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SPECIFICATION FOR LCM

1.0 General description

1.1 Introduction

LG043J691K is Display model HSD043B9W3-A is a color active matrix thin film transistor (TFT) liquid
crystal display (LCD) that uses amorphous silicon TFT as a switching device. This TFT LCD has a 4.3 inch
diagonally measured active display area with 480x272 (480 horizontal by 272 vertical pixel)resolution.

1.2 Features
TTL Interface

VVYVYYVY

ROHS Compliant

Data enable signal mode
24-bit color depth,display 16.7M colors
Low driving voltage and low power consumption

1.3 General information

Outline Dimension 105.4(H) x 67.1(V) x3.0(body) mm Tolerance: &0.2mm
Display area 95.04(H) x 53.856(V) mm

Number of Pixel 480 RGB(H) x 272(V) pixels

Pixel pitch 0.198 x 0.198 mm

Pixel arrangement Pixels RGB Vertical stripe

Display mode Normally White

Surface treatment TV Film

Driver IC NV3047

Back-light Single LED (Side-Light type)

1.4 Mechanical Information

Module | Horizontal(H) 105.2 105.4 105.6 mm
Size Vertical(V) 66.9 67.1 67.3 mm
Depth(D) 2.8 3.0 3.2 mm
Confidential \Al
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2.0 ABSOLUTE MAXIMUM RATINGS

2.1 Electrical Absolute Rating
2.1.1 TFT LCD Module

Outline Dimension

105.4(H) x 67.1(V) x3.0(body) mm
Display area 95.04(H) x 53.856(V) mm
Number of Pixel 480 RGB(H) x 272(V) pixels
Pixel pitch 0.198 x 0.198 mm
Pixel arrangement Pixels RGB stripe arrangement
Display mode Normally White
Surface treatment TV Film
Weight TBD (Typ.) gram
Back-light Single LED (Side-Light type)

2.1.2 Back-Light Unit

Forward voltage \%i 12 18.9 21 23.1 \ M2
Forward current If 20 -- -- -- mA (H(2) (3)
Power Consumption PBL -- -- -- -- mW

Note:

(1) Permanent damage may occur to the LCD module if beyond this specification. Functional operation should be
restricted to the conditions described under normal operating conditions.

(2) Ta=25+27C
(3) Test Condition: LED current 20 mA

3.0 OPTICAL CHARACTERISTICS

3.1 Optical Specifications

Any unauthorized use is prohibited.

Viewing Angle | Horizontal 8 60 70 - Deg
range Vertical 0 CR>10 40 60 - Deg Note 1
Luminance Contrast ratio CR 6 =0° - 800 - -- Note 2
Brightness YL 220 280 - Cd/em2
Transmittance T (%) 0 =0° 4.0 5.7 - % Note 3
Color Gamut (C light) - 57 - %
. - Xw 0.302
White chromaticity Yw 0.338
Rx -
Red Ry ©=0° TYP - TYP. Note 4
Reproduction G Gx 0.0 5 - +0.05
of color (C-light) reen Gy ) --
Bx -
Blue By —
Response Time Trt Ta=25°C
(Rising + Falling) 6 =0° -- 30 40 ms Note 5
3.2 Measuring Condition
Measuring surrounding: dark room ,LED current IL : 20mA
Ambient temperature: 25+2°C
15min. warm-up time.
3.3 Measuring Equipment
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FPM520 of Westar Display technologies, INC., which utilized SR-3 for Chromaticity
and BM-5A for other optical characteristics. Measuring spot size: 20 ~ 21 mm

Note (1) Definition of Viewing Angle :
Bu

12’ o'clock
> =90°

> =180°

6’ o'clock
D =270°

Note (2) Definition of Contrast Ratio (CR):
Measured at the center point of panel

Luminance with all pixels white
CR =

Luminance with all pixels black
Note (3) Definition of Response Time: Sum of TR and TF

!
white(TFT OFF) | black ,—> /J (TFT ON) white(TFT OFF)
=2
Ir Tr
A —- - — -
s e ——————
Rl e T s B
\
] Y
Optical \
response lo:?/'o ______________________ U AU SO
0% ¢ =
» Time
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Note (4) Definition of optical measurement setup

