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1 特特長長
1• インダクタ内蔵
• 3.5mm×3.5mm×1.75mmの小型パッケージ
• 最大2Aの負荷電流
• 2.7V～5.5Vの入力電圧範囲
• 0.8V～3.6Vの可変出力電圧範囲
• 温度範囲全体にわたって帰還公差±1%
• シャットダウン時の静止電流2.4µA (最大値)
• 3MHzの固定PWMスイッチング周波数
• 接合部温度範囲: -40℃～125℃
• パワー・グッド・フラグ機能
• スイッチング・モードをピンで選択可能
• 内部補償とソフトスタート
• 電流制限、サーマル・シャットダウン、UVLO

保護
• WEBENCH® Power Designerにより、LMZ20502

を使用するカスタム設計を作成

2 アアププリリケケーーシショョンン
• ポイント・オブ・ロード・レギュレーション
• スペースに制約のあるアプリケーション

3 概概要要
LMZ20502 nanoモジュール・レギュレータは使いやすい

同期整流降圧型DC/DCコンバータで、最高5.5Vの入力

から最大2Aの負荷を駆動でき、非常に優れた効率と出力

精度を、ごく小さなソリューション・サイズで実現します。革

新的なパッケージには、3.5mm×3.5mm×1.75mmの容積

にレギュレータとインダクタが内蔵されており、基板の面積

を削減し、インダクタを選択する時間と経費を節約できま

す。LMZ20502は、わずか5つの外付け部品しか必要とせ

ず、単純で最適なPCBレイアウトを実現するようピン配置

が設計されています。このデバイスは、最小限の外付け部

品と、TIの WEBENCH®設計ツールを使用して、使いや

すい完全な設計を実現できます。TIのWEBENCHツール

には、外付け部品の計算、電気的シミュレーション、

WebTherm™などの機能が含まれています。ハンダ付け

情報については、SNOA401ドキュメントを参照してくださ

い。

製製品品情情報報(1)

型型番番 パパッッケケーージジ/図図面面 本本体体ササイイズズ(公公称称)
LMZ20502 µSIP (8) 3.50mm×3.50mm

(1) 利用可能な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。

概概略略回回路路図図
VOUT = 1.8V、、自自動動モモーードドででのの標標準準的的なな効効率率

http://www-s.ti.com/sc/techlit/SNVS852.pdf
http://www.tij.co.jp/product/jp/lmz20502?qgpn=lmz20502
http://www.tij.co.jp/product/jp/LMZ20502?dcmp=dsproject&hqs=pf
http://www.tij.co.jp/product/jp/LMZ20502?dcmp=dsproject&hqs=sandbuy&#samplebuy
http://www.tij.co.jp/product/jp/LMZ20502?dcmp=dsproject&hqs=td&#doctype2
http://www.tij.co.jp/product/jp/LMZ20502?dcmp=dsproject&hqs=sw&#desKit
http://www.tij.co.jp/product/jp/LMZ20502?dcmp=dsproject&hqs=support&#community
http://www.tij.co.jp/tool/jp/TIDA-00783?dcmp=dsproject&hqs=rd
https://webench.ti.com/wb5/WBTablet/PartDesigner/quickview.jsp?base_pn=LMZ20502&origin=ODS&litsection=features
http://www.ti.com/lit/pdf/snoa401
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ゲータ・アイコンを上端に追加 ................................................................................................................................................... 1
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(1) G = Ground, I = Input, O = Output, P = Power

5 Pin Configuration and Functions

USIP Package
8 Pin SIL
Top View

Pin Functions
PIN

TYPE (1) DESCRIPTION
NUMBER NAME
1 PG O Power good flag; open drain. Connect to logic supply through a resistor. High = power good; Low =

power bad. If not used, leave unconnected.
2 EN I Enable input. High = On, Low = Off. A valid input voltage, on pin 8, must be present before EN is

asserted. Do not float.
3 MODE I Mode selection input. High = forced PWM. Low = AUTO mode, with PFM at light load . Do not float.
4 FB I Feedback input to controller. Connect to output through feedback divider.
5 VOUT P Regulated output voltage; connect to COUT.
6 GND G Ground for all circuitry. Reference point for all voltages.
7 NC This pin must be left floating. Do not connect to ground or any other node.
8 VIN P Input supply to regulator. Connect to input capacitor(s) as close as possible to the VIN pin and GND

pin of the module.
EP EP G Ground and heat-sink connection. See Layout Guidelines section for more information.

http://www.ti.com/product/lmz20502?qgpn=lmz20502
http://www.ti.com
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(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which 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) The absolute maximum voltage on this pin must not exceed 6V with respect to ground. Do not allow the voltage on the output pin to
exceed the voltage on the input pin by more than 0.2 V.

(3) For soldering information, refer to the following document: SNOA401.

6 Specifications

6.1 Absolute Maximum Ratings
Under the recommended operating junction temperature range of -40°C to 125°C (unless otherwise noted) (1)

MIN MAX UNIT
VIN to GND –0.2 6

VEN, MODE, FB, PG, to GND (2) –0.2 VIN+0.2
VOUT to GND (2) –0.2 VIN+0.2
Junction temperature 150 °C
Peak soldering reflow temperature for Pb (3) 240

°C
Peak soldering reflow temperature for No-Pb (3) 260
Storage temperature range –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) ±2000

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

±500

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which 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) Under no conditions should the output voltage be allowed to fall below zero volts.

6.3 Recommended Operating Conditions
Under the recommended operating junction temperature range of -40°C to 125°C (unless otherwise noted) (1)

MIN NOM MAX UNIT
Input voltage 2.7 5.5 V
Output voltage programming 0.8 3.6 V
Output voltage range (2) 0 3.6 V
Load current 0 2 A
Power good flag current 0 4 mA
Junction temperature -40 125 °C

http://www.ti.com/product/lmz20502?qgpn=lmz20502
http://www.ti.com
http://www.ti.com/lit/pdf/snoa401
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(1) The values given in this table are only valid for comparison with other packages and can not be used for design purposes. For design
information please see the Maximum Ambient Temperature section. For more information about traditional and new thermal metrics, see
the Semiconductor and IC Package Thermal Metrics application report.

