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TPSM82480 5.5V入入力力、、6A降降圧圧型型ココンンババーータタ・・モモジジュューールル

1

1 特特長長
1• 超小型の7.9×3.6×1.5mm電源モジュール
• 出力電流: 6A
• 帰還電圧精度: ±1%
• 入力電圧範囲: 2.4V～5.5V
• 出力電圧範囲: 0.6V～5.5V
• 標準静止電流: 23µA
• 出力電圧選択
• 位相シフト動作
• 自動パワー・セーブ・モード
• 強制PWMモード動作
• 調整可能なソフト・スタート
• パワー・グッドおよびサーマル・グッド出力
• 低電圧誤動作防止
• 過電流および短絡保護
• 過熱保護
• -40℃～125℃の動作温度範囲

2 アアププリリケケーーシショョンン
• 薄型のPOL（ポイント・オブ・ロード）電源
• ストレージ、サーバー、アダプタ・カード
• 産業用PC/組み込みPC/FPGAの電源
• 無線基地局
• 試験/計測

3 概概要要
TPSM82480は、薄型のPOL（ポイント・オブ・ロード）電源

用の同期整流降圧DC-DCコンバータ・モジュールです。

入力電圧範囲は2.4～5.5Vで、一般的な3.3Vまたは5V
インターフェイス電源に加えて、最低2.4Vのバックアップ

回路からも動作できます。

出力電流は最大6Aで、それぞれ3Aの2つの位相で供給

され、異なる位相で実行されるため、パルス電流ノイズが

大幅に低減します。

TPSM82480にはパワー・セーブ・モードがあり、自動的に

このモードに移行して、非常に軽い負荷までの範囲で高

い効率を維持します。これには、実際の負荷に応じて両方

または1つの位相のみを使用する、自動位相追加および

シェディング機能が組み込まれています。パワー・セーブ・

モードは、MODE機能を使用してオフにできます。

このデバイスにはパワー・グッド信号と、可変ソフトスタート

があります。また、内部の過熱を示すためのサーマル・グッ

ド信号もあります。出力電圧は、VSELピンにより、事前に

選択されている値に変更できます。TPSM82480は100%
デューティ・サイクル・モードで動作できます。

製製品品情情報報(1)

型型番番 パパッッケケーージジ 本本体体ササイイズズ(公公称称)
TPSM82480MOP QFM (24) 7.90×3.60×1.55mm

(1) 提供されているすべてのパッケージについては、このデータシート
の末尾にある注文情報を参照してください。

space

代代表表的的ななアアププリリケケーーシショョンンのの回回路路図図
space

効効率率とと出出力力電電流流ととのの関関係係
space
space
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5 Pin Configuration and Functions

MOP Package
24-Pin QFM

Pin Functions
PIN

I/O DESCRIPTION
NAME NO.
VOUT1 1 Output Voltage Node Phase 1 (master), Must be connect with VOUT2
PGND1 2, 3, 20,21 Power Ground Phase 1 (master)
VIN1 4, 24 Supply voltage Phase 1 (master)
EN 5 Enable input (High=Enabled, Low = Disabled)
PG 6 Power Good (open drain, requires pull-up resistor)
VSEL 7 Output Voltage Select (High = VOUT2, Low=VOUT1) , VOUT1 < VOUT2
TG 8 Thermal Good (open drain, requires pull-up resistor)
MODE 9 Operating mode selection (Low=Automatic PWM/PSM, High = Forced PWM)
VIN2 10, 23 Supply voltage Phase 2
PGND2 11,12, 14, 22 Power Ground Phase 2
VOUT2 13 Output Voltage Node Phase 2, Must be connected with VOUT1

SS/TR 15 Soft-Start / Tracking. An external capacitor connected to this pin sets the output voltage rise
time.

AGND 16 Analog Ground

FB 17 Output voltage feedback for the adjustable version. Connect resistive voltage divider to this
pin.

RS 18 Resistor Select. Connect resistor that sets the level for the second output voltage here
(activated by VSEL= High)

VO 19 VOUT detection (connect to VOUT, output discharge is internally connected to this pin)

http://www.ti.com/product/tpsm82480?qgpn=tpsm82480
http://www.ti.com


4

TPSM82480
JAJSEZ8A –JULY 2017–REVISED MARCH 2018 www.ti.com

Copyright © 2017–2018, Texas Instruments Incorporated

(1) All voltages are with respect to network ground terminal.

