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. Application (M)

This data sheet is to introduce the specification of EQT686BKV541L active matrix 16.7M color
TFT LCD module.

Main color LCD module is controlled by Driver IC NV3051F.

If any problem occurs concerning the items not stated in this specification, it must be solved
sincerely by both parties after deliberation.

As to basic specification of driver IC refer to the IC specification and handbook.

IR N T N4 EQT686BKV541L H A [ 16.7M 4 TFT LCD BLE (1A .
FRAOTR b s IK B8 - NV3051F 454

AFVE AR FH B A A, X7 A R A v o

X IC LA M SIE (IC #A&0) AAHSE (T

Construction and Outline (&#5X4)

Construction: LCD panel, Driver (COG), FPC with electric components, 12 White LED lump, prism
sheet, diffuser, light guide and reflector, plastic frame to fix them mechanically.

There shall be no scratches, stains, chips, distortions and other external drawbacks that may affect
the display function.

In order to realize thin module structure, double-sided adhesive tapes are used to fix LCD panels.
As these tapes do not guarantee to permanently fix the panels, LCD panel may rise from the
module when shipped from factory.

So please make sure to design the system to hold the edges of LCD panel by the soft material
such as sponge when LCD module is assembled into the cabinet.

SERORETEIAR, BRB)ER COG, HHL T ufhf FPC, 12 MEJs LED B, i, ¥ #kds, 6
RIS &%, SRHHESRHUR R 5 -

ANREAT AT BEREIA R DI BERIRIIR . 53k, R W AR A AN .

N T SEDLHE AR H A, SR PO B ] R VR T AR o P TS R T AN BE DRAIE 7K A AT 24T T
B, LCD MIRAEH ) I T BE = MR A FZ 2

JIT AE VR St A R 2 BB AN REAR IS, 15 55 0B A0 ) BE T 130 P T 4 55 SRR S8 VAR TR 320
%.
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3. Mechanical Specification (S )

No. Item Contents Unit
1 Screen size (JFHR ) 6.86 inch
2 Display mode (& ) Normally black /
3 View Angle (L) FULL VIEW /
4 Display format (4>#i%) 480X RGB X 1280 /
S Outline Dimensions (4MER) | 66.8(W)X 181.2(H)x4.7(D) mm
6 Active area ( LRiEED 60.19(H) X 160.51(V) mm
7| Cover Glass View area (:5#% VA) | -- mm
8 Interface type (f%125%) MIPI /
9 Color Depth (it i) 16.7M /
10 | Module power consumption (%4 8D W

Dh#E)
11 Back light type (#625%) LED /
12 Driver IC (¥K3) 1C) NV3051F /
13 Weight (H &) TBD G

Note 1: Not include FPCs & Bezel extrude stucture.

#ik 1 AR AT IR i

4. ABSOLUTE MAXIMUM RATINGS (4%} 5 5 8 2 )

Item Symbol Min. Max. Unit Note
Power supply input voltage for TFT
VDD -0.3 +6.6 \%
(TFT HLEA LD
I/O logic voltage (I/O %) VDDI -0.3 +4.5 \%
Operation temperature (GiZ{TiR%) Top -20 +70 °C
Storage temperature (fif {77 ) Tst -30 +80 °C
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5. ELECTRICAL CHARACTERISTICS (HA4%M:)
5.1 TFT DC CHARACTERISTICS(at Ta=25°C)
TFT E i (at Ta=25°C)
Item Symbol Min. Typ. Max. Unit | Note
Power supply input voltage (Hi 5% A\ HL K ) VDD 2.5 2.8 6.0 \%
I/0 logic voltage (I/O &% &) VDDIO 1.65 1.8 3.6 \Y
Input voltage 'H' level (i X\ HLE & 7KF) VIH 0.710vCC - IOVCC \Y;
Input voltage 'L' level i N\ HLEfR/KTF) VIL VSS - IOVCC \Y
Power supply current (LI FLID VDD - TBD - mA
/0 logic voltage current  (1/O ##HIEH#) | IVDDIO - TBD - mA
TFT gate on voltage (TFT[ 13T JFHE) / VGH v
Input positive voltage (% A\ 1E# FLJE )
TFT gate off voltage (TFT/J=MAHE) / VGL v
Input Negative voltage (it A\ i b% B & D
Analog power supply voltage (BHlHJEHE) | AVDD - - - \Y
TFT input common mode voltage
VCOM - - - \% Note1
(TFTHm AL H 4D

Note1 : The value is just the reference value. The customer can optimize the setting value by the different D-IC

Vcom must be adjusted to optimize display quality, as Crosstalk and Contrast Ratio etc..