LCD Panel
Field = 1°
< > Photo-detector (BM-5A)
- 120cm
Note (5) Definition of brightness uniformity
16.7% 50% 83.3%
Y- Ys Y4
O D O 16.7%
Y, Y
9 Yl 5
S O O 50%
Ys Y5 Yo
O SE O 83.3%

(Min Luminance of 9 points)

Luminance uniformity = x100%
(Max Luminance of 9 points)
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4.0 INTERFACE PIN CONNECTION

4.1 Signal of interface

1 VLED- P Power for LED backlight (Cathode)
2 VLED+ P Power for LED backlight (Anode)
3 AGND P Analog Ground

4 VDD I Power for Digital Circuit
5 RO I Red data(LSB)

6 R1 I Red data

7 R2 I Red data

8 R3 I Red data

9 R4 I Red data

10 RS I Red data

11 R6 I Red data

12 R7 I Red data(MSB)

13 GO0 I Green data (LSB)
14 Gl I Green data

15 G2 I Green data

16 G3 I Green data

17 G4 I Green data

18 G5 I Green data

19 G6 I Green data
20 G7 I Green data(MSB)
21 BO I Blue data(LSB)
22 B1 I Blue data

23 B2 I Blue data

24 B3 I Blue data

25 B4 I Blue data

26 B5 I Blue data

27 B6 I Blue data

28 B7 I Blue data(MSB)

29 GND P Ground

30 DCLK I Sample clock

31 DISP I Display on/off

32 HS I Horizontal Sync Input
33 VS I Vertical Sync Input
34 DE I Data Input Enable
35 NC - No connection

36 GND P Ground

37 X R P Touch panel X-right
38 YD P Touch panel Y-bottom
39 X L P Touch panel X-left
40 Y U P Touch panel Y-up
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5.0 Power On/Off Sequence

In order to power on /off correctly, please follow the following recommended
power on /off sequence.

5.1 Power on control

Toom 3 2 frame 1 frame_: 2 frame 1 frame, 2 frames
- - i f R s

e T A Vi | VU s s i ¥

2 frame

STB &

{Serinl command)

VGL ./

AVDD,VINT1 /

VINT3

VGH

VINT2

VCOM | Output = 0V J Normal |

Source output | Output = OV White Nomal |

VLED i

® power on timing sequence

5.1 Power off control

1frame : 1 frame i 1 frame i 1frame ;| 1 frame_ 1frame 1 frame

VDD

veo U T T T T U UL

STB

[Serial command) kY

WGL

VINT1

AVDDVINT3

VGH

VINT2

VCOM | Normal

Output = OV |

Suurceuutput| MNormal [ Mite ] Qutput =0V ]

VLED \
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® power on timing sequence
5.2 Enter and exit standby mode se(ﬂuence

Vayne Enter Standby&quenoe ,—li, Exit Standby Sequence
B [ z |[= 5 s SIS SSE K z z|[ = s|[ e 7 s|[ =

sTB

AVDD

B e

T e T E
——t— e b

VGEH 1]

b bty Rl e e

VCOMD

—_————de e ——— o —

VCOMO=0V

e e e e

ooH Naormal display

| |
I :/_
|

—
\ Mormal

Source cutpit
Seures autput =0V

Normal desplay ooH OW LEVEL

1
T
|
|
4
1
1
T
|
I
|
|
|
I\
|
|
I
LY
|
|

BLEN

Gate
OEV=H

Normal

b

|
|
#
|
I
[
|
I
I
|
I
|
I

-+ —1+-—]-+=+———

6.0 ELECTRICAL CHARACTERISTICS
6.1 TFT LCD Module

Supply Voltage VCC 3.0 33 3.6 A%

6.2 Back-Light Unit
The backlight system is an edge-lighting type with 8LED.

The characteristics of the LED are shown in the followini tables.

LED current IL - 20 - mA ?2)
LED Voltage VL - 23.6 - \4
Operating LED life time Hr 20000 - - Hour 1Q2)

Note (1) LED life time (Hr) can be defined as the time in which it continues to operate under the condition:
Ta=25+3 ° C, typical IL value indicated in the above table until the brightness becomes less than 50%.

Note (2) The “LED life time” is defined as the module brightness decrease to 50% original brightness at
Ta=25"C and IL=20mA. The LED lifetime could be decreased if operating IL is larger than 20mA. The constant
current driving method is suggested.

