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High-Performance Differential Fanout Buffer

Features

Description

¢ 10 Differential Outputs with Two Banks
e User Configurable Output Signaling Standard for Each Bank:
s LVDS or LVPECL or HCSL
e LVCMOS Reference Output up to 200MHz
» Up to 1.5GHz Output Frequency for Differential Outputs
e Ultra-Low Additive Phase Jitter:
e <0.02ps (typ) (Differential 156.25MHz, 12KHz to 20MHz
Integration Range)
o <0.0lps (typ) (Differential 156.25MHz, 10kHz to 1MHz
Integration Range)

o Selectable Reference Inputs Support Either Single-Ended
or Differential or Xtal

e Low Skew Between Outputs within Banks (<40ps)

e Low Delay from Input to Output (Tpd typ. <0.9ns)

e Separate Input Output Supply Voltage for Level Shifting
e 2.5V/3.3V Power Supply

e Industrial Temperature Support

e Totally Lead-Free & Fully RoHS Compliant (Notes 1 & 2)
e Halogen and Antimony Free. “Green” Device (Note 3)

o For automotive applications requiring specific change control
(i.e. parts qualified to AEC-Q100/101/104/200, PPAP capable,
and manufactured in IATF 16949 certified facilities), please
contact us or your local Diodes representative.

https://www.diodes.com/quality/product-definitions/
e Packaging (Pb-free & Green):
= 48-Pin, TQFN (ZD)

Applications

e Networking Systems Including Switches and Routers

e High-Frequency Backplane Based Computing and Telecom
Platforms

Notes:

The DIODES™ PI6C49S1510B is a high-performance fanout buf-
fer device which supports up to 1.5GHz frequency. It also inte-
grates a unique feature with user-configurable output signaling
standards on per bank basis, which provides great flexibility to
users. The device also uses Diodes' proprietary input detection
technique to make sure illegal input conditions are detected and
reflected by output states. This device is ideal for systems that
must distribute low jitter clock signals to multiple destinations.
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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.

DIODES is a trademark of Diodes Incorporated in the United States and other countries.
The Diodes logo is a registered trademark of Diodes Incorporated in the United States and other countries.
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Pin Description
Pin # Pin Name Type Description
Lo QA0+ Outout Bank A differential output pair 0.
’ QAO- P Pin selectable LVPECL/LVDS/HCSL interface levels.
34 QAL+ Outout Bank A differential output pair 1.
’ QAIl- b Pin selectable LVPECL/LVDS/HCSL interface levels.
5,8,29,32,45 | VDDO Power Power supply pins for IO
6.7 QA2+ Outout Bank A differential output pair 2.
’ QA2- P Pin selectable LVPECL/LVDS/HCSL interface levels.
9 10 QA3+ Outout Bank A differential output pair 3.
’ QA3- P Pin selectable LVPECL/LVDS/HCSL interface levels.
1112 QA4+ Outout Bank A differential output pair 4.
’ QA4- P Pin selectable LVPECL/LVDS/HCSL interface levels.
13, 18, 24, 37,
43 42 37 GND Power Power supply ground
Output mode select for Bank A.
14,4 PMODEA |1 Pull
7 OPMO nput | Pulldown See Table 2 for functions, LVCMOS/LVTTL interface levels
15,42 Voo Power Power supply pins
16 X1 Input XTAL input, can also be used as single ended input pin
17 X2 Output XTAL output. If X1 is used as a single ended input pin, X2 is to be left open
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Pin Description Cont.
Pin # Pin Name Type Description
Input clock select.
19,22 IN_SEL Input | Pulldown See Table 1 for function. LVCMOS/LVTTL interface levels.
20 INO+ Input | Pulldown | Reference input 0, internal bias to 0.33Vpp
Pull
21 INO- Input Pullll dl(l)svln Inverted reference input 0, internal bias to 0.42Vpp
Output mode select for Bank B.
23, PMODEB |1 Pull
339 OPMO nput | Pulldown See Table 2 for functions, LVCMOS/LVTTL interface levels
26,95 QB4+ Outout Bank B differential output pair 4.
’ QB4- P Pin selectable LVPECL/LVDS/HCSL interface levels.
28. 27 QB3+ Output Bank B differential output pair 3.
’ QB3- P Pin selectable LVPECL/LVDS/HCSL interface levels.
31 30 QB2+ Outout Bank B differential output pair 2.
’ QB2- P Pin selectable LVPECL/LVDS/HCSL interface levels.
3433 QB+ Outout Bank B differential output pair 1.
’ QBI- P Pin selectable LVPECL/LVDS/HCSL interface levels.
3635 QBO+ Outout Bank B differential output pair 0.
’ QBO- P Pin selectable LVPECL/LVDS/HCSL interface levels.
38 NC — Do not connect
Pullup/ . . .
40 IN1- Input Pulldown Inverted reference input, internal bias to 0.42Vpp
41 IN1+ Input | Pulldown | Reference input 1, internal bias to 0.33Vpp,
44 Ref_Out Output Reference output, CMOS
Synchronous output enable for Ref_Out.
46 Sync_OE Input | Pulldown See Table 3 for functions.
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Function Table