6.4 Thermal Information

THERMAL METRIC (1)
LMZ20502

UNITUSIP (SIL)
8 PINS

RθJA Junction-to-ambient thermal resistance 42.6

°C/W

RθJC(top) Junction-to-case (top) thermal resistance 20.8
RθJB Junction-to-board thermal resistance 9.4
ψJT Junction-to-top characterization parameter 1.5
ψJB Junction-to-board characterization parameter 9.3
RθJC(bot) Junction-to-case (bottom) thermal resistance 1.8

http://www.ti.com/product/lmz20502?qgpn=lmz20502
http://www.ti.com
http://www.ti.com/lit/pdf/SPRA953


6

LMZ20502
JAJSG01D –JUNE 2012–REVISED AUGUST 2018 www.ti.com

Copyright © 2012–2018, Texas Instruments Incorporated

(1) MIN and MAX limits are 100% production tested at 25°C. Limits over the operating temperature range are verified through correlation
using Statistical Quality Control (SQC) methods. Limits are used to calculate Average Outgoing Quality Level (AOQL).

(2) Shutdown current includes leakage current of the switching transistors.
(3) This is the peak switch current limit measured with a slow current ramp. Due to inherent delays in the current limit comparator, the peak

current limit measured at 3MHz will be larger.
(4) This parameter is not tested in production.
(5) See Power Good Flag Function for explanation of voltage levels.

6.5 Electrical Characteristics
Limits apply over the recommended operating junction temperature range of –40°C to 125°C, unless otherwise noted.
Minimum and maximum limits are verified through test, design, or statistical correlation. Typical values represent the most
likely parametric norm at TJ = 25°C, and are provided for reference purposes only. Unless otherwise stated the following
conditions apply: VIN = 3.6 V

PARAMETER TEST CONDITIONS MIN (1) TYP MAX (1) UNIT
VFB Feedback voltage VIN = 3.6 V 0.594 0.6 0.606 V
IQ_AUTO Operating quiescent current in

AUTO mode
AUTO mode, VFB = 0.8V 72 90 µA

IQ_PWM Operating quiescent current in
forced PWM mode

PWM mode, VFB = 0.8V 490 620 µA

IQ_off Shutdown quiescent current (2) VIN = 3.6 V, VEN = 0.0 V 0.7 1.5
µA

VIN = 5.5 V, VEN = 0.0 V 1.0 2.4
VUVLO Input supply under-voltage

lock-out thresholds
Rising 2.5

V
Falling 2.3

VEN High Level Input Voltage VIH 1.4
V

Low Level Input Voltage VIL 0.4
VMODE High Level Input Voltage VIH 1.2

V
Low Level Input Voltage VIL 0.4

I LIM Peak switch current limit (3) 2.1 2.7 A
Fosc Internal oscillator frequency 2.5 3.0 3.2 MHz
TON Minimum switch on-time (4) 50 ns
Tss Soft start time (4) 800 µs
RPG Power good flag pull-down

Rdson
40 70 110 Ω

VPG1 Power good flag, under-
voltage trip (5)

% of feedback voltage, rising 92%

VPG2 Power good flag, under-
voltage trip (5)

% of feedback voltage, falling 88%

VPG3 Power good flag, over-voltage
trip (5)

% of feedback voltage, rising 112%

VPG4 Power good flag, over-voltage
trip (5)

% of feedback voltage, falling 108%

TSD Thermal shutdown (4) Rising threshold 159 °C
Thermal shutdown
hysteresis (4) 15 °C

http://www.ti.com/product/lmz20502?qgpn=lmz20502
http://www.ti.com
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6.6 System Characteristics
The following specifications apply to the circuit found in Figure 16 with the appropriate modifications from Table 2. These
parameters are not tested in production and represent typical performance only. Unless otherwise stated the following
conditions apply: TA = 25°C.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT

Load
Regulation

Percent output voltage change
for the given load current change

VOUT = 1.2 V,
VIN = 5 V, IOUT = 0 A to 2 A, PWM 0.4%

VOUT = 1.8 V
VIN = 5 V, IOUT = 0 A to 2 A, PWM 0.4%

VOUT = 3.3 V
VIN = 5 V, IOUT = 0 A to 2 A, PWM 0.2%

Line
Regulation

Percent output voltage change
for the given change in input
voltage

VOUT = 1.2 V
IOUT = 2 A, VIN = 3 V to 5 V, PWM 0.2%

VOUT = 1.8 V
IOUT = 2 A, VIN = 3 V to 5 V, PWM 0.15%

VOUT = 3.3 V
IOUT = 2 A,VIN = 4 V to 5 V, PWM 0.18%

VR-PWM Output voltage ripple in PWM

VOUT = 1.2 V
IOUT = 1 A, VIN = 5 V, PWM 3.3

mV pk-pkVOUT = 1.8 V
IOUT = 1 A, VIN = 5 V, PWM 3.3

VOUT = 3.3V
IOUT= 1 A, VIN = 5 V, PWM 4.2

VR-PFM Output voltage ripple in PFM

VOUT = 1.2V
IOUT= 1 mA, VIN = 3 V, PFM 22

mV pk-pkVOUT = 1.8 V
IOUT= 1 mA, VIN=3 V, PFM 22

VOUT = 3.3 V
IOUT = 1 mA, VIN = 5 V, PFM 40

Load
Transient

Output voltage deviation from
nominal due to a load current
step

VOUT = 1.2 V
VIN = 5 V, IOUT = 0 A to 2 A, Tr = Tf = 2 µs,
PWM

±115

mV
VOUT = 1.8 V
VIN = 5 V, IOUT = 0 A to 2 A, Tr = Tf = 2 µs,
PWM

±100

VOUT = 3.3 V
VIN = 5 V, IOUT = 0 A to 2 A, Tr = Tf = 2 µs,
PWM

±150

Line
Transient

Output voltage deviation due to
an input voltage step

VOUT = 1.2V
IOUT = 1 A, VIN = 3 V to 5 V, Tr = Tf = 50
µs, PWM

25

mV pk-pk
VOUT = 1.8 V
IOUT = 1 A, VIN = 3 V to 5 V, Tr = Tf = 50
µs, PWM

30

VOUT = 3.3 V
IOUT = 1 A, VIN = 4 V to 5 V, Tr = Tf = 50
µs, PWM

20

η

Peak efficiency

VOUT = 1.2 V
VIN = 3 V 87%

VOUT = 1.8 V
VIN = 3 V 91%

VOUT = 3.3 V
VIN = 4.2 V 94%

Full load efficiency

VOUT = 1.2 V
VIN = 3 V, IOUT = 2 A 74%

VOUT = 1.8 V
VIN = 3 V, IOUT = 2 A 79%

VOUT = 3.3 V
VIN = 4.2 V, IOUT = 2 A 89%

http://www.ti.com/product/lmz20502?qgpn=lmz20502
http://www.ti.com
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6.7 Typical Characteristics
Unless otherwise specified the following conditions apply: VIN = 3.6 V, TA = 25°C.

