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2.25MHz 2x800mA Dual Step Down Converter In Small 3x3mm QFN Package

Check for Samples: TPS62410-Q1

FEATURES

e Qualified for Automotive Applications

e High Efficiency—up to 95%

e V,yRange From25Vto6V

e 2.25 MHz Fixed Frequency Operation

¢ Output Current 2 x 800mA

e Adjustable Output Voltage From 0.6 V to V|y

e EasyScale™ Optional One Pin Serial Interface
for Dynamic Output Voltage Adjustment

 Power Save Mode at Light Load Currents
e 180° Out of Phase Operation
e Output Voltage Accuracy in PWM Mode +1%

e Typical 32 pA Quiescent Current for both
Converters

e 100% Duty Cycle for Lowest Dropout
e Available in a 10-Pin QFN (3x3mm)
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EasyScale, PowerPAD are trademarks of Texas Instruments.

DESCRIPTION

The TPS62410 device is a synchronous dual
step-down DC-DC converter optimized for battery
powered portable applications. It provides two
independent output voltage rails powered by 1-cell
Li-lon or 3-cell NiMH/NIiCD batteries. The device is
also suitable to operate from a standard 3.3V or 5V
voltage rail.

With an input voltage range of 2.5V to 6V, the
TPS62410 is ideal to power portable applications like
smart phones, PDAs, and other portable equipment.

With the EasyScale™ serial interface the output
voltages can be modified during operation. It
therefore supports Dynamic Voltage Scaling for low
power DSP and processors.

The TPS62410 operates at 2.25MHz fixed switching
frequency and enter the Power Save Mode operation
at light load currents to maintain high efficiency over
the entire load current range. For low noise
applications the devices can be forced into fixed
frequency PWM mode by pulling the MODE/DATA
pin high. In the shutdown mode, the current
consumption is reduced to 1.2pA. The device allows
the use of small inductors and capacitors to achieve a
small solution size.

The TPS62410 is available in a 10-pin leadless
package (3x3mm QFN).
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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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ORDERING INFORMATION®

T;

PACKAGE®

ORDERABLE PART NUMBER

TOP-SIDE MARKING

—40°C to 125°C QFN - DRC

Reel of 3000

TPS62410QDRCRQ1

OFX

(1) For the 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) Package drawings, thermal data, and symbolization are available at www.ti.com/packaging.

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

VALUE UNIT
Input voltage range on V,y @ -0.3t07 \Y
Voltage range on EN, MODE/DATA, DEF_1 -0.3to Vy +0.3, <7 \%
Maximum Current into MODE/DATA 500 HA
Voltage on SW1, SW2 -0.3to7 \%
Voltage on ADJ2, FB1 -0.3to V)y +0.3, <7 \%
ESD rating® Human-body model 2 kv
Charged-device model 1 kv
Machine model 200 \
Tymaxy Maximum junction temperature 150 °C
Tstg Storage temperature range —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) The human body model is a 100pF capacitor discharged through a 1.5kQ resistor into each pin. The machine model is a 200pF

capacitor discharged directly into each pin.

DISSIPATION RATINGS

PACKAGE Rosa

POWER RATING FOR Tp = 25°C

DERATING FACTOR ABOVE Tp = 25°C

DRC 49°C/W

2050mw

21mw/°C

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

MIN  NOM MAX| UNIT
VIN Supply voltage 25 6 \%
Output voltage range for adjustable voltage 0.6 VIN \%
T, Operating junction temperature -40 125 °C
2 Submit Documentation Feedback Copyright © 2010, Texas Instruments Incorporated
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ELECTRICAL CHARACTERISTICS

Viy = 3.6V, Vour = 1.8V, EN = V), MODE = GND, L = 2.2uH, Cqyr = 20pF, T; = —40°C to 125°C, typical values are at

Ta = 25°C (unless otherwise noted)

mode

PARAMETER | TEST CONDITIONS MIN TYP  MAX UNIT
SUPPLY CURRENT
Vin Input voltage range 2.5 6.0 \%
One converter, loyt = OMA. PFM mode enabled 19 29 HA
(Mode = 0) device not switching,
EN1=10OREN2=1
Two converter, oyt = OmA. PFM mode enabled 32 48 HA
. . (Mode = 0) device not switching,
10) Operating quiescent current EN1=1ANDEN2=1
lout = OMA, MODE/DATA = GND, for one 23 HA
converter, Vour 1.575V®
loutr = OMA, MODE/DATA = V), for one 3.6 mA
converter, Vour 1.575v @
EN1, EN2 = GND, Vy = 3.6V® 1.2 3
Isp Shutdown current 3 HA
EN1, EN2 = GND, V,y ramped from 0V to 3.6V® 0.1 1
Falling 15 2.35
Vuvio Undervoltage lockout threshold — \%
Rising 2.4
ENABLE EN1, EN2
Vi High-level input voltage, EN1, EN2 1.2 VN \%
Vi Low-level input voltage, EN1, EN2 0.4 \%
Iin Input bias current, EN1, EN2 EN1, EN2 = GND or VIN 0.05 1.0 HA
DEF_1 INPUT
Iin Input bias current DEF_1 DEF_1 = GND or VIN 0.01 1.0 HA
MODE/DATA
Vi High-level input voltage, 1.2 VN \%
MODE/DATA
Vi Low-level input voltage, 0 0.4 \%
MODE/DATA
Iin Input bias current, MODE/DATA MODE/DATA = GND or VIN 0.01 1.0 HA
VoH Acknowledge output voltage high Open drain, via external pullup resistor VN \%
VoL Acknowledge output voltage low Open drain, sink current 500puA 0 0.4 \%
INTERFACE TIMING
tstart Start time us
ty LB High time low bit, logic 0 detection | Signal level on MODE/DATA pin is > 1.2V 200 us
t 18 Low time low bit, logic O detection Signal level on MODE/DATA pin < 0.4V 2X 400 us
tH 1B
t HB Low time high bit, logic 1 detection | Signal level on MODE/DATA pin < 0.4V 2 200 us
ty B High time high bit, logic 1 detection | Signal level on MODE/DATA pin is > 1.2V 2X 400 us
t Hs
Teos End of Stream Teos 2 us
tackN Duration of acknowledge condition | V)y 2.5V to 6V 400 520 us
(MODE/DATE line pulled low by the
device)
tyalacK Acknowledge valid time 2 us
ttimeout Timeout for entering power save MODE/DATA Pin changes from high to low 520 us

(1) Device is switching with no load on the output,
(2) These values are valid after the device has been already enabled one time (EN1 or EN2 = high) and supply voltage V| has not

powered down.

(3) These values are valid when the device is disabled (EN1 and EN2 low) and supply voltage Vy is powered up. The values remain valid

L = 3.3pH, value includes losses of the coil

until the device has been enabled first time (EN1 or EN2 = high). After first enable, Note 3 becomes valid.

