Lead-free Green

treeRrPeRATESR 4A, 2MHZ HIGH PERFORMANCE SYNCHRONOUS BUCK CONVERTER

" PART OBSOLETE - NO ALTERNATE PART @q
DICJES. AP3440

Description Pin Assignments

The AP3440 is a current mode, PWM synchronous buck (step-down)
DC-DC converter, capable of driving a 4A load with high efficiency, (Top View)
excellent line and load regulation.

The device integrates two N-channel power MOSFETs with low on-

resistance. Current mode control provides fast transient response and Pin 1 Mark

cycle-by-cycle current limit. \ -
®

200kHz to 2MHz, which allows small-sized components, such as L—, r1 sw
capacitors and inductors. A standard series of inductors from several VIN .2,
different manufacturers are available. This feature greatly simplifies GND [ 3]
the design of switch-mode power supplies.

L10 | SW
GND [4] la-—=ia - _#8Yss
Under voltage lockout is internally set at 2.6V, but can be increased Ty
by programming the threshold with a resistor network on the enable
pin. The output voltage startup ramp is controlled by the soft-start pin.

Q
An open drain power good signal indicates the output is within 93% to %
107% of its nominal voltage. <

The switching frequency of AP3440 can be programmable from VIN [1] p==p——4 %12| SW
|
|
|
|
|
|

r-1
L 24
el
L9
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COMP
RT/CLK

The AP3440 is available in U-QFN3030-16 package. U-QFN3030-16

Features

e Input Voltage Range: 295V to 5.5V
e 0.8V Reference Voltage with +3% Precision

Ap pl ications . TYVO SOmQ (Typical) MOSFETSs for High Efficiency at 4A Load
. High Efficiency: Up to 94%
. Low-voltage, High-density Power Systems e Output Currént: 4A

. Point of Load Regulation for High Performance DSPs, FPGAs, . Programfhable Frequency:200kHz to 2MHz
ASICs and Microprocessors »  Currerit Mode Control

. Broadband, Networking and Optical Communications . Synchronizes to External Clock

Infrastructure e  Adjustable Soft-start
e  Soft Start-up into Pre-biased Output
. UV and OV Power Good Output
e Built-in Over Current Protection
e Built-in Thermal Shutdown Function
e  Programmable UVLO Function
. Built-in Over Voltage Protection
e  Thermally Enhanced 3mmx3mm 16-pin U-QFN3030-16
e Totally Lead-free & Fully RoHS Compliant (Notel & 2)
. Halogen and Antimony Free. “Green” Device (Note 3)

Notes: 1. No purposely added lead. Fully EU Directive 2002/95/EC (RoHS), 2011/65/EU (RoHS 2) & 2015/863/EU (RoHS 3) compliant.
2. See https://www.diodes.com/quality/lead-free/ for more information about Diodes Incorporated’s definitions of Halogen- and Antimony-free, "Green" and
Lead-free.
3. Halogen- and Antimony-free "Green” products are defined as those which contain <900ppm bromine, <900ppm chlorine (<1500ppm total Br + Cl) and
<1000ppm antimony compounds.
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Typical Applications Circuit

Vin=5V ) ul ) L1 1.5uH Vour=1.8V
O—e o o . . & viN sw 0 . —0
1 n R8 2.20
c2 | c3 VIN sw (Optional)
C1l R4 2 12 C6
R1 100kQ VIN SW 0.14F
10uF 10.1uF “ 13 C10 2.2nF
PGD BOOT (Optional)® |
5 | oy AP3440 ;| s .

