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High Performance Selectable 1:4 Differential Fanout Buffer

Description Features

The DIODES PI6C49S1504T is a high-performance fanout buf- e 4 Differential Outputs with 2 Banks

fer device which supports up to 1.5GHz frequency. This deviceis o User-Configurable Output Signaling Standard for Each Bank:
ideal for systems that need to distribute low-jitter clock signals to LVDS or LVPECL or HCSL

multiple destinations. e LVCMOS Reference Output Up to 200MHz
e Up to 1.5GHz Output Frequency for Differential Outputs

Applicaiion(s) e Ultra-Low Additive Phase Jitter: <0.03ps (typical) (Differential
156.25MHz, 12KHz to 20MHz Integration Range)
* Networking Systems, including Switches and Routers o Selectable Reference Inputs Support Either Single-Ended
e High-Frequency Backplane-based Computing and Telecom or Differential or Xtal
Platforms o Low Skew Between Outputs Within Banks (<40ps)
e Low Delay from Input to Output (Tpd typical <1.5ns)
Block Di agram e Separate Input Output Supply Voltage for Level Shifting
e 2.5V/3.3V Power Supply
CLKout_TYPE[1:0] ¢ Industrial Temperature Support
QA0:1] e Totally Lead-Free & Fully RoHS Compliant (Notes 1 & 2)
: e Halogen and Antimony Free. “Green” Device (Note 3)
X1 050 ¢ For automotive applications requiring specific change control
CLKO CLKout_TYPE[1:0] (i.e. parts qualified to AEC-Q100/101/104/200, PPAP capable,
nCLKO QB[0:1] and manufactured in IATF 16949 certified facilities), please
CLKA : contact us or your local Diodes representative.
ne V; Ref Out https://www.diodes.com/quality/product-definitions/
U SETT] e Packaging (Pb-free & Green):
REFout En — Sync e 32-pin, TQFN (ZH)
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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Pin Description
Pin # Pin Name Type Description
1,8,17,24 | GND Power Negative power supply.
25 NC - Not Connect.
2,5 Vida Power Power supply for Bank A Output buffers. Vy,, operates from 3.3V or 2.5V.
13 CLK_SELO Input Clock input source selection pin. Has internal pull down.
16 CLK_SEL1 Input Clock input source selection pin. Has internal pull down.
14, CLKO
Input Differential clock input has internal pull up/down in DC offset.
15 nCLKO
27, CLK1
Input Differential clock input has internal pull up/down in DC offset.
26 nCLK1
11 XTAL_In Input Input for crystal, XO, or single ended clock.
f L.L Xtal floating if Xtal_In is dri ingl
12 XTAL_Out Output Output for crystal. Leave Xtal_Out floating if Xtal_In is driven by a single ended
clock.
10, 28 Voo Power Power supply for core.
18, nQBl1
Output | Differential output clock.
19 QB1
21, nQBO
Output | Differential output clock.
22 QB0
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Pin # Pin Name Type Description
29 Ref_Out Output | Reference output clock.
7, nQAl

Output | Differential output clock.
6 QAl
4, nQAO0

Output | Differential output clock.
3 QA0
9 CLKout_TYPEO Input Bank A and bank B output buffer type selection pins. Has internal pull down.
32 CLKout_TYPEL Input Bank A and bank B output buffer type selection pins. Has internal pull down.
ePad ePad GND Connect to the PCB ground.
20,23 Vaas Power Power supply for Bank B Output buffers. V45 operates from 3.3V or 2.5V.
30 VddRef Power | Power supply for reference clock output.
31 RefOutEn Input REFout enable pin. Has internal pull down.
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Function Table

Table 1: Input Selection

CLK_SEL1 CLK_SEL0 Selected Input
0 0 CLKO0, nCLKO
0 1 CLK1, nCLK1
1 X XTAL_In

Table 2: Differential Output Buffer Type Selection

CLKout_TYPE1 CLKout_TYPEO CLKoutX Buffer Type (Bank A and B)
0 0 LVPECL
0 1 LVDS
1 0 HCSL
1 1 Disabled (Hi-Z)

