TOSHIBA T6K14

TENTATIVE TOSHIBA CMOS DIGITAL INTEGRATED CIRCUIT SILICON MONOLITHIC

T6K14

COLUMN ROW DRIVER LSI FOR DOT MATRIX GRAPHIC LCD

The TOSHIBA T6K14 is a driver for a small or medium
scale dot matrix graphic LCD, especially for reflecting Unit : mm
color STN LCD. TeK14 LEAD PITCH
This LSI incorporate 65 row output, 128 column output ( 5 0'2'0 g";;
L . UBW, 5N ] .
and 65 x 1.28 X 2 bit bit-map display RAM. It has 4 gray- P ——— oYY
scale function. Agents for each Packaging Outline
The display RAM of this driver is a 2 port RAM so that Dimensions.
the access from MPU is as same as general SRAM and

has no waiting timing.

It include various power circuit, voltage regulator, voltage
divider, Op-amp. contrast control and DC-DC converter
(x 2, x3, x4, x5).

TCP (Tape Carrier Package)

FEATURES

® LCD driver output : 64 row (common) + 128 column (segment) + 128 icons
® Built in display RAM : 65 x 128 x 2 = 16640 bit, 2 port RAM

® Gray scale : 4 gray scale selected

® Word length : 8 bit/word

® Duty cycle : 1/2 duty (power save mode)

1/35, 1/49, 1/57, 1/65 duty selectable (normal display mode)

980910EBE1

@ TOSHIBA is continually working to improve the quality and the reliability of its products. Nevertheless, semiconductor
devices in general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress.
It is the responsibility of the buyer, when utilizing TOSHIBA products, to observe standards of safety, and to avoid
situations in which a malfunction or failure of a TOSHIBA product could cause loss of human life, bodily injury or
damage to property. In developing your designs, please ensure that TOSHIBA products are used within specified
operating ranges as set forth in the most recent products specifications. Also, please keep in mind the precautions
and conditions set forth in the TOSHIBA Semiconductor Reliability Handbook.

@ Polyimide base film is hard and thin. Be careful not to injure yourself on the film or to scratch any other parts with
the film. Try to design and manufacture products so that there is no chance of users touching the film after assembly,
or if they do , that there is no chance of them injuring themselves. When cutting out the film, try to ensure that the
film shavings do not cause accidents. After use, treat the leftover film and reel spacers as industrial waste.

@ Light striking a semiconductor device generates electromotive force due to photoelectric effects. In some cases this can
cause the device to malfunction.

This is especially true for devices in which the surface (back), or side of the chip is exposed. When designing circuits,
make sure that devices are protected against incident light from external sources. Exposure to light both during
regular operation and during inspection must be taken into account.

@ The products described in this document are subject to the foreign exchange and foreign trade laws.

@ The information contained herein is presented only as a guide for the applications of our products. No responsibility
is assumed by TOSHIBA CORPORATION for any infringements of intellectual property or other rights of the third
parties which may result from its use. No license is granted by implication or otherwise under any intellectual
property or other rights of TOSHIBA CORPORATION or others.

@ The information contained herein is subject to change without notice.
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TOSHIBA

T6K14

® Power management

® Clock oscillator

® Power circuit

® CPU interface
® logic operation voltage :

® LCD operation voltage

® CMOS process
® Package

® Low power consumption:
Condition

: Normal mode (Full display)

Power save mode (Icon display)
Stand by mode (Clock stop)

: CR oscillation

Low frequency operation -82kHz oscillation for FR frequency 70 Hz (1/65
duty)

: Voltage regulator, Voltage divider, Voltage follower Op-amp.

DC-DC converter (x 2, x 3, x 4, x 5), Temperature compensation circuit,
Contrast control circuit.

. Interfacing with 68/80 series MPU and Serial Interface

Vpp = 2.4~33V, V|y = 2.7~3.3V

: Vee1, 2 = 6.0~16.5V, if case of used the voltage Regulator, Ve output

voltage at 12.5V or 11.0V (Typ.) Ta = 25°C

: TCP

Igg = 200 A (Typ.)

: Vpp = 2.7V, V|N = 2.7V, using the DC-DC converter (x 5), no data access,

op-amp on, fogc = 82 kHz (internal clock), no load, 1/65 duty,
temperature conpensation circuit off.
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TOSHIBA T6K14

PIN CONFIGURATION

COM32 ] 59
COM31 | 60

com2 | 89 47 |/RD

comM1 | 90 46 | /WR
ICON | 9 45 | D/I
SEG1 | 92 44 | /RST
SFGZ 93 43 | P/S

T6K14 3 |a

(TOP VIEW)

1
SEG127] 218 19 JCiB
SEG128] 219 18
COM33] 220 17 | C2A
COM34] 221 16 | C2B

COM®63 | 250
COM®64 | 251
ICON | 252

Vica
Vics (HVSS)

= NWHAhUTON®WY
<
_
e}
—

(*) : Above drawing describes pin configuration of the LSI Chip, it doesn’t define the tape
carrier package.
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TOSHIBA

T6K14

PIN FUNCTION (1)

PIN NAME 1/0 FUNCTION
SEG1~128 O [Column (segment) drive output
COM1~64 O |Row (common) driver output
ICON O |Row (common) drive output of icon
DBO~7 I1/0 |Data bus
Input for chip select signal
/CS1 I Data write : Data write enable at the rising edge of /CS1.
Data read : Data read out while /CS1 is in “L” level.
Input for chip select signal
Cs2 I Data write : Data write enable at the falling edge of CS2.
Data read : Data read out while CS2 is in “H” level.
Input for Data/Instruction select signal
® D/l = "H" - Indicates that the data of DBO to DB7 is the
D/I I display data.
® D/l ="L"—> Indicates that the data of DBO to DB7 is the
instruction data.
/WR | Input for write enable signal
® /WR = “L" — State of select
/RD | Input for read enable signal
® /RD = “L" — State of select
RS | |Input for register/ mode select signal
Input for parallel interface/serial interface select signal
® P/S ="H" > Parallel interface is selected. SI and SCK must be
P/S I connected to Vpp or Vsgs.
® P/S ="L"—> Serial interface is selected. DBO to DB7, /WR
and /RD must connected to Vpp or Vggs.
Input for 68 series MPU /80 series MPU select signal
68/80 I ® 68/80 = “"H” — 68 series MPU selected
® 68/80 = “L” —> 80 series MPU selected
SO O |Output for serial data
S| | [Input for serial data
SCK I [Input for serial clock
Input for reset signal
/RST ! ® /RST = “L” >  State of select
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TOSHIBA

T6K14

PIN FUNCTION (2)

PIN NAME 1/0 FUNCTION

Input for standby signal

® Usually connected to Vpp
/STB I ® /STB = “L" —> T6K14 is the state of standby.
Column and row drive signal is Vgg level, and
on-chip oscillator is stop.

