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LD-24102A Jan. 13. 2012

LD-24152B Mar. 14, 2012 « Change of operation temperature
(63°C (Panel surface) = T70°C(Panel surface))

* Change of storage temperature

(-25°C__ = -30C) [ A1

3 Change of Recommended operation temperature
(+55°C = +70C (Panel surface))
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I. Application
This technical hiterature applies to color TET-LCD module, LQO84V1DG43

These technical literature sheets are the proprietary product of SHARP CORPORATION (SHARP) and include

materials protected under copyright of SHARP. Do not reproduce or cause any third party to reproduce them in any

form or by any means, electronic or mechanical, for any purpose, in whole or 1n part, without the express written
permission of SHARP.

The device listed 1n these specification sheets was designed and manufactured for use in general electronic

equipment.

In case of using the device for applications such as control and safety equipment for transportation (aircraft, trains.

automobiles, etc.), rescue and security equipment and various safety related equipment which require higher

reliability and safety, take into consideration that appropriate measures such as fail-safe functions and redundant

system design should be taken.

Do not use the device for equipment that requires an extreme level of rehiability, such as aerospace applications,
telecommunication equipment (trunk hines), nuclear power control equipment and medical or other equipment for life

support.

SHARP assumes no responsibility for any damage resulting from the use of the device which does not comply with

the instructions and the precautions specified in these technical literature sheets.

Confirm "12. Handling Precautions " item when you use the device.

Contact and consult with a SHARP sales representative for any questions about this device.



2. Overview

LDZ24102B-2

This module 1s a color active matrix LCD module incorporating amorphous silicon TEFT (Thin Film

Transistor). It 1s composed of a color TEFT-LCD panel. driver 1Cs, control circuit and power supply circuit and a

backlight umit. Graphics and texts can be displayed on a 640x3x480 dots panel with 262,144 colors by

supplying 18 bit data signal (6bit/color), four timing signals, +3.3V/5.0V DC supply voltage for TEFT-LCD panel

driving and supply voltage tor backlight.

Viewing angle 1s 12 o clock direction.

Backlight-driving LED controller 1s built in this module.

3. Mechanical Specificalions

Parameter Specifications Unit
Display si1ze 21 (8.4"7) Diagonal cm
Active area 1709 (H)x128.2 (V) mm

Pixel format

640 (H)x480 (V)

(1 pixel = R+G+B dots)

Pixel patch

Pixel configuration

0.267(H)x0.267 (V)

R.G,B vertical stripe

Display mode

Surface treatment

Normally white

Ant-glare

Hard coating 3H =~

pixel

mim

=

Min. . _Typ.

—

Parameter ) _ Max. Unit
Width (220.5) (221.0) (221.5) mim
Unit outhine dimensions ol
Height (151.9) (152.4) (152.9) mm
|Note 3-1]
| Depth TBD | TBD TBD mm
Mass — . IBD 1TBD g

[Note 3-1] Outline dimensions is shown in Fig.1
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4. Input Terminals
4-1. TFT-LCD panel driving
CN1  Used connector: DFOMA-31P-1V(32) Corresponding connector: DF9-315-1V(32)
(Hirose Electric Co.. Ltd.) (Hirose Electric Co., Ltd.)

DF9A-31S-1V(22) (v )
IEEEEEEEEEREEEH
I TTTTTTTTTTT T DF9B-31S-1V(32) ()

CN1 pin arrangement from module surface DF9C-315-1V(22) (v )
(Transparent view) DFOM-31S-1V(32) ( )

(%) Please do not use it besides corresponding connector

Pin No. | Symbol Function Remark

-- Clock signal for sampling each data signal

- Horzontal synchronous signal [Notel ]

Vertical synchronous signal

B R
RED data sienal(LSB)
R] RED data signal (). 4
RED data signal
£ - 218

Wb | =

I

| AN

o0 |

9 | R3 | RED datasignal
RED data signal
[ ] RS RED data signal(MSB)
O o]
[3 GO GREEN data signal{LSB)

GREEN data signal
GREEN data signal
16 G3 GREEN data signal

GREEN data signal

“ GREEN data signalMSB)

BLUE data signal(LSB)
BLUE “data Sl nal

-_

B BLUE data -algml

BLUE data sienal

BLUE data signal(MSB) _
26 GND

- ENAB Signal to settle the horizontal display position
- +3.3/5.0V power supply

+3.3/5.0V power supply
Honzontal display mode select signal
Vertical display mode select signal

& The shleldmg case 1s connected with GND.

|Notel] 480 line, 400 line or 350 line mode 1s 480 lines 400 lines

selected by the polarity combination of the

I

| 9 I\J IQ

I
l

Negative Negative Positive

both synchronous signals.

