
l /
! !

L _ ( \ )

l t G‘Guge Plane / "

THHT TN

=}

70
,40

’ / [

-

U_[:]_[:]_[:]_[ji Seating Plane ‘ \ m |

4
10 W 23 Em 1~ -
4073271 /F 05/11
NOTES:  A. All linear dimensions are in millimeters.

B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion.
D. This package is designed to be soldered to a thermal pad on the board. Refer to Technical Brief, PowerPad

Thermally Enhanced Package, Texas Instruments Literature No. SLMAQO2 for information regarding

recommended board layout. This document is available at www.ti.com <http: //www.ti.com>.
E. See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.
F. Falls within JEDEC MO-187 variation AA-T

PowerPAD is a trademark of Texas Instruments.
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MECHANICAL DATA

DSG (S—PWSON—N8) PLASTIC SMALL OUTLINE NO—-LEAD

2,10
N B 1,90
PIN 1 INDEX AREA e
TOP AND BOTTOM
080
0,70
0,20 REF.
0,08 l
= T SEATING PLANE
0,05 j é
0,00 .
0,40
8X = > <4— 0,50
0,20 1 4 \
AN
T \ EXPOSED THERMAL PAD
8 S 0,30
> < : 0,70 |C|A|B
B35 | 10.10@[c[A]B]
1,50 <

4208210/8 10,/10

NOTES:  A. All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M-1994.

B. This drawing is subject to change without notice.
C. Quad Flatpack, No—Leads (QFN) package configuration.

A\ The package thermal pad must be soldered to the board for thermal and mechanical performance.
See the Product Data Sheet for details regarding the exposed thermal pad dimensions.

E. Falls within JEDEC MO-229.
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THERMAL PAD MECHANICAL DATA

DSG (S—PWSON—-NB8) PLASTIC SMALL OUTLINE NO—LEAD

THERMAL INFORMATION

This package incorporates an exposed thermal pad that is designed to be attached directly to an external
heatsink. The thermal pad must be soldered directly to the printed circuit board (PCB). After soldering, the

PCB can be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively, can be
attached to a special heatsink structure designed into the PCB. This design optimizes the heat transfer from the
integrated circuit (IC).

For information on the Quad Flatpack No—Lead (QFN) package and its advantages, refer to Application Report,
QFN/SON PCB Attachment, Texas Instruments Literature No. SLUA271. This document is available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.

4
0.90+0.10 —, u u u u — Exposed Thermal Pad
A

+

]
]

[ ][]

—

1,60£0,10

A

Bottom View

Exposed Thermal Pad Dimensions

4208347 /E 11/10

NOTE: A. All linear dimensions are in millimeters
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LAND PATTERN DATA

DSG (S—PWSON—NB8) PLASTIC SMALL OUTLINE NO—-LEAD
Example Board Layout Example Stencil Design
0.125mm Stencil Thickness
(Note E)

»H« 6x0,5 ﬁﬂ« 6x0,5

Judy— OO0 _f

? 80,25 —w—t—f=— ! ?
24141 O O 0,70 1,4 2,4

¢ - $ 15— ¢
! \\ o
JGDD\ WDDDD
// \\
/ \ 63% Printed solder coverage on center pad
! N
| Non Solder Mask Defined Pad \\ Center Pad Layout

/ \\ (Note D)

<—W76—>

) . 2X®O,5*\
/ ‘ \ So\der%g?kp‘gpemmg @ Q 0.9
/\/ (Note F) *

( 0.5 ™ —————— Pad Geometry — = 08 |-
\ ! Note C ’
T,

all Oroumd

. 028 e

\\7 _—

4208774/E 11/10

NOTES: A. Al linear dimensions are in millimeters.

This drawing is subject to change without notice.

Publication IPC-7351 is recommended for alternate designs.

This package is designed to be soldered to a thermal pad on the board. Refer to Application Note,

QFN/SON PCB Attachment, Texas Instruments Literature No. SLUA271, and also the Product Data Sheets

for specific thermal information, via requirements, and recommended board layout.

These documents are available at www.ti.com <http: //www.ti.com>.

E. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC 7525 for stencil design considerations.