LED CIRCUIT DIAGRAM: 7x1=2LED

7 77
LED-A BB LED-K

IF=20MA, VF=18. 9V 23. 1
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6.3 DC Characteristics
6.3.1 Absolute Maximum Rating (GND=AGND=(0V)

Power supply voltage 1 Vdd -0.5 - +3.6 v
Operation temperature Topr =20 - +70 C
Storage temperature Tsta -30 - +80 C

Note: (1) All of the Voltages listed above are with respective to GND=0V.

(2) Device is subject to be damaged permanently if stresses belong those
absolute maximum ratings listed above.

6.3.2 TTL mode DC electrical characteristics
(VDDIO=VDD=3.0~3.6V, GND=AGND=0V, TA=-20C~+85°C)

Parameters | symbol | Min. | Typ. | Max. |Unit] Conditions
Digital Block Circuit .
Low Level Input Voltage Vil GND - 0.3xVDDIO| V |Digital input pins
High Level Input Voltage Vih 0.7xvDDIO - VDDIO V |Digital input pins
Input Leakage Current li - - +1 uA |Digital input pins
: ; Digital control input pins
Pull-highflow Impedance Rin 200K ohm VDDIO=3.3V
; Digital input pins
High Level Output Voltage Voh VDDIO-0.4 \% loh=400UA
Digital output pins
Low Level Output Voltage Vol GND GND+04 | V lol=-400UA
Digital Stand-by Current Idst s TBD 18D | ua [CURENEPHIGN-Z, all pins
are default
DCLK=9MHz,
. . Fld=17.28KHz
Digital Operating Current lcc - TBD - mA (@ 24bit RGB mode), no
load
Confidential V.0
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Analog Block Circuit

Analog Supply Voltage AVDD - 5.2 5.6 )
GAMMA reference voltage VDDA 5 5 - \
Step-up Circuit 1 Output Voltage | VINT1 5.8 - - V
VCOMH Output Level VCOMH 2.6 5 V [By VCOMHI[6:0] setting
By VCOML[6:0] setting;
VCOML Output Level VCOML -3 -0.46 V \/COML>VINT3
Feed back voltage for PWM VFB 0.25 0.6 0.8 V |DC-DC operating.
Base drive current for PWM IDRV - 20 - mA [VDD=3.3V
Vo=0.1V ~ 0.5V &
Voltage Deviation of Outputs Vvd y e il AVDD-0.5 ~ AVDD-0.1
- +15 +20 |mV [Vo=0.5V ~ AVDD-0.5V
Dynamic Range of Ouput Vdr 0.1 - AVDD-0.1] V |S1to S720
VCOMH=4V, VCOML=-1V
il cups Ceiee | L8 . TBD - |ma [vcom output=-1v v s.
VCOM
-0.1V
§ VCOMH=4V, VCOML=-1V
High-level Output Current g8 R TorHc - TBD - | mA|vCOM output=av V.s.
VCOM
3.1V
S1to S720;
Source Low-level Output Current| 10OLS TBD - - uA \VO=0.1V.S. 1V
: S1to S720;
Source High-level Output Current| |OHS TBD - - uA \VO=49V S 40
G1 to G544;
Gate Low-level Output Current IOLG TBD - - uA \/O=VGL V.S. VGL+0.5
) G1 to G544;
Gate High-level Output Current | I0OHG TBD - - uA \VO=VGH V.S. VGH-0.5
Analog Stand-by Current last - - 100 uA SIB=L, ol finclion are
shutdown
DCLK=9MHz,
Analog Operating Current IDD - TBD - mA o

(@ 24bit RGB mode), No
load

Confidential
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6.4 AC Characteristics