Copyright © 2010, Texas Instruments Incorporated
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ELECTRICAL CHARACTERISTICS (continued)

Viy = 3.6V, Vour = 1.8V, EN = V), MODE = GND, L = 2.2uH, Cqyr = 20pF, T; = —40°C to 125°C, typical values are at
Ta = 25°C (unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN  TYP  MAX| UNIT
POWER SWITCH
Rpson) P-Channel MOSFET On-resistance, | V|y = Vgs = 3.6V 280 620 mQ
Converter 1,2
I k_pmos P-Channel leakage current Vps = 6.0V 1 HA
Rps(on) N-Channel MOSFET On-resistance |V)y = Vgs = 3.6V 200 450 mQ
Converter 1,2
Ik_swuswz Leakage Currentinto SW1/SW2 Pin | Includes N-Chanel leakage current, 6 7.5 pA
Vin = open, Vg = 6.0V, EN = GND®
ILimE Forward Current | OUT 1/2 800mA | 2.5V £ V| £ 6.0V 1.0 1.2 1.38 A
Limit PMOS and
NMOS
Tsp Thermal shutdown Increasing junction temperature 150 °C
Thermal shutdown hysteresis Decreasing junction temperature 20 °C
OSCILLATOR
fsw Oscillator frequency 2.5V <VIN £6.0V 2.0 2.25 2.5 MHz
OUTPUT
Vout Adjustable output voltage range 0.6 Vin \%
Vet Reference voltage 600 mV
Voltage positioning active, MODE/DATA = GND, 1.01x
Vourt erm) device operating in PFM mode, VIN = 2.5V to -1.5% y 2.5%
50v © ) Vour

DC output voltage accuracy PFM

mode, adjustable and fixed output MODE/DATA = GND; device operating in PWM 1% 0% 1%

voltage ® Mode VIN = 2.5V to 6.0v(")
Vout V|y = 2.5V to 6.0V, Mode/Data = V| , Fixed PWM 10 o o
operation, OmA < IOUT < IOUTMAX 85 1% 0% 1%
DC output voltage load regulation PWM operation mode 0.5 %/A
tStart up Start-up time Activation time to start switching® 170 ps
tRamp Vout Ramp UP time Time to ramp from 5% to 95% of Vout 750 us

(4) At pins SW1 and SW2 an internal resistor of 1MQ is connected to GND

(5) Output voltage specification does not include tolerance of external voltage programming resistors

(6) Configuration L typ 2.2uH, Coyt typ 20uF, see parameter measurement information, the output voltage ripple depends on the effective
capacitance of the output capacitor, larger output capacitors lead to tighter output voltage tolerance

(7) In Power Save Mode, PWM operation is typically entered at lpgy = V|n/32Q.

(8) For Vout > 2.2V, V|y min = Vgyt +0.3V

(9) This time is valid if one converter turns from shutdown mode (EN2 = 0) to active mode (EN2 =1) AND the other converter is already
enabled (e.g., EN1 = 1). In case both converters are turned from shutdown mode (EN1 and EN2 = low) to active mode (EN1 and/or
EN2=1) a value of typ 80 us for ramp up of internal circuits needs to be added. After tsi,¢ the converter starts switching and ramps

Vour-

4 Submit Documentation Feedback Copyright © 2010, Texas Instruments Incorporated
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PIN ASSIGNMENTS

DEVICE INFORMATION

NS NT 100 SW2
MODE/DATA [J2 | to[] EN2
VIN 33 1 i 8] GND

FB1 [0 ! ! 7] ENA
DEF_1[J5 b-nnnnn-- ! 6] SW1

Top view DRC package

TERMINAL FUNCTIONS

TERMINAL
NAME NO. I/0 DESCRIPTION
(QFN)

ADJ2 1 | Input to adjust output voltage of converter 2. In adjustable version (TPS62410) connect a external
resistor divider between VOUT2, this pin and GND to set output voltage between 0.6V and VIN. If
EasyScale™ Interface is used for converter 2, this pin must be directly connected to the output.

MODE/DATA 2 | This Pin has 2 functions:

1. | Operation Mode selection: With low level, Power Save Mode is enabled where the device
operates in PFM mode at light loads and enters automatically PWM mode at heavy loads. Pulling
this PIN to high forces the device to operate in PWM mode over the whole load range.

2. | EasyScale™ Interface function: One wire serial interface to change the output voltage of both
converters. The pin has an open drain output to provide an acknowledge condition if requested.
The current into the open drain output stage may not exceed 500pA. The interface is active if
either EN1 or EN2 is high.

VIN | Supply voltage, connect to VBAT, 2.5V to 6V

FB1 | Direct feedback voltage sense input of converter 1, connect directly to Vout 1. An internal feed forward
capacitor is connected between this pin and the error amplifier. In case of fixed output voltage versions
or when the Interface is used, this pin is connected to an internal resistor divider network.

DEF_1 5 /0 | This pin defines the output voltage of converter 1. The pin acts in TPS62410 as an analog input for
output voltage setting via external resistors. In fixed default output voltage versions this pin is a digital
input to select between two fixed default output voltages.

In TPS62410 an external resistor network needs to be connected to this pin to adjust the default output
voltage.

SW1 6 Switch Pin of Converterl. Connected to Inductor 1

EN1 7 | Enable Input for Converterl, active high

GND 8 | GND for both converters, this pin should be connected with the PowerPAD

EN2 9 /0 | Enable Input for Converter 2, active high

SW2 10 Switch Pin of Converter 2. Connected to Inductor 2

PowerPAD™ Connect to GND

Copyright © 2010, Texas Instruments Incorporated
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FUNCTIONAL BLOCK DIAGRAM
g VIN
____________________________________________________ '
r i
Converter 1 Limit Copparator !
| P VIN |
|
FB_VOUT
I Thermal N |
Softstart 9
I Shutdown orista VREFJ'—TD_ A\ |
D‘ Skip Comp. o - :
ENA I FB_VOUT o I
I VREF- 1% |E |
VREF Skip Comp. Low . :
D_ Ext. res. network Control Gate Driver |
Error Amp. Stage N D
DEF1 I' Int. Resistor__ - 'c’;};r;:"jsated " i SW1
Network 1
|| C, 25pF — |
— . 1 s
| -
I & —— !
D_ I RI1 Register Sawtooth !
| — [oeFr_Highll [ Generator _, GND :
FB1 | | R [DEF1_Low] Average |
Current Detector |
Skip Mode Entry [— NMOS Current |
Limit Comparatori |
|
| |
| |
—i - Reference | Load Comparator |
Easy Scale 2'25MHZ | e e e e . o — — — — — — — — — ——— — — ———— —— |
Mode/ Interface Oscillator T Ty g oy iy gy gy 1
DATA ACK Undervoltage *CLK 180° | PMOS Current |
MOSFET Lockout | Limit Comparator
Open drain ] VIN :
! Converter 2 -2 :
| Int. Resistor VREF +1% Y |
| ¥ Network Skip Comp. < |
| Register FB VOUT > m |
| § |[Coerz ] —= > |
| T Note B VREF- 1% |'_ |
| 1l VREF \ Skip Comp. Low Control Gate Driver !
| Cy 25pF Error Amp., |—| |—| Stage |
| Internal 9 } D
| compensated |
| RI.N 1 |SW2
| — |
J MODE
D | FB_VOUT2 / — ™ | J :
ADJ2] | > |
| |
Sawtooth
: Generator M _, GNE{
| Thermal Average |
| Shutdown Current Detector |
D_ | TCLK 180° Skip Mode Entry |— NMOS Current |
| Softstart Limit Comparator| |
EN2| | |
| |
| |
I Load C t '
L e e J
[eno
A. In fixed output voltage version, the PIN DEF_1 is connected to an internal digital input and disconnected from the
error amplifier
B. To set the output voltage of Converter 2 via EasyScale Interface, ADJ2 pin must be directly connected to VOUT2
6 Submit Documentation Feedback Copyright © 2010, Texas Instruments Incorporated

