I3 TEXAS
INSTRUMENTS

www.ti.com

TPS62120
TPS62122

SLVSADS5 —JULY 2010

15V, 75mA High Efficient Buck Converter

Check for Samples: TPS62120 , TPS62122

FEATURES
e Wide Input Voltage Range 2V to 15V
e Up to 96% Efficiency

e Power Save Mode with 11 pA Quiescent
Current

¢ Output Current 75mA

e Output Voltage Range 1.2V to 5.5V

e Up to 800kHz Switch Frequency

e Synchronous Converter, no External Rectifier
e Low Output Ripple Voltage

e 100% Duty Cycle for Lowest Dropout

¢ Small SOT 8 pin (TPS62120) and 2x2 SON 6
pin (TPS62122) Package

e Internal Soft Start
e Power Good Open Drain Output TPS62120

e Open Drain Output for Output Discharge
TPS62120

e 2.5V Rising / 1.85V Falling UVLO Thresholds

APPLICATIONS

 Low Power RF Applications

» Ultra Low Power Microprocessor
* Energy Harvesting

* Industrial Measuring

Vour =18V
Viy=25V1t0 15V TPS62120 L22H up o 75 mA
O-¢ VIN SwW
Cout
EN 4.7 pF

CiN FB

4.7 uF
GND

VouT

SGND | ----
PG

R pullup 100k
PWR GOOD

DESCRIPTION

The TPS6212X device family is a high efficient
synchronous step down DC-DC converter optimized
for low power applications. It supports up to 75mA
output current and allows the use of tiny external
inductors and capacitors.

The wide operating input voltage range of 2V to 15V
supports energy harvesting, battery powered and as
well 9V or 12V line powered applications.

With its advanced hysteretic control scheme the
converter provides power save mode operation. At
light loads the converter operates in PFM mode
(pulse frequency modulation) and transitions
automatically in PWM (pulse width modulation) mode
at higher load currents. The Power Save Mode
maintains high efficiency over the entire load current
range. The hysteretic control scheme is optimized for
low output ripple voltage in PFM mode in order to
reduce output noise to a minimum. It consumes only
10uA quiescent current from VIN in PFM mode
operation.

In shutdown mode, the device is turned off.

An open drain power good output is available in the
TPS62120 and indicates once the output voltage is in
regulation.

TPS62120 has an additional SGND pin which is
connected to GND during shutdown mode. This
output can be used to discharge the output capacitor.

The TPS62120 is available in a small 3x3 mm? 8 pin
SOT 23 package and the TPS62122 in a 2x2 mm? 6
pin SON package.
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Q 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.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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‘ These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y '\ during storage or handling to prevent electrostatic damage to the MOS gates.

ORDERING INFORMATION

ACTIVE PACKAGE
TA PART NUMBER | DISCHARGE PGOS’\(’)EDR Vour PACKAGE DESIGNATOR ORDERING® ';&%’;’Tﬁg
SWITCH CODE
TPS62120® yes Open Drain adjustable SOT 23-8 DCN TPS62120DCN QTX
o o . ) samples }
—40°C to 85°C TPS62121 yes yes 2V fixed SOT 23-8 DCN available
TPS62122®) no no adjustable DFN 2x2-6 DRV TPS62122DRV OFZ

(1) Forthe most current package and ordering information see the Package Option Addendum at the end of this document, or see the Tl
Web site at www.ti.com

(2) The DCN package is available in tape on reel. Add R suffix to order quantities of 3000 parts per reel, T suffix for 250 parts per reel.

(3) The DRV package is available in tape on reel. Add R suffix to order quantities of 3000 parts per reel, T suffix for 250 parts per reel.

ABSOLUTE MAXIMUM RATINGS®

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

VALUE UNIT
MIN MAX
Voltage at VIN® -0.3 17 v
Voltage at SW | dynamically during switching t < 10us 17 v
PIN static DC -0.3 6
Vi Voltage at EN PIN® -0.3 VIN +0.3, v
but <17
Voltage on FB Pin -0.3 3.6 \%
Voltage at PG , VOUT, SGND (2) -0.3 6 \%
N Current into PG pin 0.5 mA
HBM Human body model 2
ESD CDM Charge device model 1 kv
rating®
Machine model 100 \Y
Maximum operating junction temperature, T, -40 125 °C
Storage temperature range, Tggy -65 150 °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 GND.

(3) The human body model is a 100-pF capacitor discharged through a 1.5-kQ resistor into each pin. The machine model is a 200-pF
capacitor discharged directly into each pin.

THERMAL INFORMATION

TPS62120 TPS62122
THERMAL METRIC® DCN DRV UNITS
8 PINS 6 PINS
03a Junction-to-ambient thermal resistance 259.7 114.4
03¢ (top) Junction-to-case(top) thermal resistance 114.1 73.7
038 Junction-to-board thermal resistance 185.8 201.9 CIW
yIT Junction-to-top characterization parameter 21.6 0.8
Y Junction-to-board characterization parameter 121.6 94.9
03¢ (bottom) Junction-to-case(bottom) thermal resistance n/a 122.7

(1) For more information about traditional and new thermal metrics, see the IC PackageThermal Metrics application report, SPRA953
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RECOMMENDED OPERATING CONDITIONS

MIN  NOM  MAX| UNIT
Supply voltage VIN, device in operation 2 15 \%
. ViN=2V,Vour=18V,DCR. =0.7Q 25
Output current capability mA
ViNZ225V,Vour=1.8V,DCR. =0.7Q 75
Effective inductance 10 22 33 uH
Effective output capacitance 1.0 2 33 uF
Output voltage range 1.2 5.5 \%
Operating ambient temperature Tp @, (Unless Otherwise Noted) -40 85 °C
Operating junction temperature range, T, -40 125 °C