6.4.1 Input signal characteristics
AC Electrical Characteristics (VDDIO=VDD=3.0 to 3.6v, GND=0V, TA=-20°C to +85°C )

{5—seris
Parameters |symbol| Min. | Typ. | Max. | unit |  Conditions
System operation timing
VDD power source slew time TPOR - - 20 ms |From 0V to 99% VDD
GRB pulse width tRSTW 10 50 - us |[R=10Kohm, C=1uF
|input Output timing
DCLK clock time Tclk 333 - - ns |DCLK=30MHz
DCLK clock low period Tewl 40 - 60 %
DCLK clock high period Tewh 40 - 60 %
Clock rising time Trck 9 - - ns
Clock falling time Tfck 9 - - ns
HSD width Thwh 1 - - DCLK
HSD period time Th 55 60 65 us
HSD setup time Thsu 12 - - ns
HSD hold time Thhd 12 - - ns
VSD width Tvwh 1 - - Th
VSD setup time Tvsu 12 - - ns
VSD hold time Tvhd 12 - - ns
Data setup time Tdasu 12 - - ns
Data hold time Tdahd 12 - - ns
DE setup time Tdesu T2 - - ns
DE hold time Tdehd 12 - - ns
Source output setting time Tsst - - TBD us g)?_ofﬁtgp?z?ogL=2Kohm
Gate output setting time Tgst - - 1200 ns [10% to 90%, CL=60pF
VCOM output setting time Test - - TBD us g;?_of 4tgn?:?0/|;i_=500hm
Time from VSD to 1st line data input| Tvs 3 8 31 Th g;’ 215)5[3:0] seting
3-wire serial communication AC timing
Serial clock Tsck 200 - - ns |For SCL pin
SCL pulse low period Tckl 40 - 60 %
SCL pulse low period Tckh 40 - 60 %
Serial data setup time Tisu 50 - - ns
Serial data hold time Tihd 50 - - ns
Serial clock highlow Tssw 50 - - ns
CSB to VSD Tev 1 us
CSB distinguish time Ted 400 - - ns
CSB input setup time Tesu 50 - - ns
CSB input hold time Tchd 50 - - ns

® TTL mode AC electrical characteristics
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6.4.2 TTL mode data input format

SYNC Mode :
I TV I
m 1
' Tvbp (VDPOL=0) '
VSYNC Tvw | VSYNC back porch
(VDPOL=0)
i H i
i Tvbp (VDPOL=1) ! |
| VBYNC back porch ! !
I ( |
VSYNC \ —
(VDPOL=1) '
'.
I
| : i |
! [ | Tvfp I
l Tvbp ' / Tvdlsp ' VSYNC front!
| VSYNC back port:h I display pen\ 1" porch |
| i 1= |
INPUT
52 ] 4
GROUP
/
» \
’ b
[ Th I
[= =:
I
. Thbp {HDPOL=0) '
HSYNC Thw | HSYNC back porch
(HDPOL=0) - e
|
| Thbp (HDPOL=1) | :
! HSYNCback | \
: porch ; !
HSYNC : ! |
(HDPOL=1) | —
| Tek
| |
[ —
I
{ Thbp | 1 Thip |
' HSYNCback | Thdisp | HSYNC front !
! porch : display period : porch )
L =| | e
Lo B Wll
wws [ FEE00 zmm
o 0 FER0O7/000
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SYNC-DE Mode :

: Tw
| Tvbp (VDPOL=0) !
WEYMNC Tew | VSYNC back porch
(VDPOL=D) - .- -
] i )
| Tvbp (VDPOL=1) | |
| VSYNC back porch | !
l‘-—.’l 1
VEYNC —
(VDPOL=1)

E L8 | Twip ]
| g S Tudisp N lvsYNC front |
| VSYNC back perch : display perod 1 pomh |
INPUT - B S s =
DATA gl N
2= ] 2 ERE0/D000ERS
F 4 | | ~
/ N
" ™ _!
[ |
: Thbp (HOPOL=0)
HSYNC
(HDPOL=0) TN LERSNG bk porch
1 i |
EThbp (HDPOL=1} | |
| HSYNCback | |
i porch : !
HSYNC e i
(HDPOL=1) : = "
' I
| | " i !
| Thbp ! | Thip !
| HSYNCback | Theisp | HSYNC front |
: porch L. display pericd . : porch I
: l | !
DE
: |
DR[7:0
e ) FEFEOO7AO00)
] |
<o 1] 0070006
I |
cerar ] FEECO7A00E
" |
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DE Mode:
) Tv
VEYNC (VSS) T T
I
HEYNC (V5S) i
I
|
e [N I//LHMM//I'H'LHHJ'HW/MW/
! Tvfp |
Tvbp i m_,p { VSYNC from
VSYNC back porch | |Jp y period | porch A
INPUT | :
DATA
= aarao f/DDDD@X
f
/ \
HSYNC (VSS) Thows Thbp | l'.i' \
J \
Thbp - N Thip i
HSYMC back | Thdisp | HSYNC front |
i porch __:_. display period __: porch -
- - T -
I
DE
| |
owva X [ aaw
i ) f ) MII /)DCCH
RGE Mode Selection Table DCLK HSYNC VSYNC DE
{SYNC - DE Mode Input Input Input Input
SYMNC Mode Input Input Input GMND
DE Mode Input GMND GMND Input
Note: Input” means these signals are driven by host side.
Confidential \Al
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6.4.3 Input timing table