Product Folder Link(s): TPS62410-Q1



13 TEXAS
INSTRUMENTS

www.ti.com

TPS62410-Q1

SLVSAA8 —MARCH 2010

PARAMETER MEASUREMENT INFORMATION

TPS62410

VIN25V-6V

OT VIN
Cin
10 uF I

O— EN_1

o———EN2

MODE/
DATA

FB1

SwWi1

DEF_1

SW2

ADJ2

GND

TABLE OF GRAPHS

TYPICAL CHARACTERISTICS

VouT1

GRM21BR61A106K

Vout?2

Coura 210 1F
GRM21BR61A106K

FIGURE NO.
Efficiency Voyty = 1.2V
Efficiency Voyty = 1.5V 2
Efficiency Voyt, = 1.8V 3
Efficiency Voytz = 3.3V 4
Efficiency Vs VN 56
DC Output Accuracy Voyry = 1.5V 7
DC Output Accuracy Voyre = 3.3V
Fosc Vs Vin
I for one converter 10
I for both converters, not switching 11
Rpson PMOS VS VN 12
Rpson NMOS VS VN 13
Light Load Output Voltage Ripple in Power Save Mode 14
Output Voltage Ripple in Forced PWM Mode 15
Output Voltage Ripple in PWM Mode 16
Forced PWM/ PFM Mode Transition 17
Load Transient Response PFM/PWM 18
Load Transient Response PWM Operation 19
Line Transient Response 20
Startup Timing One Converter 21
Typical Operation V|y = 3.6V, Voyty = 1.575V, VOUT2 = 1.8V 22
Typical Operation Vg = 3.6V, Vout1 = 1.8V, Voyte = 3.0V 23
Typical Operation Vg = 3.6V, Vout1 = 1.2V, Voyte = 1.2V 24
Dynamic Voltage Positioning 25
Soft Start 26
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TYPICAL CHARACTERISTICS (continued)

FIGURE NO.
EasyScale Protocol Overview 27
EasyScale Protocol Without Acknowledge 28
EasyScale Protocol Including Acknowledge 29
EasyScale — Bit Coding 30
MODE/DATA PIN: Mode Selection 31
MODE/DATA Pin: Power Save Mode / Interface Communication 32
Typical Application Circuit 1.5V / 2.85V Adjustable Outputs 33,34
Layout Diagram 35
PCB Layout 36
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40 Vin=27V LV =33V i 40 ViN=5V i
w IN w 1
NSV =27V I _/\~V|N =37V
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Figure 1. Figure 2.
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Figure 3. Figure 4.
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EFFICIENCY vs Viy , Vout = 1.575V EFFICIENCY vs Vi, Vour = 3.3V
100 ‘ 100 - -
MODE/DATA = 0 \ lout =100 MA MODE/DATA = 0
95 Voyr =1.575V lout = 10 MA =—~—% | Vour=33V
% loyT =200 mA _ | % 7L/\
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g 80 PN o > 80 lour =1 mA —|
g out =1mA e
£ 75 8
: g
70 Y 70
65
60 60
55
50
2 3 4 5 6 503 4 5 s
ViN-V
VIN -V
Figure 5. Figure 6.
DC OUTPUT ACCURACY Vgur; = 1.5V DC OUTPUT ACCURACY Vgurz = 3.3V
1575 3.400 T
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‘ ‘ HHH ‘ = low, Mode, Voltage Posmonlng ctive
1.550 R \ i = | |
MODE/DATA = low, PFM Mode, Voltage Positioning Active VIN =5V — PWM Mode
i [l RN N 3.350 SN Operation
1.525 i i ERA V. =5V T / N
s ===#===7==%===%&E&g NUA[ CIN VIN=37V 7N
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Q IN AT
T 1500 iR 51 8 3300 Z SRR
= v f27v p H \ K = VN=37V | V=42V VNS5V
>O IN~ < ViN=3.7V o [1]] R U
1.475 VIN =33V > MODE/DATA = high, forced PWM Mode
) V=37V
‘ ‘va—SV 3.250
1.450 | [T
: MODE/DATA = high, forced PWM Mode
1azs L T 1 s 200
0.01 0.1 1 10 100 1000 0.01 0.1 1 10 100 1000
lout - mA lout -mA
Figure 7. Figure 8.
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Fosc VS Vin Iy FOR ONE CONVERTER, NOT SWITCHING
2.5 24
2.45 /
23
24 85°c | _—
2.35 1 2 —
N % /
I 23 pron < — 25°C
g 225 | | == g _—
& V 2 2 — /
2.2 /ﬁ/zsf’c -
-40°C
2.15 oo —
/'\ 85°C 19
2.1 ]
2.05 18
%5 3 35 4 45 5 55 6 7
: 2.5 3 3.5 4 4.5 5 5.5 6
ViN-V
ViN-V
Figure 9. Figure 10.
Iy FOR BOTH CONVERTERS, NOT SWITCHING Rpson PMOS vs Vi
42 0.55
0.5
40
0.45
38 — \
85°C // c 04
< ' o
< s RN
> | — . — 0.35
g, we o — | &I\ e
/ 0.3
/
// —
32 0.25 ~_
-40°C
// . b \\
30 ’ —
// 015 I
28 25 3 3.5 4 4.5 5 5.5 6
25 3 35 4 45 5 55 6 VRY
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ViN-V
Figure 11. Figure 12.
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Rpson NMOS vs Vg

LIGHT LOAD OUTPUT

VOLTAGE RIPPLE

IN POWER SAVE MODE

0.3

0.25

87"0

" Power Save Mode
- Mode/Data =low

\/ou'r:q._gv ZOmV/Div- o

“10UT = 10mA

¢ o \\
' - ‘
5 25°C
?
g \\ 40°C
0.15 ~x
— ]
. \\
0.05
2.5 3 3.5 4 4.5 5.5
ViN-V

Figure 13.

OUTPUT VOLTAGE RIPPLE
IN FORCED PWM MODE

Figure

Time base - 10 pus/Div

14.

OUTPUT VOLTAGE RIPPLE
IN PWM MODE

Mode/Data =high, - -
_-__f_orced- PWM MODE operation

. 1OUT = 10mA

Inductor current 100mAyDiv

Figure 15.