B ZERRSHM, BT AR EIRA e, VCOM AT MR IUL Bon &

B/ R 7 AL R
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5.2 LED back light (E6XT)
At main panel the back light uses 12 pcs edge light type white LED.
TEB YRR TR A 12 BiE ¢ LED 4T
Table 4 (£ 4)
Symbol ( Min. Typ. Max. ( Unit ( R k
Parameter (%) ymno H n _?’p ax. (B n! = en1fr
i) (BR/MED) | GheEfED | KMED e (¥
LED Voltage
VLED 8.8 9.6 10.4 \Y
(LED HJ£)
LED Current
ILED - 140 mA
(LED Hi)
Power Consumption
WLED - 1344 mw
GiRES)
Connection
Type(Serial/Parallel/Other) 3S4P LEDs
RS (BRI TR AR

Note:

*12 pcs of LED
*Please consider Allowable Forward Current on used temperature

*12 kT

V75 RE FCVF Vi BBl P9 1A I 1) R 300 1O 6 TR P

A o—

— PP
PP

PP —

_GK

— b

Fig.1*Schematics drawing of lighting

500cd/m* (Typ)

[f=140mA (8 E HiFE)

600cd/m"(Typ)

If= 160 mAHE & HLH)

Vi=8. 3-10. 4V

(HEEE K1)
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6. Interface signals (ZEO{E%S)

TFT Module Interface description (TFT 8z O#ik)

Interface 1/0 or L.
No. Name connect to Description
1 GND P Ground
2 DOP I MIPI-DSI data Lane 0 positive-end input pin
3 DON I MIPI-DSI data Lane 0 negative-end input pin
4 GND P Ground
5 D1P I MIPI-DSI data Lane 1 positive-end input pin
6 D1N I MIPI-DSI data Lane 1 negative-end input pin
7 GND P Ground
8 CLKP I MIPI-DSI clock Lane positive-end input pin
9 CLKN I MIPI-DSI clock Lane negative-end input pin
10 GND P Ground
1" D2P I MIPI-DSI data Lane 2 positive-end input pin
12 D2N I MIPI-DSI data Lane 2 negative-end input pin
13 GND P Ground
14 D3P I MIPI-DSI data Lane 3 positive-end input pin
15 D3N I MIPI-DSI data Lane 3 negative-end input pin
16-17 GND P Ground
18-19 VCC-1V8 P External logic voltage input voltage
20-23 NC / NC
24 RSTB I LCD reset pin
25-26 NC / NC
27 GND P Ground
28-29 K P Power for LED backlight(Cathode)
30 GND P Ground
31 NC / NC
32-33 GND P Ground
34 NC / NC
35-36 A P Power for LED backlight(Anode)
37 GND P Ground
38-39 VDD-3.3V P External analog voltage input voltage
40 NC / NC
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7. AC CHARACTERISTICS (ZZifififi)
7.1 MIPI Interface Characteristics:
High Speed Mode
Specification a
Parameter Symbol Parameter z Unit
MIN | TYP |MAX
High Speed Mode
DSI-CLK+H- 2 X Ulinst Double Ul instantaneous 222 - 25 ns
DSI-CLK+/-  |Ulmsta , Ulinsta Ul instantaneous Halfs 1.11 = 125 ns
DSI-Dn+/- Tas Data to clock setup time @:135 - - ul
DSI-Dn+/- Ta Data to clock hold time 0.15 - - Ul
DSI-CLK+/- T ancik Differential rise time for clock 150 2 0.3U1 ps
DSI-Dn+/- Tartdsta Differential rise time for data 150 F 0.3U1 ps
DSI-CLK+/- T ana Differential fall time for clock 150 & 0.3U1 ps
DSI-Dn+/- Tardsia Differential fall time for data 150 _ 0.3U1 ps
DSI-CLK+- == = = = =~
1
DSI-CLK- | Wi e T | R
. Ulbst J. Ulivsts |
| | |
5 XUlns |
I |
TR L O S e j\/ Y\f _________ _\/l/
DSI-CLEK- M _Tai e e o | R e e e