Table 3: Reference Output Enable

REFout EN REFout STATE
0 Disabled (Hi-Z)
1 Enabled

Table 4: CLKx Input vs. Output States

State of Selected Input Clock State of Enabled Outputs

CLKx and nCLKx
Logic Low
Inputs Floating

CLKx and nCLKx
Inputs Shorted Together

Not Supported. Output is Undefined

CLKx Logic Low Logic Low
CLKx Logic High Logic High
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Maximum Ratings
(Above which the useful life may be impaired. For user guidelines, not tested)
Storage TemPpPerature.......oovcveeeereueereeeesersensersensenes -55to +150°C | Note:
Supply Voltage to Ground Potential (Vp, Vppe)... -0.5 to +4.6V Stresses greater than those listed under MAXIMUM RATINGS
Inputs (Referenced to GND) .....ccevuvrereureenienennee -0.5to Vp,+0.5V | may cause permanent damage to the device. This is a stress rat-
Clock Output (Referenced to GND) -0.5t0V...+0.5v | ingonlyand functional operation of the device at these or any
................. . pp+0.

other conditions above those indicated in the operational sec-
tions of this specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may affect
reliability.

Latch UP e 200mA
ESD Protection (INPUL) ...c.occeeerecrerrccurereecnnne 2000V min (HBM)

Junction Temperature .........ccccccceveevenerereeecrererenenns 150°C max

Power Supply Characteristics and Operating Conditions

Symbol Parameter Test Condition Min. Typ. Max. Units
Voo Core Supply Voltage 2.375 3.465 \%
Voo Output Supply Voltage Voo < Vip 2.375 3.465 A%
All LVPECL Loaded 45 65
Inp Core Power Supply Current ANl LVDS Loaded 50 65
Al HCSL Loaded 50 45 A
All LVPECL Loaded 140 180
Inpo Output Power Supply Current ANl LVDS Loaded 35 46
Al HCSL Loaded 90 125
T, Ambient Operating Temperature®” -40 85 °C
Note:

1. Either T, or Tyused as operating condition

DC Electrical Specifications - Differential Inputs

Symbol Parameter Test Condition Min. Typ. Max. Units
Ly Input High current Input =V, 150 uA

Iy Input Low current Input = GND -150 uA
Cn Input capacitance 3 PF
Vi Input high voltage Vppt0.3 \Y%

Vi Input low voltage -0.3 \Y

Vi, ;rgllljtK Differential Amplitude 0.15 13 v
Ve Common model input voltage 0.25 Vpp-1.2 A%
ISOyux MUX isolation -89 dBc
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DC Electrical Specifications - LVCMOS Inputs
Symbol | Parameter Conditions Min. Typ. Max. Units
Iy Input High current Input = Vy, 150 uA
Ip Input Low current Input = GND -150 uA
Vi Input high voltage Vopp= 3.3V 2.0 Voppt+0.3 A%
Vi Input low voltage Vpp= 3.3V -0.3 0.8 \Y%
Viu Input high voltage Vpp=2.5V 1.7 Vppt0.3 A%
Vi Input low voltage Vpp= 2.5V -0.3 0.7 A%
DC Electrical Specifications- LVPECL Outputs
Parameter Description Conditions Min. Typ. Max. Units
Vou Output High voltage Vipo-1.4 Vopo-0.9 A%
Vor Output Low voltage Voopo-2.2 Vopo-1.7 A%
DC Electrical Specifications- LVDS Outputs
Parameter Description Conditions Min. Typ. Max. Units
Vou Output High voltage 1.4 1.5 1.6 \%
Vou Output Low voltage 1 1.1 1.25 Vv
Vocm Output commode voltage 1.2 1.3 1.45 \%
DVoem Change in Vocm between com- 50 v
pletely output states
Ro Output impedance 85 140 w
DC Electrical Specifications - HCSL Outputs
Parameter Description Conditions Min. Typ. Max. Units
2.5V 660 725 850 mV
Vou Output High voltage
3.3V 700 850 900 mV
Vou Output Low voltage -150 150 mV
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Document Number DS43233 Rev 5-2

www.diodes.com

September 2023
© 2023 Copyright Diodes Incorporated. All Rights Reserved.




DrCOES.