F. " Customers should contact their board fabrication site for solder mask tolerances.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that product or service voids all
express and any implied warranties for the associated Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom www.ti.com/communications
Data Converters dataconverter.ti.com Computers and Peripherals www.ti.com/computers
DLP® Products www.dlp.com Consumer Electronics www.ti.com/consumer-apps
DSP dsp.ti.com Energy and Lighting www.ti.com/energy
Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial
Interface interface.ti.com Medical www.ti.com/medical
Logic logic.ti.com Security www.ti.com/security
Power Mgmt power.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video
RFID www.ti-rfid.com
OMAP Mobile Processors www.ti.com/omap
Wireless Connectivity www.ti.com/wirelessconnectivity

TI E2E Community Home Page e2e.ti.com

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2012, Texas Instruments Incorporated
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KomnaHus ((3J'IeKTpO|_|J'|aCT» npeanaraeT 3akKn4vyeHmne onrocpoYHbIX OTHOLLIEHUN npu
NOoCTaBKaxX MMMNOPTHbIX 3NTEKTPOHHbIX KOMMOHEHTOB Ha B3aMMOBbLIFO4HbIX yCJ'IOBI/lFlX!

Hawwn npeumyuiectsa:

e OnepaTuBHbIE NOCTABKM LUMPOKOrO CMeKTpa 3NeKTPOHHbIX KOMMNOHEHTOB OTEYECTBEHHOIO U
MMMOPTHOrO NPON3BOACTBA HANPAMYO OT MPOM3BOAMTENEN U C KPYNMHENLLNX MUPOBbLIX
CKNaaos.;

MocTaBka 6onee 17-TM MUNIIMOHOB HAMMEHOBAHWUIN 3NEKTPOHHbLIX KOMMNOHEHTOB;

MocTaBka CNoXHbIX, AeULNTHBIX, MMOO CHATLIX C MPOM3BOACTBA NO3ULIUIA;

OnepaTtunBHbIE CPOKM NOCTABKM Nof 3aka3 (0T 5 pabounx gHewn);

OKcnpecc goctaska B Nnobyto Touky Poccuu;

TexHnyeckas nogaepkka npoekTa, NomMoLLlb B nogdope aHanoros, NocTaBka NPOTOTUMOB;

Cuctema MeHeXMeHTa KavyecTBa cepTuduumnposaHa no MexayHapogHomy ctaHgapTty 1ISO

9001;

o JlnueHausa ®CH Ha ocyulecTBneHne paboT ¢ NCNONb30BaHWEM CBEOEHUIN, COCTABAOLLINX
rocygapCTBEHHYIO TalHy;

o [locTaBka cneumnanmampoBaHHbIX KOMNoHeHToB (Xilinx, Altera, Analog Devices, Intersil,
Interpoint, Microsemi, Aeroflex, Peregrine, Syfer, Eurofarad, Texas Instrument, Miteq,
Cobham, E2V, MA-COM, Hittite, Mini-Circuits,General Dynamics v gp.);

MoMMMO 3TOro, O4HMM M3 HanpaBnNeHU koMnaHum «AnekTpollnacT» ABNseTca HanpaBneHne

«UcTouHmkn nutaHua». Mel npeanaraem Bam nomoub KoHCTpyKTOpCKOro otaena:

e [logGop onTuManeHOro peleHus, TexHn4eckoe 060CHOBaHME Npu BbIOOpPE KOMMOHEHTA;
Monbop aHanoros.;
KoHcynbTaumm no NpUMEHEHMIO KOMMOHEHTA;
MocTaBka 06pa3yoB M NPOTOTUMNOB;
TexHn4veckasn noaaepka npoekTa;
3awmTa OT CHATMSA KOMMOHEHTA C NPON3BOACTBA.

Kak c Hamu cBfizaTbCcA

TenedoH: 8 (812) 309 58 32 (MHOrokaHanbHbIN)
Pakc: 8 (812) 320-02-42

OnekTpoHHas nouTta: org@eplastl.ru

Aapec: 198099, r. Cankt-INeTepbypr, yn. KannHuHa,
Oom 2, kopnyc 4, nutepa A.



mailto:org@eplast1.ru