Negative Positive Negative

| Note]| The horizontal display start timing 1s settled 1n accordance with a nsing tming of ENAB signal.

In case ENAB 15 fixed "Low", the horizontal start timing 1s determined as described 1n 8-2.

Don't keep ENAB "High" during operation.




|Note 3]

R/L = High, U/D = High

SHARP

R/L = High, U/D = Low

¢HVBb

4-2. Backhght driving

R/L = Low, U/D = High

9i1AHC

R/LL = Low, U/D = Low

ddVHS

CN2  Used connector : SMO6B-SHLS-TFE (J.5.T. Mtg. Co. Ltd)
Corresponding connector: SHLP-06V-S-B (J.S§.T. Mfg. Co. Ltd)

VDD
VDD
GND
GND

5. Absolute Maximum Ratines

Symbol

BL-EN
PWM

Power supply

Ground for backlight
Ground for b
ON/OEF control signal for backlight
PWM signal for backlight dimming

for b

acklight

Function

Power supply for backlight
acklight

LDZ24102B—1

D|

Parameter Symbol Condition MIN MAX Unait Remark
Vee Ta=25°"C
Supply voltage
Vb Ta=25"C
Vi Ta=25"C [ Note 1]
Input voltage Vi Ta=25°C [Note 2]
Via Ta=25°C [Note 3]
Storage temperature Tstg -
. - /A S
Operating temperature INote 45,61
Topp -

(Ambient)

(Panel surface)
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[Note 1] CK, RO ~ R5, GO ~ G5, BO ~ BS, Hsync.Vsync,ENAB, R/L.U/D

[Note 2] BL-EN

[Note 3] PWM

[Note 4] Humidity: 95%RH Max. (at Ta=<40"C)
Maximum wet-bulb temperature at 39°C or less (at Ta>40"C)
Dew condensation must be avoided as electrical current leaks will occur, causing a degradation of
performance specifications.

[Note 5] The operating temperature guarantees only operation of the circuit.  For contrast, response time and

other factors related to display quality, judgment is done using the ambient temperature Ta=+25C.

[Note 6] Take care not to overrun ratings above.

6. Recommended operation condition A

Symbol Min. Typ. Makx. Remark

[nput voltage vV, 0 Vee V [Notel]
Temperature Topa -10 | v ) 470 °C [Note3]
(Ambient) (Panel surface)
[Note 1 |CK, RO~R5, GO~GS5, BO~BS35, Hsync, Vsyne, ENAB, R/L, U/D
|INote2]

Vce-turn-on conditions
0.3ms<t] = 15ms
0<t2=20ms VCC VOO

2.8V 2.8V
<3 = s | .
O<t ls Signal S1gnal
s<td v< ’v
15<15 PAOLN pOAV  bev N

Vce-dip conditions
1) 2.5V=Vce<3.0V
td = 10ms
2) Vee<27V

Vce-dip conditions should also tollow the

Vce-turn-on conditions
[Note3 |

Humidity: 95%RH Max. at Ta=40"C.

Maximum wet-bulb temperature at 39 'C or less at Ta>40"C.

1T d

No condensation.



7. Electrical Characteristics
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7-1. TFT-LCD panel driving Ta=25"C
Parameter ‘ Symbol ‘ Min. Typ. Max. Unit Remarks
S - (TBD) (TBD) mA | Vee=3.3V [Notel |
Current dissipation Icc t -
: (TBD) (TBD) mA Vee=5.0V [Notel]
Allowed mput ripple voltage Vep - - 100 [mV p-p| Vce=3.3V

Input voltage ("Low" state)

[nput voltage (“High™ state)

[Note2 |

Input leakage current

(low)

V=0V [Note3]
V=0V [Noted |

Input leakage current

Vi1=3.3V [Note3]

(High) IOHE ( ) - ( ) LA Vi=3.3V [Noted]
Notel | Typical ¢ t situation: 16-gray-bar pattern.
[ e ] ypreat CUITEnt SEHAton Stdy-bdl patietn RGBE RGB RGE RGB RGB
(480]..1“5‘ Mode, VCC2+3.3VJ"'+5.OV) GSO GS1 S8 C GS536B GSHEO
Vv

|Note2| CK, RO~R5, GO~GS5, BO~BS., Hsync, Vsync, ENAB,

R/L, U/D

|Note3| CK, RO~RS5, GO~GS5, BO~BS, Hsync, Vsync, ENAB,

|Note4| R/L, U/D

[ NoteS| See below block diagram of input interface.