I M € O R P O R ATE D

A Product Line of

Diodes Incorporated

() PERICOM

P16C49S1504T
DC Electrical Specifications - LVCMOS Output
Parameter | Description Conditions Min. Typ. Max. | Units
Vipo= 3.3V +/-5%, Iy, -8SmA 2.3 \%
Vou Output High voltage
Vipo= 2.5V +/- 5%, Loy -8SmA 1.5 \%
Vo= 3.3V +/-5%, I, - SmA 0.5 \%
Vo Output Low voltage
Vppo= 2.5V +/- 5%, I, . 8mA 0.4 \%
Vipo= 3.3V +/-5%, Iy, -24mA 2.1 \%
Vou Output High voltage
Vpo= 2.5V +/- 5%, Loy _ -16mA 1.5 \%
Vopo= 3.3V +/-5%, Iy, - 24mA 1 Vv
VoL Output Low voltage
Vipo= 2.5V +/- 5%, I, _ 16mA 0.8 \%
AC Electrical Specifications - Differential Outputs
Parameter | Description Conditions Min. Typ. Max. | Units
Clock " LVPECL, LVDS 1500
F ock output frequenc MHz
o prbedieney HCSL 250
LVPECL 100 150 300
T, Output rise time From 20% to 80% LVDS 100 150 300 ps
HCSL 300 700
LVPECL 100 150 300
T; Output fall time From 80% to 20% LVDS 100 150 300 ps
HCSL 300 700
LVPECL,
Frequency<650MHz, HCSL 48 52
Vip = 400mV (<250MHz)
LVDS 47 53
4 | Frequency<1GHz, LVPECL 45 55
T Output duty cycle %
one prtcuy ey Vip > 400mV LVDS 45 55 ’
Frequency<1.5GHz,
LVDS 40 60
Vip = 400mV
Frequency<1.5GHz,
V.. > 400mV LVPECL 40 60
LVPECL outputs @ <1GHz 500 1100
LVPECL outputs @ >1GHz 400 1000
Vip Output swing Single-ended mV
LVDS outputs @ <1GHz 250 600
LVDS outputs @ >1GHz 250 550

PI6C49S1504T

Document Number DS43233 Rev 5-2

www.diodes.com
© 2023 Copyright Diodes Incorporated. All Rights Reserved.

September 2023



LN ,ms A Product Line of
iNcCoORPORATED. Diodes Incorporated

(1) PERICOM

P16C49S1504T
Parameter | Description Conditions Min. Typ. Max. | Units
156.25MHz, 12kHz to 20MHz 0.02 ps
T; Buffer additive jitter RMS
156.25MHz, 10kHz to IMHz 0.01 ps
Veross Absolute crossing voltage HCSL 460 mV
DV Total variation of crossing HCSL 140 mV
voltage
4 outputs devices, outputs in same
T Output Skew bank, with same load, at DUT. 15 40 ps
LVPECL, LVDS @ 3.3V, 100MHz 570 ps
Top Propagation Delay
HCSL @ 3.3V, 100MHz 900 ps
Top Valid to HiZ 200 ns
Top HiZ to valid 200 ns
Tpop 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
tyte Rise time, Fall time C, =5pF 0.8 ns
C, = 5pF
Topc Output duty cycle 3.3V, max test freq. 250MHz 45 55 %
2.5V, max test freq. 150MHz
top Propagation delay 3.3V, 25MHz 4500 ps
ts Setup time 300 ps
tsop Clock edge to output disable Ref_Out 2 4 cycles
tsor Clock edge to output enable Ref_Out 2 4 cycles
Vippo= 3.3V + 5% 30 Q
Riyr Output Impedance
Vopo=2.5V +5% 45 Q
Notes:
1. This parameter is guaranteed by design
P16C49S1504T S www.diodes.com September 2023
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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

http://www.pericom.com/pdf/datasheets/se/ GC_GF.pdf
b) FY2500091, SMD 5x3.2(4P), 25M, CL=18pE, +/-30ppm

http://www.pericom.com/pdf/datasheets/se/FY_F9.pdf
¢) FL2500047, SMD 3.2x2.5(4P), 25M, CL=18pE, +/-20ppm

http://www.pericom.com/pdf/datasheets/se/FL.pdf
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Output Skew (TSK)

P16C49S1504T
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LVPECL/ LVDS Output Swing vs. Frequency
LVPECL Vpp vs. Frequency LVDS Vpp vs. Frequency
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Propagation Delay vs Temperature
Propagation Delay vs. Temperature
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1.5GHz LVPECL/ LVDS Waveform

Run Average

h

2.5V LVDS Waveform 3.3V LVDS Waveform
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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 25MHz ~71fS RMS (12kHz to 5MHz). Additive jitter = V(Output jitter? - Input jitter?)
Ref_out 25MHz Phase Noise Plot, VDD = VDDO = 3.3V, 25°C, Driven by 25MHz CMOS XO