Table 1: Input Select Function

IN_SEL [1] IN_SEL [0] Function

0 0 INO is the selected reference input
0 1 INI1 is the selected reference input
1 X XTAL is the selected input

Table 2: Output Mode Select Function

OPMODEA/B [1] OPMODEA/B [0] Output Bank A/Bank B Mode
0 0 LVPECL

0 1 LVDS

1 0 HCSL

1 1 Hi-Z

Table 3: Reference Output Enable Function

Sync_OE Ref_Out
0 Hi-Z
1 Output Enabled

Table 4: Illegal Input Level Function

Input Illegal Status Output Status
Input Open Logic Low
Input Both High Logic Low
Input Both Low Logic Low
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Maximum Ratings

(Above which the useful life may be impaired. For user guidelines, not tested.)

Storage Temperature

Supply Voltage to Ground Potential (Vpp, Vppo) -0.5V to +4.6V

Inputs (Referenced to GND) ......cccveuvecerenenee -0.5V to Vpp+0.5V
Clock Output (Referenced to GND).............. -0.5V to Vpp+0.5V
LatCh UP ettt 200mA
ESD Protection (INput) ....ccoceceevrevvecerencrernennns 2000V min (HBM)
Junction Temperature ..........cccoceeeeeeereerereerererererceenene 150°C max

-55°C to +150°C

Note:

Stresses greater than those listed under MAXIMUM
RATINGS may cause permanent damage to the device. This
is a stress rating only and functional operation of the device
at these or any other conditions above those indicated in
the operational sections of this specification is not implied.
Exposure to absolute maximum rating conditions for ex-
tended periods may affect reliability.

Power Supply Characteristics and Operating Conditions

Symbol Parameter Test Condition Min. Typ. Max. Units
Vop Core Supply Voltage — 2.375 — 3.465 A%
Voo Output Supply Voltage — 2.375 — 3.465 Vv
Iop Core Power Supply Current — — 90 120

All LVPECL outputs unloaded — 150 190 mA
Ippo Output Power Supply Current Al LVDS outputs loaded — 110 130

All HCSL outputs unloaded — 80 140
Ta Ambient Operating Temperature® — -40 — 85 °C
Ty PCB Operating Temperature® — -40 — 105 °C

Note 1: Either T, or T used as operating condition.
DC Electrical Specifications - Differential Inputs