When using a internal clock oscillator, connect a resistor between
OSC1, OSC2 |1/0|0SC1 and OSC2.

When using a external clock, input the clock to OSC1.
VIN — | Power supply for DC-DC converter
CIN 1/0 |Input for clock of temperature compensation
RU — | Connect with standard resistor
RT — | Connect with thermistor
C1A, C1B — |[Connect with capacitance for x 2 mode
VouT1 — | DC-DC converter output terminal (x2 level)
C2A, C2B — |[Connect with capacitance for x 3 mode
VouT?2 — | DC-DC converter output terminal (x 3 level)
C3A, C3B — | Connect with capacitance for x 4 mode
VouTs — | DC-DC converter output terminal (x 4 level)
C4A, C4B — |[Connect with capacitance for x 5 mode
VouTa — | DC-DC converter output terminal (x 5 level)
VR12 — | LV regulator monitor terminal (Note)
VR32 — | LV regulator monitor terminal (Note)
Vee — |[Power supply for LCD driver circuit
Vee2 — | Power supply for HV regulator monitor terminal (Note)

Power supply for LCD driver circuit
Vico~Vics | — Vics terrziewgl is connect to Vsg. (Note)
Vss, VDD — | Power supply for logic circuit. Ground : Reference

(Note) : Connect the capacitance between this terminal and Vgg.
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TOSHIBA T6K14
PIN FUNCTION (3)
PIN NAME 1/0 FUNCTION
MD | [Mode detect pin for Status Read
Input for master/slave selects
M/S I ® M/S ="H" — T6K14 is master chip
® M/S ="L" — T6K14 is slave chip
Input /Output for shift clock pulse
CL 1/0 ® Master mode (M/S = “H”) - output
® Slave mode (M/S = “L") > input
Input /Output for frame signal
PM 1/0 ® Master mode (M/S = “H”) - output
® Slave mode (M/S = “L") »>input
Input /Output for display synchronous signal
FR 1/0 ® Master mode (M/S = “H"”) - output
® Slave mode (M/S = “L") >input
Input /Output for grayscale signal data
SYNC 1/0 ® Master mode (M/S = “"H") - output
® Slave mode (M/S = “L") »>input
Input /Output for grayscale signal data
CcK 1/0 ® Master mode (M/S = “H") = output
® Slave mode (M/S = “L") = input
PIN FUNCTION (4)
PS [68/80 INTERFACE TYPE /CS1| CS2 | D/I'| RS |/WR|/RD | SO S SCK | DBO to DB7
L 80 series MPU (/CS1) [/CS1 H A0 A1 |/WR | /RD |Open|L/H|L/H | DBO to DB7
H 80 series MPU (CS2) L CcS2 | AO A1 |/WR | /RD |Open|L/H|L/H | DBO to DB7
H 68 series MPU L H A0 A1 |R/W| E |Open|L/H|L/H | DBO to DB7
L | L/H |Serial interface L H L/H{L/H[L/H|[L/H| SO S SCK L/H
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TOSHIBA

T6K14

FUNCTION OF EACH BLOCK

Interface logic

The T6K14 can be operated with 80 series MPUs or 68 series MPUs and Serial Interface.
Fig.1 shows an example of interface. For ditails, please refer to the example interface part of

application circuit.

A0 D/I A0 D/l
/IORQ /CS1 E /RD
80 series /"R /WR 68 series R/W /WR sl 50
MPU N /RF;D T6K14 MPU Al RS T6K14 MPU SCK sck  T6K14
DO to D7 DBO to DB7 DO to D7 DBO to DB ) sl
/RESET /RST /RESET /RST /RESET /RST
(€S2 = Vpp) {/CS1 = Vg, CS2 = Vpp) (/C$1 = Vgs, €S2 = Vpp)

Case of 80 series MPU
(using /CS1 signsal)

Case of 68 series MPU Case of serial

Fig.1

<WRITE>

sl —l 0

<READ>

N —|0 0|R/W| RS|D/]I

SO I * I 0 I 0 IDBOIDB’IIDBZIDB3IDBAIDBSIDBGIDB7I

o [r/w| rs [ o/ | oo | oe1| 82083 | D4 | DBS | DBE | DB7 | 1

* : Dummy Data

Fig.2

® |[nput register
The register stores 8bit data from MPU. D/I signal discriminate between command data and display
data.

® X-address counter
X-address counter is 64-Up/Down counter. It holds the row address for the display RAM. Then it is
selected by the command, writing to or reading the data of display RAM causes the X-address to
automatically increment or decrement.

® Y (Page) -address counter
The Y (Page) -address counter is 32-Up/Down counter. It holds the column address for the display
RAM. This counter is selected by the command. Writing to or reading the display RAM causes the Y-
address to automatically increment or decrement.

® Z-address counter
The Z-address counter is 64-Up counter that provide the display RAM data for the LCD drive circuit.
The data stored in Z-Address Register is send to Z-Address counter as Z start address.
For instance, when Z start address is 16, the counter increment like this : 16, 17, 18-+, 62, 63, 0, 1,
2---14, 15, 16. Therefore, the display start line is 16-line of the display RAM.
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TOSHIBA T6K14

® Up/Down register

The 1bit data stored in this register selects Up or Down mode of X and Y (Page) -address counter.
® Counter select register

The 1bit data stored in this register selects X-address counter or Y (Page) -address counter.
® Display ON/OFF register

This 1bit register holds the display ON or OFF state. In the OFF state, the output data from the
display RAM is not selected. In the On state, the display data appears according to the display RAM
data. The display ON or OFF state does not affect the data of display RAM.