B 7 3 R6. 12.5kQ
COMP GND
R2 8 4 R7 84— —— C9
RT/CLK GND 10KQ 22uF 22fiF
5

Jj— ss AGND
R5 c7 -

R3
7.5kQ
C5 p—
Optional C4 0.01pF

Pin Description

Pin Number Pin Name Function
Supply input pin. A €apacitor should be connected between the VIN and GND pin to keep the
1,2,16 VIN b
DCiinput Voltage constant
3,4 GND Power ground. This pin should be electrically connected to the power pad under the IC
5 AGND Analog ground. This pin should be electrically connected to GND close to the device
6 FB Feedback pin. Inverting node of the transconductance error amplifier
Compensation pin. This pin is the output of the transconductance error amplifier and the input
7 COMP to the current comparator. Connect external compensation elements to this pin to stabilize the
control loop
8 RT/CLK Resistor timing or external clock input pin
9 ss Soft-start pin. An external capacitor connected to this pin sets the output voltage rise time. This
pin can also be used for tracking
10,11,12 SW Internal power switch output pin. This pin is connected to the inductor and bootstrap capacitor
13 BOOT Bootstrap pin. A bootstrap capacitor is connected between the BOOT pin and SW pin. The
voltage across the bootstrap capacitor drives the internal high-side power MOSFET
Power good indicator output. Asserts low if output voltage is low due to thermal shutdown,
14 PGD
over-current, over/under-voltage or EN shut down
15 EN Enable pin, internal pull-up current source. Pull below 1.2V to disable. Float to enable. Can be
used to set the on/off threshold (adjust UVLO) with two additional resistors
Ep Exposed Thermal Pad Exposed Pad can be connected to GND, for best thermal performance thermal vias are

recommended under the package
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Functional Block Diagram

VIN
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m Th | I
g : Shu::ir::vn uvLo * I
-_—
= | - '
4 Enabl oot
I > nla e rge
8 I _}R Shutdown !
Enable —] Logic
Threshold SHDN 13
2 l 'y Voltage 1
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P - Boot
& : © " Lo ,
< . |
o FB O = 10,
1 I 9 “EA _pWM Loigc an atch E B
o SS Oe—e - . 5 SW
= ' Comen] |
urren
hu : - ogie |- svon S [ S 1 sense | |
) = !
? L : |
COMP O Current limit §nd
| Short protection |
scillat;
l l\ | 5 I
| R
GND
| —_— e e N e e e e e e e 1
RT/CLK
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Absolute Maximum Ratings (Note 4)
Symbol Parameter Rating Unit
AN VIN Pin Voltage -0.3t0 6.5 \%
VEN EN Pin Voltage -0.3t0 6.5 \%
Vsw SW Pin Voltage -0.3to V|N+0.3 \
VEB FB Pin Voltage -0.3t0 6.5 \%
Vcomp COMP Pin Voltage -0.3t0 6.5 \%
VpeD PGD Pin Voltage -0.3t0 6.5 \%
VRT/CLK RT/CLK Pin Voltage -0.3t0 6.5 \%
Vss SS Pin Voltage -0.3t06.5 \%
03A Thermal Resistance 70 °C/W
T Operating Junction Temperature -40 to +125 °C
Tste Storage Temperature -65t0 +150 °C
TLEAD Lead Temperature (Soldering, 10sec) +260 °C
— ESD(Machine Model) 200 \%
— ESD(Human Body Model) 2000 \%

Note 4: Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “Recommended Operating Conditions” is not implied.

Exposure to “Absolute Maximum Ratings” for extended periods may affect device reliability.

Recommended Operating Conditions

Symbol Parameter Min Max Unit
Vin Input Voltage 2.95 55 V

louT(MAX) Maximum OutputCurrent 4 — A
Ta Operating Ambient Temperature -40 +85 °C

Electrical Characteristics (@V=2.95.t0 5.5V, Ta=+25°C, unless otherwise specified. Specifications with boldface type apply
over full operating temperature range from =40 to +85°C")