6 Specifications

6.1 Absolute Maximum Ratings
MIN MAX UNIT

Pin Voltage Range (1)

VIN -0.3 6 V
EN, VSEL, MODE, SS/TR, PG, TG -0.3 6 V
FB, RS -0.3 3 V

Power Good / Thermal Good Sink Current PG, TG 10 mA
Operating Junction Temperature Range, TJ -40 150 °C
Storage Temperature Range, Tstg -65 150 °C

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

6.2 ESD Ratings
VALUE UNIT

V(ESD) Electrostatic discharge
Human body model (HBM), per ANSI/ESDA/JEDEC JS-001, all pins (1) ±1000

VCharged device model (CDM), per JEDEC specification JESD22-C101,
all pins (2) ±500

6.3 Recommended Operating Conditions
MIN TYP MAX UNIT

Supply Voltage Range, VIN 2.4 5.5 V
Output Voltage Range, VOUT 0.6 5.5 V
Maximum Output Current, IOUT 6 A
Operating junction temperature, TJ –40 125 °C

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

6.4 Thermal Information

THERMAL METRIC (1)

TPSM82480

UNITMOP 24 PINS
JEDEC with thermal

vias
RθJA Junction-to-ambient thermal resistance 32.2 °C/W
RθJC(top) Junction-to-case (top) thermal resistance 13.6 °C/W
RθJB Junction-to-board thermal resistance 11.5 °C/W
ψJT Junction-to-top characterization parameter 0.53 °C/W
ψJB Junction-to-board characterization parameter 11.3 °C/W
RθJC(bot) Junction-to-case (bottom) thermal resistance - °C/W

http://www.ti.com/product/tpsm82480?qgpn=tpsm82480
http://www.ti.com
http://www.ti.com/lit/pdf/spra953
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6.5 Electrical Characteristics
over operating junction temperature range (TJ = –40°C to 125°C) and VIN = 2.4 V to 5.5 V. Typical values at VIN = 3.6 V and
TJ = 25°C (unless otherwise noted).

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
SUPPLY

VIN Input Voltage Range
VIN rising 2.6 5.5

V
VIN falling 2.4 5.5

IQ Operating Quiescent Current

EN = High, VIN ≥ 3 V, IOUT = 0 mA, device not
switching,
TJ = -40°C to +85°C

23 38 µA

100% Mode operation 3.5 6.5 mA
ISD Shutdown Current EN = Low (≤ 0.3 V), TJ = -40°C to +85°C 0.5 18.5 µA

VUVLO Undervoltage Lockout Threshold
Falling Input Voltage 2.2 2.3 2.4 V
Hysteresis 200 mV

TSD
Thermal Shutdown Temperature PWM Mode, Rising Junction Temperature 160

°C
Thermal Shutdown Hysteresis PWM Mode 10

CONTROL (EN, VSEL, MODE, SS/TR, PG, TG)

VH
Input Threshold Voltage (EN,
VSEL, MODE) to ensure High Level 1.2

V
VL

Input Threshold Voltage (EN,
VSEL, MODE) to ensure Low Level 0.4

ILKG(EN) Input Leakage Current (EN) EN = VIN or GND 10 200 nA

ILKG(MODE)
Input Leakage Current (MODE,
VSEL) 10 200 nA

ISS/TR SS/TR pin source current 4.7 5.25 5.8 µA

VTH(TG)

Thermal Good Threshold
Temperature PWM Mode 120

°C
Thermal Good Hysteresis PWM Mode 10

VTH(PG) Power Good Threshold Voltage
Rising (%VOUT) 93% 96% 99%
Falling (%VOUT) 89% 92% 95%

VL(PG) Output Low Threshold (PG, TG) IPG = -2 mA 0.4 V
ILKG(PG) Input Leakage Current (PG) 2 700 nA
ILKG(TG) Input Leakage Current (TG) 2 100 nA
tSS Internal Soft-Start Time SS/TR = VIN or floating 80 µs

tDELAY
Time from EN rising until start
switching 100 200 400 µs

POWER SWITCH

RDS(ON)

High-Side MOSFET
ON-Resistance

VIN ≥ 3 V

Phase1
36 98 mΩ

Phase2

Low-Side MOSFET
ON-Resistance

Phase1
29 72 mΩ

Phase2

ILIM
High-Side MOSFET
Current Limit per phase 4.2 5.0 5.8 A

http://www.ti.com/product/tpsm82480?qgpn=tpsm82480
http://www.ti.com
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Electrical Characteristics (continued)
over operating junction temperature range (TJ = –40°C to 125°C) and VIN = 2.4 V to 5.5 V. Typical values at VIN = 3.6 V and
TJ = 25°C (unless otherwise noted).

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

(1) The output voltage accuracy in Power Save Mode can be improved by increasing the output capacitor value, reducing the output voltage
ripple.

(2) For detailed information on output discharge see Active Output Discharge.