® Z-address register
This 6bit register holds the data that indicates the display start line.
® Oscillator

The T6K14 has an on-chip oscillator. When using this oscillator, connect an external resistor
between OSC1 and OSC2. When using external clock, input the clock to OSC1 and open 0OSC2, as
shown in Fig.3.

CR oscillator External oscillator
10SC /0SC
Internal circuit Internal circuit
0oscC1 0sC2 0oscC1
RF External clock

Rf : External oscillator resister

Fig.3

® Timing generation circuit

The circuit divides the signals from the oscillator and generates display timing signals and operating
clock.

® Shift-register

The T6K14 has two 32bit shift-register and shift register of ICON. These shift-register construct 65
bits shift-register.

® Latch circuit

This latch circuit latches the data from the display RAM.
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TOSHIBA T6K14

® Column driver circuit

Column driver circuit consists of 128 driver circuits. One of the four LCD driving level is selected by
the combination of M (internal signal) and the display data transferred from the latch circuit.
Details of column driver circuit are shown in Fig.4.

VLes
Vcon
Vico
SEG1~128

Display Data—4
Vies
Vcoff
Vie2
M §
Fig.4

® Row driver circuit

Row driver circuit consists of 65 drive circuits. One of the four LCD driving level is selected by the
combination of M (internal signal) and the data from the sift register. Details of row driver circuit
are shown in Fig.5.

Vico
Vron

Vies

Shift Data — COM1~64, ICON
Vica
Vroff
VLC

Fig.5
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TOSHIBA T6K14

® DC-DC converter

The T6K14 built in DC-DC converter circuit 2/3/4/5 time.

Voutn = 0 (Vsg level) is at the time of /RST = “L” or /STB = "L".

The capacitor for DC-DC converter and the capacitor for DC-DC level maintenance usually use about
1.0 «F. Since the power supply V|N terminal for DC-DC converter circuit can input voltage usually
higher than a digital system power supply Vpp terminal, it can generate required LCD voltage in a
DC-DC converter. However, since the maximum of LCD operation voltage is 16.5V (max.) be careful
about the relation of the voltage conditions (V| voltage) and the number of the DC-DC steps
which are used in a DC-DC converter so that the DC-DC converted voltage (voltage value outputted
from Vgyt) does not exceed 16.5V.

Note 1 : Power supply voltage ........... 33V=V|INZ 27V, VINZ VDD
Note 2 : LCD voltage  ........... 16.5V = V|N X n
(n: number of DC-DC step)

ex) Using the x 5 mode

_I__C ViN. VDD
DC-DC converter circuit
—(C)

Vss
C1A CI1B VouTt C2A (2B Voyurt2 C3A (3B Vourt3 C4A  C4B VouTa

LT P LT T LT L e

About terminal processing

CONDITION | C1A, C1B| VouTt1 |C2A, C2B| VouT2 |C3A, C3B| VouTts | C4A, C4B| VouTsa
x 2 mode O O Open Open Open Open Open Open
x 3 mode O O O O Open Open Open Open
x 4 mode O O O Open O O Open Open
x 5 mode O O O Open O Open O O

None Open Open Open Open Open Open Open Open

(Note) : (O = Connect the capacitance.
(Note) : The voltage outputted from DC-DC converter changes with voltage condition,
temperature environment, substrate environment, etc.
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TOSHIBA T6K14

® Voltage driver resistor, contrast control circuit (Normal mode)

The T6K14 has on-chip resistors to divide bias voltage with OP-Amp., and a contrast control circuit.
The voltage bias is changed by instruction command. And one of four bias is selected.

HV-Control

veer O—— Internal circuit

R :
1518 O A

al

3 128RC
Contrast S B4RC
s ﬁ g—l S
DBO~7 O control
register g
EJ 3 32RC
Contrast —m@ $ 16RC
8bit 8 control
Adder circuit Mg_‘ E: 8RC
E g? 32 4rC
T
emperature | RB = 1065.6 k)
table S RC = 21.0kQ)
< 2RC
RAM ]
g RC
Vico
—l>—i—O Vico
3 RB Via
Bias ]
control ) VL2 el
register e
- —| >—i—( ) Vi
RS O— Decoder e
1 » Vies
5RB 4RB 3RB 2RB RB 3 R8 Lea
. ¢ . . [—| >—i—( ) Vica
S rs Vics

Voltage follower circuit

1999-09-29 12/40



TOSHIBA T6K14
® Contrast control circuit (Power Save Mode)
Veer O— Internal Circuit VR32
Vico
DBO~DB7 O Contrast 8 Vico
Control
Register vicl
Vic2
. Contrast Bias
8bi —i—O Vic2
' 8 Control Vref Control Vics -
Adder
Circuit Circuit —i_o vic3
Vica
Temperature | 8 Vics O Vica
] Table
Contrast control output voltage (VLCO) (TYPICAL VALUE)
Vico (MIN)) [Vico (MAX.)| CONTRAST
CONDITION VR32 [V] V] V] STEP [mV] BIAS
Power Save 3.2 2.2 5.0 11.0 1/12
1999-09-29 13/40



TOSHIBA T6K14

® Temperature compensation circuit

The T6K14 has the temperature compensation circuit.

fRTHM/ TRs
Temp.-Voltage Contrast Control
\Q_b_ Counter Conversion Register Data

1
i
i
i
f!\ Table /Decoder
N/
Thermistor 8bit 8bit

oscillation circuit Stop/Start
signal |

<

R
<

e
A

8bit Adder |

8bit

Reference
clock —-@Counter | | Contrast control circuit |
(Internal clock)
Latch circuit |