L) 12
§ 5

R~ R3
10012

6 6
(GO~ 005

B0~ B3
VS
HS
—
% ENAB
=
CK
-
=
-
@
— o
O 1000 £
- RiL. U/D
VO (

lOK Q2

RO~KS5

(GO~ G5

Bl~DB5

VS

HS

ENADB

CK

R/L, U/D

DI [0nu0))

To the inside of 4 module



7-2. Backhght driving

[t 15 usually required to measure under the following condition.

LDZ24102B-7

Ta=25C+£2C

|Note2] Current dissipation

Typ. value : VDD=+12.0V, Duty=100%

Max. value : VDD=+10.8V, Duty=100%
|Note3| BL-EN 1s connected by the pull-up resistor.

|Note4] PWM 1s connected by the pull-up resistor.

|[NoteS| PWM

(PWM = 1114
Duty 10% : Min. Luminance

Duty 100% : Max. Luminance

Luminance changes in proportion to the duty ratio.

(113=500 u s)

When the frequency slows, the display fineness maght decrease.

[Note6] Luminance becomes 50% of an initial value. (Ta=25C., PWM=100%)

Parameter Symbol [ Min. Typ. Max. Unit Remarks
| Supply voltage [Notel|
Current dissipation [Note2]
| Permissive input ripple voltage | Vgp L ) ) _ 200 mVp-p
BL-EN High Vigsies| 30 - (3.6)
| [ [Note3]
input voltage | Low VN 0 - (0.4) Vv
PWM High Vi rwn | B0 - (3.6)
' [Noted |
input voltage | Low Vil pwM 0 - | (0.4) Vv
[nput leakage current [ () - | () |  mA
PWM frequency fowm (200) - (1,000) Hz
- N [NoteS]
PWM duty ratio Dpwm (10) | - | 109_ Yo
o L (50,000) . Reference value
ife time ) -
(module]' 7 Note6]
|Note | On-off conditions for supply voltage.
09 Veo 09 Veo
13 Vo —. 0us = 7= (200)ms
Veo ts Oms = 8= (TBD)
tio Oms = 9= (TBD)
YETABY (s = tlo
(100)ms = tll1= (TBD)
VBR »A
Back lght
(LED) OFF OFF

twe
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|Note7| When PWM signal 1s set "LOW™ more than 10ms, please turn oft V).

It PWM signal 1s input without reset of Vpp ,Softstart tuncion of LED driving circuit 1s invalid

and inrush current may occur.

OK NG

/ \ / Voo over 1{ims

over 10ms |—
PW M L ' | | PW M | [

8. Timing Characteristics of input signals
Timing diagrams of input signal are shown 1n Fig.2.

8-1. Timing characteristics

TH 3000 | 31.78
750

Horizontal
sync. signal

Cycle

. —
¥ ol

I r

clock
200 -
560 480line mode
449 480 400line mode
4%9 510 350line mode
- 34 -
640 640 -

TH-THp clock -

Parameter Min. Typ. Max. Remark
Frequency 1/Tc - 25.18 28.33 MHz -
 Hightme | Teh | 5 | - | - | '»s | -
Duty ratio Th/T 40 50 Je
Data (Setuptime | Tds | 5 | - | - | ms | -
Hold time Tdh : = ns -
900 e

H .
L
o
|  —
-

_—
O
-y

Pulse width
Cycle

-
<
U
U
L
-
U

Vertical
sync. signal

Pulse width

HH
=¥ go|

—

o

e
OHi.—.ﬁH
- ~1| D

Hori1zontal display period
Hsync-Clock

phase difference
Hsync-Vsync TVh
phase difference

T ==

[Note] In case of lower frequency, the deterioration of display quality, tlicker etc., may be occurred.