(1) In applications where high power dissipation and/or poor package thermal resistance is present, the maximum ambient temperature may
have to be derated. Maximum ambient temperature (Tamax) iS dependent on the maximum operating junction temperature (Tjmax)), the
maximum power dissipation of the device in the application (Ppmax)), and the junction-to-ambient thermal resistance of the part/package
in the application (8;4), as given by the following equation: Tamax) = Tamax) — (03a X Ppmax))-

ELECTRICAL CHARACTERISTICS

Vin =8V, Vour = 1.8V, EN =V, T; =-40°C to 85°C, typical values are at T; = 25°C (unless otherwise noted), C,y = 4.7uF,
L = 22uH, Coyt = 4.7uF, see Parameter Measurement Information
PARAMETER ‘ TEST CONDITIONS MIN TYP MAX ‘ UNIT
SUPPLY
Vin Input voltage range® Device operating 2 15| Vv
lout = OMA, Device not switching, EN = VIN, 11 18 LA
. regulator sleeps
lo Quiescent current - —
lout = OMA, Device switching, V|y =8V, Vout =
13 HA
1.8V
) ) ) Vin = 5.5V =Vgyr, Tj = 25°C, high-side MOSFET
Iactive Active mode current consumption switch fully turned on 240 275 HA
Isp Shutdown current EN =GND, Vour=SW =0V, Vjy=3.6V @ 03 12| pA
Falling Vi 1.85 1.95 \%
Vuvio Undervoltage lockout threshold —
Rising V| 25 261 \%
ENABLE, THRESHOLD
ViH TH Threshold for detecting high EN 2 V < VIN =< 15V, rising edge 08 11 \%
ViLTHHys Threshold for detecting low EN 2V <VIN =15V, falling edge 04 06 \%
N Input bias current, EN EN = GND or V|y 0 50 nA
POWER SWITCH
. . . Vin=3.6V 2.3 3.4
high-side MOSFET on-resistance
RDS(ON) VIN =8V 1.75 2.5 0
low-side MOSFET on-resistance
Vin = 8V 1.2 175
e F_orward current limit MOSFET Vi = 8V, Open loop 200 250 400! mA
high-side
Tsp Thermal shutdown Increasing junction temperature 150 °C
Thermal shutdown hysteresis Decreasing junction temperature 20 °C

(1) The typical required supply voltage for startup is 2.5V. The part is functional down to the falling UVLO (Under Voltage Lockout) threshold
(2) Shutdown current into VIN pin, includes internal leakage
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ELECTRICAL CHARACTERISTICS (continued)

Vin = 8V, Vour = 1.8V, EN =V, T; = -40°C to 85°C, typical values are at T; = 25°C (unless otherwise noted), C, = 4.7uF,
L = 22uH, Coyt = 4.7uF, see Parameter Measurement Information

PARAMETER ‘ TEST CONDITIONS MIN  TYP MAX ‘ UNIT
REGULATOR
toNmin Minimum ON time ViNn=3.6V,Vour=18V 700 ns
toEEmin Minimum OFF time ViNn=3.6V,Vour=18V 60 ns
VRer Internal reference voltage 0.8 \%
Ves chengﬁgﬁjk FB voltage comparator Referred to 0.8V internal reference -25% 0% 2.5%
Feedback FB voltage line regulation lout = 50 mA, @ 0.04 %IV
N Input bias current FB Veg = 0.8V 0 50 nA
totart Regulator start-up time l’irznz\f/rom active EN to device starts switching, VIN 50 150
. Hs
trRamp Output voltage ramp time Time to ramp up Vour = 1.8V, no load “) 120 300
lLk_sw Leakage current into SW pin ;/ﬁljth:wY:Nmzoc\ileSW =18V, EN = GND, device in 1 15| pA
POWER GOOD OUTPUT (TPS62120)
Rising Vgg feedback voltage 93% 95% 97%
VTHPG Power Good threshold voltage -
Falling Vg feedback voltage 87% 90% 93%
Current into PG pin | = 500 pA, Voyt > 1.5V 165
VoL Output low voltage - - mV
Current into PG pin | = 100 pA, 1.2V < Vgour <15V 50
Vy Output high voltage Open drain output, external pull up resistor 55 \%
e Leakage current into PG pin V(pg) = 1.8V, EN = high, FB = 0.85 V 0 50 nA
Leakage into VOUT pin Viour)=1.8V 0 50 nA
TrepL {ir;::’nal power good comparator delay Vour = 1.8V 2 5 us
SGND OPEN DRAIN OUTPUT (TPS62120)
Rpson NMOS drain source resistance SGND=18V,VnN=2V 370 Q
Ik Leakage current into SGND pin EN =VIN, SGND =1.8V 0 50 nA
(3) Vour *+1V = Viy; Vour < 5.5V
(4) Maximum value not production tested
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PIN ASSIGNMENTS