VIN = 3.6 V PWM Mode VOUT = 1.8 V

Figure 1. Typical Output Voltage vs Temperature

VIN = 3.6 V IOUT = 0 A PWM Mode

Figure 2. Switching Frequency in PWM Mode

VIN = 3.6 V

Figure 3. EN Input Thresholds

VIN = 3.6 V

Figure 4. MODE Input Thresholds

VFB = 0.8 V AUTO Mode

Figure 5. Non-Switching Input Current in AUTO Mode

VFB = 0.8 V PWM Mode

Figure 6. Non-Switching Input Current in PWM Mode

http://www.ti.com/product/lmz20502?qgpn=lmz20502
http://www.ti.com
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7 Detailed Description

7.1 Overview
The LMZ20502 Nano Module is a voltage mode buck regulator with an integrated inductor. Input voltage feed-
forward is used to compensate for loop gain variation with input voltage. Two operating modes allow the user to
tailor the regulator to their specific requirements. In forced PWM mode, the regulator operates as a full
synchronous device with a 3 MHz (typ.) switching frequency and very low output voltage ripple. In AUTO mode,
the regulator moves into PFM when the load current drops below the mode change threshold (see Application
Curves). In PFM, the device regulates the output voltage between wider ripple limits than in PWM. This results in
much smaller supply current than in PWM, at light loads and high efficiency. A simplified block diagram is shown
in Functional Block Diagram.

7.2 Functional Block Diagram

7.3 Feature Description

7.3.1 Nano Scale Package
The LMZ20502 incorporates world-class package technology to provide a 2 A power supply with a total volume
of only 21 mm3 (excluding external components). All that is required for a complete power supply is the addition
of feed-back resistors to set the output voltage and the input and output filter capacitors. Figure 7 and Figure 8
show the LMZ20502 package. The regulator die is embedded into a PCB substrate while the power inductor is
mounted on top. Vias and copper clad are used to make the connections to the die, inductor and the external
components. This package is MSL3 compliant.

http://www.ti.com/product/lmz20502?qgpn=lmz20502
http://www.ti.com
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Feature Description (continued)

Figure 7. Package Photo

Figure 8. Package Side View Drawing

7.3.2 Internal Synchronous Rectifier
The LMZ20502 uses an internal NMOS FET as a synchronous rectifier to minimize switch voltage drop and
increase efficiency. The NMOS is designed to conduct through its body diode during switch dead time. This dead
time is imposed to prevent supply current "shoot-through".

7.3.3 Current Limit Protection
The LMZ20502 incorporates cycle-by-cycle peak current limit on both the high and low side MOSFETs. This
feature limits the output current in case the output is overloaded. During the overload, the peak inductor current
is limited to that value found in the Electrical Characteristics table under the heading of "ILIM".

In addition to current limit, a short circuit protection mode is also implemented. When the feedback voltage is
brought down to less than 300 mV, but greater than 150 mV, by a short circuit, the synchronous rectifier is turned
off. This provides more voltage across the inductor to help maintain the required volt-second balance. If a
"harder" short brings the feedback voltage to below 150 mV, the current limit and switching frequency are both
reduced to about ½ of the nominal values. In addition, when the current limit is tripped, the device stops
switching for about 85 µs. At the end of the time-out, switching resumes and the cycle repeats until the short is
removed.

The effect of both overload and short circuit protection can be seen in Figure 9. This graph demonstrates that the
device will supply slightly more than 2 A to the load when in overload and much less current during fold-back
mode. This is typical behavior for any regulator with this type of current limit protection.

http://www.ti.com/product/lmz20502?qgpn=lmz20502
http://www.ti.com
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Feature Description (continued)

Figure 9. Typical Current Limit Profile
VIN = 5 V, VOUT = 1.8 V

7.3.4 Start-Up
Start-up and shutdown of the LMZ20502 is controlled by the EN input. The characteristics of this input are found
in the Electrical Characteristics table. A valid input voltage must be present on VIN before the enable control is
asserted. The maximum voltage on the EN pin is 5.5 V or VIN, whichever is smaller. Do not allow this input to
float.

The LMZ20502 features a current limit based soft-start, that prevents large inrush currents and output overshoots
as the regulator is starting up. The peak inductor current is stepped-up in a staircase fashion during the soft start
period. A typical start-up event is shown in Figure 10:

Figure 10. Typical Start-Up Waveforms, VIN = 5 V,
VOUT = 3.3 V, IOUT = 1 A

7.3.5 Dropout Behavior
When the input voltage is close to the output voltage the regulator will operate at very large duty cycles. Normal
time delays of the internal circuits prevents the attainment of controlled duty cycles near 100%. In this condition
the LMZ20502 will skip switching cycles in order to maintain regulation with the highest possible input-to-output
ratio. Some increase in output voltage ripple may appear as the regulator skips cycles. As the input voltage gets
closer to the output voltage, the regulator will eventually reach 100% duty cycle, with the high side switch turned
on. The output will then follow the input voltage minus the drop across the high side switch and inductor
resistance. Figure 11 and Figure 12 show typical drop-out behavior for output voltages of 2.5 V and 3.3 V.

http://www.ti.com/product/lmz20502?qgpn=lmz20502
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Feature Description (continued)
Since the internal gate drive levels of the LMZ20502 are dependent on input voltage, the Rdson of the power
FETs will increase at low input voltages. This will result in degraded efficiency at output currents of greater than 1
A and input voltages below about 2.9 V. Also, combinations of low input voltage and high output voltage
increases the effective switch duty cycle which may result in increased output voltage ripple.