OUTPUT
VREF Internal Reference Voltage 0.6 V
ILKG(FB) Input Leakage Current (FB)

EN = High
VFB = 0.6 V 1 65 nA

ILKG(RS) Input Leakage Current (RS) VSEL = Low, VRS = 0.6 V 1 65 nA
RRS Internal resistance (RS to GND) VSEL = High, IRS = 1 mA 10 50 Ω

VOUT Output Voltage Range VIN ≥ VOUT 0.6 5.5 V

VOUT Feedback Voltage Accuracy
PWM Mode,
VIN ≥ VOUT + 1
V

TJ = –20°C to 85°C -1% 1%

TJ = –40°C to 125°C -1.4% 1.3%

VOUT Feedback Voltage Accuracy Power Save Mode, L = 0.47 µH,
COUT = 4 x 22 µF (1) -1.4% 2.5%

Output Discharge Current (2) EN = Low, VOUT = 2.5 V 120 mA
Load Regulation VOUT = 1.8 V, PWM mode operation 0.02 %/A

Line Regulation 2.6 V ≤ VIN ≤ 5.5 V, VOUT = 1.8 V, IOUT = 6 A,
PWM mode operation 0.02 %/V

http://www.tij.co.jp/product/tpsm82480?qgpn=tpsm82480
http://www.tij.co.jp
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6.6 Typical Characteristics

図図 2. Quiescent Current 図図 3. Shutdown Current

図図 4. High-Side Switch Resistance 図図 5. Low-Side Switch Resistance

http://www.tij.co.jp/product/tpsm82480?qgpn=tpsm82480
http://www.tij.co.jp
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7 Detailed Description

7.1 Overview
The TPSM82480 is a high efficiency synchronous switched mode step-down converter module based on a 2-
phase peak current control topology. It is designed for smallest solution size low-profile applications, converting a
2.4 V to 5.5 V input voltage into a lower 0.6 V to 5.5 V output voltage. While an outer voltage loop sets the
regulation threshold for the inner current loop, based on the actual VOUT level, the inner current loop regulates to
the actual peak inductor current level for every switching cycle. The regulation network is internally compensated.
While the ON-time is determined by duty cycle, inductance and cycle peak current, the switching frequency of
typically 2.2 MHz is set by a predicted OFF-time. The device features a Power Save Mode (PSM) to keep the
conversion efficiency high over the whole load current range.

The TPSM82480 is a 2-phase converter, sharing the load among the phases. Identical in construction, the
second phase control is connected with an adaptive delay to the first phase. Both the phases use the same
regulation threshold and cycle-by-cycle peak current setpoint. This ensures a phase-shifted as well as current-
balanced operation. Using the advantages of the 2-phase topology, a 6-A continuous output current is provided
with high performance and as small as possible solution size.

7.2 Functional Block Diagram
space

図図 6. TPSM82480

http://www.tij.co.jp/product/tpsm82480?qgpn=tpsm82480
http://www.tij.co.jp
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7.3 Feature Description

7.3.1 Enable / Shutdown (EN)
The device starts operation, when VIN is present and enable (EN) is set High. Since the boundary EN thresholds
are specified with 1.2 V for rising and 0.4 V for falling voltages, the typical values are 0.85 V (rising) and 0.65 V
(falling). The device is disabled by pulling EN Low. Leaving the EN pin floating is not recommended.

7.3.2 Soft Start (SS), Pre-biased Output
The internal soft start circuit controls the output voltage slope during startup. This avoids excessive inrush current
and provides an adjustable controlled output-voltage rise time. The soft start also prevents unwanted voltage
drop from high impedance power sources or batteries.

When EN is set to start device operation, the device starts switching after a delay of typically 200 µs and VOUT
rises with a slope, controlled by the external capacitor which is connected to the SS/TR pin (soft start). Leaving
the SS/TR pin floating or connecting to VIN provides internally set fastest startup with a soft start slope of about
80us. See Application Curves for typical startup operation.

The device can start into a pre-biased output. In this case, the device starts switching, only when the internal set
point for VOUT increases above the pre-biased voltage level.

7.3.3 Tracking (TR)
The device tracks an external voltage applied to the SS/TR pin. The FB voltage tracks the external voltage as
long as it is below about 0.6V. Above 0.6V the device goes to normal operation. If the voltage at the SS/TR pin
decreases below about 0.6V, the FB voltage tracks again this voltage. See Tracking for further details.

7.3.4 Output Voltage Select (VSEL)
A resistive divider (VOUT to FB to AGND) sets the output voltage of the TPSM82480. Providing a logic High
level at the VSEL pin, the RS pin is pulled to ground, so that a resistor, between FB and RS pins is connected in
parallel to the lower resistor of the divider. This sets a different higher output voltage and can be used for
dynamic voltage scaling (see Setting VOUT2 Using the VSEL Feature).

If the VSEL pin is set Low, the device connects an internal pull down resistor to the pin, keeping the internal logic
level Low, even if the pin is floating afterwards. The device disconnects the resistor, if the pin is set to High.

7.3.5 Forced PWM (MODE)
To avoid Power Save Mode (PSM) Operation, the device can be forced to PWM mode operation by pulling the
MODE pin High. In this case the device operates continuously with it's nominal switching frequency and the
minimum peak current can go as low as -500 mA.