2x2SON 6 pin out

DEVICE INFORMATION

SOT-23 8 pin out

DRV PACKAGE DCN PACKAGE
(TOP VIEW) (TOP VIEW)
Or — — — |
VIN | 1]O VOUT
SWHI 0@ GND
VOUT [ & B VIN GND swW
B @S EeEN
o EN 6] PG
SGND FB
PIN FUNCTIONS
PIN
110 DESCRIPTION
NAME | DRV NO. | DCN NO.
VIN 5 1 PWR | V,y power supply pin.
GND 6 2 PWR | GND supply pin.
EN 4 3 IN Pulling this pin to high activates the device. Low level shuts it down. This pin must be terminated.
SW 1 7 OUT | This is the switch pin and is connected to the internal MOSFET switches. Connect the inductor to
this terminal. Do not tie this pin to VIN, VOUT or GND.
FB 3 IN | This is the feedback pin for the regulator. Connect external resistor divider to this pin.
SGND - 4 IN | This pin is available in TPS62120 only.
Open drain output which is turned on during shutdown mode (EN = 0) or VIN is below the UVLO
threshold. It connects the SGND pin to GND via an internal MOSFET with typical 370Q Rpson)-
When the device is enabled (EN = 1), this output is high impedance. To discharge the output
capacitor during shutdown mode, connect this pin to VOUT (output capacitor) or leave it open.
VOUT 2 IN | This pin must be connected to the output capacitor.
PG - OUT | This pin is available in TPS62120 only.
Open drain power good output. Connect this terminal via a pull up resistor to a voltage rail up to
5.5V or leave it open. This pin can sink 500pA.
Exposed - Exposed Thermal Pad available only in DRV package option. This pad must be connected to
Thermal GND.
PAD
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FUNCTIONAL BLOCK DIAGRAM

VIN
\é%?:%%ce VLo Peak Current
VREF Viwo ed
0.80V Limit Comparator
Limit
EN[:] : High Side
Softstart o PMOS
-
VIN Min. On Time 7! mv
W —> Gate Driver
| Min. OFF Time Control Ant Lo sw
‘ Logic —» Shoot-Through
VREF—| ‘ E
vout | | NMOS
FB U T 1 e
E?)i?pt)):;ﬁor Thermal Zer}rrent
Shutdown
Integrated Comparator
Divider in
fixed output —[] GND
% voltage versions
Note Note
¢ Output Discharge
PG [ PG 4[] SGND
T FB

—

i VTHPG
PG Comparator

IEN |_’7
o] D If%

NOTE: Function available in TPS62120

PARAMETER MEASUREMENT INFORMATION

TPS62120
VN =2Vto 15V
O-e VIN SwW
CIN EN FB
4.7uF
GND
VOUT
SGND
PG

L =18pH LPS3015 Coilcraft
22 pH LQH3NPN Murata

Cin: 4.7uF GRM21B series X5R (0805size) 25V Murata

Cout: 4.7uF GRM188 sereis X5R (0603size) 6.3V Murata

L 18 pH/22 pH

Vour 12V-5V
up to 75mA

Cour
4.7 uF

Rpullup

PWR GOOD
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PARAMETER MEASUREMENT INFORMATION (continued)

TPS62122 Vour 1.2V-5V
Viy=2Vto 15V L 18 uH/22 ynH up to 75mA

®— VIN SW

Cin — EN

4.7uF
GND

L =18 uH LPS3015 Coilcraft

22 pH LQH3NPN Murata
Cin: 4.7uF GRM21B series X5R (0805size) 25V Murata
Cout: 4.7uF GRM188 sereis X5R (0603size) 6.3V Murata

FB

VOUT
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TYPICAL CHARACTERISTICS

EFFICIENCY
VS
OUTPUT CURRENT loyr (Vout = 5V)

EFFICIENCY
VS
INPUT VOLTAGE V)y (Vout = 5V)

100 | i 100 Io= 10mA \ \ Vo=8V, |
V=55V o5 lo=25mA_| | _gp 0 ° _
9 N R — 5 o L =18 uH, LPS3015
Y= = 1' =S ¥ C,=4.7uF
— Vin=8V 90 —— -
T ————
80 - Viy =10V 85 lo=5mA A —
v V=12V . \
E / ViN=15V s Ig=1mA
> 70 5 80
Iy / 2
c [
H 5 75 —
2 E lo=0.1mA
w 70
50 65
Vo=5V,
L=18uH, 60
40 LPS3015, —H
Co=4.7uF 55
30 | L]
50
0.1 1 10 100 5 6 7 8 9 10 1 12 13 14 15
lp - Output Current - mA V| - Input Voltage - V
Figure 1. Figure 2.
EFFICIENCY EFFICIENCY
Vs Vs
OUTPUT CURRENT lout (Vour = 3.3V) INPUT VOLTAGE Vy (Vout = 3.3V)
100 100
T T ] Vo =33V,
- | —lp=25mA  Ig=50mA L= 18 uH,
90 =y 1l v, i R | V| LPS3015, _|
T — = AR 90 N\ — Co =47 uF
AT A= il 7 lo=10mA | X
80l %\, ‘ v Z5y—ViN=35V lo=5mA | ‘
/ﬂ / ViN=T7V 80 Io=1mA
X % Vin=9V R
' IN X
z 70 7// ‘/ V=12V .
8 / ViN=15V g 70 <
G o
£ 60 & TE
pir} 4 b} lo=0.1mA
60 —
50
Vo =33V,
L=18 uH,
40 LPS3015, +H 50
Co=47F
3?) 1 1 10 e 100 40
: lo - Output Current - mA 3 4 5 6 7 8 9 10 1M 12 13 14 15
V| - Input Voltage -V
Figure 3. Figure 4.
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TYPICAL CHARACTERISTICS (continued)

