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5 Device Comparison Table

PART NUMBER DEFAULT OUTPUT VOLTAGE OUTPUT CURRENT
_ DEF_1 = High 1.125 V
VOUTl Fixed default IOUTl 1000 mA
TPS62406-Q1 DEF_1=Low 1.125V
VouTt2 Fixed default 1.2 V louT2 400 mA
_ DEF_1 = High 1.225 V
VOUTl Fixed default IOUTl 400 mA
TPS62407-Q1 DEF_1 =Low 1.225V
VouTt2 Fixed default 1.85 V louT2 600 mA
_ DEF_1 = High 1.8 V
VOUTl Fixed default IOUTl 1000 mA
TPS62422-Q1 DEF_1=Low 115V
VouTt2 Fixed default 1.2V louT2 600 mA
V, Fixed default PEF_L=High 15V [ 800 mA
IXed aetau m
TPS62423-Q1 outt DEF 1=Llow12V outt
VouTt2 Fixed default 1.8V louT2 800 mA
V, Fixed default DEF_1 = High 1.3 I 800 mA
IXed aetau m
TPS62424-Q1 outt DEF 1=Llow 1.1V outt
VouTt2 Fixed default 1.8V louT2 800 mA

6 Pin Configuration and Functions

DRC Package
10-Pin VSON With Thermal Pad

Top View
O
ADJ2 | 1) :_________-i 10| swz
- |~
I [—
MODE/DATA | 2 )1 19 | EN2
___ 1 [
VIN| 3 ) : Thermal Pad : (_8 | GND
A | I—
FB1| 4 ) : : (7 | EM
A [
DEF 1|5 16 |sw
Pin Functions
PIN
110 DESCRIPTION
NAME NO.
Output voltage sense pin for the internal feedback divider. This pin must connect directly to the output. If
ADJ2 1 | . . S -
using the EasyScale interface-on converter 2, this pin must also connect directly to the output.
This pin defines the output voltage of converter 1 and is a digital input, that selects between two fixed
DEF 1 5 | default output voltages. See Device Comparison Table for output voltage setting of the different device

options. For TPS62406-Q1 and TPS62407-Q1 the output voltage is same independent of DEF_1 pin
level. This pin must be terminated.

EN1 7 | Enable input for converter 1, active-high. This pin must be terminated.

EN2 9 | Enable input for converter 2, active-high. This pin must be terminated.

FB1 4 | Output voltage sense pin for the internal feedback divider. This pin is connected to the output.
GND 8 — | GND for both converters; connect this pin to the thermal pad.

Copyright © 2014-2018, Texas Instruments Incorporated 3



http://www.ti.com.cn/product/cn/tps62406-q1?qgpn=tps62406-q1
http://www.ti.com.cn/product/cn/tps62407-q1?qgpn=tps62407-q1
http://www.ti.com.cn/product/cn/tps62422-q1?qgpn=tps62422-q1
http://www.ti.com.cn/product/cn/tps62423-q1?qgpn=tps62423-q1
http://www.ti.com.cn/product/cn/tps62424-q1?qgpn=tps62424-q1
http://www.ti.com.cn

13 TEXAS
INSTRUMENTS
TPS62406-Q1, TPS62407-Q1, TPS62422-Q1, TPS62423-Q1, TPS62424-Q1

ZHCSHZz2D —DECEMBER 2014—REVISED AUGUST 2018 www.ti.com.cn

Pin Functions (continued)

PIN
110 DESCRIPTION
NAME NO.
This pin has two functions:

1. Operation-mode selection: With low level, enables power-save mode where the device operates in

PFM mode at light loads and automatically enters PWM mode at heavy loads. Pulling this PIN to
MODE/DATA 2 e 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 500 pA. The EasyScale interface is active
if either EN1 or EN2 is high.

SW1 6 1/0 | Switch pin of converter 1. Connect to inductor
SW2 10 1/0 | Switch pin of converter 2. Connect to inductor
Input pin, connect to supply or battery voltage, 2.5 V to 6 V. Connect the input capacitor Cjy as close as
VIN 3 | . - ;
possible between VIN pin and GND pin.
Thermal pad — | Connect to GND

7 Specifications

7.1 Absolute Maximum Ratings
over operating junction temperature range (unless otherwise noted)®

MIN MAX UNIT

Input voltage @ VIN -0.3 7 v

EN, MODE/DATA, DEF_1 -0.3 Viy+03,<7 v
Voltage @ SW1, SW2 -0.3 7 v

ADJ2, FB1 -0.3 Viy+03,<7 v
Current MODE/DATA <05 mA
Maximum operating junction temperature, T;max 150 °C
Storage temperature, Tgy -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 do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

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

7.2 ESD Ratings

VALUE UNIT
Human body model (HBM), per AEC Q100-002(® +2000 v
vV Electrostatic i I oi +500
ESD)  discharge Charged device model (CDM), per AEC | All pins 5 Vv
Q100-011 Corner pins (1, 5, 6, and 10) +750

(1) AEC Q100-002 indicates HBM stressing is done in accordance with the ANSI/ESDA/JEDEC JS-001 specification.

7.3 Recommended Operating Conditions
over operating junction temperature range (unless otherwise noted)

MIN  MAX| UNIT
ViN  Supply voltage 2.5 6 \%
T; Operating junction temperature -40 125 °C

4 Copyright © 2014-2018, Texas Instruments Incorporated
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7.4 Thermal Information

TPS624xx-Q1
THERMAL METRIC® DRC (VSON) UNIT
10 PINS
Rgia Junction-to-ambient thermal resistance 42.7 °C/W
Rojctop) Junction-to-case (top) thermal resistance 46.9 °C/W
Rgis Junction-to-board thermal resistance 18.1 °C/W
WIT Junction-to-top characterization parameter 0.5 °C/W
viB Junction-to-board characterization parameter 18.3 °C/W
Rosc (ot Junction-to-case (bottom) thermal resistance 3.1 °C/W

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

report, SPRA953.

7.5 Electrical Characteristics

Viy = 3.6 V, EN1 = EN2 = V,, MODE = GND, L1 = L2 = 2.2 uH, Cour1 = Cours = 20 pF, Ty = —40°C to 125°C, typical values