If the MODE pin is set Low, the device connects an internal pull down resistor to keep the internal logic level
Low, even if the pin is floating afterwards. The device disconnects the resistor, if the pin is set to High.

7.3.6 Power Good (PG)
The TPSM82480 has a built in power good function. The PG pin goes High, when the output voltage has
reached its nominal value. Otherwise, including when disabled, in UVLO or thermal shutdown, PG is Low. The
PG pin is an open drain output that requires a pull-up resistor and can sink typically 2mA. If not used, the PG pin
can be left floating or grounded.

7.3.7 Thermal Good (TG)
As long as the junction temperature of the TPSM82480 is below the thermal good temperature of typically 120°C,
the logic level at the TG pin is High. If the junction temperature exceeds that temperature, the TG pin goes Low.
This can be used for the system to take action preventing excessive heating or even thermal shutdown. The TG
pin is an open drain output that requires a pull-up resistor and can sink typically 2mA. If not used, the TG pin can
be left floating or grounded.

http://www.tij.co.jp/product/tpsm82480?qgpn=tpsm82480
http://www.tij.co.jp
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Feature Description (continued)
7.3.8 Active Output Discharge
The VO pin, connected to the output voltage, provides an active discharge path when the device is switched off
by setting EN Low or UVLO event. In case of being activated, this discharge circuit sinks typically 120mA for
output voltages of typically 1 V and above. If VOUT is lower, the active current sink enters linear operation mode
and the discharge current decreases.

7.3.9 Undervoltage Lockout (UVLO)
The undervoltage lockout prevents misoperation of the device, if the input voltage drops below the UVLO
threshold which is set to typically 2.3 V. The converter starts operation again once the input voltage exceeds the
threshold by a hysteresis of typically 200 mV.

7.3.10 Thermal Shutdown
The junction temperature (TJ) of the device is monitored by an internal temperature sensor. If TJ exceeds 160°C
(typical), the device goes in thermal shutdown with a hysteresis of about 10°C. Both the power FETs are turned
off and the PG pin goes Low. Once TJ has decreased enough, the device resumes normal operation with Soft
Start.

7.4 Device Functional Modes

7.4.1 Pulse Width Modulation (PWM) Operation
The TPSM82480 is based on a predictive OFF-time peak current control topology, operating with PWM in
continuous conduction mode for current loads larger than half the ripple current. The switching frequency is
typically 2.2MHz. Both the master and follower phase regulate to the same VOUT level, each with a separate
current loop, using the same peak current set point, cycle by cycle. This provides excellent peak current
balancing, independent of inductor dc resistance matching. Since the follower phase operates with an adaptive
delay to the master phase, phase shifted operation is always obtained. If the load current decreases, the device
runs with the master phase only (see Phase Add/Shed and Current Balancing).

PWM only mode can be forced by pulling MODE pin High. If MODE is set Low, the device features an automatic
transition into Power Save Mode, entered at light loads, running in discontinuous conduction mode (DCM).

7.4.2 Power Save Mode (PSM) Operation
As the load current decreases to half the ripple current, the converter enters Power Save Mode operation. During
PSM, the converter operates with reduced switching frequency maintaining high conversion efficiency. Power
Save Mode is based on an adaptive peak current target, to keep output voltage ripple low. Since each pulse
shifts VOUT up, a pause time happens until VOUT trips the internal VOUT_Low threshold again and the next pulse
takes place.

The switching frequency in PSM (one phase operation) calculates as:

space

(1)

7.4.3 Minimum Duty Cycle and 100% Mode Operation
The minimum on-time, which is typically 70ns, normally determines a limit on the minimum operating duty cycle.
The calculation is:

space
(2)

space

However, a frequency foldback lowers the switching frequency depending on the duty cycle and ensures proper
regulation for every duty cycle.

http://www.tij.co.jp/product/tpsm82480?qgpn=tpsm82480
http://www.tij.co.jp
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Device Functional Modes (continued)
There is no limit towards maximum duty cycle. When the input voltage becomes close to the output voltage, the
device enters automatically 100% duty cycle mode and both high-side FETs switch on as long as VOUT remains
below the regulation setpoint. In this case, the voltage drop across the high-side FETs and the inductors
determines the output voltage level. An estimate for the minimum input voltage to maintain output voltage
regulation is:

space

(3)

space

Where the maximum DCR of the inductors is 27mΩ.

In 100% duty cycle mode, the low-side FETs are switched off. The typical quiescent current in 100% mode is
3.5 mA.

7.4.4 Phase Shifted Operation
Using an inherent benefit of the two-phase conversion, the two phases of TPSM82480 run out of phase. For
every switching cycle, the second phase is not allowed to turn on its high-side FET until the master phase has
reached its peak current value. This limits the input RMS current and corresponding switching noise.