EFFICIENCY EFFICIENCY
Vs Vs
OUTPUT CURRENT lout (Vour = 3.0V) INPUT VOLTAGE Vy (Vout = 3.0V)
100 1 111 T 100 r r
] v=sy| vw=7v Io = 25 mA I Vo=3V,
VN335V ‘ H lo =50 mA L=18 uH,
90 M LPS3015
I - 90 -
/*ﬁk———"i - ‘ Co =47 uF
0 e X
/ ViN=9V 80 lo=1mA___ | 25mA _‘
£ . o ViN=12V < lo=10mA
2 / V=15V o
£ / 2 70
g ., £
E S
f ﬁ A
60 Io=0.1mA
50
Vo=3V,
L=18 uH, 50
40 LPS3015, [T
Co=4.7uF
30 | | [] 40
0.1 10 100 5 6 7 8 9 10 11 13 14 15
lg - Output Current - mA V, - Input Voltage - V
Figure 5. Figure 6.
EFFICIENCY EFFICIENCY
Vs Vs
OUTPUT CURRENT loyt (Vour = 2.0V) INPUT VOLTAGE Vy (Vout = 2.0V)
100 ‘ ‘ ‘ ‘ V=25V 100 T T
‘ vin=av " Q | . | _‘ | Vo=2V.
90 - ViN=6V Ll ‘ ‘ el \IO ) 2\5 i /IO _50 m/\\ LPs3015,
1 90 | )
pm N & _ Io=10mA
80 el R —
A =t - ey ————
=il o0 KK
: Z gAY RINR
5 70 474(/ A v 12v ) o=1m lo=5mA
8 // V=15V 57
E 60 ©
w /, E
60 b
5 =
4 Vo=2V. Io=01mA
L=18 uH, 50
40 LPS3015, —
Co=4.7 uF
30 L[] 40
0.1 1 10 100 2 4 5 6 7 9 10 13 14 15
lp - Output Current - mA V| - Input Voltage - V
Figure 7. Figure 8.
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TYPICAL CHARACTERISTICS (continued)

EFFICIENCY
VS
OUTPUT CURRENT oyt (Vour = 1.2V)
100 ——
T T weav ] vas2v
90 Vin=5VYiINg “‘ v .L/ ¥
g v L
80 / — j/ p—
701 4// "u’- = 11|
L Pezs ,_?( V\l \8\/
T 6074%77 V=10V
W77
5 9 7\ Vg7 12v
o
£ ViN=15V
g 40 4 I
30
Vo=12V,
20 L=18 uH,
LPS3015,
10 Co=4T7pF ]
0 | L[]
0.1 1 10 100
lp - Output Current - mA
Figure 9.
3.0V OUTPUT VOLTAGE
DC REGULATION
3.09 — T
| Vour=3V,
L =18 uH LPS3015,
3.06 |- Cour =47 uF
> ViN=15V V=12V
G 3.03 L Vin=10v
8 o
8 ——
g 2 1
S 3 7 7 = S
< N
2 | Vin=35V_| v, . =4V_ eyl N
g IN IN ViN=5V V=TV
297
o
>
2.94
2.91
0.01 0.1 1 10 100

lp - Output Current - mA

Figure 11.

Efficiency - %

Vg - Output Voltage DC -V

EFFICIENCY
Vs

INPUT VOLTAGE Vn (Vout = 1.2V)

100 T T
‘ ‘ Vo=12V.
) L= 10 mA L=18 uH,
o - LPS3015
Io =25 mA = :
T 0/ 'OJ p0 mA Co=4.7 uF
80
= ———
70}
lo=1mA | <5mA
60
? e,
lo=0.1 mA
40
30
20
3 4 5 6 7 8 9 10 11 12 13 14 15
V| - Input Voltage - V
Figure 10.
2.0V OUTPUT VOLTAGE
DC REGULATION
2.06 T T TTTTT
Vour=2V,
L = 18 uH LPS3015,
2.04 |- Coyr =4.7 uF
202 VNSOV Ly =12V — Vi =15V
LYy
2 o T —\:E\i\
VIN=25V v =3V v =5V || Viy=TV N
1.98
1.96
1.94
0.01 0.1 1 10 100

lp - Output Current - mA

Figure 12.
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TYPICAL CHARACTERISTICS (continued)
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Figure 13. Figure 14.
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Figure 15. Figure 16.
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TYPICAL CHARACTERISTICS (continued)
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TYPICAL CHARACTERISTICS (continued)

LINE TRANSIENT RESPONSE
TYPICAL OPERATION lgyt 10mA FOR 3V OUTPUT VOLTAGE

Tokprevy g v ‘ - - Tek Prevu i -
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Figure 21. Figure 22.
LOAD TRANSIENT RESPONSE AC LOAD REGULATION PERFORMANCE
FOR 3V OUTPUT VOLTAGE FOR 3V OUTPUT VOLTAGE
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Figure 23. Figure 24.
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TYPICAL CHARACTERISTICS (continued)
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Figure 25. Figure 26.
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Figure 27. Figure 28.
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TYPICAL CHARACTERISTICS (continued)
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POWER GOOD OUTPUT DURING STARTUP
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Figure 29. Figure 30.
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Figure 31. Figure 32.
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TYPICAL CHARACTERISTICS (continued)
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Figure 33. Figure 34.
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DETAILED DESCRIPTION

OPERATION

The TPS6212x synchronous step down converter family uses an unique hysteretic PFM/PWM controller scheme
which enables switching frequencies of up to 800kHz, excellent transient response and AC load regulation at
operation with small output capacitors.

At high load currents the converter operates in quasi fixed frequency PWM mode operation and at light loads in
PFM (Pulse Frequency Modulation) mode to maintain highest efficiency over the full load current range. In PFM
Mode, the device generates a single switch pulse to ramp the inductor current and charge the output capacitor,
followed by a sleep period where most of the internal circuits are shutdown to achieve a quiescent current of
typically 10pA. During this time, the load current is supported by the output capacitor. The duration of the sleep
period depends on the load current and the inductor peak current.