are at T; = 25°C (unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN TYP MAX | UNIT
SUPPLY CURRENT
Vin Input voltage range 25 6 \
One converter, no load on the output. PFM mode
enabled (MODE/DATA = GND) device not switching, 19 35
EN1=10orEN2=1
Two converters, no load on the output. PFM mode A
. . enabled (MODE/DATA = GND) device not switching, 32 50
lo Operating quiescent current EN1=EN2=1
No load on the output, MODE/DATA = GND, for one 23
converter®
No load og)the output, MODE/DATA =V, for one 36 mA
converter
EN1, EN2 = GND, Vjy = 3.6 V@ 1.2 3
Isp Shutdown current pA
EN1, EN2 = GND, V,y ramped from 0 V to 3.6 V® 0.1 15
Falling 15 2.35
Vyuvio Undervoltage lockout threshold — \
Rising 2.4
ENABLE EN1, EN2
Vig High-level input voltage range, EN1, EN2 12 Vin \Y,
Vi Low-level input voltage range, EN1, EN2 0 0.4 \
Iin Input bias current, EN1, EN2 EN1, EN2 = GND or Viy 0.05 1 A
DEF_1 INPUT
VDEF_1H DEF_1 high-level digital input voltage range 0.9 Vin \%
Vper 1L DEF_1 low-level digital input voltage range 0.4 \%
Iin Input bias current DEF_1 DEF_1 = GND or V| 0.01 1 HA
MODE/DATA
ViH High-level input voltage range, MODE/DATA 1.2 Vin \
Vi Low-level input voltage range, MODE/DATA 0 0.4 \
Iin Input bias current, MODE/DATA MODE/DATA = GND or V| 0.01 1 A
VoH Acknowledge output voltage high Open drain, through external pullup resistor Vin \Y
VoL Acknowledge output voltage low Open drain, sink current 500 pA 0 0.4 \Y,
POWER SWITCH
P-channel MOSFET on-resistance, converter
IDs(on) 1and 2 ViN=Vgs =3.6V 280 620 mQ
lLk_pmos P-channel leakage current Vps =6V 1 HA

(1) Device is switching with no load on the output, L1 = L2 = 3.3 pH, value includes losses of the coil.

(2) These values are valid after enabling the device one time (EN1 or EN2 = high) and maintaining supply voltage V).
(3) These values are valid when the device is disabled (EN1 and EN2 low) and supply voltage V,y is powered up. The values remain valid
until enabling the device the first time (EN1 or EN2 = high). After the first enable, Note 3 becomes valid.

Copyright © 2014-2018, Texas Instruments Incorporated



http://www.ti.com.cn/product/cn/tps62406-q1?qgpn=tps62406-q1
http://www.ti.com.cn/product/cn/tps62407-q1?qgpn=tps62407-q1
http://www.ti.com.cn/product/cn/tps62422-q1?qgpn=tps62422-q1
http://www.ti.com.cn/product/cn/tps62423-q1?qgpn=tps62423-q1
http://www.ti.com.cn/product/cn/tps62424-q1?qgpn=tps62424-q1
http://www.ti.com.cn
http://www.ti.com/cn/lit/pdf/spra953

13 TEXAS
INSTRUMENTS
TPS62406-Q1, TPS62407-Q1, TPS62422-Q1, TPS62423-Q1, TPS62424-Q1

ZHCSHZz2D —DECEMBER 2014—REVISED AUGUST 2018 www.ti.com.cn

Electrical Characteristics (continued)

Viy=3.6V, EN1 = EN2 =V, MODE = GND, L1 = L2 =2.2 uH, Coyr1 = Coure = 20 pF, T; = —40°C to 125°C, typical values
are at T; = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
N-channel MOSFET on-resistance converter
T'bs(on) 1and 2 Vin=Vgs =36V 200 450 mQ
Ik swuswz Leakage current into SW1 or SW2 pin {2 leidgsel:l]—ccsaxrleltslt\e/aks'ge:(:é;\z%r}&) 6 75 HA
TPS62406-Q1 25VSVpy<6V 1.18 14 161
VOUTl
|Psb2406-QL 25VEVys6V 0.68 08 092
ouT2
TPS62407-Q1 25VSVys6V 0.68 08 092
Vour1
TPS62407-Q1 25VSVpS6V 0.75 1 1.15
Vour2
o TPS62422-Q1 25VSVNS6V 1.18 1.4 1.61
| Forward current limit Vour A
LIMF PMOS and NMOS -
TPS62422-Q1 25VSVpy<6V 0.75 1 115
Vour2
TPS62423-Q1 25VSVpy<6V 1 12 138
VOUTl
(psbadzs-QlL 25VEVys6V 1 12 138
ouT2
TPS62424-Q1 25VSVys6V 1 12 138
Vour1
TPS62424-Q1 25VSV<6V 1 1.2 1.38
Vour2
Tsp Thermal shutdown Increasing junction temperature 150 °C
Thermal shutdown hysteresis Decreasing junction temperature 20 °C
OUTPUT
Vet Internal Reference voltage 600 mV
Voltage positioning active,
MODE/DATA = GND,
Vourxerm device operating in PFM mode, -1.5% 1% 2.5%
Vin=25Vto5VvO®
DC output voltage accurac MODE/DATA = GND;
P 9 4 device operating in PWM mode, -1% 0% 1%
Vin=25Vto6V®
VouTxpwm) Vin = 2.5V to 6 V, MODE/DATA =V,
Fixed PWM operation, -1% 0% 1%
0 MA < loyts < 400 MA ; 0 MA < loyte2 < 600 mA®
DC output voltage load regulation PWM operation mode 0.5 %IA

(4) Aninternal resistor of 1 MQ connects pins SW1 and SW2 to GND.

(5) Configuration L1 or L2 typ. 2.2 uH, Coyry typ 20 uF. See parameter measurement information, the output voltage ripple in PFM mode
depends on the effective capacitance of the output capacitor; larger output capacitors lead to tighter output voltage tolerance.

(6) In power-save mode, the device typically enters PWM operation at lpgy = Vin / 32 Q.

(7) For VOUTX >2V, VIN min = VOUTX +05V

6 Copyright © 2014-2018, Texas Instruments Incorporated
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7.6 Timing Requirements

MIN MAX | UNIT
INTERFACE TIMING
tstart Start time us
ty 18 High-time low bit, logic O detection Signal level on MODE/DATA pinis > 1.2V 2 200 us
t B Low-time low bit, logic 0 detection Signal level on MODE/DATA pin < 0.4V 2X 1ty 18 400 us
t mB Low-time high bit, logic 1 detection Signal level on MODE/DATA pin < 0.4V 2 200 us
tH 1B High-time high bit, logic 1 detection Signal level on MODE/DATA pinis > 1.2V 2X1t pB 400 us
teos End of stream 2 us
Duration of acknowledge condition
tackN (MODE/DATE line pulled low by the Vn25Vto6V 400 520 us
device)
tyalacK Acknowledge valid time 2 us
timeout Time-out for entering power-save mode ‘ MODE/DATA pin changes from high to low 520 us

7.7 Switching Characteristics

Viy = 3.6 V, EN1 = EN2 = V,, MODE = GND, L1 = L2 = 2.2 uH, Cour1 = Cours = 20 uF, Ty = —40°C to 125°C, typical values

are at T; = 25°C (unless otherwise noted)

PARAMETER | TEST CONDITIONS | MIN TYP MAX| UNIT
OSCILLATOR
fsw Oscillator frequency ‘ 3vsvyysev@® ‘ 2 2.25 2.7 | MHz
OUTPUT
tstart up Start-up time Activation time to start switching® 170 ps
tramp Voury ramp-up time \T/icr)T;eszto ramp from 5% to 95% of 750 us

(1) ForVourx>2V, Viy min =Vgourx + 0.5V

(2) This time is valid if one converter turns from shutdown mode (EN2 = 0) to active mode (EN2 = 1) with the other converter already
enabled (for example, EN1 = 1). In case both converters are turned from shutdown mode (EN1 and EN2 = 0) to active mode (EN1
and/or EN2 = 1), a typical value of typ 80 us for ramp up of internal circuits must be added. After tgi,, the converter starts switching and

ramps VoyTx-
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7.8 Typical Characteristics

Figure 5. rpgion) NMOS vs Vi
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8 Detailed Description

8.1 Overview

The TPS624xx-Q1 device includes two synchronous step-down converters. The converters operate with typically
2.25-MHz fixed-frequency pulse-width modulation (PWM) at moderate to heavy load currents. With the power-
save mode 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 turns
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 turns off
and the N-channel MOSFET turns 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.
8.1.1 Converter 1

It is possible to change the output voltage of converter 1 with the EasyScale serial Interface. This makes the
device very flexible for output-voltage adjustment. In this case, the device uses an internal resistor network.