£i- Agilent E50524 Signal Source Analyzer

»Phase Moise 10,0045 Rer - 10,0045z
10,00 Canier 25000033 MHz 3 £B15dBm
o F #1{ 10 Hz -g1 /53839 3Ecﬁz
2{ 100 Hz | -120.7114 dEc/He i
2000 3 1 kHz | -146.64948 dBc/Hz it
4y 10 kHz | ~161.2089 dBc/Hz
20,00 5{ 100 kHz -168.2031 dBc Mz
6] 1 MHz | -167.5162 dBc/Hz
40,00 71 & MMz | -167.8438 dBc/Hz
% start 12 kHz
Stop B MHz
0,00 Center 2.508 WHz
Span 4.988 MHz
50,00 = Noize =—
Andlysis Range X: Band Manker
70,00 Andlysis Range ¥z Band Marker
Intg Mojse: -100.5403 dBc / 4.988 MHz
o RMS Notse: 13,2853 prad
! 7EL.42 pdeq
RM§ Jither: 84,602 fsec
50,00 Regidual FM: 36,5806 Hz
1000
1100
1200
1304 i
-140.0
-150.0
3
1600

Phase Moise Star 10 He Stop & MH: [EEEE

Phase Noise: Hold [N ISR ST |Estreer Jstop [5ic]

156.25M LVDS Output Additive Jitter Noise Plot, 3.3V 156.25M LVPECL XO Input, LVPECL output Noise, 3.3V
: ¥ Agilent E5052A Signal Source Analyzer _

% Agilent E5052A Signal Source Analyzer

¥Phase Moise 10.00d6] Fef 0 0008z VPhase Moise 10.000E] Ref 50.00dB</Hz
g0 r Trigger o r Camier 156245173 MHz __ S7e5%ydBim Trigger
! I: 100 Hz | -95.1436 - ! Iy 100 Hz | -93.5440 dBc/Hz -
2 1 k:z 1256488 SB:mZ Trigger to 21 1 knz -125 02021 aacmz Trigger to
-40.00 3: 10 kHz  -146.0819 dBcHz i -40.00 3 10 kHz  -146.3733 dBe/Hz i
4: 100 kHz 14509843 dBc/Mz | Phasofioko | 41 100 kiz  -154,4007 dBc/HZ | Phassfoks |
s0.00 M 5: 1 MMz  -15&.0165 dBc/Hz s0.00 i 1 WHz | -15G.2837 dBe/Hz
S0 »6: 10 MHz_ -157.5945 dBc/Hz H 50 s61 5 MHz | -1E7,9783 dBciHz Hold
X Skart 12 kHz X: Start 12 kHz
£0.00 Stop 20 MHz 50,00 Stop 20 MHZ
center 10,008 MHz Center 10.005 Mz -
Span 19,983 MHz Single: Span 19955 Mz Single:
7000 — Maise — 70,00 — Hoiee —
fnalyzis Range Xi Band Manker ) fnalysis Range X: Band Mankar
20,00 fnaliysis Range Y@ Band Marker Continuous 80,00 Analysig Range ¥: Band Markar Continuous
! Intg Nojse: -54.2337 oBc / 19.69 WHz ! Intg Nojse: -34.3543 dBc / 19.65 MHz
RS Noises 86,5621 rad — RS Noise: 78342 yrad —
-30.00 4.,97683 ndeq 0.0 . mdeg
RMS Jitter: 6848 Fsec Restart RMS 1itfar: 21,431 fsec Bestart
Residual FM: 945.856 Hz Residual FM: 866,37 Hz
-400.00 T Mancal -100.0 ¥ Manual
00 Trigger -110.0 | Trigger
Source Source P
e | tera | e | Inemal |
RET] i Ext Trig Polarity P 30,0 i Ext Trig Polarity .
Meqative Megative
o Average Trigger Lad Average Trigger
1500 g W g | o | -150.0 B W | o
s N i
¥ Return Return
-160.0 kit AP -160.0 3 8 -
A0y Py g = L 0 i s S U]
| IF @ain 20dB | Freq Band [33 Ormit Lo Opt [=150kHz] 853pts
iE

‘ IF Gain 2048 |

2 i 0
_ﬂ@im!ﬂﬂICnrlctﬂ DVIin DVIAttn SdEIExtRefIStanSchZDDl—Dl—Dl Dl:ﬁll _H@HMIH@ICWICHI UVIPUW U\l‘lnttn SdBIExtRefIStupISchZDUl-Ul-Dl 01:45|

3.3V LVDS Output Jitter 88fs vs. Input 72fs 3.3V 156.25M LVPECL Input LVPECL output Jitter 81fs vs. input
jitter 75fs
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Configuration Test Load Board Termination for LVPECL/ LVDS Outputs

LVPECL/LVDS Buffer

*Remove for LVDS

Configuration Test Load Board Termination for HCSL Outputs

3§B Clock
5%
A O
DUT
Rs
330 Clocki#
5%
- = O
R 2pF L 2F
N 49.50 5% T 5%

Configuration Test Load Board Termination for LVCMOS Outputs

3.3V 5%

Vbpo

5pF
GND

i1
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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 = V,,/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
need 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

and V,;, = 3.3V, V_REF should be 1.25V and R2/R1 = 0.609.