A significant advantage of TPS6212x compared to other hysteretic controller topologies is its excellent DC and
AC load regulation capability in combination with low output voltage ripple over the entire load range which
makes this part well suited for audio and RF applications.

Main Control Loop

The feedback comparator monitors the voltage on the FB pin and compares it to an internal 800mV reference
voltage.

The feedback comparator trips once the FB voltage falls below the reference voltage. A switching pulse is
initiated and the high-side MOSFET switch is turned on. It remains turned on at least for the minimum On Time
Tonmin Of typical 700ns until the feedback voltage is above the reference voltage or the inductor current reaches
the high-side MOSFET switch current limit I ,y,e. Once the high-side MOSFET switch turns off, the low-side
MOSFET switch is turned on and the inductor current ramps down. It is turned on at least for the minimum Off
Time Toremin Of typically 60ns. The low-side MOSFET switch stays turned on until the FB voltage falls below the
internal reference and trips the FB comparator again. This will turn on the high-side MOSFET switch for a new
switching cycle.

If the feedback voltage stays above the internal reference the low-side MOSFET switch is turned on until the
zero current comparator trips and indicates that the inductor current has ramped down to zero. In this case, the
load current is much lower than the average inductor current provided during one switching cycle. The regulator
turns the low-side and high-side MOSFET switches off (high impedance state) and enters a sleep cycle with
reduced quiescent current of typically 10uA until the output voltage falls below the internal reference voltage and
the feedback comparator trips again. This is called PFM Mode and the switching frequency depends on the load
current, input voltage, output voltage and the external inductor value.

Once the high-side switch current limit comparator has tripped its threshold of I ye, the high-side MOSFET
switch is turned off and the low-side MOSFET switch is turned on until the inductor current has ramped down to
zero.

The minimum On Time Tonmin fOr @ single pulse can be estimated to:

Ton = V\?UT x 1.3 us

IN (1)
Therefore the peak inductor current in PFM mode is approximately:

Vv -V
ILPFMpeak = —( IN L OUT) x Ton

(2
The transition from PFM mode to PWM mode operation and back occurs at a load current of approximately %
ILPFMpeak-
With:

Ton: high-side MOSFET switch on time [us]

V|n: Input voltage [V]

Vout: Output voltage [V]

L : Inductance [uH]

lLpFMpeak - PFM inductor peak current [mA]
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The maximum switch frequency can be estimated to:

L =770 kHz
3 VIS (3)

fSWmax ~ 1

100% DUTY CYCLE LOW DROPOUT OPERATION

The device will increase the On Time of the high-side MOSFET switch once the input voltage comes close to the
output voltage in order to keep the output voltage in regulation. This will reduce the switch frequency.

With further decreasing input voltage V,y the high-side MOSFET switch is turned on completely. In this case the
converter provides a low input-to-output voltage difference. This is particularly useful in applications with widely
variable supply voltage to achieve longest operation time by taking full advantage of the whole supply voltage
span.

The minimum input voltage to maintain regulation depends on the load current and output voltage, and can be
calculated as:

Vinmin = VOUtmax + Ioutmax x (RDSONmax + RL) (4)

With:
louTmax = Maximum output current
Rps(onymax = maximum P-channel switch Rpg(ony-
R, = DC resistance of the inductor
VouTmax = Nominal output voltage plus maximum output voltage tolerance

UNDER-VOLTAGE LOCKOUT

The under-voltage lockout circuit prevents the device from misoperation at low input voltages. It prevents the
converter from turning on the high-side MOSFET switch or low-side MOSFET under undefined conditions. The
UVLO threshold is set to 2.5V typical for rising VIN and 1.85V typical for falling VIN. The hysteresis between
rising and falling UVLO threshold ensures proper start up even with high impedance sources. Fully functional
operation is permitted for an input voltage down to the falling UVLO threshold level. The converter starts
operation again once the input voltage trips the rising UVLO threshold level.

SOFT START

The TPS6212X has an internal soft-start circuit which controls the ramp up of the output voltage and limits the
inrush current during start-up. This limits input voltage drop when a battery or a high-impedance power source is
connected to the input of the converter.

The soft-start system generates a monotonic ramp up of the output voltage with a ramp of typically 15mV/us and
reaches an output voltage of 1.8V in typically 170us after EN pin was pulled high. TPS6212X 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.

During start up the device can provide an output current of half of the high-side MOSFET switch current limit
ILme- Large output capacitors and high load currents may exceed the current capability of the device during start
up. In this case the start up ramp of the output voltage will be slower.

ENABLE/SHUTDOWN

The device starts operation when EN pin is set high and the input voltage V,y has tripped the under voltage
lockout threshold UVLO for rising V. It starts switching after the regulator start up time tg, Of typically 50us has
expired and enters the soft start as previously described. For proper operation, the EN pin must be terminated
and must not be left floating.

EN pin low forces the device into shutdown, with a shutdown quiescent current of typically 0.3pA.

In this mode, the high-side and low-side MOSFET switches as well as the entire internal-control circuitry are
switched off.

In TPS62120 the internal N-MOSFET at pin SGND is activated and connects SGND to GND.
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POWER GOOD OUTPUT

The Power Good Output is an open drain output available in TPS62120. The circuit is active once the device is
enabled. It is driven by an internal comparator connected to the FB voltage and internal reference. The PG
output provides a high level (open drain high impedance) once the feedback voltage exceeds typical 95% of its
nominal value. The PG output is driven to low level once the feedback voltage falls below typ. 90% of its nominal
value. The PG output is high (high impedance) with an internal delay of typically 2ps. A pullup resistor is needed
to generate a high level and limit the current into the PG pin to 0.5mA. The PG pin can be connected via an pull
up resistors to a voltage up to 5.5V

The PG output is pulled low if the device is enabled but the input voltage is below the undervoltage lockout
threshold UVLO or the device is turned into shutdown mode.