The output voltage can also be selected using the DEF_1 pin configuration as a digital input. For these voltage
version the DEF_1 pin select the same output voltage for DEF_1=high or DEF_1=low.

8.1.2 Converter 2
It is also possible to change the output voltage of converter 2 via the EasyScale interface.

Copyright © 2014-2018, Texas Instruments Incorporated 9
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8.2 Functional Block Diagram
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To set the output voltage of converter 2 through the EasyScale™ interface, the ADJ2 pin must directly connect to

10
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8.3 Feature Description

8.3.1 Enable

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

Pulling EN1 and EN2 pin low forces the device into shutdown, with a shutdown quiescent current of typically 1.2
pA. In this mode, the P- and N-channel MOSFETSs turn off and the entire internal control circuitry switches off.
For proper operation, terminate the EN1 and EN2 pins, do not leave them floating.

8.3.2 DEF_1 Pin Function

The DEF_1 pin, dedicated to converter 1, makes the output voltage selection very flexible to support dynamic
voltage management. Having this pin tied to a low level sets the output voltage according to the value in register
REG_DEF 1 Low. The default voltage is 1.125 V for TPS62406-Q1. Having the pin tied to a high level sets the
output voltage according to the value in register REG_DEF 1 High. The default value in this case is 1.125 V as
well. The level of the DEF_1 pin selects between the two registers, REG_DEF_1_Low and REG_DEF_1_High,
for the output-voltage setting. One can change the content of each register (and therefore output voltage)
individually through the EasyScale interface. This makes the device very flexible in terms of output voltage
setting; see Table 3

8.3.3 180° Out-of-Phase Operation

In PWM mode, the converters operate with a 180° turn-on phase shift of the PMOS (high side) transistors. This
prevents the high-side switches of both converters from turning on simultaneously, reducing the input current
ripple. This feature reduces the surge current drawn from the supply.

8.3.4 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 turns off and the NMOS switch turns on. The PMOS only turns on again
once the current in the NMOS decreases below the NMOS current limit.

8.3.5 Thermal Shutdown

As soon as the junction temperature, T;, exceeds 150°C (typical) the device goes into thermal shutdown. In this
mode, the P- and N-channel MOSFETs turn off. The device continues its operation when the junction
temperature falls below the thermal-shutdown hysteresis.

8.3.6 EasyScale Interface: One-Pin Serial Interface for Dynamic Output-Voltage Adjustment

8.3.6.1 General

The EasyScale interface is a simple but very flexible one-pin interface to configure the output voltage of both DC-
DC converters. A master-slave structure is the basis of the interface, where the master is typically a
microcontroller or application processor. Figure 8 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 bits for information, two address bits, and the RFA bit. The RFA bit set to high
indicates the request-for-acknowledge condition. The acknowledge condition only applies after correct reception
of the protocol.

The advantage of the EasyScale interface 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 1.7 kb/s and
up to 160 kb/s. Furthermore, the interface shares the MODE/DATA pin and requires no additional pin.

8.3.6.2 Protocol

Transmission of all bits is MSB first and LSB last. Figure 9 shows the protocol without the acknowledge request
(bit RFA = 0), Figure 10 with the acknowledge request (bit RFA = 1).

Copyright © 2014-2018, Texas Instruments Incorporated 11
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Feature Description (continued)

Prior to both bytes, device address byte and data byte, one must apply a start condition. For this, pull the
MODE/DATA pin high for at least tg, before the bit transmission starts with the falling edge. In case the
MODE/DATA line was already at a high level (forced PWM mode selection), the device requires no start
condition prior to the device address byte.

Close the transmission of each byte with an end-of-stream condition for at least tgos.
8.4 Device Functional Modes

8.4.1 Power-Save Mode

Setting the MODE/DATA pin to low for both converters enables power-save mode. If the load current of a
converter decreases, this converter enters power-save-mode operation automatically. The transition of a
converter to power-save mode 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 positions the output voltage in PFM mode to typically
1% above nominal Vgt This voltage positioning feature minimizes voltage drops caused by a sudden load
step.

In order to optimize the converter efficiency at light load, the device monitors average inductor current. 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, which one can calculate using Equation 1 for each converter,
depends on V.

Equation 1: Average output current threshold to enter PFM mode

| _ VIiNpepe

OUT_PFM_enter = 32 Q )
Equation 2: Average output current threshold to leave PFM mode

| _ VINpcpe

OUT_PFM_leave = 24 Q @)

To keep the output-voltage ripple in power-save mode low, a single threshold comparator (skip comparator)
monitors the output voltage. As the output voltage falls below the skip-comparator threshold (skip comp) of 1%
above nominal Vgoyury, the corresponding converter starts switching for a minimum time period of typically 1 ps
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 stops and the quiescent current reduces to minimum. The output capacitor supplies
the load until the output voltage has dropped below the threshold again. Hereupon, the device starts switching
again.

The converter leaves power-save mode and enters PWM mode if the output current exceeds the loyt pEM leave
current or if the output voltage falls below a second comparator threshold, called the skip-comparator-low (Skip
Comp Low) threshold. This skip-comparator-low threshold is 2% below nominal Vout, and enables a fast
transition from power-save mode to PWM mode during a load step.

Power-save mode typically reduces the quiescent current to 19 pA for one converter and 32 pA 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. One can disable the power-save mode by setting
the MODE/DATA pin to high. Both converters then operate in fixed PWM mode. Power-save mode enable or
disable applies to both converters.

8.4.1.1 Dynamic Voltage Positioning

This feature reduces the voltage under- and overshoots at load steps from light to heavy load and from heavy to
light load. Power-save-mode operation activates dynamic voltage positioning and provides more headroom for
both the voltage drop at a load step and the voltage increase when a load is switched off, which improves load-
transient behavior.

12 Copyright © 2014-2018, Texas Instruments Incorporated
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Device Functional Modes (continued)

At light loads, in which the converter operates in PFM mode, the output voltage regulation is 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 transition from heavy load to light load, the device also minimizes voltage overshoot because of active
regulation turning on the N-channel switch.

A Smooth
increased load Fast load transient
+1%, Te———  —— — X\ / /
PFM Mode / I?FM 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 -2%

Figure 6. Dynamic Voltage Positioning

8.4.1.2 Soft Start

The two converters have an internal soft-start circuit that limits the inrush current during startup. Figure 7 shows
control of the output-voltage ramp-up during soft start.

I

/i

EN

VouT

I

i
| tstartup | ! tRAMP
re—>» l——!