Time base - 400 ns/Div

. PWM MODE OPERATION

e S yoUT =18V

10UT =400mA

Time base

- 200 ns/Div

Figure 16.
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FORCED PWM/PFM MODE TRANSITION

LOAD TRANSIENT RESPONSE PFM/PWM

Mode

Entering PFM Mode
... . .Voltage positioning activ

“ - Forced'PWM - - | MODE/DATA#V/Div

Enable Pow

© VOUT 20mV/Div -

VOUT= 1.8V
~-10UT = 20mA

..... P VOUT= 1575\/ P
50mV/Div

Voltage-positioning:
Mode reduces voltdge d
., during load step

fo -

in PFM

“~~ - MODE/DATA= fow |

rop PWM Mode operation -

U S BomA”

i

o

Time base - 20 us/Div

Figure 17.

LOAD TRANSIENT RESPONSE PWM OPERATION

Figure 18.

LINE TRANSIENT R

-VOUT = 1575V
- 50mV/Div

 MODE/DATA = high-
+ PWM-Mode o

Time base - 100 ps/Div

ESPONSE

VIN36V 046V -

MODE/DATA = high

“OUT 200mADY.

Time base -

Figure

100
19.

us/Div

© VOUT 1.575°
IOUT 200mA

Figure 20.

Time base - 400 ps/Div
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STARTUP TIMING ONE CONVERTER

TYPICAL OPERATION V)\ = 3.6V,

- VIN = 38V
Z IOUT1 max = 400mA

':"VOU-rT . :
- 500mV/Div -
ey :: i

SW11VIDiv"

lcoil 500mA/Div

| EN1/EN2 5V/Div -

VOUTl =1.575V, VOUT2 =1.8v

- SW1 5V/Div - -

coil2

: VOUT1
: VOUT2
JQuri T,

, 200mA/Div -

ourz & 200mA L

Time base - 200 us/Div

Figure 21.

TYPICAL OPERATION V) = 3.6V,

Vour: = 1.8V, Vourz = 3.0V

Time base 100 ns/Div

Figure 22.

TYPICAL OPERATION V) = 3.6V,
VouT: = 1.2V, Voure = 1.2V

- SWH-5V/Div- - - - - S

- SW1-5V/Div-

B
W*"“f leoi ZOOmNDl\;\M"“\Lw:

SW2 5V/D|v

Ia-vww««»mwv
leil2 200mA/D|v
Vi 3.6V, . ez 200mA/D|v LV 38Y,
VOUT1: 1.8V e - '_"VOUT1_: 1.2V. ... .. R
Voyr 30V - Vour 12V .
. . I.oup IOUTz 2(_)0mA_ i N . LouT 3 I_Qy_TZ‘ 2_00mA_

Tlme base 106 ns/Div

Figure 23.

Tlme base 100 ns/Div

Figure 24.
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Voutt CHANGE WITH EASYSCALE

SW15V/D|V ..... P .

Vour? 3OV -
oyt 3 lour, T 200mA

. .T.ir.n.e: béée - 100 ns/Div
DETAILED DESCRIPTION

OPERATION

The TPS62410 includes two synchronous step-down converters. The converters operate with typically 2.25MHz
fixed frequency pulse width modulation (PWM) at moderate to heavy load currents. If Power Save Mode is
enabled, the converters automatically enter Power Save Mode at light load currents and operate in PFM (Pulse
Frequency Modulation). During PWM operation the converters use a unique fast response voltage mode
controller scheme with input voltage feed-forward to achieve good line and load regulation allowing the use of
small ceramic input and output capacitors. At the beginning of each clock cycle initiated by the clock signal, the
P-channel MOSFET switch is turned on and the inductor current ramps up until the comparator trips and the
control logic turns off the switch.

Each converter integrates two current limits, one in the P-channel MOSFET and another one in the N-channel
MOSFET. When the current in the P-channel MOSFET reaches its current limit, the P-channel MOSFET is
turned off and the N-channel MOSFET is turned on. If the current in the N-channel MOSFET is above the
N-MOS current limit threshold, the N-channel MOSFET remains on until the current drops below its current limit.
The two DC-DC converters operate synchronized to each other. A 180° phase shift between converter 1 and
converter 2 decreases the input RMS current.

Converter 1

In the adjustable output voltage version TPS62410 the converter 1 output voltage can be set via an external
resistor network on PIN DEF_1, which operates as an analog input. In this case, the output voltage can be set in
the range of 0.6V to VIN V. The FB1 Pin must be directly connected to the converter 1 output voltage VOUT1. It
feeds back the output voltage directly to the regulation loop.

The output voltage of converter 1 can also be changed by the EasyScale serial Interface. This makes the device
very flexible for output voltage adjustment. In this case, the device uses an internal resistor network.

Converter 2

In the adjustable output voltage version TPS62410, the converter 2 output voltage is set by an external resistor
divider connected to ADJ2 Pin and uses an external feed forward capacitor of 33pF.

It is also possible to change the output voltage of converter 2 via the EasyScale Interface. In this case, the ADJ2
Pin must be directly connected to converter 2 output voltage VOUT2. At TPS62410 no external resistor network
may be connected.
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POWER SAVE MODE

The Power Save Mode is enabled with Mode/Data Pin set to 0 for both converters. If the load current of a
converter decreases, this converter will enter Power Save Mode operation automatically. The transition to Power
Save Mode of a converter is independent from the operating condition of the other converter. During Power Save
Mode the converter operates with reduced switching frequency in PFM mode and with a minimum quiescent
current to maintain high efficiency. The converter will position the output voltage in PFM mode to typically
1.01xVOUT. This voltage positioning feature minimizes voltage drops caused by a sudden load step.

In order to optimize the converter efficiency at light load the average inductor current is monitored. The device
changes from PWM Mode to Power Save Mode, if in PWM mode the inductor current falls below a certain
threshold. The typical output current threshold depends on VIN and can be calculated according to Equation 1
for each converter.

Equation 1: Average output current threshold to enter PFM Mode

VINDCDC

louT PFM_enter = 3320 )

Equation 2: Average output current threshold to leave PFM Mode

| _ VINpepe

OUT_PFM_leave 24 Q @)

In order to keep the output voltage ripple in Power Save Mode low, the output voltage is monitored with a single
threshold comparator (skip comparator). As the output voltage falls below the skip comparator threshold (skip
comp) of 1.01 x Vgt nominal, the corresponding converter starts switching for a minimum time period of typically
1us and provides current to the load and the output capacitor. Therefore the output voltage increases and the
device maintains switching until the output voltage trips the skip comparator threshold (skip comp) again. At this
moment all switching activity is stopped and the quiescent current is reduced to minimum. The load is supplied
by the output capacitor until the output voltage has dropped below the threshold again. Hereupon the device
starts switching again. The Power Save Mode is exited and PWM Mode entered in case the output current
exceeds the current IOUT_PFM_leave, or if the output voltage falls below a second comparator threshold, called
skip comparator low (Skip Comp Low) threshold. This skip comparator low threshold is set to —2% below nominal
Vout, and enables a fast transition from Power Save Mode to PWM Mode during a load step. In Power Save
Mode the quiescent current is reduced typically to 19pA for one converter and 32pA for both converters active.
This single skip comparator threshold method in Power Save Mode results in a very low output voltage ripple.
The ripple depends on the comparator delay and the size of the output capacitor. Increasing output capacitor
values minimizes the output ripple. The Power Save Mode can be disabled through the MODE/DATA pin set to
high. Both converters then operate in fixed PWM mode. Power Save Mode Enable/Disable applies to both
converters.