R1  :91kQ

Rg :47kQ

RTHM: 100 k) Thermistor
Semitec Type 104HT-1P

C 1 1000 pF

While this temperature compensation circuit detects temperature, it controls automatically built-in
contrast control. And, original contrast control suitable for all LCD material can be created by
writing data in RAM for temperature compensation circuit (TEMP-RAM). Please refer to description
of a function about the usage.
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TOSHIBA T6K 14
COMMAND DEFINITION
COMMAND REG. No.[D/I| RS |/WR|/R DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
Register set (REG) — 0 0 0 1 0 0 0 Register (0~31)
Status read (STRD) — 0 0 1 0 MD * |TMP|HVR|[N/F| DP |Y/X|U/D
Data mode (DMD) RO 0 1 0 1 0 0 0 0 0 ID/TM|Y/X|U/D
Display mode (DPE) R1 0 1 0 1 0O |CDR|SDR| O 0 0 N/F| DP
Power mode (PWE) R2 0 1 0 1 x><45/ 0 0 0 0 VR OP | DC
Duty /Bias Select (DTE) R3 0 1 0 1 Bias (5~9) 0 0 |Duty (0~3)
Oscillation (OSE) R4 0 | 1 0 | 1 ol o[of[ofo 0 0 |osc
1 |F/N X-Address (0~63)
X, Y-address (SXYE) R5 0 1 0 1 0 0 0 | Y-Address (0~31)
Z-address (SZE) R6 0 1 0 1 0 0 Z-Address (0~63)
Contrast control (SCE) R7 0 1 0 1 Contrast Control (0~255)
TEMP mode (TMPM) R8 0l 1o 1]o0of]of o] o [fTMOf 0 [time(0~3)
TEMP-RAM address
TEMP-RAM ~127
(TMPA) R9 0 1 0 1 0 address (0 )
FRS control mode
(FRSC) R10 0 1 0 1 0 0 FR control (0~63)
Grayscale (1) (GR1) R11 0 1 0 1 Grayscale patturn data (1)
Normal display pattern R12 0 1 0 1 Normal display data = “00" --- 16 bit
Grayscale (2) (GR2) R13 0 1 0 1 Grayscale patturn data (2)
Normal display pattern R14 0 1 0 1 Normal display data = "01" --- 16 bit
Grayscale (3) (GR3) R15 0 1 0 1 Grayscale patturn data (3)
Normal display pattern R16 0 1 0 1 Normal display data = “10" --- 16 bit
Grayscale (4) (GR4) R17 0 1 0 1 Grayscale patturn data (4)
Normal display pattern R18 0 1 0 1 Normal display data = “11" --- 16 bit
Grayscale (5) (GRS) R19 o101 Grayscale patturn data (5)
Power save display displav d "00" --- 16 bi
pattern R20 0 1 0 1 Power save display data = “00 16 bit
Grayscale (6) (GR6) R21 0 1 0 1 Grayscale patturn data (6)
Power save display . "017 - 16 bi
pattern R22 0 1 0 1 Power save display data = “01 16 bit
Grayscale (7) (GR7) R23 0 1 0 1 Grayscale patturn data (7)
Power save display p disolav d = "10” - 16 bi
pattern R24 0 1 0 1 ower save display data = it
Grayscale (8) (GR8) R25 0 1 0 1 Grayscale patturn data (8)
Power save display display d “91" - 16 bi
pattern R26 0 1 0 1 Power save display data = "11 16 bit
I:MP'RAM address R27 ol 1|1 ]o0]|* TEMP-RAM address data (7 bit)
Test mode R28~31 | 0 1 0 1 Please do not using this register
Data write (DAWR) — 1 1 0 1 Write data
Data read (DARD) — 1 1 1 0 Read data

1999-09-29
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TOSHIBA

T6K14

® Register set

Identify register number
RO (0O0OH)~R31 (1FH)
Note : T6K14 is using register between R28 to R31 for test mode. Please do not using this registers.

e RO : Data mode

D/TM :

Y/ X

u/bD

D/1 RS /WR /RD DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
code [ o [ 1 [ o[ 1] o]ofo] o] o [orm|vix[un]

Select display RAM address counter/ TMP RAM address counter
D/TM = 1 : Display RAM counter D/TM =0 : TMP RAM counter

: Select X/Y-counter

Y/X =1 : Y-counter selected Y/X =0 : X-counter selected

: Select counter Up/Down mode

U/D=1 : Up mode U/D =0 : Down mode

R1 : Display mode

CDR

SDR

N/F

DP

D/1 RS /WR /RD DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
code | o [ 1 [ o | 1 ] o Jeor[sor| o | o[ o [n]or]

: Select common data how

CDR =1 : COM1—->COM64—ICON CDR =0 : COM64 —-COM1—ICON

: Select segment data direction

See page 23

: Select display

N/F =1 : Normal display N/F = 0 : Flag display only (Power save mode)

: Display ON/OFF

DP =1 : Display ON DP =0 : Display OFF

1999-09-29
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TOSHIBA T6K14

® R2 : Power management

D/I RS /WR /RD DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

code | o [ 1 [ o | 1 [xarxs) o [ o [ o] o [w][or]oc]
X4 /X5 :
X4/X5 =0 : LCD voltage regulator output voltage is 12.5V typ. (at Ta = 25°C)
X4/X5 =1 : LCD voltage regulator output voltage is 11.0V typ. (at Ta = 25°C)
VR : LCD voltage regulator (HVR)
VR =1 : Voltage regulator ON VR =0 : Voltage regulator OFF
oP : Op-Amp
OP =1 : Op-Amp ON OP =0 : Op-Amp OFF
DC : DC-DC converter
DC =1 : DC-DC converter ON DC =0 : DC-DC converter OFF

(Note) : Refer to the description of a function for the combination of a power supply setup.