Symbol Parameter Test Condition Min. Typ. Max. Units
Iig Input High Current Input = Vpp — — 150 HA
I Input Low Current Input = GND -150 — — pHA
Civ Input Capacitance — — 3 — pF
Vi Input High Voltage — — — Vpp+0.3 \%
Vi Input Low Voltage — -0.3 — — A
Vio ;Illglll)';( Differential Amplitude - 0.15 B 13 v
Vem Common Model Input Voltage — 0.25 — Vpp-1.2 \%
ISOwmux MUZX Isolation — — -89 — dBc
PI6C49S15108 5 www.diodes.com April 2022
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DC Electrical Specifications - LVCMOS Inputs
Symbol | Parameter Conditions Min. Typ. Max. Units
Iin Input High Current Input = Vpp — — 150 HA
I, Input Low Current Input = GND -150 — — HA
Vin Input High Voltage Vpp=3.3V 2.0 — Vpp+0.3 Vv
Vi Input Low Voltage Vop=3.3V -0.3 — 0.8 \%
Vin Input High Voltage Vop=2.5V 1.7 — Vop+0.3 \%
Vi Input Low Voltage Vop=2.5V -0.3 — 0.7 v
DC Electrical Specifications - LVPECL Outputs
Parameter Description Conditions Min. Typ. Max. Units
VOH Output ngh Voltage — VDDQ-1.4 — VDDO‘0-9 Vv
Vo Output Low Voltage — Vbpo-2.2 — Vbpo-1.7 \%
DC Electrical Specifications - LVDS Outputs
Parameter Description Conditions Min. Typ. Max. Units
Vou Output High Voltage — — 1.43 — \%
Vor Output Low Voltage — — 1.0 — \%
Vocm Output Commode Voltage — — 1.25 — \%
DVoem Change in Vocm Between . . . 50 v
Completely Output States
Ro Output Impedance — 85 — 140 w
DC Electrical Specifications - HCSL Outputs
Parameter Description Conditions Min. Typ. Max. Units
2.5V 480 — 900 mV
Vou Output High Voltage
3.3V 600 850 1050 mV
Vo Output Low Voltage — -150 — 150 mV
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DC Electrical Specifications - LVCMOS Outputs
Parameter | Description Conditions Min. Typ. Max. | Units
VDDO:3.3V iS%, IOH: 8mA 2.3 — — V
Vou Output High Voltage
VDDO=2.5V iS%, IOH: SmA 1.5 — — Vv
VDDo:3.3V i5%, IOL: -8mA — — 0.5 \Y%
VoL Output Low Voltage
Vpo=2.5V 5%, Io.- -8mA — — 0.4 \%
VDDO:3-3V iS%, IOH: 24mA 2.1 — — \Y%
Vou Output High Voltage
VDDOZZ.SV iS%, IOH: 16mA 1.5 —_— — \Y4
VDDO=3.3V i5%, IOL: -24mA —_ — 1 VvV
VoL Output Low Voltage
VDDOZZ.SV iS%, I()L: -16mA — — 0.8 Vv
VDDO = 33V iS% - 17 - Q
Riyr Output Impedance
VDDO = 25V iS% — 22 — Q
AC Electrical Specifications — Differential Outputs
Parameter | Description Conditions Min. Typ. Max. | Units
LVPECL, LVDS — — — 1500
Four Clock Output Frequency MHz
HCSL — — — 250
LVPECL 120 150 300
T: Output Rise Time From 20% to 80% LVDS 120 150 300 ps
HCSL 300 — 700
LVPECL 120 150 300
Ts Output Fall Time From 80% to 20% LVDS 120 150 300 ps
HCSL 300 — 700
LVPECL,
Frequency <650MHz, HCSL 48 - 52
Vip > 400mV (<250MHz)
LVDS 47 — 53
Frequency <1GHz, LVPECL 45 — 55
0,
Tonc Output Duty Cycle Vip > 400mV LVDS 45 _ 55 %
Frequency <1.5GHz,
LVDS 40 — 60
Vip 2 400mV
Frequency <1.5GHz,
Vip = 400mV LVPECL 40 — 60
LVPECL Outputs @ <1GHz 500 — 1100
LVPECL Outputs @ >1GHz 400 — 1000
Ve Output Swing Single-Ended mV
LVDS Outputs @ <1GHz 250 — 600
LVDS Outputs @ >1GHz 250 — 550
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AC Electrical Specifications — Differential Outputs Cont.
Parameter | Description Conditions Min. Typ. Max. | Units
156.25MHz, 12kHz to 20MHz — 0.02 — ps
T; Buffer Additive Jitter RMS
156.25MHz, 10kHz to 1IMHz — 0.01 — ps
Vcross Absolute Crossing Voltage HCSL — 460 — mV
Total Variation of .
DVeross otal Variation of Crossing HCSL - - 140 v
Voltage
10 outputs devices, outputs in same
Tsx Output Skew bank with same load at DUT - 1> 40 ps
LVPECL, LVDS @ 3.3V, 100MHz — 570 — ps
Tep Propagation Delay
HCSL @ 3.3V, 100MHz — 900 — ps
Tob Valid to HiZ — — 80 ns
Tok HiZ to valid — — 80 ns
Trap skew Part-to-Part Skew® — 80 120 ps
AC Electrical Specifications - CMOS
Parameter | Description Conditions Min. Typ. Max. | Units
XTAL input 10 — 50 MHz
Four Ref_Out Frequency
Reference input — — 200 MHz
XTAL input — 0.3 — ps
T; Buffer Additive Jitter RMS
Reference input — 0.03 — ps
tyts Rise Time, Fall Time C.=10pF — 1.5 — ns
Tobc Output Duty Cycle CL=10pF 45 — 55 %
tep Propagation Delay 3.3V, 25MHz — 2200 — ps
ts Setup Time — 300 — — ps
tsop Clock Edge to Output Disable Ref _Out 2 — 4 cycles
tsog Clock Edge to Output Enable Ref_Out 2 — 4 cycles
Notes:

1. This parameter is guaranteed by design.
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Crystal Characteristics
Parameter Min. Typ. Max. Units
Mode of Oscillation Fundamental
Frequency Range 10 — 50 MHz
Equivalent Series Resistance (ESR) — — 70 Q
Shunt Capacitance — — 7 pF
Load Capacitance 10 — 18 pF
Drive Level — — 500 uw
Recommended Crystals
Diodes recommends:
a) GC2500003 XTAL 49S/SMD(4.0 mm), 25M, CL=18pF, +30ppm
b) FY2500091, SMD 5x3.2(4P), 25M, CL=18pE, +30ppm
¢) FL2500047, SMD 3.2x2.5(4P), 25M, CL=18pE, +20ppm
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Propagation Delay (Trp) Output Skew (Tsk)
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LVPECL/LVDS Output Swing vs Frequency

LVPECL VPP vs Frequency
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LVDS VPP vs Frequency
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Phase Noise and

Additive Jitter

Output Phase Noise (Dark Blue) vs Input Phase Noise (Light Blue)
Additive jitter is calculated at 156.25MHz ~ 27fs RMS (12kHz to 20MHz). Additive jitter = R (Output jitter’ - Input jitter?).
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Total Phase Jitter with 25MHz XTAL ~ 264fs RMS (12kHz ~ 20MHz)

Configuration Test Load Board Termination for LVPECL/LVDS Outputs

LVPECL Buffer
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Configuration Test Load Board Termination for HCSL Outputs
Rs
330 Clock
5%
—\WA————) TLA O——T
DUT
Rs
330 Clock#
f r
Q_m O
R 2F — =< %F
4589 § % 49.80 5% 5%
1% 1%
Configuration Test Load Board Termination for LVCMOS Outputs
3.3V 5%
Vop
Vbbo
10pF
GND 1
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Application Information

Wiring the Differential Input to Accept Single-Ended Levels

Figure 1 shows how the differential input can be wired to accept single-ended levels. The reference voltage V_REF = Vpp/2 is generated
by the bias resistors R1, R2, and C1. This bias circuit should be located as close as possible to the input pin. The ratio of R1 and R2 might
require to be adjusted to position the V_REF in the center of the input voltage swing. For example, if the input clock swing is only 2.5V,
Vop = 3.3V, V_REF should be 1.25V and R2/R1 = 0.609.

. R1
Single Ended é 1K

Clock Input

Vbp

>

>

c1 L R2
0-1u T 1K

Figure 1. Single-Ended Input to Differential Input Device

Power Supply Filtering Techniques

Asin any high-speed analog circuitry, the power supply pins are vulnerable to random noise. To achieve optimum jitter performance,
power supply isolation is required. All power pins should be individually connected to the power supply plane through vias, and 0.1pF
and 1uF bypass capacitors should be used for each pin.