Dynamic Voltage Positioning

This feature reduces the voltage under/overshoots at load steps from light to heavy load and vice versa. It is
activated in Power Save Mode operation. It provides more headroom for both the voltage drop at a load step,
and the voltage increase at a load throw-off. This improves load transient behavior.

At light loads, in which the converter operate in PFM Mode, the output voltage is regulated typically 1% higher
than the nominal value. In case of a load transient from light load to heavy load, the output voltage drops until it
reaches the skip comparator low threshold set to —2% below the nominal value and enters PWM mode. During a
load throw off from heavy load to light load, the voltage overshoot is also minimized due to active regulation
turning on the N-channel switch.
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+1% ,\/\/\\ / I\/\/\| L
PFM Mode / PFM Mode /
light load light load
VOUT_NOM
PWM Mode
pWM Mode PWM Mode medium/heavy load
medium/heavy load medium/heavy load
COMP_LOW threshold -1%

Figure 25. Dynamic Voltage Positioning

Soft Start

The two converters have an internal soft start circuit that limits the inrush current during start-up. During soft
start, the output voltage ramp up is controlled as shown in Figure 26.

I

/i

EN

VOUT 1

Y
| |t

Figure 26. Soft Start

| tStartup

100% Duty Cycle Low Dropout Operation

The converters offer a low input to output voltage difference while still maintaining operation with the use of the
100% duty cycle mode. In this mode the P-channel switch is constantly turned on. This is particularly useful in
battery-powered applications to achieve longest operation time by taking full advantage of the whole battery
voltage range; i.e., the minimum input voltage to maintain regulation depends on the load current and output
voltage, and can be calculated as:

Vinin = Voutmay + loutmay X (RDSOnmaX + RL)

©)
With:

lout,.x = Maximum output current plus inductor ripple current

RDSo0N . = maximum P-channel switch RDSon

R, = DC resistance of the inductor

Vout,,,, = hominal output voltage plus maximum output voltage tolerance
With decreasing load current, the device automatically switches into pulse skipping operation in which the power

stage operates intermittently based on load demand. By running cycles periodically the switching losses are
minimized and the device runs with a minimum quiescent current maintaining high efficiency.
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Under-Voltage Lockout

The under voltage lockout circuit prevents the device from malfunctioning at low input voltages and from
excessive discharge of the battery and disables the converters. The under-voltage lockout threshold is typically
1.5V, max 2.35V. In case the default register values are overwritten by the Interface, the new values in the
registers REG_DEF_1_Low and REG_DEF_2 remain valid as long the supply voltage does not fall under the
under-voltage lockout threshold, independent of whether the converters are disabled.

MODE SELECTION

The MODE/DATA pin allows mode selection between forced PWM Mode and Power Save Mode for both
converters. Furthermore, this pin is a multipurpose pin and provides (besides Mode selection) a one-pin interface
to receive serial data from a host to set the output voltage. This is described in the section EasyScale Interface.

Connecting this pin to GND enables the automatic PWM and power save mode operation. The converters
operate in fixed-frequency PWM mode at moderate to heavy loads and in the PFM mode during light loads,
maintaining high efficiency over a wide load current range.

Pulling the MODE/DATA pin high forces both converters to operate constantly in the PWM mode even at light
load currents. The advantage is the converters operate with a fixed frequency that allows simple filtering of the
switching frequency for noise sensitive applications. In this mode, the efficiency is lower compared to the power
save mode during light loads. For additional flexibility it is possible to switch from Power Save Mode to forced
PWM mode during operation. This allows efficient power management by adjusting the operation of the converter
to the specific system requirements.

In case the operation mode will be changed from forced PWM mode (MODE/DATA = high) to Power Save Mode
Enable (MODE/DATA = 0) the Power Save Mode will be enabled after a delay time of typically tjneou Which is a
maximum of 520ps.

The forced PWM Mode operation is enabled immediately with Pin MODE/DATA set to 1.

ENABLE

The device has for each converter a separate EN pin to start up each converter independently. If EN1, EN2 are
set to high, the corresponding converter starts up with soft start as previously described.

Pulling EN1 and EN2 pin low forces the device into shutdown, with a shutdown quiescent current of typically
1.2pA. In this mode, the P and N-Channel MOSFETSs are turned-off and the entire internal control circuitry is
switched-off. For proper operation the EN1 and EN2 pins must be terminated and must not be left floating.

DEF_1 PIN FUNCTION

The DEF_1 pin is dedicated to converter 1 and works as an analog input for adjustable output voltage setting.
Connecting an external resistor network to this pin adjusts the default output voltage to any value starting from
0.6V to V.

180° OUT OF PHASE OPERATION

In PWM Mode the converters operate with a 180° turn-on phase shift of the PMOS (high side) transistors. It
prevents the high side switches of both converters to be turned on simultaneously, and therefore smooths the
input current. This feature reduces the surge current drawn from the supply.

SHORT-CIRCUIT PROTECTION

Both outputs are short-circuit protected with maximum output current = I ;y=(P-MOS and N-MOS). Once the
PMOS switch reaches its current limit, it will be turned off and the NMOS turned on. The PMOS only turns on
again, once the current in the NMOS decreases below the NMOS current limit.

THERMAL SHUTDOWN

As soon as the junction temperature, T;, exceeds typically 150°C the device goes into thermal shutdown. In this
mode, the P and N-Channel MOSFETs are turned-off. The device continues its operation when the junction
temperature falls below the thermal shutdown hysteresis again.
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EasyScale™: One Pin Serial Interface for Dynamic Output Voltage Adjustment

General

EasyScale is a simple but very flexible one pin interface to configure the output voltage of both DC/DC
converters. The interface is based on a master — slave structure, where the master is typically a pController or
Application processor. Figure 27 and Table 2 give an overview of the protocol. The protocol consists of a device
specific address byte and a data byte. The device specific address byte is fixed to 4E hex. The data byte
consists of five bit for information, two address bits and the RFA bit. RFA bit set to high indicates the Request
For Acknowledge condition. The Acknowledge condition is only applied if the protocol was received correctly.

The advantage of EasyScale compared to other one-pin interfaces is that its bit detection is, to a large extent,
independent from the bit transmission rate. It can automatically detect bit rates between 1.7kBit/sec and up to
160kBit/sec. Furthermore, the interface is shared with the Mode/Data Pin and requires therefore no additional

pin.

Protocol

All bits are transmitted MSB first and LSB last. Figure 28 shows the protocol without acknowledge request (bit
RFA = 0), Figure 29 with acknowledge (bit RFA = 1) request.