7.4.5 Phase Add/Shed and Current Balancing
When the load current is below the internal threshold, only the master phase operates. The second phase
activates, if the load current exceeds the threshold of typically 1.7 A. The second phase powers off with a
hysteresis of about 0.5 A, when the load current decreases.

7.4.6 Current Limit and Short Circuit Protection
Each phase has a separate integrated peak current limit. The dc values are specified in the Electrical
Characteristics. While its minimum value limits the output current of the phase, the maximum number gives the
current that must be considered to flow in some operating case (e.g. overload). At the peak current limit, the
device provides its maximum output current.

However, if the current limit situation remains for 512 consecutive switching cycles, the peak current folds back to
about 1/3 of the regular limit. This limits the output power for over current and short circuit events. The foldback
current limit is released to the normal one only if the load current has decreased as far as needed to undercut
the (foldback) peak current limit.
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8 Application and Implementation
space

注注
Information in the following applications sections is not part of the TI component
specification, and TI 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.

space

8.1 Application Information
The TPSM82480 is a switched mode step-down converter module, able to convert a 2.4-V to 5.5-V input voltage
into a lower 0.6-V to 5.5-V output voltage, providing up to 6 A continuous output current. It needs a minimum
amount of external components. Apart from the output and input capacitors, additional resistors or capacitors are
only needed to enable features like soft start, adjustable and selectable output voltage as well as Power Good
and/or Thermal Good.

8.2 Typical Application
space

space

図図 7. Typical Application using TPSM82480 for a 6A Point-Of-Load Power Supply

space

8.2.1 Design Requirements
The following design guideline provides a range for the component selection to operate within the recommended
operating conditions. 表 1 shows the components selection that was used for the measurements shown in the
Application Curves.
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Typical Application (continued)
表表 1. List of Components

REFERENCE DESCRIPTION MANUFACTURER
Power Module 5.5-V, 6-A step-down module with integrated inductor TPSM82480MOP, Texas Instruments
C1, C2 2x22-µF, 10-V, ceramic, 0603, X5R GRM188R61A226ME15#, muRata
C3, C4, C7, C8 4x22-µF, 25-V, ceramic, 0805, X5R GRM21BR61E226ME44L, muRata
C5 3300-pF, 10-V, ceramic, 0402 Standard
R1, R2, R3 Depending on Vout1 and Vout2, chip, 0402, 0.1% Standard
R4, R5 470-kΩ, chip, 0603, 1/16-W, 1% Standard

8.2.2 Detailed Design Procedure

8.2.2.1 Setting the Adjustable Output Voltage
While the device regulates the FB voltage to 0.6V, the output voltage is specified from 0.6 to 5.5 V. A resistive
divider (from VOUT to FB to AGND) sets the actual output voltage of the TPSM82480. 式 4 and 式 5 are
calculating the values of the resistors. First, determining the current through the resistive divider leads to the total
resistance (R1 + R2). A minimum divider current of about 5 µA is recommended and can be higher if needed.

space

(4)

(5)

space

8.2.2.2 Setting VOUT2 Using the VSEL Feature
A VOUT level, different as set with R1 and R2 (see Setting the Adjustable Output Voltage), can be forced by
connecting R3 between FB and RS pins and pulling VSEL High. R3 is calculated using 式 6.

space

(6)

where:

V1 is the lower level output voltage and

V2 the higher level output voltage.

space

8.2.2.3 Output Capacitor Selection
The recommended minimum output capacitance is 4 x 22 µF, that can be ceramic capacitors exclusively. A
larger value of COUT might be needed for VOUT ≤ 1.8V, to improve transient response performance, as well as for
VOUT > 3.3 V to compensate for voltage bias effects of the ceramic capacitors. The usage of an additional feed
forward capacitor can help reducing amount of output capacitance that is needed to achieve a certain transient
response target (see 表 3).

The TPSM82480 provides a wide output voltage range of 0.6 V to 5.5 V. While stability is a critical criteria for the
output filter selection, the output capacitor value also determines transient response behavior, ripple and
accuracy of VOUT. The internal compensation is designed for an output capacitance range from about 50 µF to
150 µF effectively. Since ceramic capacitors are used preferably, this translates into nominal values of 4 x 22 µF
to 4 x 47 µF and mainly depends on the output voltage. The following values are recommended:

http://www.tij.co.jp/product/tpsm82480?qgpn=tpsm82480
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表表 2. Recommended Output Capacitor Values (nominal)
VOUT ≤ 1.0V 1.0V ≤ VOUT ≤ 3.3V VOUT ≥ 3.3V

2x22µF
4x22µF √
4x47µF √ √ √
6x47µF

(1) The values in the table are nominal values. The effective capacitance can differ significantly, depending on package size, voltage rating
and dielectric material.

space

Beyond the recommendations in 表 2, other values can be chosen and might be suitable depending on VOUT
and actual effective capacitance. In such case, stability needs to be checked within the actual environment.