VbbD
C I

VDD]l.
T

Vbpo

™ T
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Single-Ended Input, AC Couple Single-Ended Input, AC Couple
Rs  0.1uF 01pF Rs  0.1pF O’lpF |
50Q
0. 1uF 0. 1pF
Single-Ended Input, DC Couple Single-Ended Input, DC Couple
Rs
() so0 ()
O
0.1yF
Driving X1 with a Single-Ended Input
s OApF 0.14F
50Q Input
X2
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LVPECL, DC Couple, Thevenin Equivalent

VvDDO

3.3V | 160Q | 120Q] 82Q

2.5V ] 91Q 2500 (62.5Q

VDDO

QANn+/ QBn+

QAn-/ QBn-

DDO| RPU | RPD

3.3V |120Q] 82Q

2.5V |250Q162.5Q

LVDS DC Couple

LVDS AC Couple at Load

QAn+/ QBn+

QAnN-/ QBn-

QAn+/ QBn+

100Q Differential  100Q

QAn-/ QBn-

LVDS AC Couple with Internal Termination

Single-Ended LVPECL, DC Couple

QAn+ QBn+ O-THF

QAn-/QBn-  0.1uF

VDDO - 2V

% 50Q

QAN+/ QBn+

LVPECL
Driver VDDO - 2V
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Single-Ended LVPECL, DC Couple, Thevenin Single-Ended LVPECL, AC Couple, Thevenin

Equivalent

Equivalent

QANn+/ QBn+

VDDO

LVPECL
Driver

'DDOJ RPU | RPD

RPU 3.3v | 1200] 820

2.5V 2500 62.5Q)

RPD

%{pu
%RPD

0.1uF

QAN+ QBn+
50Q

3.3V |160Q
RT 500 2.5V | 91Q

Clock IC Crystal Input Guide

LVPECL/LVDS AC and DC Input

Clock IC Rf

—

By

C_in C_out
XTL_IN XTL_OUT
ol 0
g Crystal (CL) j cb
Il L
i
Cc1

T T

*Remove for LVDS

0.1uF
(For AC Couple Only)

QO

100Q Differential 109

%C:O-I

Driver 1500

-~

IN-
1500Q* 0.1uF
(For AC Couple Only)
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Clock IC Crystal Loading Cap. Design Guide

CL =crystal spec. loading cap.
C_in/out = (3pF ~ 5pF) of IC pin cap.
Clock IC RE Cb = PCB trace (2pF ~ 4pF)
— CL,C2 = load cap. of design
>O Rd = 50Q to 100Q drive level limit
C_in C_out
XTL_IN XTL_OUT
T 0
L | cystaery | LS
L
[ —
| |:| |
:|: C1 -I_ C2

Design guide: C1 = C2 =2 x CL - (Cb + C_in/out) to meet target +ppm < 20ppm
Example 1: Select CL = 18pF crystal, C1 = C2 = 2 x (18pF) - (4pF + 5pF) = 27pF. Check datasheet.

Example 2: For higher frequency crystal (= >20MHz), the following formula can be used: C1 = C2 =2 x (CL - 6). A fine tune of C1, C2
can be used for more accurate ppm if necessary.

Thermal Information

Symbol Description Condition —
[CIN Junction-to-Ambient Thermal Resistance Still air 23.65°C/W
Oy Junction-to-Case Thermal Resistance — 9.1°C/W

Part Marking

P16C49S RV
: Year
151 OBZD_IE WW : Workweek
YYWWXX 1st X : Assembly Site Code
O 2nd X : Wafer Site Code
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Packaging Mechanical
48-TQFN (ZD)
ke
L 7.0040.10 > SG é: 5.5640.15 PINI

Index Area CORNER
p—Cl

[VRVACRUAVIIVAVAVAUAS] -®

€0.40 max,/

X

gU0U0U00[00000U

(EXPOSED [THERVAL PAD)

7.00£0.10
5.55£0.15

>\Detaﬂ AL
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0 NoANNNNAQA

_—I g 200_ %EO: o| 050 BSC [ _,I 0.2540.05
0P VIEW. |00 Mt = BOTTOM VIEW
28
550 |
1oo00ooopooon
= —_
(] [
= -
: =E
' © v [ -
Detail A (for pullback option only) E E
= =
= =
= =
—00000opoooo
__] 0.50 BSC
0.28 g{i)'(}
RECOMMENDED LAND PATTER
NOTE :
1. All dimensions are in mm. Angles in degree. Fay T DATE: 07/23/19
. Refer JEDEC MO-220 wms

2
3. Thermal Pad Soldering Area
4. Depending on the method of lead termination at the edge of the package, DESCRIPTION: 48-Contact, Very Thin Quad Flat No-Lead (TQFN)

pull back maybe present. PACKAGE CODE: ZD (ZD48
5. Recommended Land Pattern is for reference only. - ( )

6. Mesh stencil is recommended. DOCUMENT CONTROL #: PD-2045 REVISION: G
10-1007

For latest package information:
See http://www.diodes.com/design/support/packaging/pericom-packaging/packaging-mechanicals-and-thermal-characteristics/.