SGND OPEN DRAIN OUTPUT

This is an NMOS open drain output with a typical Rpgn of 370Q and can be used to discharge the output
capacitor. The internal NMOS connects SGND pin to GND once the device is in shutdown mode or V,y falls
below the UVLO threshold during operation. SGND becomes high impedance once the device is enabled and V
is above the UVLO threshold. If SGND is connected to the output, the output capacitor is discharged through
SGND.

SHORT-CIRCUIT PROTECTION

The TPS6212X integrates a high-side MOSFET switch current limit I = to protect the device against short
circuit. The current in the high-side MOSFET switch is monitored by current limit comparator and once the
current reaches the limit of I e , the high-side MOSFET switch is turned off and the low-side MOSFET switch is
turned on to ramp down the inductor current. The high-side MOSFET switch is turned on again once the zero
current comparator trips and the inductor current has become zero. In this case, the output current is limited to
half of the high-side MOSFET switch current limit %2 | ;e

THERMAL SHUTDOWN

As soon as the junction temperature, T;, exceeds 150°C (typical) the device goes into thermal shutdown. In this
mode, the high-side and low-side MOSFETs are turned-off. The device continues its operation when the junction
temperature falls below the thermal shutdown hysteresis.
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APPLICATION INFORMATION

TPS62120 Vout18V
Viy=2Vto15V L 22 pH 25 mA

VIN sw

EN

4.7 yF

vouT
SGND _J Rouiug! 00 KO
PG PWR GOOD

Figure 35. TPS62120 1.8V Output Voltage Configuration

TPS62120 Vour 3.06 V
Viy=35Vto15V L 22 yH 75 mA

VIN Sw

EN
Cn —— FB
4.7 yF

VOUT I
SGND Rpullup100 kQ
PG PWR GOOD

Figure 36. TPS62120 3.06V Output Voltage Configuration

TPS62122 Vour =20V
VN=21Vto15V L 22 yH loyT = 25 mA

VIN Sw

EN
Cn —— FB
4.7 yF

VOuT

Figure 37. TPS62122 2.0V Output Voltage Configuration

20 Submit Documentation Feedback Copyright © 2010, Texas Instruments Incorporated
Product Folder Link(s): TPS62120 TPS62122


http://focus.ti.com/docs/prod/folders/print/tps62120 .html
http://focus.ti.com/docs/prod/folders/print/tps62122.html
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLVSAD5 &partnum=TPS62120 
http://focus.ti.com/docs/prod/folders/print/tps62120 .html
http://focus.ti.com/docs/prod/folders/print/tps62122.html

. F{II\EI)S(’?FS{UMENTS TPS62120
TPS62122

www.ti.com SLVSADS5 —JULY 2010

High Impedance

Source TPS62120 Vout1-8V
L 22 yH 100 pA
O VIN swW
1kQ
— C
ouT
DC EN
12V Cn —— FB 4.7 wF

01 GND

vouT
SGND | Routlup 100 KO
PG PWR GOOD

Figure 38. TPS62120 1.8V VOUT Configuration Powered from a High-Impedance Source

OUTPUT VOLTAGE SETTING
The output voltage can be calculated to:

Vout = VRer X (1 + 2—;) with an internal reference voltage VREF typical 0.8 V

Ri= (&L - 1) x R,

®)

To minimize the current through the feedback divider network, R, should be within the range of 82kQ to 360k.
The sum of R; and R, should not exceed ~1MQ, to keep the network robust against noise. An external
feed-forward capacitor Cff is required for optimum regulation performance. R; and Cg places a zero in the
feedback loop.

f, = 1 = 25 kHz
2 xn x Ry x G ®)

The value for Ci can be calculated as:

1
Cy=
2 xn xRy x 25kHz (7)

Table 1 shows a selection of suggested values for the feedback divider network for most common output
voltages.

Table 1. Suggested Values for Feedback Divider Network

Voltage Setting [V] 3.06 3.29 2.00 1.80 1.20 5.00
R1 [kQ] 510 560 360 300 180 430
R2 [kQ] 180 180 240 240 360 82
Cff [pF] 15 22 22 22 27 15

OUTPUT FILTER DESIGN (INDUCTOR AND OUTPUT CAPACITOR)

The TPS6212X operates with effective inductance values in the range of 10uH to 33pH and with effective output
capacitance in the range of 1uF to 33uF. The device is optimized to operate for an output filter of L = 22uH and
Cout = 4.7uF. Larger or smaller inductor/capacitor values can be used to optimize the performance of the device
for specific operation conditions. For more details, see the CHECKING LOOP STABILITY section.
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INDUCTOR SELECTION

The inductor value affects its peak-to-peak ripple current, the PWM-to-PFM transition point, the output voltage
ripple and the efficiency. The selected inductor has to be rated for its DC resistance and saturation current. The
inductor ripple current (Al) decreases with higher inductance and increases with higher V,y or Vot and can be
estimated according Equation 8.

www.ti.com

Equation 9 calculates the maximum inductor current under static load conditions. The saturation current of the
inductor should be rated higher than the maximum inductor current as calculated with Equation 9. This is
recommended because during heavy load transient the inductor current will rise above the calculated value. A
more conservative way is to select the inductor saturation current according to the high-side MOSFET switch
current limit Iy jyg.