Figure 7. Soft Start

8.4.1.3 100% 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 on. This is particularly useful in battery-
powered applications to achieve longest operation time by taking full advantage of the whole battery-voltage

range. The minimum input voltage to maintain regulation depends on the load current and output voltage, which
one can calculate as:

Vinmin = Voutpax + loUtpmax X (RDSonmax + RL)

with
e louTtxmax = Maximum output current plus inductor ripple current
*  Ipsinmax = Maximum P-channel switch rpg(n
¢ R, = dc resistance of the inductor
*  Vourxmax = hominal output voltage plus maximum output-voltage tolerance 3)
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Device Functional Modes (continued)

With decreasing load current, the device automatically switches into pulse-skipping operation, in which the power
stage operates intermittently based on load demand. Running cycles periodically minimizes the switching losses,
and the device runs with a minimum quiescent current, maintaining high efficiency.

8.4.1.4 Undervoltage Lockout

The undervoltage lockout circuit prevents the device from malfunction at low input voltages and from excessive
discharge of the battery, and disables the converters. The undervoltage lockout threshold is typically 1.5 V;
maximum of 2.35 V. In case the interface overwrites the default register values, the new values in the registers
REG_DEF_1 High, REG_DEF_1 Low and REG_DEF_2 remain valid as long the supply voltage does not fall
below the undervoltage lockout threshold, independent of disabling of the converters.

8.4.2 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, as described in the EasyScale Interface section.

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 that the converters operate with a fixed frequency, allowing 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 the case of changing the operation mode from forced PWM mode (MODE/DATA = high) to power-save mode
(MODE/DATA = 0), enabling the power-save mode occurs after a delay time of t;peou, Which is 520 us maximum.

Setting the MODE/DATA to 1 enables forced-PWM-mode operation immediately.
8.5 Programming

8.5.1 Addressable Registers

Three registers with a data content of 5 bits are addressable. With 5-bit data content, 32 different values for each
register are available. Table 1 shows the addressable registers to set the output voltage when the DEF_1 pin
works as a digital input. In this case, converter 1 has a related register for each DEF_1 pin condition, and one
register for converter 2. A high or low condition on pin DEF_1 selects either the content of register
REG_DEF 1 High or REG_DEF_1 Low, thus setting the output voltage of converter 1 according to the values in
Selectable Output Voltage Converter 1, With Pin DEF _1 as Digital Input. Use of a precise internal resistor divider
network to generate these output voltages makes external resistors unnecessary (less board space) and
provides higher output-voltage accuracy. Enabling at least one of the converters (EN1 or EN2 is high) activates
the interface. After the startup time tgy (170 ps), the interface is ready for data reception.

Table 1. Addressable Registers for Default Fixed-Output Voltage Options (PIN DEF_1 = Digital Input)

DEVICE REGISTER DESCRIPTION DEF_1 Al AO D4 D3 D2 D1 DO
PIN

REG_DEF_1_High Converter 1 output voltage setting for High 0 1 Output voltage setting, see Table 3
DEF_1 = High condition. The content of the
register is active with the DEF_1 pin high.

REG_DEF_1_Low Converter 1 output voltage setting for Low 0 0 Output voltage setting, see Table 3
TPS624xx-Q1 , DEF_1 = Low condition.
REG_DEF_2 Converter 2 output voltage Not 1 0 Output voltage setting, see Table 4
applicable
Do not use 1 1

14 Copyright © 2014-2018, Texas Instruments Incorporated
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8.5.1.1 Bit Decoding
The bit detection is based on a PWM scheme, where the criterion is the relation between the low time and high
time of the low or high bit (t__,g and t, ,g). Bit detection can be simplified to:

High bit: tyy g > t_ng, but with t; 5 at least 2x t_g, see Figure 8.

Low bit: t; ;g >ty 15, but with t,_, g at least 2x t, g, see Figure 8.

The bit detection starts with a falling edge on the MODE/DATA pin and ends with the next falling edge. Detection
of a 0 or 1 depends on the relation between t, ,g and t ,g.

8.5.1.2 Acknowledge

The device only applies the acknowledge condition if all of the following occurs:

» A set RFA bit requests an acknowledge

* The transmitted device address matches with the device address of the device
» Correct reception of 16 bits occurred

In this case, the device turns on the internal ACKN-MOSFET and pulls the MODE/DATA pin low for the time
tackn, Which is 520 us maximum. The acknowledge condition is valid after an internal delay time t,yack. This
means the internal ACKN-MOSFET turns on after t,,ack, On detection of the last falling edge of the protocol. The
master controller keeps the line low during this time.

The master device can detect the acknowledge condition with its input by releasing the MODE/DATA pin after
tyaiack and reading back a 0.

In case of an invalid device address, or not-correctly-received protocol, application of a no-acknowledge
condition does not occur; thus, the internal MOSFET does not turn on, and the external pullup resistor pulls the
MODE/DATA pin high after t,;ack.- One can use the MODE/DATA pin again after the acknowledge condition
ends.

NOTE
The master device must have an open-drain output in order to request the acknowledge
condition.

In case of a push-pull output stage, Tl recommends using a series resistor in the MODE/DATA line to limit the
current to 500 pA in case of an accidentally requested acknowledge, to protect the internal ACKN-MOSFET.

8.5.1.3 Mode Selection

Use of the MODE/DATA pin for two functions, interface and mode selection, necessitates a determination of
when 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 also stays in forced PWM mode during the entire protocol reception time.

With a falling edge on the MODE/DATA pin, the device starts bit decoding. If the MODE/DATA pin stays low for
at least tineout, the device gets an internal time-out and enables power-save-mode operation.

The device ignores a protocol sent within this time because the first interpretation of a falling edge for the mode
change is at the start of the first bit. In this case, Tl recommends sending the protocol first, and then changing to
power-save mode at the end of the protocol.

DATAIN Device Address o DATABYTE

A
\

Start | DA7 [ DA6 | DAS [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 8. EasyScale Protocol Overview
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Table 2. EasyScale Bit Description

BYTE BIT NAME | TRANSMISSION DESCRIPTION
NUMBER DIRECTION
Device 7 DA7 IN 0 MSB device address
address 6 DA6 IN 1
byte
5 DA5 IN 0
4 DA4 IN 0
4E hex 3 DA3 IN 1
2 DA2 IN 1
1 DA1 IN 1
0 DAO IN 0 LSB device address
Data 7 (MSB) RFA IN Request for acknowledge; if high, the device applies an acknowledge condition.
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, the device applies this condition only in the case of
a set RFA bit. Open-drain output, the host must pull the line high with a pullup
resistor.
One can only use this feature if the master has an open-drain output stage. In case
of a push-pull output stage, do not request an acknowledge condition.
Ustart Address Byte - ES‘aﬂ B DATA Byte
DATA IN Mode, Static v ! ’7" v v Mode, Static
High or Low / / High or Low
DA7 _DAO | RFA » DO |
0 0 Teos 0 1 Teos
Figure 9. EasyScale Protocol Without Acknowledge
lset  AddressByte start DATA Byte R
DATA IN Mode, Static y v ’7" v i v Moie, SEatlc
High or Low / \// _ Igh or Low
DA7 DAO N _ RFA _ DO
- > -« - r -
0 0 Teos L L tvaIACKI |
| Acknowledge
| Itrue, Data Line
 ACKN ! pulled down by
t device
Controller needs to LMJ
DATA OUT Pullup Data Line via a | | Acknowledge
resistor to detect ACKN | false, no pull
I | down
| I
Figure 10. EasyScale Protocol Including Acknowledge
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Figure 11. EasyScale — Bit Coding
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Figure 13. MODE/DATA Pin: Power-Save-Mode and Interface Communication
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Table 3. Selectable Output Voltages for Converter 1,
With Pin DEF_1 as Digital Input
TPS624xx-Q1 OUTPUT TPS624xx-Q1 D4 | D3 | D2 | D1 | DO
VOLTAGE [V] VOLTAGE [V]
REGISTER REG_DEF_1_LOW REGISTER REG_DEF_1_HIGH