8-2. Horizontal display position

The horizontal display position 1s determined by ENAB si1gnal and the input data corresponding to the

risig edge of ENAB signal 1s displayed at the left end of the active area.

es > -

Enable Setup tume T
signal Pulse width 2
Hsync-Enable signal THe R -
phase difference

|Note] When ENAB 1s fixed "Low", the display starts from the data of C104(clock) as shown 1n Fig.z-@“f'@.

When the phase difference is below 104 clocks, keep the “High™ level of ENAB signal longer
than 104-THe clocks. If 1t will not be kept, the display starts from the data ot C104 (clock).

Be careful that the module does not work when ENAB 1s fixed "High".
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8-3. Vertical display position

The vertical display position 1s automatically centered n the active area at each mode of VGA, 480-, 400-, and
350-line mode. Each mode 1s selected depending on the polarity of the synchronous signals described 1n 4-1
(Notel).

In each mode, the data of TVn 1s displayed at the top line of the active area. And the display position will be

centered on the screen like the following figure when the period of vertical synchronous signal (TV) 1s typical

value.

In 400-, and 350-line mode, the data 1n the vertical data invahd period 1s also displayed, so, inputting all data "0

18 recommended during vertical data invahd period. ENAB signal has no relation to the vertical display position.

Mode V-data start V-data penod V-display start V-display penod | Unut Remark
(I'Vd) (I'Vn)
480 480) 34 B
400 400 443-TV
350 61 350 445-TV -

dala mva. 1a perod 40 ines

-ﬁ dita tnval 1d perind 6 2 laes
- - - -
. h

il 7 |*|':'||'|| '.':..cll 3 WL NG

300 |ines | 330

—

4 0] daza mval od porind 6 2 laes

100 1ines mode (TV=449) 350 lines mode (TV=449)

dalsy wnve. 1 perod

8-4. Input Data Signals and Display Position on the screen
Display position of input data (480 line mode)
(H, V) upP

' D1,DH1 D2,DH1 D3,DHI D640.DH1

D1,DH2 D2,DH2

D1,DH3

D1,DH480 D640,DH480
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9. Input Signals, Basic Display Colors and Gray Scale of Each Color

Colors &

Data signal

R2 R3 R4 R5|GO Gl G2 G3

Gray Scale | RO R

Gray scale

G4 G5
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BO Bl B2 B3 B4 BS

— lo 0o 0o 0o o of0o 0o 0o 0 0 0[O0 0 0 0 0 O
- 0O 0 0 0 0 0l0 0 0 0 0 0 m
B N S K NN S S R S SRR

S| Red | — |1 1 1 1 1 1[0 0 0 0 0 0[0 0 0 0 0 0
s _ 1 1 1 1 1 1/o o o o 0 0 m

_ 11 1 11 m 0 0 0 0 0 0

0 0 0 0 0 0|0 0 0 0 0 o0

0 0 0 0 0 0|0 0 0 0 0 o0

O 0 0 0 0 o0lo o o 0 0 o

Py JO 2[0S ArIn

»)
=
el
¥ g
v
E
1%
=
-
n.
4"
—

anjg Jo Jedg Avin

0 :Low level voltage, 1 : High level voltage

Each basic color can be displayed 1n 64 gray scales from 6 bit data signals. According to the combination of total 18

bit data signals, the 262, 144-color display can be achieved on the screen.
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10. Optical Characteristics
Ta=25C, Vee=+3.3V / +5.0V

Typ.

Viewing | Horizontal | 6 21, 622 CR>10 - Deg. [Notel |
angle Vertical m - - Deg. |Noted |
ange 50 |- | Des

Contrast ratio Optimum - [Note2 |
viewing [Noted |
Response Rise - ms [Note3]
lime | Decay - ' ms | [Noted |
Chromaticity of white 363) | | |Noted |
379)

Luminance of white - cd/m”
White Uniformity 145 | ' Note5]
0 clock INote6]

|Note| The measurement shall be executed 30 minutes atter ighting at rating.
The optical characteristics shall be measured 1n a dark room or equivalent state with the method shown

in Fi1g.3 below. (condition: PWM Duty=100%)

Photodetector
Viewing angle/Response time : BM-5A (TOPCON)
Contrast ratio/Luminance of white/Chromaticity : SR-3(TOPCON)

Field= 1

400mm

TFT-LCD module LCD panel

Center of the screen

Fig.3 Optical characteristics measurement method
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|Notel | Definitions of viewing angle range:

Normall line

‘4’clock direction

[Note2| Definition of contrast ratio:
The contrast ratio 1s defined as the following.