Ordering Information

Ordering Code Package Code | Package Type Operating Temperature
PI6C49S1510BZDIEX 7D 48-Contact, Very Thin Quad Flat No-Lead (TQFN) -40°C to 85°C
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.

4. I = Industrial

5. E = Pb-free and Green

6. X suffix = Tape/Reel
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IMPORTANT NOTICE

1. DIODES INCORPORATED AND ITS SUBSIDIARIES (“DIODES”) MAKE NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, WITH REGARDS
TO ANY INFORMATION CONTAINED IN THIS DOCUMENT, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY, FIT-
NESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD PARTY INTELLECTUAL PROPERTY RIGHTS (AND THEIR EQUIVALENTS
UNDER THE LAWS OF ANY JURISDICTION).

2. The Information contained herein is for informational purpose only and is provided only to illustrate the operation of Diodes products described herein
and application examples. Diodes does not assume any liability arising out of the application or use of this document or any product described herein. This docu-
ment is intended for skilled and technically trained engineering customers and users who design with Diodes products. Diodes products may be used to facilitate
safety-related applications; however, in all instances customers and users are responsible for (a) selecting the appropriate Diodes products for their applications,
(b) evaluating the suitability of the Diodes products for their intended applications, (c) ensuring their applications, which incorporate Diodes products, comply the
applicable legal and regulatory requirements as well as safety and functional-safety related standards, and (d) ensuring they design with appropriate safeguards
(including testing, validation, quality control techniques, redundancy, malfunction prevention, and appropriate treatment for aging degradation) to minimize the risks
associated with their applications.

3. Diodes assumes no liability for any application-related information, support, assistance or feedback that may be provided by Diodes from time to time.
Any customer or user of this document or products described herein will assume all risks and liabilities associated with such use, and will hold Diodes and all com-
panies whose products are represented herein or on Diodes’ websites, harmless against all damages and liabilities.

4. Products described herein may be covered by one or more United States, international or foreign patents and pending patent applications. Product
names and markings noted herein may also be covered by one or more United States, international or foreign trademarks and trademark applications. Diodes does
not convey any license under any of its intellectual property rights or the rights of any third parties (including third parties whose products and services may be
described in this document or on Diodes’ website) under this document.

5. Diodes products are provided subject to Diodes’ Standard Terms and Conditions of Sale (https://www.diodes.com/about/company/terms-and-condi-
tions/terms-and-conditions-of-sales/) or other applicable terms. This document does not alter or expand the applicable warranties provided by Diodes. Diodes does
not warrant or accept any liability whatsoever in respect of any products purchased through unauthorized sales channel.

6. Diodes products and technology may not be used for or incorporated into any products or systems whose manufacture, use or sale is prohibited under
any applicable laws and regulations. Should customers or users use Diodes products in contravention of any applicable laws or regulations, or for any unintended
or unauthorized application, customers and users will (a) be solely responsible for any damages, losses or penalties arising in connection therewith or as a result
thereof, and (b) indemnify and hold Diodes and its representatives and agents harmless against any and all claims, damages, expenses, and attorney fees arising
out of, directly or indirectly, any claim relating to any noncompliance with the applicable laws and regulations, as well as any unintended or unauthorized application.

7. While efforts have been made to ensure the information contained in this document is accurate, complete and current, it may contain technical inac-
curacies, omissions and typographical errors. Diodes does not warrant that information contained in this document is error-free and Diodes is under no obligation
to update or otherwise correct this information. Notwithstanding the foregoing, Diodes reserves the right to make modifications, enhancements, improvements,
corrections or other changes without further notice to this document and any product described herein. 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.

8. Any unauthorized copying, modification, distribution, transmission, display or other use of this document (or any portion hereof) is prohibited. Diodes
assumes no responsibility for any losses incurred by the customers or users or any third parties arising from any such unauthorized use.

Copyright © 2022 Diodes Incorporated
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