. R1
Single Ended é 1K

Clock Input

C1 R2
0.1p 1K

Figure 1. Single-ended Input to Differential Input Device

Vbb

Y|
J1

Power Supply Filtering Techniques
As in 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 0.1uF

an 1uF bypass capacitors should be used for each pin.

: \s)) VDD
:’1 l 1uF
L

Vbbo

0.1pF —/EZF

1.
T

Vbbpo

\—'
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Single Ended Input, AC Couple Single Ended Input, DC Couple
Rs  0.1pF X Rs
1 500 i (Q_s50 ()
50Q
0ApF 0.1uF
Single Ended Input, DC Couple Driving X1 with a Single Ended Input
s O0.1uF 0.1uF
50Q Input
X2

LVPECL, AC Couple, Thevenin Equivalent LVPECL, DC Couple, Thevenin Equivalent

QAn+/ QBn+

QAn-/ QBn-

DDO| RPU | RPD

3.3V |120Q] 820

3.3V |160Q]120Q] 82Q

2.5V 1250Q(62.5Q
2.5V | 91Q |250Q162.5Q
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LVDS AC Couple at Load

QAn+/ QBn+

LVDS
Driver

QAn-/ 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-  0.1pF

Single Ended LVPECL, DC Couple, Thevenin
Equivalent

Single Ended LVPECL, AC Couple, Thevenin
Equivalent

VDDO

RPU

LVPECL
Driver

RPD

QAn-/ QBn-
RPD

0.1uF

QAN+ QBn+ Load

50Q
LVPECL RT 500
Driver
0.1uF pDO| RT =
3.3V |160Q
QAnN-/ QBn- RT 500 Y TS
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LVPECL/ LVDS AC and DC Input Clock IC Crystal Input Guide
*Remove for LVDS Clock IC RF
0.1uF ]
(For AC Couple Only)IN+ DQ
- o C_in C_out
Driver 1% 60q Differentia 1000 XTL_IN XTL_out
= o]
] n T LI cystareny [1C®
1500 (For AC Couple Only) } H } g
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D2 3.15 1325 | 3.35 RECOMMENDED LAND PATTERN
E2 3.15 | 3.25 | 3.35 DATE: 05/25/23
NOTE S P o R o AT ED ® ENABLING SERIAL CONNECTIVITY
1. ALL DIMENSIONS ARE IN mm. ANGLES IN DEGREES. DESCRIPTION: W-QFN5050-32
2. COPLANARITY APPLIES TO THE EXPOSED PAD AS WELL AS THE TERMINALS.
3. REFER JEDEC MO-220. PACKAGE CODE: ZH (ZH32)
4. RECOMMENDED LAND PATTERN IS FOR REFERENCE ONLY.
5. THERMAL PAD SOLDERING AREA (MESH STENCIL DESIGN IS RECOMMENDED) DOCUMENT CONTROL #: PD-2070 REVISION: D

For latest package info.

please check: http://www.diodes.com/design/support/packaging/pericom-packaging/packaging-mechanicals-and-thermal-characteristics/

Ordering Information

Ordering Code Package Code | Package Description Operating Temperature
PI6C49S1504TZHIEX ZH 32-Pin, W-QFN5050-32 -40°Cto 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 (Diodes) AND ITS SUBSIDIARIES MAKE NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, WITH RE-
GARDS TO ANY INFORMATION CONTAINED IN THIS DOCUMENT, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MER-
CHANTABILITY, FITNESS 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 document is intended for skilled and technically trained engineering customers and users who design with Diodes’ products. Diodes’ prod-
ucts 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 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 companies 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 ap-
plications. 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-conditions/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 prohib-
ited 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 connec-
tion 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
inaccuracies, 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, enhance-
ments, 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.

9. This Notice may be periodically updated with the most recent version available at https://www.diodes.com/about/company/terms-and-conditions/

important-notice

The Diodes logo is a registered trademark of Diodes Incorporated in the United States and other countries.
All other trademarks are the property of their respective owners.
© 2023 Diodes Incorporated. All Rights Reserved.

www.diodes.com
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