® R3 : Bias/Duty select

D/l RS /WR /RD DB7 DB6 DBS DB4 DB3 DB2 DBI DBO
code | o [ 1 [ o[ 1] Bias [ o | o | ouy

Bias select : DB7 DB6 DB5 DB4

1 0 0 1 1/9 bias
1 0 0 0 1/8 bias
0 1 1 1 1/7 bias
0 1 1 0 1/6 bias
0 1 0 1 1/5 bias
Duty select : DB1  DBO
1 1 1/65 duty
1 0 1/57 duty
0 1 1/49 duty
0 1] 1/35 duty

® R4 : Oscillation control

D/1 RS /WR /RD DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
code [ o [ 1 [ o[ 1] o]ofo[o]ofo]o]os]|

OSC : Oscillation ON/OFF
0OSC = 1 : Oscillator ON OSC =0 : Oscillator OFF
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TOSHIBA T6K14

® R5 : X-address, Y-address set

(1) X-address set

D/l RS /WR /RD DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
Code | 0 | 1 | 0 | 1 || 1 |F/N| X-Address (0~63) |

F/N =0 : Set display RAM address from 0 to 63
F/N =1 : Set flag RAM (The data from DBO to DB5 is ignored)

(2) Y-address set

D/1 RS /WR /RD DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
code [ 0o [ 1 [ o[ 1] o] o] o] Y-Address (0~31)

® R6 : Z-address set

D/1 RS /WR /RD DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
code [ 0 [ 1 [ o1 [ o] o] Z-Address (0~63) |

The command set the starting line of display RAM.

Since correspondence of RAM for a display and Z-address set changes when using duty
setup except 1/65 duty, please be careful.

Please refer to description of a function for details.

® R7 : Contrast control

D/1 RS /WR /RD DB7 DB6 DB5S DB4 DB3 DB2 DB1 DBO
code | 0 [ 1 [ o | 1| Contrast Control (0~255) |

This command set contrast.

It becomes the maximum contrast when data is 255, and it becomes the minimum
contrast when data is 0.

When a temperature compensation circuit is used, data for a contrast control circuit are
changed to the sum of R7 register 8-bit data and TEMP-RAM 8-bit data. Therefore, the
contrast is controlled.

R8 : TMP mode

b/l RS /WR /RD DB7 DB6 DB5 DB4 DB3 DB2 DB DBO
code [ 0 [ 1 [ o[ 1] o] o] o] o [mor|] o mme

TMOP : Temperature compensation ON/OFF

TMOF =1 : ON TMOF = 0 : OFF (Note 1)
DB1  DBO (Note 1) : Data on the output bus of the
1 1 | asec cycle temperature table RAM are fixed
1 0 | 2seccycle on “L" data.
0 1| 1sec cycle Therefore, _data on ’Fhe contrast
0 0 | No me control register are inputted to
asurement

contrast control circuit.
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® R9 : TEMP-RAM address

D/l RS /WR  /RD DB7 DB6 DB5 DB4 DB3 DB2 DBI1

DBO

code [ 0 [ 1 [ o] 1 [ of TEMP-RAM address (0~127)

This command set temperature compensation address.
In case of using this command, counter up mode only.

® R10 : FRS control

D/l RS /WR /RD DB7 DB6 DB5 DB4 DB3 DB2 DBI1

DBO

code [ o [ 1 [ o[ 1] o] o] FR control (0~63)

This command sets the number of the row lines for polarity change.
The setting of FRS corresponds to the row line number, see following table.

FRS FRAME

0 In case 1/x duty is selected by R3, FR signal inverts on

every x line. (Note)

n FR signal inverts on every (n + 1) line.

(Note) : In case FRS = 0 ;

FR signal inverts synchronously with the earlier edge of COM1.

In case FRS # 0 (1~63) ;

FR signal inverts synchronously with the edge of COMm. (m = 1 to 64, or ICON)

"m" shows a COM line right after the instruction practice.

® R11~R26 : Grayscale data

This register have the PWM (Pulse Width Modulation) and FRC (Frame Rate Control)
control data. PWM chooses one of 10 kinds and assigns data of PWM to four frames.

Therefore, it will choose from 40 kinds of levels in all.

D/l RS /WR /RD DB7 DB6 DBS DB4 DB3 DB2 DB1 DBO
1st FR data Oth FR data
Code 0 1 0 1
3rd FR data 2nd FR data

This register is constituted from “0th FR data” by 4 bits of “3rd FR data”, and inputs
PWM data into four FR data. That is, it becomes data of one color (one grayscale level)

by 4 frames.

DISPLAY MODE [ DISPLAY RAM DATA | REGISTER No. | GRAYSCALE DATA

0 0 R11, 12 4bit x 4
Normal Display 0 R13, 14 4 bit x 4
Mode 1 0 R15, 16 4 bit x 4

1 1 R17, 18 4bit x 4

0 0 R19, 20 4bit x 4
Power Save 0 1 R21, 22 4 bit x 4
Mode 1 0 R23, 24 4bit x 4

1 1 R25, 26 4 bit x 4

1999-09-29
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® Data of PWM (Pulse Width Modulation)

FR DATA | HEX | PWM (ON WIDTH) NOTE
0000 0 0 (0/9)
0001 1 1/9
0010 2 2/9
0011 3 3/9
0100 4 4/9
0101 5 5/9
0110 6 6/9
0111 7 7/9
1000 8 8/9
1001 9 1 (9/9)
1010 A
§ § 0 (0/9) (Note)
1M1 F

(*) : The phase of PWM turn over by the even/odd of the output pin.

(Note) : This area is selected to off level (0/9 level)

® R27 : TEMP-RAM address read

D/1 RS /WR /RD DB7 DB6 DB5S DB4 DB3 DB2 DB1 DBO
code | 0 [ 1 [ 1o =] a]a]a]a]a]a]al]

This register store the data of temperature compensation circuit counting values. (Read
out only). This read out data corresponds by temperature and 1 to 1.

® R28~31 : Test mode

D/l RS /WR /RD DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
Code| 0 | 1 | 0 | 1 " Test mode

Please don't access this register.
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® Status read

D/l RS /WR /RD DB7 DB6 DB5 DB4 DB3 DB2 DB1T DBO
Code | 0 | 0 | 1 | 0 " MD| * |TIVIP|HVR|N/F| DP |Y/X|V/D|

MD  : When input the Vpp level from MD terminal, MD (DB7) = 1.
When input the Vgg level from MD terminal, MD (DB7) = 0.

TMP : When TMP = 1, the temperature compensation circuit is ON.
When TMP = 0, the temperature compensation circuit is OFF.