0 0.8 0.9 ojo|lojo]o
1 0.825 0.925 o|lo|o0]o0|1
2 0.85 0.95 ojo|lo|1]o0
3 0.875 0.975 o|o0|o0|1]|1
4 0.9 1.0 o|lo|1]0]|o0
5 0.925 1.025 o|o|1]0]|1
6 0.95 1.050 o|lo|1]1]o0
7 0.975 1.075 0|0 |1 ]1]1
8 1.0 1.1 o|1]|0]0]|oO
9 1.025 1.125 o|1|0]0]|1
10 1.050 1.150 o|1|0]1]o0
11 1.075 1.175 o|1|0]1]|1
12 1.1 1.2 o|1|1]0]|o0
13 1.125 1.225 o|1|1]0]|1
14 1.150 1.25 o|1|1]1]o0
15 1.175 1.275 o1 |1]1]1
16 1.2 1.3 1/0[0|0]|oO
17 1.225 1.325 1/0[0|0]1
18 1.25 1.350 1/0[0|1]|0
19 1.275 1.375 10011
20 1.3 1.4 1/0[1|0]|0
21 1.325 1.425 1/0[1|0]1
22 1.350 1.450 1/0[1|1]|0
23 1.375 1.475 10111
24 1.4 15 110|000
25 1.425 1.525 1/1]0|0]1
26 1.450 1.55 11010
27 1.475 1.575 11011
28 15 1.6 1 /11|00
29 1.525 1.7 11101
30 1.55 1.8 11110
31 1.575 1.9 101|111
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Table 4. Selectable Output Voltages for Converter 2,
(ADJ2 Connected to Voyry)
OUTPUT VOLTAGE [V] D4 | D3 | D2 | D1 | DO
FOR REGISTER REG_DEF_2

0 0.6 o| o |o|o0o]|o
1 0.85 o| o0o|o|o0]|1
2 0.9 ol o|o|1]o0
3 0.95 o| o0 |o0|1]|1
4 1 ol o|1|0]o0
5 1.05 o| o0 |1]|0]1
6 11 ol o110
7 1.15 o] 0| 1|11
8 1.2 o| 1]0|0]o0
9 1.25 0| 1]0|0]|1
10 13 o| 1]0|1]0
11 1.35 0| 10|11
12 1.4 o| 1]1]|0]o0
13 1.45 0| 1]1]|0]1
14 15 o| 1]1|1]0
15 1.55 0| 1 |1|1]|1
16 1.6 1|0 /|0|0]oO
17 1.7 1|0 |0]0]1
18 1.8 1|0 /|0|1]o0
19 1.85 10 |0]1]1
20 2 1|0 /|1]|0]o0O
21 21 10 |1]0]1
22 2.2 10 |1]1]o0
23 23 10 |1]1]1
24 2.4 1|1 |0]|0]oO
25 25 1|1 ]0]0]1
26 26 1|1 ]0|1]o0
27 2.7 1|1 ]0]1]1
28 2.8 1|1 |1]0]o0
29 2.85 1|1 |1]0]1
30 3 1|1 |1]1]o0
31 33 11 |1]1]1
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9 Application and Implementation

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

9.1 Application Information

9.1.1 Application Information

The TPS624xx-Q1 family of devices are synchronous dual step-down DC-DC converters. The devices provide
two independent output voltage rails. The following information provides guidance on selecting external
components to complete the application design.

9.2 Typical Application

TPS62406-Q1
VIN FB1

Vi =25t06V

22 uH
10 pF otk Voyr = 1125V
SW1 1000 mA

»—0
:I: DEF_1 = 10F

EN1

.

EN2

2.2 uH
SW2 b Vourz = 1.2V
400 mA
MODE/
f DATA 10 pF
- ADJ2
GND 1

Figure 14. Typical Application Schematic

9.2.1 Design Requirements

The step-down converter design can be adapted to different output voltage and load current needs. The following
design procedure is adequate for whole V |y, Voutk @and load current range of the TPS624xx-Q1 family of devices.

9.2.2 Detailed Design Procedure
9.2.2.1 Output Voltage Setting

9.2.2.1.1 Converter 1 Fixed Default Output-Voltage Setting
The DEF_1 pin selects output voltage Vout1-

Pin DEF_1 = low:

* TPS62406-Q1, TPS62407-Q1 =1.125V
 TPS62422-Q1 = 1.15V
 TPS62423-Q1 =1.2V

* TPS62424-Q1 =1.1V

Pin DEF_1 = high:

e TPS62406-Q1 =1.125V
e TPS62407-Q1=1.225V
e TPS62422-Q1 =1.8V

e TPS62423-Q1 = 1.5V

e TPS62424-Q1 = 1.3V

20 Copyright © 2014-2018, Texas Instruments Incorporated
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Typical Application (continued)
9.2.2.1.2 Converter 2 Fixed Default Output-Voltage Setting

ADJ2 pin must be directly connected with Vgyro:
* TPS62406-Q1, Vout, default = 1.2 V

* TPS62407-Q1, Vou, default = 1.85 V

* TPS62422-Q1, Vou, default = 1.2 V

* TPS62423-Q1, Vou, default = 1.8 V

* TPS62424-Q1, Vou, default = 1.8 V

9.2.2.2 Output Filter Design (Inductor and Output Capacitor)

The converters operate with a minimum inductance of 1.75 pH and minimum capacitance of 6 pF. The device
operation is optimum with inductors of 2.2 pH to 4.7 pH and output capacitors of 10 pF to 22 pF.

9.2.2.2.1 Inductor Selection

Select the inductor based on its ratings for dc resistance and saturation current. The dc resistance of the inductor
directly influences the efficiency of the converter. Therefore, select an inductor with lowest dc resistance for
highest efficiency.

Equation 4 calculates the maximum inductor current under static load conditions. The saturation-current rating of
the inductor should be higher than the maximum inductor current as calculated with Equation 5. Tl makes this
recommendation because during heavy load transients the inductor current rises above the calculated value.

_ Vout
Vin
= X R LI,
AIL Vout Lx f
where

e Al = Peak-to-peak inductor ripple current
¢ L = Inductor value

« f = Switching frequency (2.25 MHz typical) (4)
Al
| = | +—k
Lmax outmax 2

where
* I max = Maximum inductor current

and the highest inductor current occurs at maximum V. (5)

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. Take into consideration that the core material from inductor to inductor differs, and this
difference has an impact on the efficiency.