Figure 11. Typical Drop-Out Behavior, VOUT = 2.5 V

Figure 12. Typical Drop-Out Behavior, VOUT = 3.3 V

7.3.6 Power Good Flag Function
The operation of the power good flag function is described in the diagram shown in Figure 13.

http://www.ti.com/product/lmz20502?qgpn=lmz20502
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Feature Description (continued)

Figure 13. Typical Power Good Flag Operation

This output consists of an open drain NMOS with an Rdson of about 70 Ω. When used, the power good flag
should be connected to a logic supply through a pull-up resistor. It can also be pulled-up to either VIN or VOUT,
through an appropriate resistor, as desired. If this function is not needed, the PG output should be left floating.
The current through this flag pin should be limited to less than 4 mA. A pull-up resistor of ≥1.5 kΩ will satisfy this
requirement. When the EN input is pulled low, the PG flag output will also be forced low, assuming a valid input
voltage is present at the VIN pin.

7.3.7 Thermal Shutdown
The LMZ20502 incorporates a thermal shutdown feature to protect the device from excessive die temperatures.
The device will stop switching when the internal die temperature reaches about 159°C. Switching will resume
when the die temperature drops to about 144°C.

7.4 Device Functional Modes
Please refer to Table 1 and the following paragraphs for a detailed description of the functional modes of the
LMZ20502. These modes are controlled by the MODE input as shown in Table 1. The maximum voltage on the
MODE pin is 5.5 V or VIN, whichever is smaller. This input must not be allowed to float.

Table 1. Mode Selection
MODE PIN VOLTAGE OPERATION

> 1.2 V Forced PWM: The regulator operates in constant frequency, PWM mode for all loads from
no-load to full load; no diode emulation is used.

< 0.4 V
AUTO Mode: The regulator operates in constant frequency mode for loads greater than the

mode change threshold. For loads less than the mode change threshold, the regulator
operates in PFM with diode emulation.

http://www.ti.com/product/lmz20502?qgpn=lmz20502
http://www.ti.com


Input Voltage (V)

In
pu

t S
up

pl
y 

C
ur

re
nt

 (
µ

A
)

2.5 3 3.5 4 4.5 5 5.5
70

72

74

76

78

80

82

84

86

88

90

D007

VOUT = 1.8 V
VOUT = 3.3 V

Output Voltage
50mV/div

Switch Voltage
2V/div

20µs/div

14

LMZ20502
JAJSG01D –JUNE 2012–REVISED AUGUST 2018 www.ti.com

Copyright © 2012–2018, Texas Instruments Incorporated

7.4.1 PWM Operation
In forced PWM mode, the converter operates as a constant frequency voltage mode regulator with input voltage
feed-forward. This provides excellent line and load regulation and low output voltage ripple. This operation is
maintained, even at no-load, by allowing the inductor current to reverse its normal direction. While in PWM mode,
the output voltage is regulated by switching at a constant frequency and modulating the duty cycle to control the
power to the load. This mode trades off reduced light load efficiency for low output voltage ripple and constant
switching frequency. In this mode, a negative current limit of about 750mA is imposed to prevent damage to the
regulator power FETs.

7.4.2 PFM Operation
When in AUTO mode, and at light loads, the device enters PFM. The regulator estimates the load current by
measuring both the high side and low side switch currents. This estimate is only approximate, and the exact load
current threshold, to trigger PFM, can vary greatly with input and output voltage. The Application Curves show
mode change thresholds for several typical operating points. When the regulator detects this threshold, the
reference voltage is increased by approximately 10 mV. This causes the output voltage to rise to meet the new
regulation point. When this point is reached, the converter stops switching and much of the internal circuitry is
shut off, while the reference is returned to the PWM value. This saves supply current while the output voltage
naturally starts to fall under the influence of the load current. When the output voltage reaches the PWM
regulation point, switching is again started and the reference voltage is again increased by about 10 mV; thus
starting the next cycle. Typical waveforms are shown in Figure 14:

Figure 14. Typical PFM Mode Waveforms: VIN = 3.6 V,
VOUT = 1.8 V, IOUT = 10 mA

Figure 15. Typical No Load Input Supply Current

http://www.ti.com/product/lmz20502?qgpn=lmz20502
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The actual output voltage ripple will depend on the feedback divider ratio and on the delay in the PFM
comparator. The frequency of the PFM "bursts" will depend on the input voltage, output voltage, load and output
capacitor. Within each "burst" the device switches at 3 MHz (typ.). If the load current increases above the
threshold, normal PWM operation is resumed. This mode provides high light load efficiency by reducing the
amount of supply current required to regulate the output at small load currents. This mode trades off very good
light load efficiency for larger output voltage ripple and variable switching frequency. An example of the typical
input supply current, while regulating with no load, is shown in Figure 15.

Because of normal part-to-part variation, the LMZ20502 may not switch into PFM mode at high input voltages.
This may be seen with output voltages of about 1.2 V and below, at input voltages of about 4.2 V and above.

8 Application and Implementation

NOTE
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.

8.1 Application Information
The LMZ20502 is a step down DC-to-DC regulator. It is typically used to convert a higher DC voltage to a lower
DC voltage with a maximum output current of 2 A. The following design procedure can be used to select
components for the LMZ20502. Alternately, the WEBENCH design tool may be used to generate a complete
design. WEBENCH utilizes an iterative design procedure and has access to a comprehensive database of
components. This allows the tool to create an optimized design and allows the user to experiment with various
design options.

http://www.ti.com/product/lmz20502?qgpn=lmz20502
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8.2 Typical Application
Figure 16 shows the minimum required application circuit, set up for a 1.8 V output. Figure 17 shows a full
featured application circuit. Please refer to Figure 16 and Figure 17 during the following design procedures.

Figure 16. LMZ20502 Typical Application
VOUT = 1.8 V

Figure 17. LMZ20502 Full Featured Application

http://www.ti.com/product/lmz20502?qgpn=lmz20502
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Typical Application (continued)

(1) CIN = COUT = 10 µF, 16 V, 0805, X7R, Samsung CL21B106KOQNNNE. COUT measured at VOUT; CIN measured at 3.3 V.
(2) The effective value takes into account the capacitor voltage coefficient.