DSI-Dod = o o o o o - o st s — _\//
DSI-Dn- "SRR R
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DSI-CLK+/-
DSI-Dn+/-

IV Reference for Differential
Clock/Data input

Full HS swin
Voltage

Figure: AC characteristics for MIPI-DSI High speed mode
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7.2 Lowe Power Mode
Specification .
Parameter | Symbol Parameter Unit
MIN |TYP| MAX
Low Power Mode
" i Length of LP-00, LP-01, LP-10 or LP-11 "
DEER: LR periods MPU Display Module A ) i e
5 Length of LP-00, LP-01, LP-10 or LP-11 5
N1 3 o g ) ) i
DS DO+, e periods Display Modulen MPU > L
DSI- DO+- |TTA-SURED Time-out before the MPU start driving TLPXD - 2XTLPXD ns
DSI- DH/- | TTA-GETD Time to drive LP-00 by display module SXTLPXD - - ns
DSI- DO/~ TTA-GOD I'ime to drive LP-{}{};df;*ll'ernaround request — AXTLPXD ) i 2
DSI- DO+~ | Ratio TLPX Ratio of T LPX]\élllr I'LPXD between MCU and 23 ) 1
isplay module
MCU is controlling 1 Control Change : Display Module is Controlling
| |
Towe  Tosw T | :
DSL DO+ Lo L L3 it |.|'n.1I= | I . Torm y Tomn "
ey romn | S =
DSI-DO- ' ! | | !
‘-I J' ‘.\. | l JF
LP-11 _ LP-10_ _LP-D0_ _LP-10_ _ ! LP-00 ! L LRI LP-11 R
» — > > t i — > >
b | TI-\-‘H:II)‘ I "
Figure: BTA from the MCU to the Display Module
Display Module is Controlling ' Control Change : MCU is controlling
e ™
| |
= = ! | . .
])f..l_] )l|| III')ICI) II]')I\I) A IIJ'N.IL : : III').\I III'IM.
l)f‘gl— l)[l— ‘.. J'r 1'-I.Iu'\-u\l'ill.IF I I J'J_
'l_. 'l I.‘ I I .If
LP-11 LP-10 LP-00 LP-10 1 LP-00 ‘I : LP-10 LP-11
1 f
I Traoon |

Figure: BTA from the Display Module to the MCU
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7.3 DSI Bursts Mode
Specification
Parameter Symbol Parameter Unit
MIN TYP| MAX
[High Speed Data Transmission Bursts
DSI-Drt/- TLPX Length of any J?W-powu‘r 50 . - i
state period
DSI- Dn+/- | THS- PREPARE | T'me © dP"I‘:L; LP-00 to prepare for 40ns+4U - | Ssnsteun |
S transmission ;
THS-  [THS-PREPARE+time to drive HS-(
DSI- Dn+/- |PREPARE+THS-| " N T ’ 145ns+10U1 - - s
ZERO e
Time to enable Data Lane e T
DSI- Dn+/- TD-TERM- EN | receiver line termination measured reach VIERM-EN - 35ns+4 U1 s
from when Dn crosses VIL(max) e ;
DSL Dn+/- THS-SKIP Time-out at R_X to igr}o_rf: ransition ) 55ns+4UI
period of Eo'l 40 ns
Time to drive flipped differential
DSI- Dn+/- THS-TRAIL | state after last pavload data bit of a | max (8UI, 60ns+4UI)| - - o
HS transmission burst )
DSI- Dn+/- THS-EXIT Time to drive LP-11 after HS burst 100 - - i
DSI- Dn+/- TeoT i, oo sWiof TS TRAN ] - osns+i2u|
period to start of LP-11 state :
psi-cLk+400000M00CCONCCO00C0OPCPONCDANOGO00C0000C000000000C00N]
= | 1730 ~wt— T s onerans —aid] us-zerowe— | ne.svc—w ;
Piscon
DSI-Dnt- Termir
FVIH{mIn) — — _E — o Rt P S S
F VIL(max) —_— N = A e —
A Temen(max) \ \ j '{

Figure: High Speed Data Transmission Bursts
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Specification .
Parameter Symbol Parameter - Unit
MIN (TYP | MAX
Switching the clock Lane between clock Transmission and Low Power Mode