Symbaol Parameters Conditions Min Typ Max Unit
SUPPLY VOLTAGE (VIN PIN)
Vin Input Valtage — 2.95 — 5.5 \%
. VE=0.9V, V|N=5V, o
lo Quiesgent Current Ta=+25°C, RT=400kQ 360 575 pA
Ven=0V,Ta=+25°C,
h I — 2 A
IsHDN Shutdown Supply Current 2.95V<Vin<5.5V 5 J
ENABLE AND UVLO (EN PIN)
\Y Rising 1.16 1.25 1.37 \Y
i Enable Threshold
VEN L Falling — 1.18 — \%
Internal  Under  Voltage
Vuvio Lockout Threshold — — 2.6 2.8 v
Internal  Under  Voltage
Vhys Hysteresis B _ 150 _ mv
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AP3440

Electrical Characteristics (Cont) (@Vin=2.95 to 5.5V, Ta=+25°C, unless otherwise specified. Specifications with boldface type
apply over full operating temperature range from -40 to +85°C.)

Symbol Parameters Conditions Min Typ Max Unit
VOLTAGE REFERENCE (FB PIN)
VREF Voltage Reference 2.95V<VNsS5.5V 0.779 0.803 0.827 \Y
MOSFET
Row » ggigtan(?éde Switch On- | VBOOT-SW=5V — 30 60 maQ
VBooT-sw=2.95V — 44 70 mQ
Ron_L Ir_tgsvivstan?:ied e swich on- | T — = ~ ™
ViN=2.95V — 44 70 mQ
CURRENT LIMIT
lumiT Current Limit Threshold — 4.8 7.0 — A
THERMAL SHUTDOWN
TTsp Thermal Shutdown — — +140 — °C
— Hysteresis — — +20 — °C
TIMING RESISTOR AND EXTERNAL CLOCK (RT/CLK PIN)
. (SFX\/Tit(;Arlérége)Frequency Range | 200 . 2000 KHz
— (SC"‘I’_iﬂiﬂr(‘)%e';req“e”Cy Range | 300 _ 2000 KHz
fs Switching Frequency R7=400kQ 400 500 600 kHz
— Minimum CLK Pulse Width — 75 — — ns
— RT/CLK Voltage RT=400kQ — 0.5 — \Y
— RT/CLK High Threshold — — 1.6 2.2 \%
— RT/CLK Low Threshold — 0.4 0.6 — \%
BOOT (BOOT PIN)
Reoor BOOT Charge Resistor ViN=5V — 16 — Q
— BOQT-SW.UVLO ViN=2.95V — 2.2 —
SOFT START (SS PIN)
Iss Charge Current Vss=0.4V — 2 —
Vss SS to Reference Crossover 98% Nominal — 1.1 — \%
POWER'GOOD (PGD PIN)
Veg Falling (Fault) — 91 —
Veg Rising (Good) — 93 —
VEB_TH Feedback Threshold %VREF
Veg Rising (Fault) — 107 —
Veg Falling (Good) — 105 —
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Performance Characteristics

Supply Current vs. Input Voltage Supply Current vs. Temperature
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430 455
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w 420 7 445 A
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= I 410 z //
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2 S 405 3 /
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UVLO Threshold vs. Temperature ENThreshold vs. Temperature
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AP3440

Performance Characteristics (cont)

Start Up from V) (V|N:5V, Vour=1.8V, |OUT:4A)

Disable IC (V|N:5V, VOUT:l.SV, |OUT:4A)

Ven M
Vin 2V/div i
2V/div § v
our M
Vour 1Vv/div
1V/div Ves |
Vss
2V/div

2V/div

Time 4ms/div Time 20us/div

Load Transient Response (Vin=5V, Vour=1.8V, lour=0 to 4A) Synchronizing to External Clock (fcLock=2MHZz)

Voutac) Verock
200mV/div 2Vldiv
lout Vsw
2A/div 2V/div

Time 200ps/div Time 400ns/div

Short Circuit'Pretection (Vin=5V; Vour=1.8V, lour=4A) Short Circuit Recovery (Vin=5V, Vour=1.8V, lour=4A)