8.2.1 Detailed Design Procedure

8.2.1.1 Custom Design With WEBENCH® Tools
Click here to create a custom design using the LMZ20502 device with the WEBENCH® Power Designer.
1. Start by entering the input voltage (VIN), output voltage (VOUT), and output current (IOUT) requirements.
2. Optimize the design for key parameters such as efficiency, footprint, and cost using the optimizer dial.
3. Compare the generated design with other possible solutions from Texas Instruments.

The WEBENCH Power Designer provides a customized schematic along with a list of materials with real-time
pricing and component availability.

In most cases, these actions are available:
• Run electrical simulations to see important waveforms and circuit performance
• Run thermal simulations to understand board thermal performance
• Export customized schematic and layout into popular CAD formats
• Print PDF reports for the design, and share the design with colleagues

Get more information about WEBENCH tools at www.ti.com/WEBENCH.

Please refer to Table 2 while following the detailed design procedure. This procedure applies to both Figure 16
and to Figure 17. Also, the Application Curves apply to both schematics.

Table 2. Recommended Component Values (1)

VOUT (V) RFBB (kΩ) RFBT (kΩ) COUT (µF) EFFECTIVE COUT(µF) (2) CFF (pF) CIN (µF) EFFECTIVE CIN (µF) (2)

0.8 121 40.2 2 x 10 18 µF 39 2 x 10 14
1.2 30.1 30.1 10 8.8 µF 20 2 x 10 14
1.8 40.2 80.6 10 8.4 µF 16 2 x 10 14
2.5 47.5 150 10 7.8 µF 12 2 x 10 14
3.3 53.2 237 10 7.1 µF 82 2 x 10 14
3.6 53.2 267 10 6.8 µF 82 2 x 10 14

8.2.1.2 Setting The Output Voltage
The LMZ20502 regulates its feedback voltage to 0.6 V (typ). A feedback divider, shown in Figure 16, is used to
set the desired output voltage. Equation 1 can be used to select RFBB .

(1)

For best results, RFBT should be chosen between 30 kΩ and 300 kΩ. See Table 2 for recommended values for
typical output voltages.

8.2.1.3 Output and Feed-Forward Capacitors
The LMZ20502 is designed to work with low ESR ceramic capacitors. The effective value of these capacitors is
defined as the actual capacitance under voltage bias and temperature. All ceramic capacitors have large voltage
coefficients, in addition to normal tolerances and temperature coefficients. Under D.C. bias, the capacitance
value drops considerably. Larger case sizes and/or higher voltage capacitors are better in this regard. To help
mitigate these effects, multiple small capacitors can be used in parallel to bring the minimum effective
capacitance up to the desired value. This can also ease the RMS current requirements on a single capacitor.
Typically, 10 V, X5R, 0805 capacitors are adequate for the output, while 16-V caps may be used on the input.
Some recommended component values are provided in Table 2. Also, shown are the measured values of
effective input and output capacitance for the given capacitor. If smaller values of output capacitance are used,
CFF must be adjusted to give good phase margin. In any case, load transient response will be compromised with
lower values of output capacitance. Values much lower than those found in Table 2 should be avoided.

http://www.ti.com/product/lmz20502?qgpn=lmz20502
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In practice, the output capacitor and CFF, are adjusted for the best transient response and highest loop phase
margin. Load transient testing and Bode plots are the best way to validate any given design. Application report
SLVA289 should prove helpful when optimizing the feed-forward capacitor. Also, SNVA364 details a simple
method of creating a Bode plot with basic laboratory equipment. The values of CFF found in Table 2 provide a
good starting point.

A careful study of the temperature and bias voltage variation of any candidate ceramic capacitor should be made
in order to ensure that the minimum values of effective capacitance are provided. The best way to obtain an
optimum design is to use the Texas Instruments WEBENCH tool.

The maximum value of total output capacitance should be limited to between 100 µF and 200 µF. Large values
of output capacitance can prevent the regulator from starting-up correctly and adversely affect the loop stability. If
values in the range given above, or larger, are to be used, then a careful study of start-up at full load and loop
stability must be performed.

8.2.1.4 Input Capacitors
The ceramic input capacitors provide a low impedance source to the regulator in addition to supplying ripple
current and isolating switching noise from other circuits. An effective value of at least 14 µF is normally sufficient
for the input capacitor. If the main input capacitor(s) can not be placed close to the module, then a small 10 nF to
100 nF capacitor should be placed directly at the module, across the supply and ground pins.

Many times it is desirable to use an electrolytic capacitor on the input, in parallel with the ceramics. This is
especially true if long leads/traces are used to connect the input supply to the regulator. The moderate ESR of
this capacitor can help damp any ringing on the input supply caused by long power leads. This method can also
help to reduce voltage spikes that may exceed the maximum input voltage rating of the LMZ20502. The use of
this additional capacitor will also help with voltage dips caused by input supplies with unusually high impedance.

Most of the switching current passes through the input ceramic capacitor(s). The approximate RMS value of this
current can be calculated with Equation 2 and should be checked against the manufactures maximum ratings.

(2)

8.2.1.5 Maximum Ambient Temperature
As with any power conversion device, the LMZ20502 will dissipate internal power while operating. The effect of
this power dissipation is to raise the internal temperature of the converter, above ambient. The internal die
temperature is a function of the ambient temperature, the power loss and the effective thermal resistance RθJA of
the device and PCB combination. The maximum internal die temperature for the LMZ20502 is 125°C, thus
establishing a limit on the maximum device power dissipation and therefore load current at high ambient
temperatures. Equation 3 shows the relationships between the important parameters.

(3)

It is easy to see that larger ambient temperatures and larger values of RθJA will reduce the maximum available
output current. As stated in SPRA953, the values given in the Thermal Information table are not valid for design
purposes and must not be used to estimate the thermal performance of the application. The values reported in
that table were measured under a specific set of conditions that never obtain in an actual application. The
effective RθJA is a critical parameter and depends on many factors such as power dissipation, air temperature,
PCB area, copper heatsink area, air flow, and adjacent component placement. The resources found in 表 3 can
be used as a guide to estimate the RθJA for a given application environment. A typical example of RθJA versus
copper board area is shown in Figure 18 . The copper area in this graph is that for each layer; the inner layers
are 1 oz. (35µm). An RθJA of 44°C/W is the approximate value for the LMZ20502 evaluation board. The efficiency
found in the equation, η, should be taken at the elevated ambient temperature. For the LMZ20502 the efficiency
is about two to three percent lower at high temperatures. Therefore, a slightly lower value than the typical
efficiency can be used in the calculation. In this way Equation 3 can be used to estimate the maximum output
current for a given ambient, or to estimate the maximum ambient for a given load current.