See Table 5 and the typical application circuit examples for possible inductors.

Table 5. List of Inductors

DIMENSIONS [mm] INDUCTOR TYPE SUPPLIER
32x26x1 MIPW3226 FDK
3x3x0.9 LPS3010 Coilcraft
28x26x1 VLF3010 TDK
28x26x14 VLF3014 TDK
3x3x14 LPS3015 Coilcraft
39%x39x17 LPS4018 Coilcraft
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9.2.2.2.2 Output-Capacitor Selection

The advanced fast-response voltage-mode control scheme of the converters allows the use of tiny ceramic
capacitors with a typical value of 10 pF to 22 pF, without having large output-voltage under- and overshoots
during heavy load transients. Ceramic capacitors with low ESR values result in lowest output-voltage ripple, and
Tl therefore recommends them. The output capacitor requires either X7R or X5R dielectric. TI does not
recommend Y5V and Z5U dielectric capacitors because of their wide variation in capacitance.

If using ceramic output capacitors, the capacitor rms ripple-current rating always meets the application
requirements. The rms ripple current calculation is:

_ Vout
_ Vin 1
lRMscout = Vout X —— 5 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
AVout = Vout X L f X (8 X Cout X f+ ESR)
where the highest output-voltage ripple occurs at the highest input voltage, V. @)

At light load currents, the converters operate in power-save mode and the output-voltage ripple depends on the
output-capacitor value. The internal comparator delay and the external capacitor set the output-voltage ripple.
Higher output capacitors like 22 uF values minimize the voltage ripple in PFM mode and tighten dc output
accuracy in PFM mode.

9.2.2.2.3 Input Capacitor Selection

Because of the nature of the buck converter having a pulsating input current, the device requires a low-ESR
input capacitor to prevent large voltage transients that can cause misbehavior of the device or interference with
other circuits in the system. An input capacitor of 10 pF is sufficient.

9.2.3 Application Curves

100 100
90 p—— E?L\ 90
L =TT = | = e
80 ot N so| /) —
yodl
70 / 7 70
& 60 & 60
> = |
c 50 c 50
2 2
£ 40 £ 40
L L
30 30
20 %* — V=25V 20 — V=25V
10 B — Vin= 35V 10 — Vin= 35V
V|N =5V V|N =5V
0 0
0.01 0.1 1 10 100 1000 0 50 100 150 200 250 300 350 400 450
Output Current (mA) Output Current (mA)
Vout: =1.225V MODE/DATA = low Vout: =1.225V MODE/DATA = high
Figure 15. TPS62407-Q1 Efficiency, Voyt1 Figure 16. TPS62407-Q1 Efficiency, Voyt1
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Figure 17. TPS62407-Q1 Efficiency, Voyte Figure 18. TPS62407-Q1 Efficiency, Voyte
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Figure 19. TPS62406-Q1 Efficiency, Voyt1 Figure 20. TPS62406-Q1 Efficiency, Voyte
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Figure 21. TPS62406-Q1 Efficiency, Voyte Figure 22. TPS62406-Q1 Efficiency, Voyte
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1.175
1171 Conditions: | | | — Vin=2.7V
’ VOUT1:1-15Vu VOUT2:1-2V @ 1000mA — V|N=3.3V

1.167 | T,=85°C ] V|N=3.9V
_, l.1e3 — V|N=4.5V
= — Vin=5V
g 1159 —— Vj\=5.5V
‘_E 1.155 — V|N=6V
2 1151
Ll
5 1.147
[=N
5 1.143
o < —

1.139 =

1.135

1.131

1.127

05 055 06 065 0.7 075 0.8 0.8 09 095 1
Output 1 Current [A]

VOUTl =1.15 V, VOUTZ =12V MODE/DATA = hlgh

Figure 23. TPS62422-Q1 Voyr1 VS louTt1

Output 1 Voltage [V]

1.836
Conditions: —_— V|N=2.7V
1.828 VOUT121.8V, VOUT2:1-2V @ 600mA — V|N=3.3V
TA=85°C Vin=3.9V
1.82 — V|n=4.5V
— V|N:5V
1812 —— Vin=5.5V
1.804 Vin=6v
1.796
1.788 AN
1.78
1.772
1.764

05 055 06 065 0.7 075 0.8 0.8 09 095 1
Output 1 Current [A]

VOUTl =1.8 V, VOUTZ =12V MODE/DATA = hlgh

Figure 24. TPS62422-Q1 Voyr1 VS lout1

Output 2 Current [A]
Vout1 =18V, Voyure =12V MODE/DATA = high

Figure 25. TPS62422-Q1 Vours VS. louTs

1.224
1.22 Conditions: | | —— V|N=2.7V
“““| Vour2=1.2V, Vour1=1.8V @ 1000mA — V|n=3.3V
1.216 | TAo=85°C 1 ViN=3.9V
= 1.212 — Vin=4.5V PO D S
= —_— V|N=5V ) - "
Y 1.208 ViN=5.5V - Vo =1.8V 20 mV/div
S 1.204 — V|n=6V 15
2 12
= 1.196 — Inductor current = 100 mA/div
£ 1102 —_—
© 1.188
1.184 = BN
1.18
1.176 ' i
0.3 0.35 0.4 0.45 0.5 0.55 0.6

Time base - 10 ps/div
MODE/DATA = low

Power save mode lout = 10 mA

Figure 26. Light-Load Output-Voltage Ripple in Power-
Save Mode

[ Vo =1.8V 20 mV/div

- Inductor current 100 mA/div

Time base - 400 ns/div
MODE/DATA =
high

Forced PWM mode lout = 10 mA

Figure 27. Output-Voltage Ripple in Forced-PWM Mode

Vo ripple 20 mV/div

WWWMM

oA

- Indugtor current'200' mA/div

Time base - 200 ns/div

PWM mode VOUT =18V IOUT =400 mA

Figure 28. Output-Voltage Ripple in PWM Mode
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" Forced’PWM - | MODE/DATA} V/div- :

§ A i : Cd
Mode

X . Enable Power Save Mode .