Vour,
1V/div Vour
1Vv/di
Ves iv
2V/div Vss
Vcomp 2V/div
0.5V/div Vcomp
| 0.5V/div
L

Time 4ms/div Time 4ms/div
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Application Note

Theory of Operation
The AP3440 consists of a reference voltage module, slope compensation circuit, error amplifier, PWM comparator, current limit circuit, two N-
channel MOSFETSs etc. (Refer to the Functional Block Diagram on page 3 for detailed information)

Soft-start

The AP3440 integrates an internal soft start circuit to minimize inrush currents or provide power supply sequencing during power up. A capacitor
connected between SS pin and ground implements the soft-start time. The AP3440 has an internal pull-up current seurce of 2uA, which charges
the external slow start capacitor. Equation 1 calculates the required slow start capacitor, Iss is the internal slow start charging current of 2pA, and
Vger is the internal voltage reference of 0.803V.

SR L — .

During normal operation, if the V\y goes below the UVLO, or the EN pin is pulled below 1.2V, or a thermal shutdown occurs, the AP3440 will stop
switching and the SS pin will be discharged to 40mV before reinitiating a powering up sequence.

Enable and Adjusting UVLO

The AP3440 are disabled when the V) falls below 2.6V. If an application requires, a higher under-voltage lockout (UVLO), use the EN pin as
shown in Figure 1 to adjust the input voltage UVLO by using two external resistors. The:\EN pin has an internal pull-up current source that provides
the default condition of the AP3440 operating when the EN pin floats. Once the EN pin‘voltage exceeds 1.25V, an additional 2.55pA of hysteresis
is added. When the EN pin is pulled below 1.18V, the 2.55pA hysteresis is removed. This additional‘current facilitates input voltage hysteresis.

For AP3440, the divider resistor R1 and R2 on the EN pin can be calculated according to equation 2 and 3.

Rl= 0.944 XVSTART _VSTOP
2.59x10°°

R2 = 118xRl [ 3)

Vgrop —1.18+ R1x3.2x10°°

AP3440

2.55uA

Figure 1. Adjustable Under Voltage Lock Out

Adjusting Output Voltage

The output voltage is set with a resistor divider from the FB pin. It is recommended to use divider resistors with 1% tolerance or better. Start with a
10kQ R2 resistor and use the equation 4 to calculate R1. To improve efficiency at very light loads consider using larger value resistors. If the
values are too high, the regulator is more susceptible to noise and voltage errors from the FB input current are noticeable.
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Application Note (cont)

Resistor R1 can be calculated according to equation 4.

VOUT
AP3440
R1
FB h
R 0.803V —+
SS +
VOUT =
R1=R2x | e (4)
0.803

Figure 2. Voltage/Divider Circuit

Synchronize Using the RT/CLK Pin

The RT/CLK pin of AP3440 is used to synchronize the converter with an external system clock referring to Figure 3. To implement the
synchronization feature in a system, connect a square wave to the RT/CLK pin with an®n-time of at least 75ns: When the clock is detected on the
RT/CLK pin, a mode change occurs and the pin becomes a synchronization inputdThe internal amplifier is disabled. If clocking edges stop, the
internal amplifier is re-enabled and the mode returns to the frequency set by the resistor. Thedow level of the square wave must be lower than
0.6V and the high level higher than 1.6V typically. The synchronization frequency-range is from 300kHz to 2000kHz. The rising edge of the SW is
synchronized to the falling edge of RT/CLK pin. Figure 4 shows a typical synchronizing waveform, the cloeckfrequency is 2MHz.