(Mn - Vour)
Al, = ~—— =72 x T,
L 3 ON @)

Al

Ier'ax = Ioutmax t—=

9)

With:

Ton = See equation (3)

L = Inductor Value

Al, = Peak to Peak inductor ripple current

ILmax = Maximum Inductor current
In DC/DC converter applications, the efficiency is essentially affected by the inductor AC resistance (i.e. quality
factor) and by the inductor DCR value. To achieve high efficiency operation, care should be taken in selecting
inductors featuring a quality factor above 25 at the switching frequency. Increasing the inductor value produces

lower RMS currents, but degrades transient response. For a given physical inductor size, increased inductance
usually results in an inductor with lower saturation current.

The total losses of the coil consist of both the losses in the DC resistance Rpc) and the following
frequency-dependent components:

» The losses in the core material (magnetic hysteresis loss, especially at high switching frequencies)

» Additional losses in the conductor from the skin effect (current displacement at high frequencies)

» Magnetic field losses of the neighboring windings (proximity effect)

* Radiation losses

The following inductor series from different suppliers have been used with the TPS6212X converters.

Table 2. List of Inductors

INDUCTANCE [uH] DIMENSIONS [mm?] INDUCTOR TYPE SUPPLIER
22 3x3x15 LQH3NPN Murata
18/22 3x3x15 LPS3015 Coilcraft

OUTPUT CAPACITOR SELECTION

The unique hysteretic PFM/PWM control scheme of the TPS6212x allows the use of ceramic capacitors.
Ceramic capacitors with low ESR values have the lowest output voltage ripple and are recommended. The
output capacitor requires either an X7R or X5R dielectric. Y5V and Z5U dielectric capacitors, aside from their
wide variation in capacitance over temperature, become resistive at high frequencies.

At light load currents the converter operates in Power Save Mode and the output voltage ripple is dependent on
the output capacitor value and the PFM peak inductor current. Higher output capacitor values minimize the
voltage ripple in PFM Mode and tighten DC output accuracy in PFM Mode.
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INPUT CAPACITOR SELECTION

Because of the nature of the buck converter having a pulsating input current, a low ESR input capacitor is
required for best input voltage filtering and minimizing the interference with other circuits caused by high input
voltage spikes. For most applications a 4.7uF to 10uF ceramic capacitor is recommended. The voltage rating
and DC bias characteristic of ceramic capacitors need to be considered. The input capacitor can be increased
without any limit for better input voltage filtering.

For specific applications like energy harvesting a tantalum or tantalum polymer capacitor can be used to achieve
a specific DC/DC converter input capacitance. Tantalum capacitors provide much better DC bias performance
compared to ceramic capacitors. In this case a 1uF or 2.2uF ceramic capacitor should be used in parallel to
provide low ESR.

Take care when using only small ceramic input capacitors. When a ceramic capacitor is used at the input and the
power is being supplied through long wires, such as from a wall adapter, a load step at the output or V,y step on
the input can induce large ringing at the VIN pin. This ringing can couple to the output and be mistaken as loop
instability or could even damage the part by exceeding the maximum ratings.

Table 3 shows a list of input/output capacitors.

Table 3. List of Capacitor

CAPACITANCE SIZE CAPACITOR TYPE USAGE SUPPLIER
[MF]
4.7 0603 GRM188 series 6.3V X5R Cout Murata
2.2 0603 GRM188 series 6.3V X5R Cout Murata
4.7 0805 GRM21Bseries 25V X5R Cin Murata
10 0805 GRM21Bseries 16V X5R Cin Murata
8.2 B2(3.5x 2.8 x 1.9) 20TQC8R2M (20V) Cin Sanyo

CHECKING LOOP STABILITY

The first step of circuit and stability evaluation is to look from a steady-state perspective at the following signals:
» Switching node, SW

e Inductor current, I

+ Output ripple voltage, Voac)

These are the basic signals that need to be measured when evaluating a switching converter. When the
switching waveform shows large duty cycle jitter or the output voltage or inductor current shows oscillations, the
regulation loop may be unstable. This is often a result of board layout and/or L-C combination.

As a next step in the evaluation of the regulation loop, the load transient response is tested. During application of
the load transient and the turn on of the high-side MOSFET switch, the output capacitor must supply all of the
current required by the load. Voyr immediately shifts by an amount equal to Al oapy * ESR, where ESR is the
effective series resistance of Coyr. Alioapy begins to charge or discharge Coyr generating a feedback error
signal used by the regulator to return Vot to its steady-state value. The results are most easily interpreted when
the device operates in PWM mode.

During this recovery time, Voyr can be monitored for settling time, overshoot or ringing that helps judge the
converter’s stability. Without any ringing, the loop has usually more than 45° of phase margin. Because the
damping factor of the circuitry is directly related to several resistive parameters (e.g., MOSFET Rpg(on)) Which are
temperature dependent, the loop stability analysis should be done over the input voltage range, load current
range, and temperature range

LAYOUT CONSIDERATIONS

As for all switching power supplies, the layout is an important step in the design. Proper function of the device
demands careful attention to PCB layout. Care must be taken in board layout to get the specified performance. If
the layout is not carefully done, the regulator could show poor line and/or load regulation, stability issues as well
as EMI problems. It is critical to provide a low inductance, impedance ground path. Therefore, use wide and
short traces for the main current paths. The input capacitor should be placed as close as possible to the IC pins
as well as the inductor and output capacitor.
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Use a common Power GND node and a different node for the signal GND to minimize the effects of ground
noise. Keep the common path to the GND PIN, which returns the small signal components and the high current
of the output capacitors as short as possible to avoid ground noise. The FB divider network and the VOUT line
must be connected to the output capacitor. The VOUT pin of the converter should be connected via a short trace
to the output capacitor. The FB line must be routed away from noisy components and traces (e.g., SW line).