Entering PFM Mode
- Voltage positioning active i

-V, 20 mV/div

Time base - 200 ps/div

Vour =18V lout =20 mA

Figure 29. Forced PWM-to-PFM Mode Transition

Vo=1.575V
50 mV/div -

:Voltage positit:Jning in: PFM
:Mode reduces voltage drop "

PWM Made operation.
-duringload step : :

lo = 200 mA/div
Iy =-360.MA

lo=40 mA -

Time base - 50 ps/div
MODE/DATA = low

Figure 30. Load-Transient Response, PFM-to-PWM

Vo =1575V

50 mV/div < PWM Mode:operati:on
: lo= 2.00 mA/div log) =360 rhA

Time base - 50 ps/div

PWM mode MODE/DATA = high

Figure 31. Load-Transient Response, PWM Operation

L. Vopz 1 Vidiv

W v, = 50 mvidiv
N A : i

Time base - 400 ps/div

Vin=3.6t04.6V Vout1 =1.575V

MODE/DATA = low
lout1 = 200 mA

Figure 32. Line-Transient Response

EN1 and EN2 5 V/div

Vo
500 mV/div

ISW1 1 V/div’

l(coity 500 mA/div

Time base - 200 ps/div

IOUTlmax =400 mA

Figure 33. Startup Timing, One Converter
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9.3 System Examples

Vi =25t06V

TPS62406-Q1

o VIN FB1
l 22pH Voury = 1.125V
10 uF SW1 —"""—9¢—0 1000 mA
— DEF_1 = 22 uF
EN1
L EN2 -
2.2 pH V1o = 1.2V
SW2 ouT2 ~ '
400 mA
MODE/ 22 uF
DATA ADJ2
GND 1

Figure 34. TPS62406-Q1 Fixed 1.125-V and 1.2-V Outputs
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System Examples (continued)

TPS62407-Q1

Vy=25t06V
VIN FB1

22 pH Vourq = 1.225V
SW1 [=-""N——9—0 400 mA

DEF_1 —= 10uF
EN1 1

EN2
2.2 pH
W2 L Vourz =185V
I~ 600 mA
MODE/ L 1our
DATA ADU2 |
GND i

Figure 35. TPS62407-Q1 Fixed 1.225-V and 1.85-V Outputs

TPS62422-Q1
VIN FB1

2.2 uH
10 uFl .-“.- Voyr1 =115V
SW1 P up to 1000 mA

:_|: DEF_1 —= 22 uF
~ ¢e—] EN1

V=25t06V
o

— EN2
22 uH
Sw2 Mmp Vourz = 1.2V
up to 600 mA
MODE/
DATA == 22 F

ADJ2 |——

GND __l__ £

Figure 36. TPS62422-Q1 Fixed 1.15-V and 1.2-V Outputs

V= 25106V TPS62422-Q1
VIN FB1
10 uF 22pH Vour = 1.8V
~Y N ourh — 1+
:I: swi up to 1000mA
L DEF_1 — 22 F
- EN1 I
EN2 -
SW2 22pH Voo, = 1.2V
up to 600mA
MODE/
DATA 22 uF
= ADJ2
GND 1

Figure 37. TPS62422-Q1 Fixed 1.8-V and 1.2-V Outputs
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10 Power Supply Recommendations

This device has no special recommendation for the power supply. Tl recommends to use the values listed in the
Recommended Operating Conditions table.

11 Layout

11.1 Layout Guidelines

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.

It is critical to provide a low-inductance, low-impedance ground path. Therefore, use wide and short traces for
the main current paths as indicated in bold in Figure 38.

Place the input capacitor as close as possible to the IC pins VIN and GND, the inductor and output capacitor
as close as possible to the pins SW1 and GND.

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.

Connect the output voltage-sense lines (FB 1, DEF 1, ADJ2) right to the output capacitor and route them
away from noisy components and traces (for example, the SW1 and SW2 lines).

If operating the EasyScale interface with high transmission rates, route the MODE/DATA trace 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.

11.2 Layout Example

o
o
>

VIN T2

Ui=

n- c2 -
19 -
IOUI I:
>

GND R2

Figure 38. Layout Diagram
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12.1 HHkER:
TERAIE T POEYS . R EFERIR SR . SRR X TR TR, DAL RIIT I s U ]
% 6. MEERE
2 FE SRR SLEIT I HAR SR TERE#HM4 TR X
TPS62406-Q1 L ) L ) L ) L ) L )
TPS62407-Q1 L ) L ) L ) L ) L )
TPS62422-Q1 L ) L ) L ) L ) L )
TPS62423-Q1 L ) L ) L ) L ) L )
TPS62424-Q1 L ) L ) L ) L ) L )

12.2 #HX&JHE

THSEEHAT T #XFRNEE. SENANTHZI NI EERBREERE. XEATHATHEE TI HRIE ,
HFEFR—ERRTI WAL ; HSH TIH (ERAKF) -

TIE2E™ HELAX TI 49 TREJPX TREIF (E2E) X, btk X613 B8 E Tie#t TRIT 2 B hE, £
e2e.ticom 1 , BALZARE, 5 EHR, HRBEHERERTIEMN —EHPERRE,

RitXZEF T SERIIXS UHBEREERERHN E2E iz, RIIXBFIEURBRIZFNRRER.
12.3 Fitr

EasyScale, the EasyScale, E2E are trademarks of Texas Instruments.
All other trademarks are the property of their respective owners.

12.4  FfEE e s

A e Ea s EIRMAE ESD Y. (EMEESEIN, R SRR s B T S ik, WDE MOS | R
hiad i

125 RigF

SLYZ022 — Tl RiEH,
R ARERSNH HAEREAE. 455 E Lo

13 MU, BERATATIEE B

CAR DU A &AL B AN IS 2. X85 o2 fia e e fH i sl A . Bl in 248, A RATEM, H
AR SCREREATAEAT o S0 7R SR it 10 W 5 O S A R A, 37 2 1) e ) R 3 A
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13.1 Package Option Addendum
13.1.1 Packaging Information
) @ Package Package . Package @ A ) a ) @)
Orderable Device Status Type Drawing Pins Oty Eco Plan Lead/Ball Finish | MSL Peak Temp Op Temp (°C) Device Marking
TPS62406QDRCRQL PREVIEW | VSON DRC 10 3000 Green (ROHS | ) \ppau Level-3-260C-168 -40 to 125 2406Q
& no Sb/Br) HR
TPS62407QDRCRQ1 PREVIEW | VSON DRC 10 3000 Green (ROHS | ) \ppay Level-3-260C-168 -40 to 125 SHU
& no Sb/Br) HR
Green (RoHS Level-3-260C-168
TPS62422QDRCRQ1 PREVIEW | VSON DRC 10 3000 2o SbiBr) CU NIPDAU R -40 to 125
Green (RoHS Level-3-260C-168
TPS62423QDRCRQ1 PREVIEW | VSON DRC 10 3000 & no SbiBr) CU NIPDAU HR -40 to 125
Green (RoHS Level-3-260C-168
TPS62424QDRCRQ1 PREVIEW | VSON DRC 10 3000 & no SbiBr) CU NIPDAU R -40 to 125

@

@)

©)
4)
®)

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.
PRE_PROD Unannounced device, not in production, not available for mass market, nor on the web, samples not available.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: TI has discontinued the production of the device.

Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sh/Br) - please check http://www.ti.com/productcontent for the latest
availability information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): 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, 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 Sh/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by
weight in homogeneous material)

MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
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 on Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then itis a
continuation of the previous line and the two combined represent the entire Device Marking for that device.