Time that the transmitter shall continue sending

|DSI-CLK+/- [TCLK-POST HS clock after the last associated Data Lane has | 60ns+52U1 - - ns
[ransitioned to LP mode
T'ime that the HS clock shall be driven prior to

DSI-CLK+/- [TCLK-PRE any associated Data Lane beginning the transition 8 - - Ul
from LP to HS mode

Ibsi-cLk+/~ [FCLK-PREPARE lime to drive LP-00 to prepare for HS clock 13 . 95 ns
[ransmission
Time to enable Clock Lane receiver line I'ime for Dn

|DSI-CLK+/- |[ITCLK-TERM- EN [termination measured from when Dn crosses ko reach - 38 ns
W iLmax) VTERM-EN

I[CLK-PREPARE  [TCLK-PREPARE + time for lead HS-0 drive
SI- CLK+/- ; : : s =
[PSI- CLK+- | 1oL k-zERO period before starting Clock 30 ™
e et [Time to drive HS differential state after last
o guEr IO RTRA, payload clock bit of a HS transmission burst o & = -
e N T'ime from start of TCLK-TRAIL period to start of 105ns+
DSI-CLK+/- [TeoT LP-11 state - - 12U ns

Disconnect

DSI-CLK+/-

- VIHming — — 7

L VIL(max) —_ T T
Disg

DSkDn+f~ Ter

- VIH(min) — — "

- VIL{max) f_,

Figure: Switching the clock Lane between clock Transmission and Low Power Mode
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7.4 Reset Timing

Short than Sus
RESX et

tlu:.‘fl
Internal : Initial Condition
i Normal Operation >< Reseting (Default for H/W Reset)
VSS=0V, IOVCC=1.65V to 3.6V, VCI=2.5V to 6.0V, Ta =-30°C to 85°C
Symbol Parameter Rg,’:]“d MIN | TYP [ MAX Note Unit
ins
T.ew  |F1) Reset low pulse width RESX 10 - - - us
} When reset applied during
B - B 2 Sleep in mode e
T *2) Reset complete time e =
i _ i 120 When reset applied e

during Sleep out mode

Table: Reset input timing

Note 1: Due to an electrostatic discharge on RESX line spike does not cause irregular system reset according to
the table below.

RESX Pulse Action
Shorter than Sus Reset Rejected
Longer than 10us Reset
S e (It depends on voita];:s:rt; tfrtr::peramrc condition. )

Note 2: During the resetting period, the display will be blanked (The display is entering blanking sequence,
which maximum time is 120ms, when Reset Starts in Sleep Out mode. The displav remains the blank state in

Sleep In mode) , then return to default condition for H/W reset.

Note 3: During Reset Complete Time, ID1/ID2/ID3 and VCOM value in OTP will be latched to internal register.
After a rising edge of RESX, there is a H/W reset complete time (Trest) which lasted 5ms.The loading
operation will be done every time during this reset.

Note 4: Spike Rejection also applies during a valid reset pulse as shown below:

le 10us N
" "l
Reset is accepted
i 10us I
I~ A

——-I I-—-—Z-U-'—r-’—— Less than 20ns width positive spike will be rejected

Note 5. It is necessary to wait Smsec after releasing RESX before sending commands. Also Sleep Out command
cannot be sent for 120 msec.
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POWER SEQUENCE (HJER )

IOVCC and VCI can be applied in any order. IOVCC and VCI can be powered down in any order.

Dunng power off, if LCD 15 in the Sleep Out mode, VCI and IOVCC must be powered down
minmum 120msec after RESX has been released.

During power off, if LCD s in the Sleep In mode, IOVCC or VCI can be powered down minimum
Omsec afier RESX has been released.

CSX can be applied at any timing or can be permanently grounded. RESX has pnority over CSX.
Mote 1: There will be no damage to the display module if the power sequences are not met.

Note 2: There will be no abnormal visible effects on the display panel during the Power On/Off Sequences.

Mote 3: There will be no abnormal visible effects on the display between end of Power On Sequence and
before receiving Sleep Out command.

Also between receiving Sleep In command and Power Off Sequence,

If RESX line 15 not held stable by host dunng Power On Sequence, then it will be necessary to apply a
Hardware Reset (RESX) atter Host Power On Sequence 15 complete to ensure correct operation. Otherwise
function 5 not guaranteed.