AP3440 Y A—
2Vidiv ]
“|RrTICLK Vew
Clock R, 2vidiv
Source
Figure 3..Synchronizing to a System Clock Time 400ns/div

Figure 4. Synchronizing Waveform

Constant Switching Frequencyand, Timling Resistor

The switching frequency of the AP3440 is adjustable over a wide range from 200kHz to 2000kHz by placing a resistor with maximum value of
1000kQ and minimum of 85kQ, respectively, on the RT/CLK pin. An internal amplifier holds this pin at a fixed voltage when connecting an external
resistor to ground to set the switching frequency. The Vgrricik is typically 0.5V. To determine the timing resistance for a given switching frequency,
use the equation. 5.

311890
R, (kQ) = T (5)
sw (kH2)
133870
fsw (kH2) =W ............................. ®)

To reduce the solution size one should typically set the switching frequency as high as possible, but tradeoffs of the efficiency, maximum input
voltage and minimum controllable on time should be considered.
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Application Note (cont)

Over Current Protection

The AP3440 implements a cycle-by-cycle current limit. The high side switch current is detected during each cycle. During SCP conditions, Vour is
pulled down and Vcomp is drived to high, increasing the switch current. When the increased high side switch current is continuously detected to
trigger the current limit of high side switch 6 times, the high side and low side switches are turned off for about 2.5ms. Then both switches start
switching and they will not be turned off until the next 6 OCPs are triggered. The IC works with a hiccup mode during SCP conditions.

Power Good

The PGD pin output is an open drain MOSFET. The output is pulled low when the FB voltage enters the fault condition by falling below 91% or
rising above 107% of the nominal internal reference voltage. There is a 2% hysteresis on the threshold voltagé, so when the FB voltage rises to
the good condition above 93% or falls below 105% of the internal voltage reference the PGD output MOSEET is turned off It'is recommended to
use a pull-up resistor between the values of 1kQ and 100kQ to a voltage source that is 5V or less. The PGD, is in a valid state once the VIN
input voltage is greater than 1.2V.

Thermal Shutdown

The AP3440 implement an internal thermal shutdown to protect itself if the junction temperature exceeds +140°C. Switching is stopped when the
junction temperature exceeds the thermal trip threshold. Once the die temperature decreases below +120°C, the device reinitiates the soft start
operation. The thermal shutdown hysteresis is +20°C.

Component Selection
Typical application circuit of AP3440 is shown in Figure 5. For the major component selection please referto the following section.

V=5V " U1 o L1 1. SuH Vour=1.8V
O—e +— o . VIN sw LYY Y a0
N u R8 220
c2 VIN SW (Optlonal
o R1 10%?;0 2 VIN sw -2
Optional 104F [0.14F 01“ C10 2.20F
1 peD BOOT Opt|onal)
5 | ey AP3440 | s
7 R6 12.5kQ
COMP GND
8 4 R7 co
RT/CLK GND 10kQ 224F
- ss AGND |2

Input Capacitor

C5 =

Optional

R5 c7
0.01uF

Figure 5. Typical Application of AP3440

The AP3440 requires a high quality ceramic, type X5R or X7R, input decoupling capacitor of at least 4.7uF effective capacitance and in some
applications a bulk capacitor. The effective capacitance includes any DC bias effects. To ensure a stable operation, the input capacitor should be
placed as close to the VIN pin as possible, and its value varies according to different load and different characteristic of input impedance.

There are two important parameters of the input capacitor: the voltage rating and RMS current rating. The voltage rating of the input capacitor
should be at least 1.25 times larger than the maximum input voltage. The capacitor must also have a RMS current rating greater than the
maximum input current ripple of the AP3440. The RMS current of input capacitor can be expressed as:

x hx 1——0OuTt
V

IN

CIN_RMS — IOUT(MAX)
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Application Note (cont)

Output Capacitor
The output capacitor is the most critical component of a switching regulator. It is used for filtering output and keeping the loop stable. The typical
value is 44pF.

The primary parameters for output capacitor are the voltage rating and the equivalent series resistance (ESR). A low ESR capacitor is preferred to
keep the output voltage ripple low. The output ripple is calculated as the following:

1
AVgyr = Al x (RESR +W) ................. (8)
out

Where f is the switching frequency, Cour is the output capacitance and Al is the ripple current in the inddetor.