Luminance (brightness) with all pixels white
Contrast Ratio (CR) =

Luminance (brightness) with all pixels black
|Note3| Definition of response time:

The response time 18 defined as the following figure and shall be measured by
switching the input signal for "black™ and "white™ .

white black - white
100%
- 90%
—
=
- |
° o
= |
5
o >
L L e
- > 10%
SE 0% = /
a":o_ 2 td
~—" r . =
time

[Noted| This shall be measured at center of the screen.

[Note5| Definition of white uniformity: 160 320 480 pixel
White uniformity is defined as the E

following with five measurements
(A~E).

5 Maximum Luminance of five points (brightness)
“r:

Minimum Luminance of five points (brightness)

[Note6] The optimum viewing angle of this module (0,,,, ) 1s slightly :
leaned to 12 o'clock from normal line.

Where 0, = 0,,,., gray scale 1s reversed partially.

Where 0 << 04ax , or 6 0'clock direction, gray scale 1sn’t reversed.

1. Display Quality
The display quality of the color TET-LCD module shall be in comphance with the Incoming Inspection Standard.
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12. Handling Precautions

a) Be sure to turn off the power supply when 1nserting or disconnecting the cable.

b) Be sure to design the cabinet so that the module can be 1nstalled without any extra stress such as warp or twist.

¢) Since the front polarizer 1s easily damaged, pay attention not to scratch 1t.

d) Wipe off water drop immediately. Long contact with water may cause discoloration or spots.

¢) When the panel surface 1s soiled. wipe 1t with absorbent cotton or other soft cloth.

[) Since the panel 18 made of glass, 1t may break or crack 1f dropped or bumped on hard surface. Handle with care.

g) Since CMOS LSI 1s used 1n this module, take care of static electricity and injure the human earth when
handling.

Observe all other precautionary requirements in handling components.

h) Since there 1s a circuit board 1in the module back, stress 18 not added at the time of a design assembly.

Please make 1t like. If stress 1s added, there 18 a possibility that circuit parts may be damaged.

1) Protection film 1s attached to the module surface to prevent it from being scratched.

Peel the film off slowly, just betore the use, with strict attention to electrostatic charges.
Blow oftf 'dust’ on the polarizer by using 1onized nitrogen.

1) The polarizer surface on the panel is treated with Anti-Glare for low reflection. In case of attaching
protective board over the LCD, be careful about the optical interface fringe etc. which degrades display quality.

k) Do not expose the LCD panel to direct sunlight. Lightproof shade etc. should be attached when LCD panel 1s
used under such environment.

1) Connect GND to 4 place of mounting holes to stabilize against EMI and external noise.

m) There are high voltage portions on the backhght. It 1s very dangerous to touch carelessly.

[t may lead to electrical shock. When exchanging lamps or getting service, turn off the power without fail.

n) When handling LCD modules and assembling them into cabinets, please be avoid that long-term storage in the
environment of oxidization or deoxidization gas and the use of such materials as reagent, solvent, adhesive,
resin, etc. which generate these gasses, may cause corrosion and discoloration of the LCD modules.

0) Cold cathode fluorescent lamp in LCD panel contains a small amount of mercury, please follow local
ordinances or regulations tor disposal.

p) Be careful of a back light lead not to pull by force at the time of the wiring to an inverter, or line processing.

q) When install LCD modules in the cabinet, please tighten with “torque=0.294=0.02N-m(3.02=0.2kgf-cm)".
Be sure to confirm it in the same condition as it 1s installed in your instrument.

r) Liquid crystal contained 1n the panel may leak 1f the LCD 1s broken. Rinse 1t as soon as possible 1f 1t gets inside
your eye or mouth by mistake.

s) Notice: Never dismantle the module, because 1t will cause failure.

Please don't remove the fixed tape, insulating tape etc. that was pasted on the original module.