The power on/off sequence 15 illustrated below:

6.5.1. Case 1 — RESX line is held high or unstable by host at power on

If RESX line is held High or unstable by the host during Power On, then a Hardware Reset must be
applied after both VCI and IOVCC have been applied — otherwise correct functionality 15 not guaranteed.
There 15 no timing restriction upon this hardware reset.

trem
tfpw=+/- na limit
QvCC \—\
7~ [ Time when the later signal ises up 1o S0% 1 s K
|~ Typical Value. e . g . When VCI comes later, this
/! lime is defines a the cross paint of B80% of 275V | Y

vcl ol 90% of 2.6V e

Time when the former signal falls up 1o 30% ifits

Typical Value. g When VCI comes later, this | ™|

time is defines at the cross point of 90% of 275V,

ned B0% of 2.6V

ffl:ww-c_r-m Bl trpw;;.s::: o) o limiy ¥
R e e T T T o e e e, e et | i
CSX Horl : 4
R e e e e FARY
reweesy=-+-n0 imit

RESX 3;]%.{ /
{Power down in
Sleep Out mode) o Wrewnesz=+/-no limit tfowresa=min. 120ms
RESX 30; 4
(Power down in tfveessz=min, O ——n——
Sleep Out mode)

tframesci=is applied to RESX falling in the Sleep Out Mode.
tfrwmescssis applied to RESX faling in the Sleep In Mode.
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6.5.2. Case 2 — RESX line is held low or unstable by host at power on
If RESX lmne 1s held Low (and stable) by the host durmg Power On, then the RESX must be held
low for minimum 10sec after both VCI and IOVCC have been applied.

trow
tHpw=+/- no limit

1OVCC \
|-

7 Time when the Iatier signal nises up o 0% 11t lE

WVCI L] Typical Value. e . g . When VCI comes later, this
/I ime is defines at tha cross point of 90% of 2.75V , b

not 90% of 2.6V

-

Time when the former signal falls up to 90% if s
Typical Value. e . g. When VCl comes later, this | ™
time is defines at the ooss point of 90% of 275V |
not 90% of 2.8V

trwcax=th no imt {rpacar=+h no lmit

Fereassssssssssssssssssssssssssaensnn -
s e s |

Cax HorL 4

L) #|n
# R R L

tewnez=rmin. 10us

RESX mq;-i/ 5’\
(Power down in ;

+ I ¥
Sleep Out mode) rpwee sx=min. 10us tewrezn=min. 120ms

RESX 30% TZ AL -
(Power down in R =
Sleep Out mode) towseas=is appiied to RESX falling in the Slesp Out Mode.

tfrwaesa=is applied to RESX falling in the Sleep In Mode.

6.5.3. Uncontrolled power off

The uncontrolled power off means a situation when e. g there 15 removed a battery without the controlled
power off sequence. There will not be any damages for the display module or the display module will not

cause amy damages for the host or lines of the interface.

At an uncontrolled power off the display will go blank and there will not be any visible effects within

(TBD) second on the display (blank display) and remams blank until “Power On Sequence™ powers it up.
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9. Optical Characteristics (J&22%HE)
item T H Symbol | Condition | Min. (& | Typ.(% | Max. (& | Unit (32 | Remark
J\ V) AT vy
(FEfD (A /MED HEAE) RED AL (&)
Rise
Response time | (74 Tr Note 1
\ 6=0° - 35 40 ms
(I JRZ ] ) +Fall +Tf FIG.1
CTE
Luminance CGEfE) Br 6=0° 450 500 - Cd/m? Note 3
T FIG.2
Luminance uniformity
9=0° o Note 4
N YU - 80 - %o
CREFERS 511D FIG.2
Note 2
Contrast ratio (XfH/E) CR 0=0° 1000 1500 - -
ontrast ratio ) F|G2
T
°p 75 85 -
QUit:IP)
Viewing Bottom
N 75 85 -
angle(with D Note 6
CR=10 degree
Polarizer) Left FIG.3
) 75 85 -
RLAD (ki)
Right
75 85 -
(@Epub)
White Chromaticity X 0-25 0.28 0-31 i Note 5
e CIE FIG.2
- Y 0.26 0.29 0.32 - CIE1931
Note 5
NTSC (EEMAE) - 65 70 - %
PR ’ FIG.2

Note1. Definition of response time

The response time is defined as the LCD optical switching time interval between “White” state and
“Black”state.Rise time (Ton) is the time between photo detector output intensity changed from 90% to

10%.