Parallel 24-bit RGB Input Timing (PVYDD=VDD=VDDI= 3.3V, AGND= 0V, TA=25°C)

SPECIFICATION FOR LCM

Item Symbol Min. Typ. Max. Unit Remark
DCLK Frequency Felk 8 9 12 MHz
DCLK Period Telk 83 111 125 ns
£ sion Th 485 531 DCLK
Time
Dsplay o .
Period Thdisp 480 DCLK
HSYNC Hack Thbp 30 43 DCLK My s Minkmg
Porch setting
Front "
4 .
Porch Thip £ 8 DCLK
Pulse 3
Width Thw 2 4 DCLK
ok Tv 276 292 H
Time
Display ; S
i Twvdisp 272 H
e Back By V_Blanking
2 y. =
VE¥YNC Porch Tvbp - - - setting
Front . ’
Pk Tvip 2 b 64 H
Pulse
’ % s
Width Tvw 2 4 H

Note: It is necessary to keep Tvbp =12, Tvip =8, Tvw =4 and Thbp =43, Thifp =8 Thw =4 in sync mode.
6.5 Timing Diagram of Interface Signal

6.5.1 3-wire Timing Diagram

\; . of
e Jesu Tehd . Tov P
i “‘V-J‘lll} :75"‘- % -:-’-
SB ,5} . ;
= = I X I
S 5 G0 D D 2 € 3 e ) () €2 U0 3 8 D
Tisu: Tihd E"“i_Tdd
A Az AV AVAVAVA R VAVAVAVAVAVAV
Tsck Tckh
Confidential
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6.5.2 Output Timing Diagram

— AVDD
— AGMD
— VGH

— VGL

— VGH
— VGL

— VCOMH

— VCOML

- ? Th %l

- - —Vce
Hsync \ / /

30
% — GND

- Thso Tsst o o Thso Ts.it’ .

Source output >< ><
Tl
Thgo i ?LJ % hgzv
Gate output il _pl (&
@n line o A\
e
T
Thgz
Thgﬂ'f :} ; “«——> -

Gate output — (—gs 2
@n+1 line s »

11'hvc=_ a0 < hwve |

e -
k1
VCOM o
> Tt

7.0 Reliability test items

Test

High temperature Operation

Ta=+70°C, 120hrs

Low temperature Operation

Ta=-20°C, 120hrs

High Temperature Storage

Ta=+80°C, 120hrs

Low Temperature Storage

Ta=-30°C, 120hrs

Humidity Test

60°C ,Humidity 90% ,96hrs

Thermal Shock Test

-20°C,30min ~ +70°C,30min (10 cycle)

Vibration Test(Packing)

Sine Wave
1.04G, 5~500Hz, XYZ
30min/each direction

Half-Sine, 100G, 6ms, £XYZ, 3 cycle

Confidential
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8.0 OUTLINE DIMENSION

