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Memory-in-Pixel (MiP) LCD & Ay nJ 2f . & A H At /N E 5 B T et h, BRI HE 5 2 R .

i MX RT595 A W/AN N B AN, 435152 FlexlO il SMARTDMA. FlexIO & —AN7] R UG HL B s, $24L 2 1)
- SMARTDMA & —Fh B Ik 8%, T WAEF S~ 10 2 150 L5

BB T —FhFH SMARTDMA FI FlexlO 3REKz) MiP LCD N . il DLl 358 FlexlO fiI
SMARTDMA Z ¥ Ki&E N # ) MiP LCD J# .

2 Memory-in-Pixel (MiP) LCD

A5 EEA 4 Memory-in-Pixel (MiP) LCD.

2.1 Wik

MiP LCD R & & il ZF A TR e ARIEE MR AE — A SRAM, T LIFEBCH EE:(E S RIE L T A7
R . FAERXFPIE DL, F2 A T DAL T ERAR Bk e 425G P ASEIUB AR DR . 12 25 sl T

o O
1T 6 AL FFAT BB S S TS LT R i
o BMEFRZ RGB222 #5350, ALl 64 1 EIR
« BRI 1 SDRAM FH %8s 17 4%
o EORNTREA . . BERET
J& TR FERITFTBE

T R TORIIEAT o, KR ELE P 2E MIP LCD B — M2 JDI AFIZE ), 55— H A Sharp AR
7R H

2.2 FINE

MiP Bf i N 7 & PR ATl % 1 B, A2idJ IDIZEF=1f) LCD 5IUEH, 4k Sharp 47 LCD i
Mo WO BRI S I ARAN R, (HIREMR, Sl 5 A AR T pe e e Ml ) o

# 1. JDI LCD #1 Sharp LCD % N & %S b

JDI's MiP LCD SHARP's MiP LCD

PIN Description PIN Description

XRST Reset signal for the INTB Initial signal for Binary/Gate-
horizontal and vertical driver Driver

VST Start signal for the vertical GSP Start signal for the Gate-
driver Driver

VCK Shift clock for the vertical GCK Clock for the Gate-Driver
driver

ENB Write enable signal for the GEN Gate Enable Signal
pixel memory

HST Start signal for the horizontal |BSP Start signal for the Binary-
driver Driver

HCK Shift clock for the horizontal |BCK Clock for the Bianary-Driver
driver
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2 1. JDILCD #1 Sharp LCD % N& BI%f Le... 4 15t

JDI's MiP LCD SHARP's MiP LCD

R[0] Red image data (odd pixels) |R[0] Red image data (odd pixels)

R[1] Red image data (even pixels) |R[1] Red image data (even pixels)

G[0] Green image data (odd G[0] Green image data (odd
pixels) pixels)

G[1] Green image data (even G[1] Green image data (even
pixels) pixels)

BI[O0] Blue image data (odd pixels) |BJ[O0] Blue image data (odd pixels)

B[1] Blueimage data (even pixels) |B[1] Blue image data (even

pixels)

FRP Liquid crystal driving signal VB Black signal voltage of LCD
("Off" pixel) Inphase signal to VCOM

XFRP Liquid crystal driving signal VA White signal voltage of LCD
("On" pixel) oppsite to VCOM

VCOM Common electrode driving VCOM Common terminal for LCD/
signal duty=50 % Square wave

2.3 FEEMNFP

K1 8o THA MiP LCD (ISR B . A2 IDI B FHER], 471472 Sharp B FPHER . Horb, BaihBbr
o e,

* VST 55 7E VCK 55 ZHifit ), {H GSP {557 GCK 55 Z Jafh 'k .

* B A VCK 15 51033 GCK 15 SR ¥iA T .

* XRSTE S MK HFIS A 2 A VCK I3, 15 INTB AMIRHLPIF GCK {5 58 % .

* ENB {5 *57E VCK {5 51928 3 MU#r 2 5 1%, 17 GEN 7E GCK ({125 3 MLt L /i U1k

BeAh, RTENEEERTESHENFLARE, i %R m#lE 2 e g m.