And fall time (Torr) is the time between photo detector output intensity changed from 10% to 90%.

For additional information see FIG1.
Note2.Definition of contrast ratio
Contrast ratio(Cr) is defined mathematically by the following formula.

For more information see FIG.2.

Luminance measured when LCD on the “White” state

Contrast ratio=

Luminance measured when LCD on the “Black” state
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Measured at the center area of the LCD
Note3.Definition of surface luminance
Surface luminance is the luminance with all pixels displaying white.
For more information see FIG.2.
Lv = Average Surface Luminance with all white pixels(P1,P2,P3, ...... ,Pn)
Note4.Definition of luminance uniformity
The luminance uniformity in surface luminance is det-ermined by measuring luminance at each test
position 1 through n, and then dividing the maximum luminance of n points luminance by minimum
luminance of n points luminance.For more information see FIG.2.
Yu = Minimum surface luminance with all white pixels (P1,P2,P3,......., Pn)

Maximum surface luminance with all white pixels (P1,P2,P3,......,Pn)
Note5. Definition of color chromaticity (CIE1931)
CIE (x,y) chromaticity,The x,y value is determined by screen active area center position P5.For more
information see FIG.2.
Note6. Definition of viewing angle
Viewing angle is the angle at which the contrast ratio is greater than 10. angles are determined for the
horizontal or x axis and the vertical or y axis with respect to the z axis which is normal to the LCD
surface.
For more information see FIG.3.
For viewing angle and response time testing, the testing data is base on Autronic-Melchers’s
ConoScope or DMS series Instruments or compatible. For contrast ratio, Surface Luminance,
Luminance uniformity and CIE,the testing data is base on TOPCON’s BM-50r BM-7 photo detector or
compatible.

FIG.1. The definition of response Time

>l

Optical
Responsg

white black white

FIG.2. Measuring method for contrast ratio, surface luminance,
luminance uniformity, CIE (x,y) chromaticity
H,V : Active area
Light spot size & =1.5mm (BM-7)50cm distance or compatible distance from the LCM surface to
detector lens.
Test spot position : see Figure a.
measurement instrument : TOPCON’s luminance meter BM-7 or compatible ,see Figure b.
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-.':'; Column e
"'""E‘I L5 A3
¥ i BM-T
Row FIELD=1
P; T FG
ARy AP AP
e Fa CENTER OF THE SCREEN
Figure a Figure b

FIG.3. The definition of viewing angle
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10.LCD Module Outline dimensions (BZH4EE )

1 2 5 6 7 Vo2
21l - — e PIN FUCTION
ML FPCE = PIN] SYMBOL
1 GND
FPCEZ 47t % 2 [ Dop
3 | DON
G331 4 GND
m —*4.7:0.25 S D1P D
z o 6 | DIN
7 | GND
8 CLKP
9 CLKN
10 | GND
1 DeP
12 D2N
13 | GND
14 D3P
15 D3N
16 | GND
17 | GND
18 |VCC-1V8
L 19 |vCC-1v8
=z BOE_6. 86" 20 ﬂm
g y B) 1 21 -
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11.Packaging Specification (GL3EHI#)

1.1 Package quantity in one Box : TBD PCS

1.2 Box Size : TBD mm * TBD mm * TBD mm

1.3 1BOX=TBD CARTON

1.4 1 CARTON = TBD (Full tray) + TBD (dummy / top tray) =TBD tray
1.5 1TRAY =TBD PCS LCM

T WO EE

® R TR BB Y, e
éﬁﬁk@cs#% @) BIEI IR 3) +#EIn— A #310x6=60pcs
WA AR RIS
Tt
BHOKFF
B
C
A
C
B
C
A
(4) HA s (5) 77 A (6) LHE
» e et e SAELRARI T GG, 1L I — P 22, ST bR TR AL
TR A ORI A B, e AGIRAE T, R I AR L, TI4FR . BQR 5 J %
AN e,
REE
% " SMAERRAE I TV
B 2x60=120 PCS/4