Inductor
The inductor is used to supply smooth current to output when it is driven by a switching voltage. The higher the inductance,ithe lower the peak-to-
peak ripple current, as the higher inductance usually means the larger inductor size, so some trade-offs should be made when select an inductor.
The AP3440 is a synchronous buck converter. It always works on continuous current mode (CCM), and the inductor value can be selected as the
following:

VIN _VOUT

fxV x 1o xk

L =VOUT x ( ) .......................... 9)

Where Vour is the output voltage, V| is the input voltage, lour is the output current, k is the coefficient of ripple current, and its typical value is 20%
to 40%. Another important parameter for the inductor is the current rating. Exceeding an inductor's maximum current rating may cause the
inductor to saturate and overheat. If inductor value has been'selected, the peak inductor cufrent can be calculated as the following:

VIN _VOUT

loea = lour +Vour X(m

(10)

It should be ensured that the current rating of the selected inductor is 1.5 times of the lpgak.

Slow Start Capacitor
The slow start capacitor determines the output voltage soft start time during power up.

The slow start capacitorazalue can be calculatedusing eguation 11.

Css(np)zw ........................... (11)

In AP3440, Iss is 2pA and Vgek is 0.803V.

Bootstrap Capacitor
A 0.1uF ceramic capacitor must be connected between the BOOT pin and the SW pin for normal operation. It is recommended to use a ceramic
capacitor with X5R'or.bettér grade dielectric.

Feedback Resistors
It is recommended to use divider resistors with 1% tolerance or better. Start with a 10kQ for the R7 resistor and use the equation 12 to calculate
R6.

R6 = R7 x Vour B T DT (12)
0.803
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Application Note (cont)

Compensation
The output capacitor and the load resistance largely determine where the error amplifier poles and zeros need to be placed for optimum transient
response and loop stability. The corner frequency of the pole and zero generated by output capacitor are:
= L (13)
27X Ry opp XCour

1

1=
27 % Regp X Cour

P1

.............................. (14)

Where R, oap is the load resistance, Coyr is the output capacitance and Resr is the capacitor ESR.

The error amplifier provides most of the loop gain. After selecting the output capacitor, the control logp is compensated by tailoring.the frequency
response of the error amplifier. The low frequency pole of the error amplifier is the dominant polé and is determined primarily by Ccome and the
output resistance of the error amplifier as shown by:

1

27 % Royr _ea X Ceomp

fos

Resistor Rcomp adds a zero to the frequency response to control gain in the middrequency rangé. This zero frequency is:

1

27 % Reomp X Ceomp

fZZ

Where Rcomp and Ccomp are compensation resistor and capacitor connected to COMP pin, Rour_ga Is the output impedance of the error amplifier.
A 7.5kQ resistor and 2.7nF capacitor are used in typical application.

Layout Consideration

PCB layout is very important to the performance of, AP3440, The loop which switching current flows through should be kept as short as possible.
The external components (especially Ciy) should be placed as close to.the IC as possible.

The feedback trace should be routed far away-ffom the inductor and noisy power traces, and it needs to be routed as direct as possible. Locate
the feedback divider resistor network nearthe feedback pin with short leads.

Since the SW connection is the switching nodépthe oeutput inductor should be located very close to the SW pins, and the area of the PCB
conductor is minimized to\prevent excessive capacitive coupling.

The boot capagiter, must also be located close to the device. The sensitive analog ground connections for the feedback voltage divider,
compensation componenits, slow start capacitor and frequency set resistor should be connected to a separate analog ground trace.

The RT/CLK pin is sensitive to'noise so the Rt resistor should be located as close as possible to the IC and routed with minimal lengths of trace.

MAINON GHD EN ViR 'c' &
wl L4 Cos.