5 S
XRST ~ INTB
VST |_| GSP
S 53
23 5 481 (483 485 |487 1 1 2) 481 /483
GCK

ENB
_ e~ N pow Low
LSB1 < LSB240
/ active ;! active / [ active X X >O<_\
Data S

VCK

horizontal MSBI MSB240
control signal SPB1 SPB240 .
l_>< horizontal
LOwW control signal | active ;! active /
LPBI LPB240 LPBI1

Bl 1. 3B LR

2.4 KFIS P
K 2 B8 T A MIP LCD KK P A28 JDI JER FPAER], 41452 Sharp 5 FRHER] .
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Gl <
@ L

v N /< N o G GO N G ‘
2 o P A 4 S OUENNY S b y XL><£@>@>.\_

mo T X modmmon

Bl 2. KERF
TR 2 S S W T R
* HCK 13 5%t 5 BCK iy i i B A
* HST 5 5 & i, HCKE5 HA— N4, BSP 55 & FH, BCKESH W/ NN .
* RGB ##lE1E HCK {5 558 2 MW ki%, {H4E BCK A5 55 3 MU RIE.
HoAth — 28 5} P A R I 2 57

2.5 5 T HHLAR

LL JDI (1) LPM012M387D B fil, B 3 SWor 1 BRAEIR oy 5 iR A 7. 24585 80 - 160 17 EUE R, WP E
A 3.

XRST

VST _J_I S

L

5]
=
48 12 163 32'% 3232482 183 485 487
vee LN L L LU L LT
3~162 323
ENB
<
= >
horizontal
control -
signal <« activejf active -
g S <
|| SPB SPB
Data = LOWV
= =
IpB LPB
statel state2 state3 state4 state5

LPB: large pixel bit
SPB: small pixel bit
Horizontal control signal: HST, HCK
Data: R1, R2, B1, B2, G1, G2

Kl 3. F o BB R TV IRAS

1 P 3 R, RS A TR

SR XRSTH 5 R FUIHEIRHLE, i — MRS .
CRE e FEHRA L0 175 79 17), FAHUE VCK 5.
SR EHRA O\ 80 1151 160 47) , Lot AThRME VCK {55
AR RIS\ 161 1751299 1) RS AL
CRETL WL

HEHBATEER, HFEAA=DRE: RE— IRE=FRETL. Sharp ) MiP LCD 47 KL TLAORES
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3 MiP 47810528

3.1 NS

TR ez B 4 Bk

HH SMARTDMA 2 il (% H 8 0

* P4_20: y VST 5 GSP 15 5%k.

* P4_21: A4 FlexIO &k, %t 28 P5_1.

* P4_22: 4y XRST =k INITB 155 £k

* P4_23: 4 VCK 5 GCK 1554k

1 FlexIO 2 il iy & B an -

* P4 24 -P4_29: RGB ##li{5 52k, Shifter0 &/ MEALR Bt 8 LLAs%dE, H Ak 6 17 f i RGBAL
e

* P4_30: 4y ENB 3¢ GEN {554k, Hi shifter0 ) BIT6 %

* P4_31: JJHST 8 BSP 155, tH shifter0 () BIT6 %1l

* P5_0: A HCK 5k BCK #fiLrf#h, e i g d il

FlexIOff % N & 1 :

* P5_1: P4_21 i g4 %) P5_1, 4 shifter JLALRBF, e i 234244 trigger 55«

VCOM Fi+f 4 fi -

* P5_2 & P5_3: 4 VCOM/FRP/XFRP(VCOM/VA/VB) $& it k.

P4_20 GPIO _.)I GSP/VST Loop back clock @2.4MHz
P4 21 GPIO
P4 22 GPIO > INTB/XRST
RT593 P4_23 FXIO D3 > GCK_VCK
P4 24 FXIO D4 BO
P4_25 FXIO D5 Bl
P4_26 FXIO_D6 RO
P4 27 FXIO D7 R1 bit order
P4 28 FXIO D8 GO configurable
P4_29 FXIO_D9 Gl
P4_30 FXIO_D10 GEN/ENB
P4 31 FXIO DI1 BSP/HST
P5 0 FXIO D12 — HCK
P5_1 FXIO D13 <
P5_2 LOW_FREQ CLKOUT > XFRP
P5_3 LOW_FREQ CLKOUT N > FRP/VCOM
K 4. ffER A
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3.2 FlexIO AL &