Important Information and Disclaimer: The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. TI 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 TI 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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13.1.2 Tape and Reel Information

REEL DIMENSIONS TAPE DIMENSIONS
3 |<— KO [¢—P1—»
g R R R T
© 0 o|( o W
Reel | X l
Diameter
Cavity —>| A0 |<—

A0 | Dimension designed to accommodate the component width

B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
2 4 W | Overall width of the carrier tape

i P1 | Pitch between successive cavity centers

t Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE

o O O O O O OO O Sprocket Holes
|
I
Q11 Q2
|
I . .
Q31 Q4 User Direction of Feed
| ®
T
A\
Pocket Quadrants
Reel Reel .
Device P%kp?e E?;\Tv?r?g Pins SPQ Diameter Width w1 (rlr:\r?1) (r‘r?r?w) (rrlfr?1) (::;) (nY\rIn) QuF;c?r%amt
(mm) (mm)
TPS62406QDRCRQL VSON DRC 10 3000 330.0 12.4 33 3.3 1.1 8.0 12.0 w2
TPS62407QDRCRQ1 VSON DRC 10 3000 330.0 12.4 33 3.3 1.1 8.0 12.0 w2
TPS62422QDRCRQ1L VSON DRC 10 3000 330.0 12.4 33 3.3 1.1 8.0 12.0 w2
TPS62423QDRCRQ1L VSON DRC 10 3000 330.0 12.4 33 3.3 1.1 8.0 12.0 w2
TPS62424QDRCRQ1 VSON DRC 10 3000 330.0 12.4 33 3.3 1.1 8.0 12.0 w2
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TAPE AND REEL BOX DIMENSIONS
Device Package Type | Package Drawing | Pins SPQ Length (mm) | Width (mm) Height (mm)
TPS62406QDRCRQ1 VSON DRC 10 3000 367.0 367.0 35.0
TPS62407QDRCRQ1 VSON DRC 10 3000 367.0 367.0 35.0
TPS62422QDRCRQ1 VSON DRC 10 3000 367.0 367.0 35.0
TPS62423QDRCRQ1 VSON DRC 10 3000 367.0 367.0 35.0
TPS62424QDRCRQ1 VSON DRC 10 3000 367.0 367.0 35.0
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13.2 Mechanical Data

DRC (S—PVSON—N10) PLASTIC SMALL OUTLINE NO—LEAD

3,10
2,90

PIN 1 INDEX AREA —]
TOP AND BOTTOM

0,20 REF.
0,08 | i
2] 2 LI LTI v x SEATING PLANE
05 |
0,00

U gJ
T e

SIZE AND SHAPE
SHOWN ON SEPARATE SHEET

R
ANANINANA
o

4204102-3/L 09/11

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

A.

B. This drawing is subject to change without notice.

C. Small Outline No—Lead (SON) package configuration.

D. The package thermal pad must be soldered to the board for thermal and mechanical performance, if present.
E

See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features
and dimensions, if present
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13.2.1 Thermal Pad Mechanical Data
DRC (S—P\/SON—N10) PLASTIC SMALL OUTLINE NO-—LEAD

THERMAL INFORMATION

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

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

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

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

> < 2x 0,30
PIN 1 INDICATOR

& JUWUU

| — Exposed Thermal Pad

— 0,23 4 Places

I r 'y

1,65 £0,10 —— - - - - - 4 i

— 0,50

NNRNC

— 2,4010,10 ——»

Bottom View

Exposed Thermal Pad Dimensions
4206565-3/Y 08/15

NOTE: A. All linear dimensions are in millimeters
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www.ti.com.cn
13.2.2 Land Pattern Data
PLASTIC SMALL OUTLINE NO—LEAD

DRC (S—PVSON—N10)

Example Stencil Design
(Note E)

8x0 5

Example Board Loyout
|=—8x0,5 —]
Sy 4X

Note D
D U U U U T V
E4xo,26 "‘ X 5077
4 O ‘\\ ‘ X (=" O,5 |——
— —|— ‘ 2,15 3,75

O
38 21 1,65 (p
O \ O /
—t] 4x1,05_j=—

P I /\\\ 4x0,68— p
N
1 ‘\\
H ‘\\ 1
\10x0,8— |<_1 0x0,23

/
/ .
! 2,40 \
R 72% solder coverage on center pad

\\

\
Exposed Pad Geometry

Non Solder Mask

| Defined Pad
I
;-
y
/ \ - Solder Mask Opening
// RO,14 (Note F
|
‘.
'\ 0, 85 87 —Pad Geometry
‘\ 0 07 ; (Note C)
“\AII around /
N /
~ _ pd
4206987-2/P 04/16

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, Quad Flat—Pack
These documents are available at

Powm

Packages, Texas Instruments Literature No. SLUA271, and also the Product Data Sheets
. Customers should

for specific thermal information, via requirements, and recommended board layout
Refer to IPC 7525 for stencil design considerations

i
www.ti.com <http: //www.ti.com>.
Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release
contact their board assembly site for stencil design recommendations.
Customers should contact their board fabrication site for minimum solder mask web tolerances between signal pads
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H PACKAGE OPTION ADDENDUM

13 TEXAS
INSTRUMENTS

www.ti.com 10-Dec-2020

PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ®3) (4/5)
(6)

TPS62406QDRCRQ1 ACTIVE VSON DRC 10 3000 RoHS & Green NIPDAU Level-3-260C-168 HR ~ -40 to 125 2406Q Samples
TPS62407QDRCRQ1 ACTIVE VSON DRC 10 3000 RoHS & Green NIPDAU Level-3-260C-168 HR ~ -40 to 125 SHU Samples
TPS62422QDRCRQ1 ACTIVE VSON DRC 10 3000 RoHS & Green NIPDAUAG Level-3-260C-168 HR ~ -40 to 125 2422Q
TPS62423QDRCRQ1 ACTIVE VSON DRC 10 3000 RoOHS & Green NIPDAUAG Level-3-260C-168 HR ~ -40 to 125 2423Q
TPS62424QDRCRQ1 ACTIVE VSON DRC 10 3000 RoHS & Green NIPDAUAG Level-3-260C-168 HR ~ -40 to 125 2424Q Samples

® 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.

@ RoHS: TI defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

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

13 TEXAS
INSTRUMENTS

www.ti.com 10-Dec-2020

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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i3 Texas PACKAGE MATERIALS INFORMATION
INSTRUMENTS
www.ti.com 18-Aug-2018
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 OO O O O QrSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
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)
TPS62406QDRCRQ1 VSON DRC 10 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
TPS62407QDRCRQ1 VSON DRC 10 3000 330.0 12.4 3.3 3.3 11 8.0 12.0 Q2
TPS62422QDRCRQ1 VSON DRC 10 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
TPS62423QDRCRQ1 VSON DRC 10 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
TPS62424QDRCRQ1 VSON DRC 10 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
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i3 Texas PACKAGE MATERIALS INFORMATION

INSTRUMENTS
www.ti.com 18-Aug-2018
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)
TPS62406QDRCRQ1 VSON DRC 10 3000 367.0 367.0 35.0
TPS62407QDRCRQ1 VSON DRC 10 3000 367.0 367.0 35.0
TPS62422QDRCRQ1 VSON DRC 10 3000 338.0 355.0 50.0
TPS62423QDRCRQ1 VSON DRC 10 3000 338.0 355.0 50.0
TPS62424QDRCRQ1 VSON DRC 10 3000 338.0 355.0 50.0
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GENERIC PACKAGE VIEW
DRC 10 VSON - 1 mm max height

3 x 3, 0.5 mm pitch PLASTIC SMALL OUTLINE - NO LEAD

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4226193/A

INSTRUMENTS
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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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