(Except for protection film of the panel and the crepe tape(yellow tape) of fixing lamp cable temporarily.)

t) Be careful when using 1t for long time with fixed pattern display as 1t may cause afterimage.
(Please use a screen saver etc., in order to avoid an afterimage.)

u) Adjusting volume have been set optimally before shipment, so do not change any adjusted value.
[f adjusted value 1s changed, the specification may not be satistied.

v) If a minute particle enters in the module and adheres to an optical material, 1t may cause display
non-uniformity 1ssue, etc. Therefore, fine-pitch filters have to be 1nstalled to cooling and 1inhalation hole 1f you

intend to install a fan.

w) The lamp used for this product 15 very sensitive to the temperature.

Luminance decreases rapidly when 1t 1s used for a long time or repeatedly under the environment of the low
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temperature or the module 1s being cooled.

Please avoid the continuous or repeating use of 1t under such an environment.

[t may decrease up to 50% of the imtial luminance 1n about one month under the low temperature environment.

Please consult our company when 1t 18 used under the environment like the above mentioned.

13. Packing form

Product countries (
Piling number of cartons | (
Package quantity in one carton | (TBD)
(
(

Carton si1ze

Total mass of one carton filled
with full modules

Packing form 1s shown (TBD)

I4. Reliability test items A

No.| Testitem Conditions Remark
I | High temperature storage test _ Ta=70C 240h o ¢ -
2 | Low temperature storage test Ta=-30C 240h
3 | High temperature Ta=40C :95%RH 240h

_ & high humidity operation test _ (No condensation) N 7
4 | High temperature operation test Ta=70C (Panel surface) 240h
5 | Low temperature operation test _ Ta_-—-_-l()iC 240h 2\
6 | Vibration test Frequency: 10~357Hz/Vibration width (one side) : 0.076mm
(non- operating) | : 37~500Hz/Gravity : 9.8m/s2
| Sweep time : 11 minutes
Test period : 3 hours (1 hour for each direction of X.Y.Z)
7 | Shock test Max. gravity : 490m/s2
(non- operating) Pulse width : 11ms, half sine wave
' | Direction: =X, XY, TZ once for each direction.
8 | ESD test | Contact discharge (150pF 330Q)
| non-operating = = 10kV, operating = —8kV
Atmospheric discharge (150pF 330Q)
non-operating = 20KV, operating = = 15kV
9 | EMI Measurement 1in [0Om site V(I
Display position on the screen = "H™ (full-screen), (Class B)
GND to 4 place = un-connect, Vcc/ Vsignal = typ.

[Result Evaluation Criterial
Under the display quality test conditions with normal operation state, these shall be no change which

may affect practical display function.
(normal operation state : Temperature:15~35C, Humidity:45~75%, Atmospheric pressure:86~ 106kpa)



15. Others
15-1 Lot No. Label:

Model number

- - -

rrrrrr

CLQO84VIDG43 e

Product countries / Areas

MADE IN JAPAN
MADE IN CHINA

Ty '“‘-‘ Japan
e et reee =T p
- - China
Lot Number.,
23013050003 10102505001,

— [ hscernment code

15-2 Packing box Label:

——  Production month (1-9X. Y. Z)

— Production year (Last digit of dominical vear)

Internal Use Only

R. C.

Serial Na. (5 digits)

—  Assembly site code

imes: (4°S).LQO84VIDGA3 e Model number

Barcode | ) o ‘

e ST .l Lot number (DATL)

Lot NO. - (1TI201 2, 3%, Xk VT

Barcode e m——— N Quantity of module
Quantity:(Q) 3k P Cs /

Barcode [ Bt T o T [
A—H G
S e 2 gl F sl T
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*%R.C. (RoHS Compliance) means these parts have corresponded with the RoHS directive.

15-3 If any problem occurs in relation to the description of this specification , it shall be resolved through

discussion with spirit of cooperation.
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16. Carton storage condition
Temperature 0C tod0C
Humidity 95%RH or less
Reference condition : 20C to35C .85%RH or less (summer)
SC to 15C .85%RH or less (winter)
* the total storage time (40°C.95%RH) : 240H or less

Sunlight Be sure to shelter a product from the direct sunhight.

Atmosphere Harmful gas, such as acid and alkali which bites electronic components and/or
wires must not be detected.

Notes Be sure to put cartons on palette or base, don't put 1t on tloor, and store them with
removing from wall
Please take care of ventilation 1n storehouse and around cartons, and control
changing temperature 18 within limits of natural environment

Storage perniod | year
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