5 frow, 4G

2T i.MXRT595 f] Memory-in-Pixel LCD 3Xz/j 5

GPIO, FlexIO H T 2 MEA2E, 3 ANERF 2k SzEL MiP 3471 .

input
selection

FXIO_D13
%

31 _ (]
| | | | | | Shiftoult | | | | | output selection
31 0 I ]
I il
[ shifterd FXIO D4
i { FXI(;_DII
| [}
shifter1
» FXIO DI2
[ shiswurt [[]]] [
31 0
li
[ ——— ]
timer A A
selection
timer( timerl timer2 SN
T TN T inside FLEXIO

K 5. FlexlO 3%+

£ 2 R T T %3 64 1 MiP LCD A5 1 FlexIO Ft & .

% 2. MiP LCD #1Hl &

TR B ]

SHIFTCFGO0/1 0x0007_0100 e B R AH 3% (4N OK F A AR AR AR 4T 8 LU o 2504 -

SHIFTCTLO 0x0003_0402 K K% F) FXIO_D4 - D11 &, (e e &% 0 it (s 51 LAt R 3.

SHIFTCTL1 0x0000_0002 ETHREE.

TIMCTLO 0x1A40_0003 16 fiitHiE=, [ FXIO_D13 fE it k55 .

TIMCFGO 0x0170_0000 LGt R AL S o O e DA K KR TN LY EEREE T

TIMCMPO 0x0007 16 fivh Bt

TIMCTL1 0x1643_OF81 Fie X 8 At AR ke A, bR, FXIO_D11 vl A& 51HH, FXIO_
D15 g%t 51 M«

TIMCFGH1 0x0000_2600 AR AR

TIMCMP1 0x0113 B8 i B v HE

TIMCTL2 Ox1E43_0C41 W8 fritHas, WER{ES D15 MENMARES, MARE N D13 &
¥, i3] D12 .

TIMCFG2 0x0220_2600 T

TIMCMP2 0x7901 W8 ALt EEs, w8 MAHENEL, K 8 K L.
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3.3 MiP 5| %l &

MiP LCD IRBh7E b 3RS XA “MiP3IZE” , MIP 5| B HFREME LT —EBSHE, XESHA 6 MiP 5|
BTN . BRI EARE L SR Bk

SHEH

typedef struct mip engine config
{
uint32 t slDelayXrstVst; /* delay from reset signal to vertical start signal
in statel, unit: /5us*/
uint32 t slDelayVstVck; /* delay from vertical start signal to vertical
clock signal in statel, unit: /5us */
uint32 t slTwVstH; /* vst high-level width in in statel, unit: /5us */
uint32 t sl1TwVckH; /* vck high-level width in statel, unit: /5us */
uint32 t s2TwFastVckH; /* high width of fast vck, uint: 20ns */
uint32 t s3DelayShiftClock; /*delay to toggle the first flexio clock(shift
clock) */
uint32 t s3DelayHstHck; /* delay from horizontal start signal to the first
horizontal clock, in state3 */
uint32 t s3HckNum; /* the number of the hck edge, in state3 */
uint32 t s3TwHckH; /* 1/2 cycle of hck, in state3 */
uint32 t s5VckNum; /* num of VCK edge in state 5 */
uint32 t s5ExtraVckNum; /* number of vck between two frames in stateb5 */
}
mip engine config t;
typedef struct smartdma mip display config
{
uint32 t *pdmaStart; /* the start address of data buffer */
uint32 t startline; /* the first line to be updated, index starts with zero
%
uint32 t endline; /* the last line to be updated, index starts with */
uint32 t panelWidth; /* panel width, equal to resolution */
uint32 t panelHeight; /* panel height, equal to resolution*/
uint32 t dataWidth; /* the number of bytes each line, should be a multiple
of 4 bytes*/
uint32 t freq; /* 0: 99Mhz, 1:198Mhz */
mip engine config t *pEnginePara; /* pointer to the paras for MIP engine
mip engine config t */
uint32 t *smartdmaStack; /* the stack defined by software */
}

smartdma mip display config t;

smartdma_mip_display_config_t &4 v () 48K 22 02 H0R Sk S0 fsI_mip_engine_config.h i) fH —— ik
8, ATLUE B AR BB S EE . S0 %40 fsl_mip_engine_config.h Sk firs:

fs|_mip_engine_config.h 3¢

/*! @brief the width of the LCD panel */
#define DISPLAY PANEL WIDTH 240
/*! @brief the height of the LCD panel */
#define DISPLAY PANEL HEIGHT 240
/*! @brief the byte number of data for each line, 4-byte address-aligned
*
/
#define DISPLAY DATA WIDTH ((((DISPLAY PANEL WIDTH >> 1) + 2) + 3) & (~0x3))
/*! @brief the number of lines, each line includes lsb line and msb line */
#define DISPLAY DATA HEIGHT ((DISPLAY PANEL HEIGHT << 1) + 2)
/*! @brief the delay time from toggling the xrst signal
* to toggling the vst signal, unit is 5.05 us
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sy
#define DISPLAY DELAY XRST VST (3)
/*! Q@brief the delay time from toggling the vst signal
* to toggling the vck signal, unit is 5.05 us
*
/
#define DISPLAY DELAY VST VCK (6)
/*! @brief the hold time of VST, unit is 5.05us */
#define DISPLAY TWVSTH (6)
/*! @brief the high-level width of VCK, uint is 5.05us */
#define DISPLAY TWVCKH (13)
/*! Qbrief the high-level width of fast VCK, unit is 20ns */
#define DISPLAY FAST VCK WIDTH (50)
/*! Q@brief the delay time to toggle the first flexio clock, unit is 20ns */
#define DISPLAY DELAY SHIFT CLK (20)
/*! @brief the delay time from toggling the hst signal
* to toggling the hck signal,
* used to configure timerl of flexio, timerl is used to triggle time2

*/

#define DISPLAY_DELAY_HST_HCK (FLEXIO TIMCMP CMP ((2-1)<<8 | (20-1)<x0))
/*! @brief the number of hck, each line, used to configure timer2 of flexio */
#define DISPLAY_HCK_NUM (((DISPLAY PANEL WIDTH >> 1) + 2 - 1))

/*! @brief the low or high width of hck, used to configure timer2 of flexio */
#define DISPLAY HCK WIDTH (2-1)

/*! @brief the number of vck after finishing data sending, in stateb */
#define DISPLAY S5 ~ VCKNUM (4)

/*! @brief the extra number of vck in state5 */

#define DISPLAY S5 EXTRA VCK NUM (2)

BRI EFT R R TSR .

3.3.1 RE K

X SEIEHEIRE W F. US55 7)52 s1DelayXrstVst, s1DelayVstVck, s1TwVstH and
s1TwVckH, 1 & 6 fios:

* s1DelayXrstVst: XRST &% EAWE| VST 55 LA ER, H47 5 us.
* s1DelayVstVck: VST {55 EA#T#E| VCK (55 FFAUTIER, 47 5 us.
* s1TwVstH: VST &5 & P 4EREf A, A7 5 us.

* s1TwVckH: VCK (& 5 i HF4ERE ], #4675 us.

PP AT DL B3 AN DY A S EURHE R 2 A R B S IR S — I PP 285K

¢ sITwVstH_ !
Txrst™is] DelayXrstVst ! <.

vst ' T

le'elastthkII < >
<——»] 51TwVckH

—vck

[ 6. iR S H
LA LPMO12M387D HEHONHI, il 2 HoRE — I 2R, SHOE M KA S H{H Pis:
R — 2B

slDelayXrstVst =3; /* tsXRST=15 us, > 12.8us, DISPLAY DELAY XRST VST used
instead */

slDelayVstVck =6; /* tsVST=30us, > 24 us */

s1TwVstH =6; /* thVvST=30us, >24.8us */
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s1TwVckH =13; /* 65us, > 48us */

3.3.2 RE-ZH

REZTIAEFGREL, BB VCKAE 5 TU#AT. 2 LCD Ji&krh a) G B BT BRI i, 72—
SepUE VCK 8. i 18 7 Fios:

startline
A
e A
K 7. IREZHImE VCK 55
IRAS ) VCK Fe&E A1 #ASZ 4n N A~ S5 :
* startLine: & X FastVCK 5= .
» s2TwFastVckH: = SF4ERRN [a], & X FastVcek B (Bf7 20 ns, 525k 50 %)