DE_APJ&40_vO1

Figure 6. Top View of PCB Layout Figure 7. Bottom View of PCB Layout
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Ordering Information

AP3440 XX XX - XX
|

I L

(=]

|-|:-| Product Name Package Packing ROHS/Green

4 FN : U-QFN3030-16 TR : Tape & Reel Gl : Green

=

<

o

]

(/2]

(=]

- Package Temperature Range Part Number Marking ID Packing
o U-QFN3030-16 -40 to +85°C AP3440FNTR-G1 B2D 5000/Tape & Reel

Marking Information

ABZD [(\ . AAC Logo

( B2D: Marking ID (Per Datasheet)

YWW YWW: Year and Work Week of Mold Operation
M: Assembly Site Code

o MXX XX: The 7" & 8™ Digits of Batch No.

*  Pin 1 Mark
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Package Outline Dimensions
Please see http://www.diodes.com/package-outlines.html for the latest version.
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Bottom View

Suggested Pad Layout

Please see http://www.diodes.com/package-outlines:html for the latest version.
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Dimensions _Value
(in mm)

C 0.500

G 0.150

Gl 0.150

X 0.350

X1 1.800

Y 0.600

Y1 1.800
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IMPORTANT NOTICE

DIODES INCORPORATED MAKES NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, WITH REGARDS TO THIS DOCUMENT,
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
(AND THEIR EQUIVALENTS UNDER THE LAWS OF ANY JURISDICTION).

Diodes Incorporated and its subsidiaries reserve the right to make modifications, enhancements, improvements, corrections or other changes
without further notice to this document and any product described herein. Diodes Incorporated does not assume any liability arising out of the
application or use of this document or any product described herein; neither does Diodes Incorporated convey any license under its patent or
trademark rights, nor the rights of others. Any Customer or user of this document or products described herein in such applications shall assume
all risks of such use and will agree to hold Diodes Incorporated and all the companies whose products are represented on Diodes Incorporated
website, harmless against all damages.

Diodes Incorporated does not warrant or accept any liability whatsoever in respect of any products purchased through unauthorized sales channel.
Should Customers purchase or use Diodes Incorporated products for any unintended or unauthorized application, Customers shall indemnify and
hold Diodes Incorporated and its representatives harmless against all claims, damages, expenses, and attorney fees arising out of, directly or
indirectly, any claim of personal injury or death associated with such unintended or unauthorized application.

Products described herein may be covered by one or more United States, international or foreigndpatents pending. Product names and markings
noted herein may also be covered by one or more United States, international or foreign trademarks.

This document is written in English but may be translated into multiple languages for reference. Only the English version“of this document is the
final and determinative format released by Diodes Incorporated.

LIFE SUPPORT

Diodes Incorporated products are specifically not authorized for use as critical components in life support devices or systems without the express
written approval of the Chief Executive Officer of Diodes Incorporated. As used herein:

A. Life support devices or systems are devices or systems which:
1. are intended to implant into the body, or

2. support or sustain life and whose failure to_performy,when properly used infaccordance with instructions for use provided in the
labeling can be reasonably expected to resdlt in significant,injury.to'the user:

B. A critical component is any component in a life support device or system whose failure to perform can be reasonably expected to cause the
failure of the life support device or to affect its safety or effectiveness.

Customers represent that they have all necessary expertise in the safety and regulatory ramifications of their life support devices or systems, and
acknowledge and agree that they are solély responsible for alllegal, regulatory and safety-related requirements concerning their products and any
use of Diodes Incorporated products jin such safety-critical, lifé support devices or systems, notwithstanding any devices- or systems-related
information or support that may be provided by Diodes, Incorporated. Further, Customers must fully indemnify Diodes Incorporated and its
representatives against any damages arising out'of the use of Diodes Incorporated products in such safety-critical, life support devices or systems.

Copyright © 2018, Diodes Incorporated
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