Prior to both bytes, device address byte and data byte, a start condition needs to be applied. For this, the
Mode/Data pin needs to be pulled high for at least tg, before the bit transmission starts with the falling edge. In
case the Mode/Data line was already at high level (forced PWM Mode selection) no start condition need be
applied prior the device address byte.

The transmission of each byte needs to be closed with an End Of Stream condition for at least Tggs.

Addressable Registers

In TPS62410 two registers with a data content of 5 bits can be addressed to change the output voltage of both
converters. With 5 bit data content, 32 different values for each register are available. Table 1 shows the
addressable registers if DEF_1 pin acts as analog input with external resistors connected.

The available output voltages for converter 1 are shown in Table 3, for converter 2 in Table 4. To generate these
output voltages, a precise internal resistor divider network is used, which makes external resistors unnecessary
and results therefore in an higher output voltage accuracy and less board space.

The Interface is activated if at least one of the converters is enabled (EN1 or EN2 is high). After the Startup-time
tsiart (170us) the interface is ready for data reception.

Table 1. Addressable Registers for Adjustable Output Voltage Devices

REGISTER DESCRIPTION A1 | A0 [ D4 [ D3| D2 | D1 | DO
REG_DEF_1_High Not available in TPS62410 adjustable version 0
REG_DEF_1 Low Converter 1 output voltage setting 0 0 TPS62410 see Table 3
REG_DEF_2 Converter 2 output voltage 1 0 TPS62410 see Table 4, connect ADJ2
pin directly to VOUT,
Don't use 1 1

Bit Decoding

The bit detection is based on a PWM scheme, where the criterion is the relation between t oy and ty,gn. It can
be simplified to:

High Bit: tyignh > tow, but with tyg, at least 2x t,,, see Figure 30
Low Bit: t_ o > thign, but with t,,, at least 2x ty;g,, see Figure 30

The bit detection starts with a falling edge on the MODE/DATA pin and ends with the next falling edge.
Depending on the relation between t,,,, and tyign @ 0 or 1 is detected.

Acknowledge
The Acknowledge condition is only applied if:
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» Acknowledge is requested by a set RFA bit
» The transmitted device address matches with the device address of the device
» 16 hits were received correctly

In this case, the device turns on the internal ACKN-MOSFET and pulls the MODE/DATA pin low for the time
tackn, Which is max. 520us. The Acknowledge condition is valid after an internal delay time t,qack. This means
the internal ACKN-MOSFET is turned on after t,,ack, When the last falling edge of the protocol was detected.
The master controller keeps the line low during this time.

The master device can detect the acknowledge condition with it's input by releasing the MODE/DATA pin after
tyaiack and read back a 0.

In case of an invalid device address or not correctly received protocol, no acknowledge condition will be applied,
thus the internal MOSFET will not be turned on and the external pullup resistor pulls MODE/DATA pin high after
tvaiack- The MODE/DATA pin can be used again after the acknowledge condition ends.

NOTE
The acknowledge condition may only be requested in case the master device has an open
drain output.

In case of a push pull output stage it is recommended to use a series resistor in the MODE/DATA line to limit the
current to 500pA in case of an accidentally requested acknowledge to protect the internal ACKN-MOSFET.

MODE Selection

Because of the MODE/DATA pin is used for two functions, interface and a MODE selection, the device needs to
determine when it has to decode the bit stream or to change the operation mode.

The device enters forced PWM mode operation immediately whenever the MODE/DATA pin turns to high level.
The device stays also in forced PWM mode during the whole time of a protocol reception.

With a falling edge on the MODE/DATA pin the device starts bit decoding. If the MODE/DATA pin stays low for at
least timeout the device get's an internal timeout and Power Save Mode operation is enabled.

A protocol which is sent within this time will be ignored, because the falling edge for the Mode change will be first
interpreted as start of the first bit. In this case it is recommended to send first the protocol and change at the end
of the protocol to Power Save Mode.

DATAIN Device Address o DATABYTE

o
'

A

-
<

Start | DA7 | DA6 |DA5 | DA4 | DA3 |DA2 |DA1 | DAO |EOS | Start| RFA| A1 | AO | D4 | D3 | D2 | D1 |DO |EOS
0 1 0 0 1 1 1 0

DATAOUT | ACK

Figure 27. Easy Scale Protocol Overview

Table 2. Easy Scale Bit Description

BYTE BIT NAME | TRANSMISSION DESCRIPTION
NUMBER DIRECTION
Device 7 DA7 IN 0 MSB device address
Address 6 DAG IN 1
Byte
5 DA5 IN 0
4 DA4 IN 0
4Ehex 3 DA3 IN 1
2 DA2 IN 1
1 DAl IN 1
0 DAO IN 0 LSB device address
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Table 2. Easy Scale Bit Description (continued)
BYTE BIT NAME | TRANSMISSION DESCRIPTION
NUMBER DIRECTION
Data 7(MSB) RFA IN Request For Acknowledge, if high, Acknowledge condition will applied by the device
byte 6 Al Address Bit 1
5 A0 Address Bit 0
4 D4 Data Bit 4
3 D3 Data Bit 3
2 D2 Data Bit 2
1 D1 Data Bit 1
0(LSB) DO Data Bit 0
ACK ouT Acknowledge condition active 0, this condition will only be applied in case RFA bit is
set. Open drain output, Line needs to be pulled high by the host with a pullup
resistor.
This feature can only be used if the master has an open drain output stage. In case
of a push pull output stage Acknowledge condition may not be requested!

lSat  AddressByte | lsat  DATAByte

Y Mode, Static

DATA IN Mode, Static v v Fv A
/ High or Low

High or Low /

» -
= - =

EOS 0 EOS

—
—4

0 ~ o "R/

Figure 28. Easy Scale Protocol Without Acknowledge

Yoot Address Byte tstart DATA Byte
Spl o - Sttt
DATA IN Mode, Static y v F, v ! v I\H/I'ocrj]e, Slfatlc
High or Low / 7// _ igh or Low
DA7 _DAO | <RFA | < DO e
0 0 TEOS L L R/aIACKI |
| Acknowledge
Itrue, Data Line
» | ACKN pulled down by
t device
Controller needs to LMJ
DATA OUT Pullup Data Line via a I I Acknowledge
resistor to detect ACKN | | false, no pull
I I down
| I
Figure 29. Easy Scale Protocol Including Acknowledge
20 Submit Documentation Feedback Copyright © 2010, Texas Instruments Incorporated

Product Folder Link(s): TPS62410-Q1



1§ TEXAS TPS62410-Q1

INSTRUMENTS
www.ti.com SLVSAA8 —-MARCH 2010
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P tLow _ ‘tHigh‘ ‘tLOW‘ _ tHigh

LowBit | High Bit

(Logic 0) (Logic 1)

Figure 30. EasyScale — Bit Coding
MODE/DATA  #
|<—>|
timeoutl
| Power Save Mode Forced PWM MODE Power Save Mode
Figure 31. MODE/DATA PIN: Mode Selection
lan Address Byte | lsat, DATAByte _
il D Bl Do |
A |
MODE/DATA | Y * M ! I
e ot N
i T |
TEOS EOS |
|
-
ttimeout :
|
Power Save Mode Forced PWM MODE Power Save Mode