PL LPMO012M387D #5480 AT UG RIHTIS A%, i 2 FORES i PR, S E W RS - S4E
FioR:

WE =S HE

startLine=80; /* the start line index is just 80 */
s2TwFastVck=50; /* 50 * 20 ns=lus, DISPLAY FAST VCK WIDTH is used instead*/

3.3.3 R&E==H

PR R I T R R RE, a5 5 B (5 5 H =6 .
* HEEHIE S T ﬁﬂl?iﬂj‘l‘ﬁﬂ VCK FIIAAHHL -
* KRGS H SR I AR = BT FE R, HCK Ml it 8] RS B R VR 4

« SfffE(E T ENB{E ﬁ%zﬂﬂﬂ%um%?ﬁ&o

s ¥¥E{E5. H$% RO, R1, GO, G1, BO, B1.
X B O 248, BARUER T prid

« T VCK 55
-s3DelayShiftClock: & X fih & 55— ML (FlexlO clock) FIZERT, Hf7 20 ns.
-dataWidth: 5 (i FESFITE], RIS $ %5 FlexIO clock B & 4.

“VCK |

FlexIO Clk

's3DelayShiftClock |
e———>

| 8. VCK %% Hl FlexlO clock filt & T 4h 4 i}
-startLine, endLine: #%fil% VCK 5 SIS R, Wl kA& = VCK L4,

AN13942 All information provided in this document is subject to legal disclaimers. © 2023 NXP B.V. All rights reserved.
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high level width is
controlled by dataWidth

startLine J_I_
v
K 9. VCK i % J 34

endLine
* X1 HST 1 ENB (55

X ME 5 F RGB $idl — i sl 5 5 . A mr Ll 204 fill_buffer HST_ENB(uint32_t startline,
uint32_t endline) P& ALK SEBUREE X /ME S, ELFE HST (1 fid & i (8] A vy B P4 RIS R], L& ENB it R I
(1) R ey H T S R I ()

I L |
o b

_HST45?_ %

width of HST width of ENB

K 10. HST 1 ENB {55
« XF HCK (55
-s3DelayHstHck: & 3L HST 55 LFH#5 3] HCK 28— LTHRIER], BT % ¢ X
DISPLAY_DELAY_HST_HCK.
-s3HckNum: & L VCK {55 = FiF B FESF ) 1) HCK 18k, (%5 T % ¢ X DISPLAY_HCK_NUM.
-83TwHckH: & X HCK {5 5 m B P 4ERRIT 18], {H% T % % X DISPLAY_HCK_WIDTH.

~HST

—HCK

5 s3DelayHstHck E
—>

K 11. HCK fH:2:3
TGS, BMAEHEHPECE L.
PL LPM012M387D #&EHe Al 4RIE 4 80 3| 160 /75 &N, HAASHKE W IRE=ZH Pir.

startLine = 80; /* update from line 80 */

endLine = 160; /* update to line 160 */

freq = 1; /* reflect the frequency for SmartDMA*/
datawWidth = 124; /* */

s3DelayHstHck = DISPLAY DELAY HST HCK#

s3HckNum = DISPLAY HCK NUM#

s3TwHckH = DISPLAY HCK WIDTH#
AN13942 All information provided in this document is subject to legal disclaimers. © 2023 NXP B.V. All rights reserved.
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3.3.4 IREVSE
ARZSVUFCRZS —AHF],  Z4RGHE 47 B, 0 ST 45 RAT A AR G — 17, MIP 5] 3875 Bha ) — se i
VCK i 8f, 1 B 12 fin. RSV S

» endLine: #ZHPIRZSIY VCK RGN E .
* lastLine: &l VCK £ E .

endLine

-VCK

lastLine
Kl 12. RENSH
DL LPM012M387D LA, 44 FilHi 2 80 £ 160 178 KK, S8 E 1 RENSH Fios:

endLine=160; /* just equal to the value in state three */
lastLine=239; /* its resolution is 240x240, so is (240-1)*/

3.3.5 RELSH
REFAN—WE G FFRISEHRIRE . @1 B 13 s, A LCD #) VCK {5 S5 EUR M

XRST | sSExtraVckNum=2
s5VckNum=4
“VCK

K 13. REHSH
EZIRE T, AWM SH

* s5VckNum: ##HREA 1A 2 /04 VCK 1.
* s5ExtraVckNum: fZEHPIRAS AT FYM VCK 147

PL LPM012M387D A, BARSHR B RS LSEUE Fis:
RS RS EE

s5VckNum = 4; /* 4 edges of vck after state 4*/
sS5ExtraVckNum = 2; /* a vck exist between two frame */

3.4 (iS5 RMIR
LA LPMO012M387D Bk Jyfl, ZklEr 80 £ 160 ATH, Uik E 25 51 P, W 14 14 Fos.