A typical curve of maximum load current vs. ambient temperature is shown in Figure 19. This graph assumes a
RθJA of 44°C/W and an input voltage of 5 V.

http://www.ti.com/product/lmz20502?qgpn=lmz20502
http://www.ti.com
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Figure 18. RθJA versus Copper Board Area

Figure 19. Maximum Output Current Vs. Ambient Temperature, RθJA = 44°C/W, VIN = 5 V

8.2.1.6 Options
The circuit in Figure 17 highlights the use of the features of the LMZ20502. The PG output is open drain, and
requires a pull-up resistor to a logic supply that is commensurate with the system logic voltage levels. If a reset
function is not needed, the PG pin should be left open. The EN and MODE inputs are digital inputs, requiring
only simple logic levels for proper operation. If the system does not need to control these features, the inputs
should be connected to either VIN or GND, as appropriate. Please see Feature Description for details.

http://www.ti.com/product/lmz20502?qgpn=lmz20502
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8.2.2 Application Curves
The following specifications apply to the circuit found in Figure 16 or Figure 17 with the appropriate modifications from
Table 2. These parameters are not tested and represent typical performance only. Unless otherwise stated the following
conditions apply: TA = 25°C.

VOUT = 1.8 V

Figure 20. Efficiency

VOUT = 1.8 V VIN = 4.2 V

Figure 21. Load Transient In PWM

VOUT = 1.8 V

Figure 22. Regulation, AUTO Mode

VOUT = 1.8 V VIN = 4.2 V

Figure 23. Load Transient In AUTO Mode

VOUT = 1.8 V

Figure 24. AUTO Mode Thresholds

VOUT = 1.8 V VIN = 5 V IOUT = 1 A

Figure 25. Start-Up
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The following specifications apply to the circuit found in Figure 16 or Figure 17 with the appropriate modifications from
Table 2. These parameters are not tested and represent typical performance only. Unless otherwise stated the following
conditions apply: TA = 25°C.

VOUT = 1.2 V

Figure 26. Efficiency

VOUT = 1.2 V VIN = 4.2 V

Figure 27. Load Transients In PWM

VOUT = 1.2 V

Figure 28. Regulation, AUTO Mode
VOUT = 1.2 V VIN = 4.2 V

Figure 29. Load Transients In AUTO Mode

VOUT = 1.2 V

Figure 30. AUTO Mode Thresholds
VOUT = 1.2 V VIN = 5V IOUT = 1A

Figure 31. Start-up
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The following specifications apply to the circuit found in Figure 16 or Figure 17 with the appropriate modifications from
Table 2. These parameters are not tested and represent typical performance only. Unless otherwise stated the following
conditions apply: TA = 25°C.

VOUT = 3.3 V

Figure 32. Efficiency VOUT = 3.3 V VIN = 4.2 V

Figure 33. Load Transients In PWM

VOUT = 3.3 V

Figure 34. Regulation, AUTO Mode

VOUT = 3.3 V VIN = 4.2 V

Figure 35. Load Transients In AUTO Mode

VOUT = 3.3 V

Figure 36. AUTO Mode Thresholds
VOUT = 3.3 V VIN = 5 V IOUT = 1 A

Figure 37. Start-up
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8.3 Do's and Don'ts
• Don't: Exceed the Absolute Maximum Ratings.
• Don't: Exceed the ESD Ratings .
• Don't: Exceed the Recommended Operating Conditions.
• Don't: Allow the EN or MODE input to float.
• Don't: Allow the voltage on the EN or MODE input to exceed the voltage on the VIN pin.
• Don't: Allow the output voltage to exceed the input voltage.
• Don't: Use the thermal data given in the Thermal Information table to design your application.
• Do: Follow all of the guidelines and/or suggestions found in this data sheet, before committing your design to

production. TI Application Engineers are ready to help critique your design and PCB layout to help make your
project a success.

• Do: Refer to the helpful documents found in 表 3 and 表 4.

9 Power Supply Recommendations
The characteristics of the input supply must be compatible with the Absolute Maximum Ratings and
Recommended Operating Conditions found in this data sheet. In addition, the input supply must be capable of
delivering the required input current to the loaded regulator. The average input current can be estimated with
Equation 4

(4)

If the regulator is connected to the input supply through long wires or PCB traces, special care is required to
achieve good performance. The parasitic inductance and resistance of the input cables can have an adverse
effect on the operation of the regulator. The parasitic inductance, in combination with the low ESR ceramic input
capacitors, can form an under-damped resonant circuit. This circuit may cause over-voltage transients at the VIN
pin, each time the input supply is cycled on and off. The parasitic resistance will cause the voltage at the VIN pin
to dip when the load on the regulator is switched on, or exhibits a transient. If the regulator is operating close to
the minimum input voltage, this dip may cause the device to shutdown and/or reset. The best way to solve these
kinds of issues is to reduce the distance from the input supply to the regulator and/or use an aluminum or
tantalum input capacitor in parallel with the ceramics. The moderate ESR of these types of capacitors will help to
damp the input resonant circuit and reduce any voltage overshoots. A value in the range of 20 µF to 100 µF is
usually sufficient to provide input damping and help to hold the input voltage steady during large load transients.

Sometimes, for other system considerations, an input filter is used in front of the regulator module. This can lead
to instability, as well as some of the effects mentioned above, unless it is designed carefully. The following user
guide provides helpful suggestions when designing an input filter for any switching regulator: SNVA489.