Figure 32. MODE/DATA Pin: Power Save Mode/Interface Communication
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Table 3. Selectable Output Voltages for Converter 1,
With DEF1 Pin as Analog Input (TPS62410)

TPS62410 OUTPUT VOLTAGE [V] D4 | D3 | D2 | D1 | DO
REGISTER REG_DEF_1_LOW
0 Vout1 Adjustable Output With Resistor Network on DEF_1 Pin 0 0 0 0 0
0.6V with DEF_1 Pin connected to Voyt1
1 0.825 0 0 0 0 1
2 0.85 0 0 0 1 0
3 0.875 0 0 0 1 1
4 0.9 0 0 1 0 0
5 0.925 0 0 1 0 1
6 0.95 0 0 1 1 0
7 0.975 0 0 1 1 1
8 1.0 0 1 0 0 0
9 1.025 0 1 0 0 1
10 1.050 0 1 0 1 0
11 1.075 0 1 0 1 1
12 11 0 1 1 0 0
13 1.125 0 1 1 0 1
14 1.150 0 1 1 1 0
15 1.175 0 1 1 1 1
16 1.2 1 0 0 0 0
17 1.225 1 0 0 0 1
18 1.25 1 0 0 1 0
19 1.275 1 0 0 1 1
20 13 1 0 1 0 0
21 1.325 1 0 1 0 1
22 1.350 1 0 1 1 0
23 1.375 1 0 1 1 1
24 14 1 1 0 0 0
25 1.425 1 1 0 0 1
26 1.450 1 1 0 1 0
27 1.475 1 1 0 1 1
28 15 1 1 1 0 0
29 1.525 1 1 1 0 1
30 1.55 1 1 1 1 0
31 1.575 1 1 1 1 1
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Table 4. Selectable Output Voltages for Converter 2,
(ADJ2 Connected to Vour)
OUTPUT VOLTAGE [V] D4 | D3 | D2 | D1 | DO
FOR REGISTER REG_DEF_2
0 Vout2 Adjustable Output With Resistor Network on ADJ2 0 0 0 0 0
0.6V with ADJ2 Pin connected to Voyto
1 0.85 0 0 0 0 1
2 0.9 0 0 0 1 0
3 0.95 0 0 0 1 1
4 1.0 0 0 1 0 0
5 1.05 0 0 1 0 1
6 11 0 0 1 1 0
7 1.15 0 0 1 1 1
8 1.2 0 1 0 0 0
9 1.25 0 1 0 0 1
10 1.3 0 1 0 1 0
11 1.35 0 1 0 1 1
12 1.4 0 1 1 0 0
13 1.45 0 1 1 0 1
14 15 0 1 1 1 0
15 1.55 0 1 1 1 1
16 1.6 1 0 0 0 0
17 1.7 1 0 0 0 1
18 1.8 1 0 0 1 0
19 1.85 1 0 0 1 1
20 2.0 1 0 1 0 0
21 2.1 1 0 1 0 1
22 2.2 1 0 1 1 0
23 2.3 1 0 1 1 1
24 2.4 1 1 0 0 0
25 2.5 1 1 0 0 1
26 2.6 1 1 0 1 0
27 2.7 1 1 0 1 1
28 2.8 1 1 1 0 0
29 2.85 1 1 1 0 1
30 3.0 1 1 1 1 0
31 3.3 1 1 1 1 1
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APPLICATION INFORMATION
OUTPUT VOLTAGE SETTING

Converterl Adjustable Default Output Voltage Setting

The output voltage can be calculated to:
R
— 1 : . .
Vout = VYRer X (1 + Rlz) with an internal reference voltage V- typical 0.6V
4
To keep the operating current to a minimum, it is recommended to select R;, within a range of 180kQ to 360kQ.
The sum of Ry, and Ry; should not exceed ~1MQ. For higher output voltages than 3.3V, it is recommended to
choose lower values than 180kQ for R12. Route the DEF_1 line away from noise sources, such as the inductor
or the SW1 line. The FB1 line needs to be directly connected to the output capacitor. An internal feed forward
capacitor is connected to this pin, therefore there is no need for an external feed forward capacitor for converter
1.

Converter 2

The default output voltage of converter 2 can be set by an external resistor network. For converter 2 the same
recommendations apply as for converter 1. In addition to that, a 33pF external feed forward capacitor Cy, for
good load transient response must be used.

The output voltage can be calculated to:
R
_ 21 . . .
VouT = VRer X (l + R22) with an internal reference voltage Ve typical 0.6V
(5)
Route the ADJ2 line away from noise sources, such as the inductor or the SW2 line. In case the interface is used
for converter 2, connect ADJ2 pin directly to Voyto

TPS62410
VIN3.3V-6V
VIN FB 1
V, =15V
OUT1
Cin swi1 'oup to 800 mA
10 uF
— COUT1 =22 uF
= DEF_1
- R12
O—EN1 180 kQ

Sw2
MODE/
DATA
ADJ2
GND

Figure 33. Typical Application Circuit 1.5V/2.85V Adjustable Outputs, low PFM Voltage ripple Optimized
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TPS62410
VIN3.3V-6V
VIN FB 1
Vout1 =15V
Cin swi1 up to 800 mA
10 uF
= Cour1 =10 1F
— DEF_1
O———EN_1
O——— EN_2
SW2 Vourz =285V
up to 800 mA
MODE/
© DATA Coutz = 10 uF
ADJ2
GND

Figure 34. Typical Application Circuit 1.5V/2.85V Adjustable Outputs

OUTPUT FILTER DESIGN (INDUCTOR AND OUTPUT CAPACITOR)
The device is optimized to operate with inductors of 2.2uH to 4.7uH and output capacitors of 10uF to 22uF.
For operation with a 2.2uH inductor, a 22uF capacitor is suggested.

Inductor Selection

The selected inductor has to be rated for its DC resistance and saturation current. The DC resistance of the
inductance will influence directly the efficiency of the converter. Therefore an inductor with lowest DC resistance
should be selected for highest efficiency.

Equation 6 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 7. This is
recommended because during heavy load transient the inductor current will rise above the calculated value.

_ Vout
Vin
Al, = Vout X ———
L Lxf ©)
Al
| = | +—k
Lmax outmax 2 @)
With:

f = Switching Frequency (2.25MHz typical)
L = Inductor Value

Al = Peak to Peak inductor ripple current
ILmax = Maximum Inductor current

The highest inductor current will occur at maximum Vin.

Open core inductors have a soft saturation characteristic and they can usually handle higher inductor currents
versus a comparable shielded inductor.

A more conservative approach is to select the inductor current rating just for the maximum switch current of the
corresponding converter. It must be considered, that the core material from inductor to inductor differs and will
have an impact on the efficiency especially at high switching frequencies.