HVR : When HVR
When HVR

1, HV-Regulator mode is X4.
0, HV-Regulator mode is X5.

N/F : When N/F = 1, Display mode is Normal display mode.

When N/F = 0, Display mode is FLAG display only mode. (Power save mode)
DP : When DP = 1, Display is ON.

When DP = 0, Display is OFF.

Y/X : When Y/X =1, Y-counter is selected.
When Y /X = 0, X-counter is selected.

U/D : When U/D =1, X and Y counters are in up mode.
When U/D =0, X and Y counters are in down mode.

® \Write/read display data (DAWR/DARD)

D/I1 RS /WR /RD DB7 DB6 DB5S DB4 DB3 DB2 DB1 DBO
1 1 0 1 d d d d d d d d DAWR
1 1 1 0 d d d d d d d d DARD

Code

DAWR : Display data write
DARD : Display data read

The command DAWR writes display data in the address specified before hand.
Moreover, the command DARD reads display data stored in the specified address.
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FUNCTION DESCRIPTION

® Display data bit
SDR =1

— o~ o < [7sd o ~ «©
wv w w wv v w wv w
LCD display
| GS3 | | GS2 | | GS1 | | GSO | | GS3 | | GS2 | | GS1 | | GSO | LCD control
| 1 | 1 | 1 | 0 | 0 | 1 | 0 | 0 | | 1 | 1 | 1 | 0 | 0 | 1 | 0 | 0 | Display RAM bit
DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 page 1 page
SDR =0
© ~ © < ™ ~ —
o~ o~ ~ o~ o~ o~ o~
& o & & & » *

0 page 1 page
® Display mode
Y-address
0 LR S —— 30 31
0 8 bit 8 bit 8 bit 8 bit
1
I
I
I
I
|
1
F/N=0 ! .

: 0 page 1 page Display RAM 30 page | 31 page

X-address :
1
1
1
1
1
i
63 | ______ | e e

F/N =1 Flag RAM

256 (128 x 2) bit

LCD display

LCD control

Display RAM bit

1999-09-29
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® RAM map and CDR, SDR relation
(1) CDR =1, SDR =1 (2)CDR =1, SDR =0
A A
O - O
COM1 | 0 page -————=——=—==-=—=—=--- + 31 page COM1 |0 page -—=——-=——-=--=——----- - 31 page
‘ SCAN ‘ SCAN
COM64 DIRECTION COM64 DIRECTION
ICON ICON
(3)CDR =0, SDR = 1 (4)CDR =0, SDR =0
ICON SCAN ICON SCAN
COM64 ‘ DIRECTION COM64 ‘ DIRECTION
COM1 |0 page -======-——-—-—————- - 31 page COM1 |0 page -=========—=———-= - 31 page
SEG1 SEG128

SEG
LEEEEEEETEETEEEEr >
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® Reset function

When /RST = “L”, reset function is executed and following instruction (resister) are executed.

COMMAND REG No. | DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO
Data mode RO * * * * * 1 1 1
Display mode R1 * 1 1 * * * 1 0
Power mode R2 1 * * * * 0 0 0
Duty /Bias R3 1 0 0 1 * * 1 1
Oscillation R4 * * * * * * * 1
X, Y-address R5 0 0 0 0 0 0 0 0
Z-address R6 * * 0 0 0 0 0 0
Contrast control R7 0 0 0 0 0 0 0 0
TEMP mode R8 * * * * 0 * 0 0
TEMP-RAM address R9 * 0 0 0 0 0 0 0
FRS control mode R10 * * 0 0 0 0 0 0
Gray scale R11~R27 0 0 0 0 0 0 0 0

® Standby function

When /STB = “L”, the T6K14 is in standby state. The internal oscillation is stopped, power
consumption is reduced, and power supply for LCD (V| co~VLc5) become Vgg.
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® Expansion function

The T6K14 has expansion function. When using this function, the T6K14 (2 chip) can drive 256 x 64
+ icon dots LCD panel (maximum) or 128 x 128 + icon dots LCD panel (Maximum).
Next table shows the selectable function by using M/S pins.

M/S
H L
® One chip mode ® Two chips mode (Slave chip)
Disable expansion mode Timing signal and power voltage are
® Two chips mode (Master chip) supplied from Master chip.
Timing signal and power voltage supply
to Slave chip.

Fig.6 and Fig.7 illustrate the application example of disable expansion mode and enable expansion
mode.

In enable expansion mode (Tow chip mode)

As shown in Fig.7-1, Fig.7-2 Master chip supplies LCD drive signals and power voltage to slave chip.
(The oscillator, the timing circuits, Op-Amp, and Contrast control circuit are disable.)

(1) Disable expansion mode

| |
| 32 bit SR | | RAM 128 x 65 Cell | | 32 + 1bit SR |
{32 /t/128 /1/33
| COM32 out | | SEG128 out | | COM33 out |
COM1~32 SEG1~128 COM33~64 + icon
32 dots
""" 32 dots v icon |

| 128 dots |

Fig.6
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(2) Enable expansion mode

cL cL
Master chip PM PM Slave chip
FR FR
COM64, ICON out | | SEG128 out SYNC SYNC SEG128 out | | COMB64, ICON out
cK cK
COM1~64, ICON SEG1~128 SEG1~128 COM1~64, ICON
T
65 dots |
1
1
l
|_ 128 dots _|_ 128 dots _|
[ il i
Fig.7-1
M/S =
__________________________ 1 e
e
NS
i\/cm
DC-DC converter :\/
Voutn
| '
5 O
Contrast < | 'VCCZ Contrast
Control /5 | /  Control
! ET‘@J—O )
3 3 Vico $
b3 b Mier Vit 3
- { I\ " { b
L N~ (W |
b3 1 S
b3 ] iVch Vica b3
b3 g Nies Vies) % s
P d I 1 o
2 Y Vica 2
~ ~
--------------------------- Nics N Rttt
1”7 ”?
Fig.7-2
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® X-address counter and Y (Page) -address counter

Fig.8-1 shows a sample of operating procedure for the X-address counter.