In some cases a Transient Voltage Suppressor (TVS) is used on the input of regulators. One class of this device
has a "snap-back" V-I characteristic (thyristor type). The use of a device with this type of characteristic is not
recommend. When the TVS "fires", the clamping voltage drops to a very low value. If this holding voltage is less
than the output voltage of the regulator, the output capacitors will be discharged through the regulator back to the
input. This uncontrolled current flow could damage the regulator.

http://www.ti.com/product/lmz20502?qgpn=lmz20502
http://www.ti.com
http://www.ti.com/lit/pdf/snva489c
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10 Layout

10.1 Layout Guidelines
The PCB layout of any DC/DC converter is critical to the optimal performance of the design. Bad PCB layout can
disrupt the operation of an otherwise good schematic design. Even if the converter regulates correctly, bad PCB
layout can mean the difference between a robust design and one that cannot be mass produced. Furthermore,
the EMI performance of the regulator is dependent on the PCB layout, to a great extent. In a buck converter, the
most critical PCB feature is the loop formed by the input capacitor and the module ground, as shown in
Figure 38. This loop carries fast transient currents that can cause large transient voltages when reacting with the
trace inductance. These unwanted transient voltages will disrupt the proper operation of the converter. Because
of this, the traces in this loop should be wide and short, and the loop area as small as possible to reduce the
parasitic inductance. Figure 39 shows a recommended layout for the critical components of the LMZ20502; the
top side metal is shown in red. This PCB layout is a good guide for any specific application. The following
important guidelines should also be followed:

1. Place the input capacitor CIN as close as possible to the VIN and GND terminals. VIN (pin 8) and GND
(pin 6) are on the same side of the module, simplifying the input capacitor placement.

2. Place the feedback divider as close as possible to the FB pin on the module. The divider and CFF
should be close to the module, while the length of the trace from VOUT to the divider can be somewhat
longer. However, this latter trace should not be routed near any noise sources that can capacitively couple to
the FB input.

3. Connect the EP pad to the GND plane. This pad acts as a heat-sink connection and a ground connection
for the module. It must be solidly connected to a ground plane. The integrity of this connection has a direct
bearing on the effective RθJA.

4. Provide enough PCB area for proper heat-sinking. As stated in the Maximum Ambient Temperature
section, enough copper area must be used to provide a low RθJA, commensurate with the maximum load
current and ambient temperature. The top and bottom PCB layers should be made with two ounce copper;
and no less than one ounce.

5. The resources in 表表 4 provide additional important guidelines

Figure 38. Current Loops With Fast Transient Currents

http://www.ti.com/product/lmz20502?qgpn=lmz20502
http://www.ti.com
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10.2 Layout Example

Figure 39. Example PCB Layout

10.3 Soldering Information
Proper operation of the LMZ20502 requires that it be correctly soldered to the PCB. This is especially true
regarding the EP. This pad acts as a quiet ground reference for the device and a heatsink connection. Use the
following recommendations when utilizing machine placement of the device:

• Dimension of area for pick-up: 2 mm x 2.5 mm.
• Use a nozzle size of less than 1.3 mm in diameter, so that the head does not touch the outer area of the

package.
• Use a soft tip pick-and-place head.
• Add 0.05 mm to the component thickness so that the device will be released 0.05 mm into the solder paste

without putting pressure or splashing the solder paste.
• Slow the pick arm when picking the part from the tape and reel carrier and when depositing the device on the

board.
• If the machine releases the component by force, use the minimum force and no more than 3 N.
• For PCBs with surface mount components on both sides, it is suggested to put the LMZ20502 on the top

side. In case the application requires bottom side placement, a re-flow fixture may be required to protect the
module during the second reflow.

In addition, please follow the important guidelines found in: SNOA401. The curves in Figure 40 and Figure 41
show typical soldering temperature profiles.

http://www.ti.com/product/lmz20502?qgpn=lmz20502
http://www.ti.com
http://www.ti.com/lit/pdf/snoa401
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Soldering Information (continued)

Figure 40. Typical Re-flow Profile Eutectic (63sn/37pb) Solder Paste

Figure 41. Typical Re-flow Profile Lead-Free (Sca305 Or Sac405) Solder Paste

http://www.tij.co.jp/product/jp/lmz20502?qgpn=lmz20502
http://www.tij.co.jp
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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 デデババイイスス・・ササポポーートト

11.1.1 デデベベロロッッパパーー・・ネネッットトワワーーククのの製製品品にに関関すするる免免責責事事項項
デベロッパー・ネットワークの製品またはサービスに関するTIの出版物は、単独またはTIの製品、サービスと一緒に提供さ
れる場合に関係なく、デベロッパー・ネットワークの製品またはサービスの適合性に関する是認、デベロッパー・ネットワーク
の製品またはサービスの是認の表明を意味するものではありません。

11.1.2 開開発発ササポポーートト

11.1.2.1 WEBENCH®ツツーールルにによよるるカカススタタムム設設計計
ここをクリックすると、WEBENCH® Power Designerにより、LMZ20502デバイスを使用するカスタム設計を作成できます。

1. 最初に、入力電圧(VIN)、出力電圧(VOUT)、出力電流(IOUT)の要件を入力します。

2. オプティマイザのダイヤルを使用して、効率、占有面積、コストなどの主要なパラメータについて設計を最適化します。

3. 生成された設計を、テキサス・インスツルメンツが提供する他の方式と比較します。

WEBENCH Power Designerでは、カスタマイズされた回路図と部品リストを、リアルタイムの価格と部品の在庫情報と併せ
て参照できます。

通常、次の操作を実行可能です。

• 電気的なシミュレーションを実行し、重要な波形と回路の性能を確認する。

• 熱シミュレーションを実行し、基板の熱特性を把握する。

• カスタマイズされた回路図やレイアウトを、一般的なCADフォーマットで出力する。

• 設計のレポートをPDFで印刷し、設計を共有する。

WEBENCHツールの詳細は、www.ti.com/WEBENCHでご覧になれます。

11.1.3 ドドキキュュメメンントトののササポポーートト

11.1.3.1 関関連連資資料料

表表 3. RθJAをを見見積積ももるるたためめののリリソソーースス
タタイイトトルル LINK

AN-2020 『システムの基本設計に応じた熱設
計』

SNVA419

AN-2026 『SIMPLE SWITCHER電源モジュー
ルの熱特性に対するPCB設計の影響』

SNVA424

AN-1520 『露出したパッケージで最良の熱抵抗
を実現する基板レイアウトのガイド』

SNVA183

AN-1187 『リードレス・リードフレーム・パッケー
ジ(LLP)』 SNOA401

SPRA953B 『半導体およびICパッケージの熱
指標』

SPRA953

http://www.tij.co.jp/product/jp/lmz20502?qgpn=lmz20502
http://www.tij.co.jp
https://webench.ti.com/wb5/WBTablet/PartDesigner/quickview.jsp?base_pn=LMZ20502&origin=ODS&litsection=device_support
http://www.ti.com/lsds/ti/analog/webench/overview.page?DCMP=sva_web_webdesigncntr_en&HQS=sva-web-webdesigncntr-vanity-lp-en
http://www.ti.com/lit/pdf/SNVA419
http://www.ti.com/lit/pdf/SNVA424
http://www.ti.com/lit/pdf/SNVA183
http://www.ti.com/lit/pdf/SNOA401
http://www.ti.com/lit/pdf/SPRA953
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表表 4. PCBレレイイアアウウトトににつついいててののリリソソーースス
タタイイトトルル LINK