Even if the output capacitance is sufficient for stability, a different value might be desirable to improve the
transient response behavior. 表 3 can be used to determine capacitor values for specific transient response
targets:

表表 3. Recommended Output Capacitor Values (nominal)
Output Voltage [V] Load Step [A] Output Capacitor Value (1) Feedforward Capacitor (1) Typical Transient

Response Accuracy
±mV ±%

1.0
0 - 3

4 x 47µF
- 50 5

3 - 6 50 5

1.8
0 - 3

4 x 22µF 36pF
50 3

3 - 6 50 3

2.5
0 - 3

4 x 22µF 36pF
62 2.5

3 - 6 50 2

3.3
0 - 3

4 x 47µF 36pF
100 3

3 - 6 80 2.5

space

The architecture of the TPSM82480 allows the use of tiny ceramic output capacitors with low equivalent series
resistance (ESR). These capacitors provide low output voltage ripple and are recommended. To keep its low
resistance up to high frequencies and to get narrow capacitance variation with temperature, it is recommended to
use X5R or X7R dielectrics. Using even higher values than demanded for stability and transient response has
further advantages like smaller voltage ripple and tighter dc output accuracy in Power Save Mode.

8.2.2.4 Input Capacitor Selection
The input current of a buck converter is pulsating. Therefore, a low ESR input capacitor is required to prevent
large voltage transients at the source but still providing peak currents to the device. The recommended
Capacitance value for most applications is 2 x 10 µF, split between the VIN1 and VIN2 inputs and placed as
close as possible to these pins and PGND pins. If additional capacitance is needed, it can be added as bulk
capacitance. To ensure proper operation, the effective capacitance at the VIN pins must not fall below 2 x 5 µF.

Low ESR multilayer ceramic capacitors are recommended for best filtering. Increasing with input voltage, the dc
bias effect reduces the nominal capacitance value significantly. To decrease input ripple current further, larger
values of input capacitors can be used.

8.2.2.5 Soft Start Capacitor Selection
The soft start ramp time can be set externally connecting a capacitor between the SS/TR and AGND pins. The
capacitor value CSS that is needed to get a specific rising time ΔtSS calculates as:

space

(7)
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space

Since the device has an internal delay time ΔtDELAY from EN=High to start switching, the overall startup time is
longer as shown in 図 8.

図図 8. Soft Start ΔtSS

If very large output capacitances are used (e.g. >4x47µF), the use of a soft start capacitor is mandatory to avoid
current limit foldback during startup (see Current Limit and Short Circuit Protection).

8.2.2.6 Tracking
For values up to 0.6V, an external voltage, connected to the SS/TR pin, drives the voltage level at the FB pin. In
doing so, the voltage at the FB pin is directly proportional to the voltage at the SS/TR pin.

When choosing the resistive divider proportion according to 式 8, VOUT tracks VTR simultaneously.

space

(8)

space

図図 9. Voltage Tracking

space
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Following the example of Setting the Adjustable Output Voltage with VOUT = 1.8 V, R1 = 240 kΩ and R2 = 120 kΩ,
式 9 and 式 10 calculate R3 and R4, connected to the SS/TR pin. Different to the resistive divider at the FB pin, a
larger current must be chosen, to avoid a tracking offset caused by the 5.25 µA current that flows out of the
SS/TR pin. Assuming a 250 µA current, R4 calculates as follows:

space

(9)

space

R3 calculates now rearranging 式 8:

space

(10)

space

However, the following limitations can influence the tracking accuracy:
• The upper limit of the SS/TR voltage that can be tracked is about 0.6V. Since it is detected internally by a

comparator, process variation and ramp speed can cause up to ±30 mV different threshold.
• In case that the voltage at SS/TR ramps up immediately when VIN is supplied or EN is set High, the internal

startup delay, ΔtDELAY, delays the ramp of VOUT. The internal ramp starts after ΔtDELAY at the voltage level,
which is actually present at the SS/TR pin.

• The tracking down speed is limited by the RC time constant of the internal output discharge (always
connected when tracking down) and the actual load with the output capacitance. Note: The device tracks
down with the same behavior for MODE High (Forced PWM) and Low (Auto PSM).

8.2.2.7 Thermal Good
The Thermal Good pin provides an open drain output. The logic level is given by the pull up source which can be
VOUT. In this case, TG goes or stays Low, when the device switches off due to EN, UVLO or Thermal
Shutdown.