After reset is executed, X-address becomes X-address = 0, then select X-counter/Up mode. Next set
the X-address to 62 by commanding SXYE (R13).

After data has been written to or read, the X-address is automatically incremented by one.

After X-counter/Down mode has been selected and data has been written to or read, the X-
address is automatically decremented by one.

When the X-counter is selected, Y-counter does not count up or down.

And flag-counter does not count up or down too.

DMD = 05H RO : Display RAM Counter RO : Display RAM Counter

X-counter/Down mode

DMD =04H

X-counter / Up-mode

SXYE = 3EH | R5 : X-address Set

—————— - X-address = 62 —-————— X-address = 1
Data Write

—————— - X-address = 63 —————-- X-address = 0

"""" — X-address = 0 ———=—--= X-address = 63

—————— - X-address = 1

—————— -~ X-address = 2

Fig.8-1

Fig.8-2 shows a sample operating procedure for the Y-address counter.

After reset is executed, Y (Page) -address becomes Y-address = 0, then select Y (Page) -counter/Up-
mode. After data has been written to or read, the Y (Page) -address counter is automatically
incremented by one.

After Y (Page) -counter/Down mode has been selected and data has been written to or read, the

Y (Page) -address is automatically decremented by one.
When the Y (Page) -counter is selected, X-counter doesn’t count up or down.

DMD = 07H | RO : Display RAM Counter
Y-counter/Up-mode

RO : Display RAM Counter

Y-Counter/Down mode
SXYE = 01E | R5 : Y-address Set

------ -» Y-address = 30 —————--= Y-address = 1
Data Write
—————— - Y-address = 31 —-————— Y-address = 0

______ = Y-address = 0 ————---= Y-address = 31
------ - Y-address = 1

—————— - Y-address = 2

Fig.8-2
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e LCD DRIVER WAVEFORM (Case of normal mode)

coM1

comz2

Vo . o
1 1 1 1 1 1
1 1 1 1 1 1 1
[ 1 1o
[ | V1 1
1 1
1 Vg : : :
1 1o
[ Vs 1 1o
[ 1 1o
Vs V1 [
1
1 Vg : :
1o
[ V5 1o
1 1 1
1VDD | 1
1o
[
I

Vo i i i i Vo

SEG1 Va1 b

— i U e
[ 1 [ Vg [

R M Rt

SEG128 ' | S Do

V3 1 1 [ 1 V3 1
T P L R
f—te i« -

ON OFF ON OFF
LCD driver timing chart (1/65 duty)
MAXIMUM RATINGS (Ta = 25°C)
ITEM SYMBOL RATING UNIT
Supply Voltage (1) Vpp, VIN (Note 1) -0.3~7.0 Vv
Vict, 2,3,4,5
Supply Voltage (2) r fr S0 Vgs + 18.0~Vgg - 0.3 \Y
Veer Vee2 55 55

Input Voltage Vinp (Note 1, 2) -0.3~Vpp + 0.3 \
Operating Temperature Topr -30~85 °C
Storage Temperature Tstg -55~125 °C

(Note 1)
(Note 2)

Referred to Vgg = 0V
Applied data bus terminals and Input terminals expect

Vee1, Vee2: Vicos Vet Vie2: Vies: Vica: Vies-
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ELECTRICAL CHARACTERISTICS
DC CHARACTERISTICS (1)
(Test condition : If not specified, Vg5 = 0V, Vpp = 2.4~3.3V, V|N = 2.7~3.3V, V| o = 0V, Ta = 25°C)

TEST
ITEM SYMBOL|CIR-| CONDITION | MIN. | TYP. | MAX. |UNIT A{%{,ﬁﬁ%ﬁ
CUIT
Operating Supply (1) VDD — — 24 | — 3.3 V |VpD
Operating Supply (2) VIN — — 27 | — 3.3 V |VIN
. Vico 6.0 16.5
Operating Supply (3) — — — V' [Vico. Vcc1. Vee2
Veet, 2 - Vss - Vss co. Feer. vec
DBO~DB7, D/I,
“H" Level | VIH — — 08Vpp| — | Vpp | V |/WR, /RD, /CS1,
Input Level CS2, /RST, /STB,
P RS, SI, SCK, P/S,
“L" Level | V)L — — 0| — |o.2vpp| Vv |68/80, CL, PM,
FR, SYNC, CK
. _ VbD
Output H" Level | VoW | — [lon = -400xA | “O° | — | Vpp | V |DBO~DBY, SO, CL,
Level “L" Level | VoL | — |loL = 400 zA o — | o0z v |PM FR SYNC cK
Normal
Column Mode Reoll | — (Note 1) — — 7.5 | kQ |SEG1~SEG128
Driver On Power Save
Resistance Reol2 | — (Note 2) — — 15.0 | k0 [SEG1~SEG128
Mode
Normal COM1~COM®64,
RDO-W o Mode Rrow1 | — (Note 1) — — 1.5 | kQ ICON
river On
. Power Save COM1~COM®64,
Resistance Mode Rrow2 | — (Note 2) — — 5.0 | kQ ICON
DBO~DB7, D/I,
/WR, /RD, /CS1,
_ |Vinp = VDD _ . CS2, /RST, /STB,
Input Leakage I ~GND 1 1| pA RS, SI. SCK. P/S.
68/80, CL, PM,
FR, SYNC, CK
Operating Freq fosc | — (Note 6) — 82 — | kHz |OsC1
External Clock Freq fex — (Note 6) — 82 — kHz | OSC1
External Clock Duty fauty — — 45 50 55 % [OSC1
E?(ternal Clock Rise /Fall t/t . i . . 50 ns | osc
Time
Current Consumption (1) lss1 — (Note 3) — 200 | 350 | pA |Vss
Current Consumption (2)| Iss2 — (Note 4) — 500 | 700 | xA |Vss
Current Consumption (3)| IsssTR | — (Note 5) -1 — 1 | pA |Vgg