AN-1149 『スイッチング電源のレイアウトのガイド
ライン』

SNVA021

AN-1229 『SIMPLE SWITCHERのPCBレイア
ウト・ガイドライン』

SNVA054

『独自電源の構築 - レイアウトの考慮事項』 SLUP230

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
WebTherm, E2E are trademarks of Texas Instruments.
WEBENCH is a registered 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。

http://www.tij.co.jp/product/jp/lmz20502?qgpn=lmz20502
http://www.tij.co.jp
http://www.ti.com/lit/pdf/SNVA021
http://www.ti.com/lit/pdf/SNVA054
http://www.ti.com/lit/pdf/SLUP230
http://www.ti.com/corp/docs/legal/termsofuse.shtml
http://www.ti.com/corp/docs/legal/termsofuse.shtml
http://e2e.ti.com
http://support.ti.com/
http://www.ti.com/lit/pdf/SLYZ022
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12.1 Tape and Reel Information

Device Package
Type

Package
Drawing Pins SPQ

Reel
Diameter

(mm)

Reel
Width W1

(mm)

A0
(mm)

B0
(mm)

K0
(mm)

P1
(mm)

W
(mm)

Pin1
Quadrant

LMZ20502SILR uSiP SIL 8 3000 330.0 12.4 3.75 3.75 2.2 8.0 12.0 Q2

LMZ20502SILT uSiP SIL 8 250 178.0 13.2 3.75 3.75 2.2 8.0 12.0 Q2

http://www.tij.co.jp/product/jp/lmz20502?qgpn=lmz20502
http://www.tij.co.jp
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Device Package Type Package Drawing Pins SPQ Length (mm) Width (mm) Height (mm)
LMZ20502SILR uSiP SIL 8 3000 383.0 353.0 58.0
LMZ20502SILT uSiP SIL 8 250 223.0 194.0 35.0

http://www.tij.co.jp/product/jp/lmz20502?qgpn=lmz20502
http://www.tij.co.jp
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PACKAGING INFORMATION

Orderable part number Status
(1)

Material type
(2)

Package | Pins Package qty | Carrier RoHS
(3)

Lead finish/
Ball material

(4)

MSL rating/
Peak reflow

(5)

Op temp (°C) Part marking
(6)

LMZ20502SILR Active Production uSiP (SIL) | 8 3000 | LARGE T&R Yes NIAU Level-3-260C-168 HR -40 to 125 0502 7543 EC

LMZ20502SILR.A Active Production uSiP (SIL) | 8 3000 | LARGE T&R Yes NIAU Level-3-260C-168 HR -40 to 125 0502 7543 EC

LMZ20502SILR.B Active Production uSiP (SIL) | 8 3000 | LARGE T&R - Call TI Call TI -40 to 125

LMZ20502SILT Active Production uSiP (SIL) | 8 250 | SMALL T&R Yes NIAU Level-3-260C-168 HR -40 to 125 0502 7543 EC

LMZ20502SILT.A Active Production uSiP (SIL) | 8 250 | SMALL T&R Yes NIAU Level-3-260C-168 HR -40 to 125 0502 7543 EC

LMZ20502SILT.B Active Production uSiP (SIL) | 8 250 | SMALL T&R - Call TI Call TI -40 to 125
 
(1) Status:  For more details on status, see our product life cycle.

 
(2) Material type:  When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

 
(3) RoHS values:  Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

 
(4) Lead finish/Ball material:  Parts 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.

 
(5) MSL rating/Peak reflow:  The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

 
(6) Part marking:  There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

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

 
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.
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https://www.ti.com/support-quality/quality-policies-procedures/product-life-cycle.html
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TAPE AND REEL INFORMATION

Reel Width (W1)

REEL DIMENSIONS

A0
B0
K0
W

Dimension designed to accommodate the component length
Dimension designed to accommodate the component thickness
Overall width of the carrier tape
Pitch between successive cavity centers

Dimension designed to accommodate the component width

TAPE DIMENSIONS

K0  P1

B0 W

A0Cavity

QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE

Pocket Quadrants

Sprocket Holes

Q1 Q1Q2 Q2

Q3 Q3Q4 Q4 User Direction of Feed

P1

Reel
Diameter

 
*All dimensions are nominal

Device Package
Type

Package
Drawing

Pins SPQ Reel
Diameter

(mm)

Reel
Width

W1 (mm)

A0
(mm)

B0
(mm)

K0
(mm)

P1
(mm)

W
(mm)

Pin1
Quadrant

LMZ20502SILR uSiP SIL 8 3000 330.0 12.4 3.75 3.75 2.2 8.0 12.0 Q2

LMZ20502SILT uSiP SIL 8 250 178.0 13.2 3.75 3.75 2.2 8.0 12.0 Q2
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TAPE AND REEL BOX DIMENSIONS

Width (mm)

W L

H

 
*All dimensions are nominal

Device Package Type Package Drawing Pins SPQ Length (mm) Width (mm) Height (mm)

LMZ20502SILR uSiP SIL 8 3000 383.0 353.0 58.0

LMZ20502SILT uSiP SIL 8 250 223.0 194.0 35.0
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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に該当する各種規格や、その他のあら
ゆる安全性、セキュリティ、規制、または他の要件への確実な適合に関する責任を、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 の販売条件 、 TI の総合的な品質ガイドライン 、 ti.com または TI 製品などに関連して提供される他の適用条件に従い提
供されます。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。 TI がカスタム、またはカスタマー仕様として明示的に指定していない限り、TI の製品は標準的なカタログに掲載される汎用機器
です。
お客様がいかなる追加条項または代替条項を提案する場合も、TI はそれらに異議を唱え、拒否します。
IMPORTANT NOTICE
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