1 | 2 3 4 5
& Hi AT | A 5 A
A0 | 2021-03-06] LHQ
A PIN [FUCTION
1 LEDK
2 LEDA
2 o]
i
(A0 TET0F7'S0 1 LR
s ;B
sz [——————(ONIN2dO Z8) T€'8 B —— [ ke
d 3 VV a1 b0's6 £7°S) [T R6
_ T 1AL s
Lg2
822
it
[~A/6———A/3— A/ 3 t=A/6~| & =
] 5 H EEE
gl T s £
1 -
m £ I
1 | ﬁ
j
Ed I
7 Lighting A 7
B BU-7 WIRFEE500mm WRALE 1° m
.45 10750 ——£0°0F¢ 0=1d+Ddd
Notes: 3 SO0FECOM
o 00FS°61:d
1. RoHS must be complied. f:wwol
2.MModification rev.number
C | 3.Draft angle 1.5° :pq =,
4. () reference dimension, * :critical dimension
5.A11 radii without dimensionRO.3 ,Unspecified Tolerances is:40.20mm
ELECTRICAL/OPRICAL CHARACTERISTICS AT Ta=25C
PARAMETER SYMBO| MIN | TYP | MAX | ONIT REMARK wooee o ;| | G043J691K
Center Luminous Intensity| 1v | 220 | 280 cd/m | TF=20mA (hrts 1)
— MODEL NO. :
. . X 0. 240 0. 340
LCM coordinaies 0250 0950 1F=20mA
Forward Voltage v | 18.9 2l |23 1] v 1F=20mA IF=20MA, VF=18. 9V°23. 1 T e | e A1
. . = mm @=mn Pt S
Reverse OCH.H.@Bﬁ Ir 50 uA R=21V, X1
Luminous Tolerance Ivm | 80 % (min/max) %100 DESIGN it DATEFIA:
ABSOLUTE MAXIMUM RATINGS AT Ta=25°C CHECKED it DATEFIHA:
A AH
D PARAMETER SYMBOL SPECIFICATION UNITS REMARK
Power Dissipation Pd 528 mW x7 APPROVEDfE : DATEEIHA:
Peak Forward Current Irp 20 mA %1
ReverseVol tage VR 5 \i X1
Operaring Temperature Topr —-20 °C T0+70°C °C
Storage Temperature TsT6 -30°C TO+80°C °C

<
D
]
=
£
=
=}
B
=
8]
L
172]
=
=
[
N
N
B
=]
<
N
=
<
=
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9.0 General precaution
9.1 Use Restriction

This product is not authorized for use in life supporting systems, aircraft navigation control systems,
military systems and any other application where performance failure could be life threatening or otherwise
catastrophic.

9.2 Disassembling or Modification
Do not disassemble or modify the module. It may damage sensitive parts inside LCD module, and may
cause scratches or dust on the display. LX does not warrant the module, if customers disassemble or modify the
module.

9.3 Breakage of LCD Panel

8.3.1.If LCD panel is broken and liquid crystal spills out, do not ingest or inhale liquid crystal, and do not
contact liquid crystal with skin.

8.3.2. If liquid crystal contacts mouth or eyes, rinse out with water immediately.

8.3.3. If liquid crystal contacts skin or cloths, wash it off immediately with alcohol and rinse thoroughly with
water.

8.3.4. Handle carefully with chips of glass that may cause injury, when the glass is broken.

9.4 Electric Shock
8.4.1. Disconnect power supply before handling LCD module.
8.4.2. Do not pull or fold the LED cable.
8.4.3. Do not touch the parts inside LCD modules and the fluorescent LED’s connector or cables in order to
prevent electric shock.

9.5 Absolute Maximum Ratings and Power Protection Circuit
8.5.1. Do not exceed the absolute maximum rating values, such as the supply voltage variation, input voltage
variation, variation in parts’ parameters, environmental temperature, etc., otherwise LCD module may be
damaged.
8.5.2. Please do not leave LCD module in the environment of high humidity and high temperature for a long
time.
8.5.3. It’s recommended to employ protection circuit for power supply.

9.6 Operation

8.6.1 Do not touch, push or rub the polarizer with anything harder than HB pencil lead.

8.6.2 Use finger stalls of soft gloves in order to keep clean display quality, when persons handle the LCD
module for incoming inspection or assembly.

8.6.3 When the surface is dusty, please wipe gently with absorbent cotton or other soft material.

8.6.4 Wipe off saliva or water drops as soon as possible. If saliva or water drops contact with polarizer for a
long time, they may causes deformation or color fading.

8.6.5 When cleaning the adhesives, please use absorbent cotton wetted with a little petroleum benzine or other
adequate solvent.

9.7 Mechanism

Please mount LCD module by using mouting holes arranged in four corners tightly.

9.8 Static Electricity

8.8.1 Protection film must remove very slowly from the surface of LCD module to prevent from electrostatic
occurrence.

8.8.2. Because LCD module use CMOS-IC on circuit board and TFT-LCD panel, it is very weak to electrostatic
discharge. Please be careful with electrostatic discharge. Persons who handle the module should be
grounded through adequate methods.

9.9 Strong Light Exposure
The module shall not be exposed under strong light such as direct sunlight. Otherwise, display

characteristics may be changed.
ntal regulations.
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