When using an independent source for the pull up logic, the logic behavior at shutdown differs, because the TG
pin internally goes high impedance. As before, TG goes Low when TG threshold is reached, but goes back High
in the event of being switched off (e.g. Thermal Shutdown).
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http://www.tij.co.jp


17

TPSM82480
www.tij.co.jp JAJSEZ8A –JULY 2017–REVISED MARCH 2018

Copyright © 2017–2018, Texas Instruments Incorporated

8.2.3 Application Curves
VIN= 3.6 V, VOUT = 1.8V (R1 / R2 = 240 kΩ / 120 kΩ), TA = 25°C, (unless otherwise noted)

VOUT = 3.2 V

図図 10. Efficiency vs Output Current

VOUT = 3.2 V

図図 11. Efficiency vs Input Voltage

VOUT = 1.8 V

図図 12. Efficiency vs Output Current

VOUT = 1.8 V

図図 13. Efficiency vs Output Voltage

VOUT = 0.9 V

図図 14. Efficiency vs Output Current

VOUT = 0.9 V

図図 15. Efficiency vs Input Voltage
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図図 16. Output Voltage vs Output Current
(Load Regulation)

図図 17. Output Voltage vs Input Voltage
(Line Regulation)

VOUT = 0.6 V

図図 18. Maximum Output Current

VOUT = 5.5 V

図図 19. Maximum Output Current

VOUT = 2.5 V

図図 20. Switching Frequency vs Output Current

VOUT = 1 V

図図 21. Switching Frequency vs Output Current
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VOUT = 1.8 V

図図 22. Startup into 3.3 Ω resistor

VOUT = 1.8 V

図図 23. Startup into 0.3 Ω resistor

VOUT = 2.5 V no load

図図 24. Output Discharge

VOUT = 1 V no load

図図 25. Output Discharge

図図 26. Typical Operation PWM

IOUT = 50 mA

図図 27. Typical Operation PSM
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図図 28. Adding 2nd Phase 図図 29. Shedding 2nd Phase

図図 30. Load Transient Response (PSM-PWM),
Load Step 0 to 3 A

Cff = 36 pF (nom)

図図 31. Load Transient Response (PSM-PWM),
Load Step 0 to 3 A

図図 32. Load Transient Response (PWM-PWM),
Load Step 3 to 6 A

Cff = 36 pF (nom)

図図 33. Load Transient Response (PWM-PWM),
Load Step 3 to 6 A
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Cff = 36 pF (nom)

図図 34. Load Transient Response (PWM-PWM),
Load Step 0 to 6 A

IOUT = 10 A

図図 35. Current Limit Fold-Back at Overload

VIN = 5 V VOUT = 3.3 V

図図 36. Maximum Ambient Temperature for TJ=125°C
(TPSM82480 EVM)

VIN = 5 V VOUT = 3.3 V IOUT = 6 A

図図 37. Device Temperature (TPSM82480 EVM)
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8.3 System Examples
This section provides typical schematics for commonly used output voltage values.

space

space

図図 38. A typical 1.8 V & 2.5 V, 6 A Power Supply

space

表表 4. Resistive Divider Values for different Combinations of VOUT

OUTPUT VOLTAGE R1 R2 R3
2.5V and 3.3V 380kΩ 120kΩ 285kΩ
1.2V and 1.8V 120kΩ 120kΩ 120kΩ
0.9V and 1.0V 60kΩ 120kΩ 360kΩ

space

9 Power Supply Recommendations
The TPSM82480 is designed to operate from a 2.4-V to 5.5-V input voltage supply. The input power supply's
output current needs to be rated according to the output voltage and the output current of the power rail
application.
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10 Layout

10.1 Layout Guidelines
A recommended PCB layout for the TPSM82480 dual phase solution is shown below. It ensures best electrical
and optimized thermal performance considering the following important topics:

- Both VOUT1 and VOUT2 must be connected to build a common VOUT structure.

- The input capacitors must be placed as close as possible to the appropriate pins of the device. This provides
low resistive and inductive paths for the high di/dt input current. The input capacitance is split, as is the VIN
connection, to avoid interference between the input lines.

- The VOUT regulation loop is closed with COUT and its ground connection. To avoid PGND noise crosstalk, PGND
is kept split for the regulation loop. If a ground layer or plane is used, a direct connection by vias, as shown, is
recommended. Otherwise the connection of COUT to GND must be short for good load regulation.

- The FB node is sensitive to dv/dt signals. Therefore the resistive divider should be placed close to the FB (and
RS pin in case of using R3) pin, avoiding long trace distance.

For more detailed information about the actual EVM solution, see SLVUAI6.

space

10.2 Layout Example
space

space

図図 39. TPSM82480 Board Layout
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11 デデババイイススおおよよびびドドキキュュメメンントトののササポポーートト

11.1 ドドキキュュメメンントトののササポポーートト

11.1.1 関関連連資資料料
関連資料については、以下を参照してください。

• 『TPSM82480EVM-BSR002評価モジュール・ユーザー・ガイド』、SLVUB57

11.2 ドドキキュュメメンントトのの更更新新通通知知をを受受けけ取取るる方方法法
ドキュメントの更新についての通知を受け取るには、ti.comのデバイス製品フォルダを開いてください。右上の隅にある「通
知を受け取る」をクリックして登録すると、変更されたすべての製品情報に関するダイジェストを毎週受け取れます。変更の
詳細については、修正されたドキュメントに含まれている改訂履歴をご覧ください。

11.3 ココミミュュニニテティィ・・リリソソーースス
The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute TI specifications and do not necessarily reflect TI's views; see TI's Terms of
Use.