AN13942 All information provided in this document is subject to legal disclaimers. © 2023 NXP B.V. All rights reserved.

MHAZE L Rev. 2 — 2023410 416 [

11/15



NXP Semiconductors AN13942

#F i.MXRT595 (1) Memory-in-Pixel LCD Zxz)j )3

415:250 ms

=
]
8
]
]
—

:

o 00000 A A
:

- | |
:

OO 00
:

e -

K 14, B0 RERE

4 45w

XN 2GR T anfarfe ] FlexIO A1 SMARTDMA SRR MiP 5478211, 3553 51 840 50 S Bl VR 4n g
B, 1% 8] DSR4 FRAT () 64 f4f) MiP LCD THitR. B EiscErin T

« JDI 4771 64 53447 MiP LCD 5%

* Sharp 77 64 547 MiP LCD 5#

5 ZE R

i.MX RT500 Low-Power Crossover MCU Reference Manual (321 iMXRT500RM)
Using FlexIO for Parallel Camera Interface (3014 AN5275)

Using FlexIO to Drive 8080 Bus Interface LCD Module (324 AN5313)

The specification of LPM012M387D

The specification of LS012B7DD06

o 0N~

6 Note about the source code in the document

Example code shown in this document has the following copyright and BSD-3-Clause license:

Copyright 2023 NXP Redistribution and use in source and binary forms, with or without modification, are
permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the
following disclaimer.

2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the
following disclaimer in the documentation and/or other materials provided with the distribution.

3. Neither the name of the copyright holder nor the names of its contributors may be used to endorse or
promote products derived from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS" AND ANY
EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES
OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT
SHALL THE COPYRIGHT HOLDER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED
TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR
BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN

AN13942 All information provided in this document is subject to legal disclaimers. © 2023 NXP B.V. All rights reserved.
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CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN
ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH

DAMAGE.

7 BiTids

2 3L T B WIUA AR AR AR SORS T i ¥ 58 252

(CAARGEN

A5 =i B

2 2023 4£ 10 H 16 H B 5T Ak svg A% X

1 202346 H 21 H HIR K AR
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Definitions

Draft — A draft status on a document indicates that the content is still
under internal review and subject to formal approval, which may result
in modifications or additions. NXP Semiconductors does not give any
representations or warranties as to the accuracy or completeness of
information included in a draft version of a document and shall have no
liability for the consequences of use of such information.

Disclaimers

Limited warranty and liability — Information in this document is believed
to be accurate and reliable. However, NXP Semiconductors does not give
any representations or warranties, expressed or implied, as to the accuracy
or completeness of such information and shall have no liability for the
consequences of use of such information. NXP Semiconductors takes no
responsibility for the content in this document if provided by an information
source outside of NXP Semiconductors.

In no event shall NXP Semiconductors be liable for any indirect, incidental,
punitive, special or consequential damages (including - without limitation -
lost profits, lost savings, business interruption, costs related to the removal
or replacement of any products or rework charges) whether or not such
damages are based on tort (including negligence), warranty, breach of
contract or any other legal theory.

Notwithstanding any damages that customer might incur for any reason
whatsoever, NXP Semiconductors’ aggregate and cumulative liability
towards customer for the products described herein shall be limited in
accordance with the Terms and conditions of commercial sale of NXP
Semiconductors.

Right to make changes — NXP Semiconductors reserves the right to

make changes to information published in this document, including without
limitation specifications and product descriptions, at any time and without
notice. This document supersedes and replaces all information supplied prior
to the publication hereof.