10.5 mm

ww 6/,

Figure 39. PCB Layout - DCN Package

11.1 mm

Figure 40. PCB Layout - DRV Package
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Qty Eco Plan Lead/Ball Finish  MSL Peak Temp Op Temp (°C) Top-Side Markings Samples
@ Drawing @ @) @

TPS62120DCNR ACTIVE SOT-23 DCN 8 3000 Green (RoHS  CU NIPDAU  Level-1-260C-UNLIM -40t0 85 QTX m
& no Sh/Br)

TPS62120DCNT ACTIVE SOT-23 DCN 8 250 Green (RoHS  CU NIPDAU  Level-1-260C-UNLIM -40t0 85 QTX m
& no Sh/Br)

TPS62122DRVR ACTIVE SON DRV 6 3000 Green (RoHS  CU NIPDAU  Level-2-260C-1 YEAR -40t0 85 OFZ m
& no Sh/Br)

TPS62122DRVT ACTIVE SON DRV 6 250 Green (RoHS  CU NIPDAU  Level-2-260C-1 YEAR -40to 85 OFZ m
& 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: Tl 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 Sb/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): TI'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, TI 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.

Green (RoHS & no Sb/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.

@ Only one of markings shown within the brackets will appear on the physical device.

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

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
7'} |¢ KO
i |
& go W
Reel — | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O O OO O O QrSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 8
T
A
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
TPS62120DCNR SOT-23 | DCN 8 3000 180.0 8.4 323 | 317 | 1.37 | 4.0 8.0 Q3
TPS62120DCNT SOT-23| DCN 8 250 180.0 8.4 323 | 317 | 1.37 | 4.0 8.0 Q3
TPS62122DRVR SON DRV 6 3000 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
TPS62122DRVR SON DRV 6 3000 179.0 8.4 2.2 2.2 1.2 4.0 8.0 Q2
TPS62122DRVT SON DRV 6 250 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
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TAPE AND REEL BOX DIMENSIONS
,/”?/
4
// S
/\g\‘ /}#\
. 7
- //' "\.\ 7
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS62120DCNR SOT-23 DCN 8 3000 202.0 201.0 28.0
TPS62120DCNT SOT-23 DCN 8 250 202.0 201.0 28.0
TPS62122DRVR SON DRV 6 3000 210.0 185.0 35.0
TPS62122DRVR SON DRV 6 3000 203.0 203.0 35.0
TPS62122DRVT SON DRV 6 250 210.0 185.0 35.0
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MECHANICAL DATA

DCN (R—PDSO-G8) PLASTIC SMALL—QUTLINE PACKAGE (DIE DOWN)

3,00

2,80

H
e ﬁa g *
ndex Area . Gauge Plane
wld Az ]

795]

X
iy

x ST
1,15 _

Seetmg Plane O _/

4202106/D 11/2009

NOTES:  A. All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.

C. Package outline exclusive of metal burr & dambar protrusion /intrusion.
D. Package outline inclusive of solder plating.

E. A visual index feature must be located within the Pin 1 index area.

F
G

Falls within JEDEC MO-178 Variation BA.
Body dimensions do not include flash or protrusion. Mold flash and protrusion shall not exceed 0.25 per side.
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LAND PATTERN DATA

DCN (R—PDSO—-G8) PLASTIC SMALL—OUTLINE PACKAGE (DIE DOWN)
Example Board Layout Example Stencil Design
(Note C,E) (Note D)

6x 0.65 —=|

il
000

- 2x 195 —=

—= ~— 0.45 Example
\ Solder Mask Opening

" —1

»\« 0.05

/
\ All Arodind
\

Pad Geometry

e
- _

4211034/B 01/12

NOTES: A. All linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

C. Publication IPC-7351 is recommended for alternate designs.

D. 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.

E.  Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.
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MECHANICAL DATA

DRV (S—PWSON—N6) PLASTIC SMALL OUTLINE NO—LEAD

PIN 1 INDEX AREA /x\

0,20 REF.

e e SEATING PLANE

EXPOSED THERMAL PAD/ i

4206925/E 10,/10

All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M-1994.
This drawing is subject to change without notice.
Small Outline No—Lead (SON) package configuration.

A

B

C

@ 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.
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THERMAL PAD MECHANICAL DATA

DRV (S—PWSON-N6) 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. SLUA27]. This document is available at www.ti.com.

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

PIN 1 INDICATOR
C 0,307

1,00:|:O,10—| I |/Exposed Thermal Pad

< »— 1,60£0,10

Bottom View

Exposed Thermal Pad Dimensions

4206926/N  03/13

NOTE: All linear dimensions are in millimeters
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LAND PATTERN DATA

DRV (S—PWSON—N6) PLASTIC SMALL OUTLINE NO-LEAD

Example Board Layout Example Stencil Design

0.125mm Stencil Thickness
|<——'— 0’65

‘ i (Nrji)—|—055
J 00~ 2000

28 141 O O 0,80 1,45 2,75

(IPON, [

/I 70% Printed solder coverage on center pad
/

/'I Non Solder Mask Defined Pad Center Pad Layout
/ (Note D)

- 16 —=

2x90,3— *
‘ Solder Eﬁgg?(plgpening \GD Q 1,0

) \ (Note F) +

F07|| <
( \-}—qu Geometry —= 0,8 |=—
\

* —fl=~— 0,07 // (Note C)
all around

4207812/G 12/12

NOTES: A. All 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, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

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

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

Tl does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license 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 significant portions 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. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

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

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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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.
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