TI E2E™オオンンラライインン・・ココミミュュニニテティィ TIののE2E（（Engineer-to-Engineer））ココミミュュニニテティィ。。エンジニア間の共同作
業を促進するために開設されたものです。e2e.ti.comでは、他のエンジニアに質問し、知識を共有
し、アイディアを検討して、問題解決に役立てることができます。

設設計計ササポポーートト TIのの設設計計ササポポーートト役に立つE2Eフォーラムや、設計サポート・ツールをすばやく見つけることが
できます。技術サポート用の連絡先情報も参照できます。

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

11.5 静静電電気気放放電電にに関関すするる注注意意事事項項
これらのデバイスは、限定的なESD（静電破壊）保護機能を内 蔵しています。保存時または取り扱い時は、MOSゲートに対す る静電破壊を防
止するために、リード線同士をショートさせて おくか、デバイスを導電フォームに入れる必要があります。

11.6 Glossary
SLYZ022 — TI Glossary.

This glossary lists and explains terms, acronyms, and definitions.

12 メメカカニニカカルル、、パパッッケケーージジ、、おおよよびび注注文文情情報報
以降のページには、メカニカル、パッケージ、および注文に関する情報が記載されています。この情報は、そのデバイスに
ついて利用可能な最新のデータです。このデータは予告なく変更されることがあり、ドキュメントが改訂される場合もありま
す。本データシートのブラウザ版を使用されている場合は、画面左側の説明をご覧ください。
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lines if the finish value exceeds the maximum column width.

 
Important Information and Disclaimer:The information provided on this page represents TI'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. TI has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
TI 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 TI part(s) at issue in this document sold by TI to Customer on an annual basis.

http://www.ti.com/product/TPSM82480?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TPSM82480?CMP=conv-poasamples#samplebuy
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PACKAGE OUTLINE
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NOTES: 
 
1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
    per ASME Y14.5M.
2. This drawing is subject to change without notice.
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EXAMPLE BOARD LAYOUT
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NOTES: (continued)
 
3. This package is designed to be soldered to thermal pads on the board. For more information, see Texas Instruments
    literature number SLUA271 (www.ti.com/lit/slua271).
4. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
    on this view.
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EXAMPLE STENCIL DESIGN
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QUAD FLAT MODULE

4223492/C   04/2018

NOTES: (continued)
 
5. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
   design recommendations.

 SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

 
PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE
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重要なお知らせと免責事項
TI は、技術データと信頼性データ (データシートを含みます)、設計リソース (リファレンス・デザインを含みます)、アプリケーションや
設計に関する各種アドバイス、Web ツール、安全性情報、その他のリソースを、欠陥が存在する可能性のある「現状のまま」提供してお
り、商品性および特定目的に対する適合性の黙示保証、第三者の知的財産権の非侵害保証を含むいかなる保証も、明示的または黙示的に
かかわらず拒否します。
これらのリソースは、TI 製品を使用する設計の経験を積んだ開発者への提供を意図したものです。(1) お客様のアプリケーションに適した
TI 製品の選定、(2) お客様のアプリケーションの設計、検証、試験、(3) お客様のアプリケーションが適用される各種規格や、その他のあ
らゆる安全性、セキュリティ、またはその他の要件を満たしていることを確実にする責任を、お客様のみが単独で負うものとします。上
記の各種リソースは、予告なく変更される可能性があります。これらのリソースは、リソースで説明されている TI 製品を使用するアプリ
ケーションの開発の目的でのみ、TI はその使用をお客様に許諾します。これらのリソースに関して、他の目的で複製することや掲載する
ことは禁止されています。TI や第三者の知的財産権のライセンスが付与されている訳ではありません。お客様は、これらのリソースを自
身で使用した結果発生するあらゆる申し立て、損害、費用、損失、責任について、TI およびその代理人を完全に補償するものとし、TI は
一切の責任を拒否します。
TI の製品は、TI の販売約款 (https://www.tij.co.jp/ja-jp/legal/terms-of-sale.html)、または ti.com やかかる TI 製品の関連資料などのいずれか
を通じて提供する適用可能な条項の下で提供されています。TI がこれらのリソースを提供することは、適用される TI の保証または他の保
証の放棄の拡大や変更を意味するものではありません。IMPORTANT NOTICE

日本語版 日本テキサス・インスツルメンツ合同会社
Copyright © 2021, Texas Instruments Incorporated

https://www.tij.co.jp/ja-jp/legal/terms-of-sale.html
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