Refer to Table 5 and the typical applications for possible inductors.
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Table 5. List of Inductors

DIMENSIONS [mm3] INDUCTOR TYPE SUPPLIER
2.8x2.6x1.4 VLF3014 TDK
3x3x1.4 LPS3015 Coilcraft
3.9x3.9x1.7 LPS4018 Coilcraft

Output Capacitor Selection

The advanced fast response voltage mode control scheme of the two converters allows the use of small ceramic
capacitors with a typical value of 10uF, without having large output voltage under and overshoots during heavy
load transients. Ceramic X7R/X5R capacitors having low ESR values result in lowest output voltage ripple and
are therefore recommended.

If ceramic output capacitors are used, the capacitor RMS ripple current rating will always meet the application
requirements. The RMS ripple current is calculated as:

_ Vout
Vin 1
= X X
'RMsCout = VOUL X 2% /3 @

At nominal load current the inductive converters operate in PWM mode and the overall output voltage ripple is
the sum of the voltage spike caused by the output capacitor ESR plus the voltage ripple caused by charging and
discharging the output capacitor:

_ Vout
Vin 1
= X X
AVout = Vout Lx f (8 » Cout X f + ESR) o

Where the highest output voltage ripple occurs at the highest input voltage Vin.

At light load currents the converters operate in Power Save Mode and the output voltage ripple is dependent on
the output capacitor value. The output voltage ripple is set by the internal comparator delay and the external
capacitor. Higher output capacitors like 22uF values minimize the voltage ripple in PFM Mode and tighten DC
output accuracy in PFM Mode.

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. The converters need a ceramic input capacitor of 10uF. The input capacitor can be increased
without any limit for better input voltage filtering.

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 as indicated in bold in Figure 35.

The input capacitor should be placed as close as possible to the IC pins as well as the inductor and output
capacitor.

Connect the GND Pin of the device to the PowerPAD of the PCB and use this Pad as a star point. For each
converter use a common Power GND node and a different node for the Signal GND to minimize the effects of
ground noise. Connect these ground nodes together to the PowerPAD (star point) underneath the IC. 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 output voltage sense lines (FB 1, ADJ2, DEF_1)
should be connected right to the output capacitor and routed away from noisy components and traces (e.g., SW
line). If the EasyScale interface is operated with high transmission rates, the MODE/DATA trace must be routed
away from the ADJ2 line to avoid capacitive coupling into the ADJ2 pin. A GND guard ring between the
MODE/DATA pin and ADJ2 pin avoids potential noise coupling.
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PACKAGING INFORMATION

® 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): Tl'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.

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.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

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

© Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer:The information provided on this page represents TlI'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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Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
I Drawing Qty @ (6) (3) (4/5)
TPS62410QDRCRQ1 ACTIVE VSON DRC 10 3000 Green (RoHS CU NIPDAU Level-3-260C-168 HR ~ -40 to 125 OFX
& no Sh/Br)
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OTHER QUALIFIED VERSIONS OF TPS62410-Q1 :
o Catalog: TPS62410

NOTE: Qualified Version Definitions:

o Catalog - Tl's standard catalog product
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
: |
© Bo W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
BO | 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 OO O O O Qf Sprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 I 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)

TPS62410QDRCRQ1 | VSON | DRC

10

3000 330.0 12.4 3.3 3.3 11 8.0 12.0

Q2
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~ . /
. T -
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS62410QDRCRQ1 VSON DRC 10 3000 367.0 367.0 35.0
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GENERIC PACKAGE VIEW
DRC 10 VSON -1 mm max heig_ht

PLASTIC SMALL OUTLINE - NO LEAD

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4204102-3/M
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DRC0010J

PACKAGE OUTLINE
VSON - 1 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

PIN 1 INDEX AREA— |-

f

1.0
0.8

.

|

0.05J‘

SEATING PLANE

0.00
la— 1.65+0.1 —»]
2X (0.5) 02)
— 0.2) TYP
EXPOSED |
THERMAL PAD | ﬂ | 4% (0.25) r
T |
; [
TAS N |
D) i ]
2X 11 SYMM
=T - — 13- 2.4+0.1
— > ‘ ]
. = | et
8X HE 0.30
- { — 10X g
PIN1ID YMM
(OPTIONAL) ¢ 05 & —H—Lrug';% CCA B
10X o3 :

4218878/B 07/2018

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.

2. This drawing is subject to change without notice.
3. The package thermal pad must be soldered to the printed circuit board for optimal thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT
DRCO0010J VSON - 1 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

e (1.65) ——=

o

10X (0.6) ‘
|
1 1 x |
10X (0.24) T Cb
|
11
|

SYMM (2.4)

¢— 1-O-— %T (3.4)
8xEE!3 | CD J
L H-£5
|
|
|

(R0.05) TYP ‘ \
|
(0.2) VIA ‘ |
TYP ‘ J ‘ |
\ (0.25)
! (0.575) L
1 e
L— (2.8) —J
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:20X
0.07 MAX 0.07 MIN
' ALL AROUND
ALL AROUND I“ EXPOSED METAL
EXPOSED METAL e -
\‘\‘ ‘
/
SBENIN MASK/ METAL METAL UNDERJ \—SOLDER MASK
OPENING SOLDER MASK OPENING
NON SOLDER MASK
DEFINED SOIISEIEIFIe\l II\E/ISSK
(PREFERRED)

SOLDER MASK DETAILS

4218878/B 07/2018

NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
number SLUA271 (www.ti.com/lit/slua271).

5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
DRCO0010J VSON - 1 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

e 2X (1.5) ——=

T |
SYMM

EXPOSED METAL

1ox (0.6)

\
|
‘L / 10
T (1.53)
10X (0.24) —

~

S\‘(LME’ T ’*@ @44[_4'_# -
8X (0.5) i |

%EB»

5

(R0.05) TYP i I
i 4% (0.34)
|
[

!
|
|
|
R N
&
T

ﬁl—# 4X (0.25)

|
|
|
|
|
(28) .

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD 11:
80% PRINTED SOLDER COVERAGE BY AREA
SCALE:25X

4218878/B 07/2018

NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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IMPORTANT NOTICE

Texas Instruments Incorporated (TI) reserves 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.

TI's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and
services.

Reproduction of significant portions of Tl information in Tl 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 reproduced
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 Tl for that product or service voids all express and any implied warranties for the
associated TI product or service and is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Buyers and others who are developing systems that incorporate Tl products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all Tl products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or distributing any applications that include TI products, Designer will
thoroughly test such applications and the functionality of such Tl products as used in such applications.

TI's provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to
assist designers who are developing applications that incorporate Tl products; by downloading, accessing or using Tl Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer's company) agrees to use any particular TI Resource
solely for this purpose and subject to the terms of this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its Tl Resources. Tl has not conducted any testing other than that specifically
described in the published documentation for a particular TI Resource.

Designer is authorized to use, copy and modify any individual Tl Resource only in connection with the development of applications that
include the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL Tl BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER Tl HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Unless Tl has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), Tl is not responsible for any failure to meet such industry standard requirements.

Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any Tl products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.qg., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class Ill devices and equivalent classifications outside the U.S.

Tl may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
reguirements in connection with such selection.

Designer will fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2018, Texas Instruments Incorporated
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