Suitability for use — NXP Semiconductors products are not designed,
authorized or warranted to be suitable for use in life support, life-critical or
safety-critical systems or equipment, nor in applications where failure or
malfunction of an NXP Semiconductors product can reasonably be expected
to result in personal injury, death or severe property or environmental
damage. NXP Semiconductors and its suppliers accept no liability for
inclusion and/or use of NXP Semiconductors products in such equipment or
applications and therefore such inclusion and/or use is at the customer’s own
risk.

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. NXP Semiconductors makes no
representation or warranty that such applications will be suitable for the
specified use without further testing or modification.

Customers are responsible for the design and operation of their
applications and products using NXP Semiconductors products, and NXP
Semiconductors accepts no liability for any assistance with applications or
customer product design. It is customer’s sole responsibility to determine
whether the NXP Semiconductors product is suitable and fit for the
customer’s applications and products planned, as well as for the planned
application and use of customer’s third party customer(s). Customers should
provide appropriate design and operating safeguards to minimize the risks
associated with their applications and products.

NXP Semiconductors does not accept any liability related to any default,
damage, costs or problem which is based on any weakness or default

in the customer’s applications or products, or the application or use by
customer’s third party customer(s). Customer is responsible for doing all
necessary testing for the customer’s applications and products using NXP
Semiconductors products in order to avoid a default of the applications
and the products or of the application or use by customer’s third party
customer(s). NXP does not accept any liability in this respect.
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All information provided in this document is subject to legal disclaimers.

Terms and conditions of commercial sale — NXP Semiconductors
products are sold subject to the general terms and conditions of commercial
sale, as published at https://www.nxp.com/profile/terms, unless otherwise
agreed in a valid written individual agreement. In case an individual
agreement is concluded only the terms and conditions of the respective
agreement shall apply. NXP Semiconductors hereby expressly objects to
applying the customer’s general terms and conditions with regard to the
purchase of NXP Semiconductors products by customer.

Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from competent authorities.

Suitability for use in non-automotive qualified products — Unless

this document expressly states that this specific NXP Semiconductors
product is automotive qualified, the product is not suitable for automotive
use. It is neither qualified nor tested in accordance with automotive testing
or application requirements. NXP Semiconductors accepts no liability for
inclusion and/or use of non-automotive qualified products in automotive
equipment or applications.

In the event that customer uses the product for design-in and use in
automotive applications to automotive specifications and standards,
customer (a) shall use the product without NXP Semiconductors’ warranty
of the product for such automotive applications, use and specifications, and
(b) whenever customer uses the product for automotive applications beyond
NXP Semiconductors’ specifications such use shall be solely at customer’s
own risk, and (c) customer fully indemnifies NXP Semiconductors for any
liability, damages or failed product claims resulting from customer design and
use of the product for automotive applications beyond NXP Semiconductors’
standard warranty and NXP Semiconductors’ product specifications.

Translations — A non-English (translated) version of a document, including
the legal information in that document, is for reference only. The English
version shall prevail in case of any discrepancy between the translated and
English versions.

Security — Customer understands that all NXP products may be subject to
unidentified vulnerabilities or may support established security standards or
specifications with known limitations. Customer is responsible for the design
and operation of its applications and products throughout their lifecycles

to reduce the effect of these vulnerabilities on customer’s applications

and products. Customer’s responsibility also extends to other open and/or
proprietary technologies supported by NXP products for use in customer’s
applications. NXP accepts no liability for any vulnerability. Customer should
regularly check security updates from NXP and follow up appropriately.
Customer shall select products with security features that best meet rules,
regulations, and standards of the intended application and make the
ultimate design decisions regarding its products and is solely responsible
for compliance with all legal, regulatory, and security related requirements
concerning its products, regardless of any information or support that may be
provided by NXP.

NXP has a Product Security Incident Response Team (PSIRT) (reachable
at PSIRT@nxp.com) that manages the investigation, reporting, and solution
release to security vulnerabilities of NXP products.

NXP B.V. — NXP B.V. is not an operating company and it does not distribute
or sell products.

Trademarks

Notice: All referenced brands, product names, service names, and
trademarks are the property of their respective owners.

NXP — wordmark and logo are trademarks of NXP B.V.
i.MX — is a trademark of NXP B.V.

© 2023 NXP B.V. All rights reserved.
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Please be aware that important notices concerning this document and the product(s)
described herein, have been included in section 'Legal information'.
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