(Note 1) : Vgg + Vi co = 11.0V, Load current = £100 nA, 1/9 bias

(Note 2) : Vgg + V| cp = 3.0V, Load current = £100 A, 1/12 bias

(Note 3) : Vpp = 2.7V, Vcc1, 2 = VouT4 (X5 mode), No data access, Internal clock (fosc =
82 kHz), LCD out pin No Load, 1/9 bias, 1/65 duty, OP-Amp. on, regulator on

(Note 4) : Vpp = 3.0V, Vcc1, 2 = VouTa (X5 mode), Data access cycle fCE = 1 MHz, Internal
clock (OSC = 82 kHz), LCD out pin No Load, 1/9 bias, 1/65 duty, OP-Amp. on,
regurator on

(Note 5) : Vpp =3.3V, Vccq, 2-Vsg =160V, /STB =L

(Note 6) : In case of 1/65 duty and fgr = 70 Hz
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DC CHARACTERISTICS (2)
(Test condition : If not specified, Vg5 = 0V, Vpp = 2.7~3.3V, V| cg = 0V, Ta = 25°C)

TEM SYMBOL| G | CONDITION | MIN. | TYp. | MAX. | UNIT A cRBLE
cuIT
&uzt?\;:;dvec))ltage VO1 (1) (Note 1) 460 | 510 — V. |VouT1
?;;p“t;lto ;/:)Itage Vo2 ) (Note 2) 6.80 | 7.60| — vV |Vour2
&TIT\;:ZdVeC))Itage VO3 3) (Note 3) 9.10 | 1020 — V' |Vours
?;Stp“t;lto ;/:)Itage VO4 (4) (Note 4) 11.40 | 1270 — V. |VouTta

(Note 1) : VN = 2.7V, ILoad = 200 nA, Vcc1. 2 = 5.40V (external power supply)
CnA-CnB = 1.0 »F, VouTt1-Vss = 1.0 uF, OSC = 82 kHz, Ta = 25°C
(Note 2) : VN = 2.7V, ILoad = 200 1A, Vcci. 2 = 8.10V (external power supply)
CnA-CnB = 1.0 «F, VouT1 - Vss = 1.0 uF, OSC = 82 kHz, Ta = 25°C
(Note 3) : VI|N =27V, I gad = 200 2A, Vcc1, 2 = 10.80 V (external power supply)
CnA -CnB = 1.0 F, VouT1 - Vss = 1.0 uF, OSC = 82 kHz, Ta = 25°C
(Note 4) : VIN = 2.7V, Igad = 200 A, Vcc1, 2 = 13.50V (external power supply)
CnA-CnB = 1.0 »F, VouyTt1-Vss = 1.0 u4F, OSC = 82kHz, Ta = 25°C

DC CHARACTERISTICS (3) This spec table is not fixed.
(Test condition : If not specified, Vg = 0V, Vpp = 2.7~3.3V, V| cg = 0V)

TEST
ITEM SYMBOL| CIR- CONDITION MIN TYP. MAX | UNIT APPLICABLE
CUIT TERMINAL
(Note 5)

— 12.3 12.5 12.7 \Y Vee2

Regulator Reference X4/X5 =0, Ta = 25°C

VHR

High Voltage (1) (Note 5)
— | x4/X5 = 1, Ta = 25°C 10.8 11.0 | 11.2 V  [Vce2
Regulator Reference (Note 5) 0.999 | 1.012 | 1.025
High Voltage (2) VHRC | — Ta = -20°C x VHR|x VHR| x vir| ¥ |Vee2
Regulator Reference (Note 5) 0.982 | 0.994 | 1.006
. VHRH — \Y V
High Voltage (3) Ta = 60°C x VHR| x VHR| x VHR cc2

(Note 5) : Vccq = 12.8V at Ta = - 20~60°C

Note : Temperature dependence of Vyef12 and VHR should be defined after process
variation evaluation finish.
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DC CHARACTERISTICS (4)
(Test condition : If not specified, Vgg = 0V, Vpp = 2.7~3.3V, Vi cog = 0V)
TEST
ITEM SYMBOL| CIR-| CONDITION | MIN. | TYP. | MAX. | UNIT ArFl’zF;aLI\I/ﬁﬁE\LLE
CUIT
Vico. Vict
Op-Amp Output Voltage '
— 1 - 1 h— 1 V V 1 1
Offset (1) Vopoft (Note 1) 00 00 | mV |Vic2, vic3
Vica
Vico. Vict,
Op-Amp Output Voltage| \, | _ | (Note 2) TBD | — | TBD | mV |Vica, vics,
Offset (2)
Vica
(Note 1) Vpp = 2.7~3.3V, Vgg = 0V, 1/9 bias, 1/65 duty
Veeq = 13.0V, Veeo = 12.5V, Contrast control = max
Op-Amp ON, DC-DC OFF, regulator OFF, LCD outpin No Load
Case of Vico : 12.5 - V| co = Vopoff
Vict @ (Vico + 8/9) - V¢t = Vopoff
Vic2 @ (Vico +7/9) - Vic2 = Vopoff
Vies @ (Vico + 2/9) - Vi3 = Vopoff
Vica @ (Vico + 1/9) - Vica = Vopoff
(Note 2) Vpp = 2.7~3.3V, Vgg = 0V, 1/9 bias, 1/65 duty

Vee1 = 13.0V, Vee2 = 12.5V, Contrast control = max
Op-Amp ON, DC-DC OFF, regulator OFF, LCD outpin No Load

Vopoffs = ((VLc1 - Vic2) - (Vico - Vie1) + ((Vie3 - Vica) - (Vica - Vies)
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TEST CIRCUIT
(1) DC-DC converter X2 mode

Yo

Vpp VIN
osc1 1A D_.L'
Rf c1
0sC2 s [O—I*
) ()
VouT1 A
oum Tl ILoad e fosc = 82kHz
Veez Ve :}——External Cl=C2=10uF
SS L power supply ILoad = 200 pA
c2

l (I) TCZ Other pin is open

(2) DC-DC converter X3 mode

Vpp VIN
osci cIA D—_Lu
Rf 1
0sC2 as [O—F
ca [O—,
c1
a8 [O—F
o\ N
V A
out2 K ) %Y fosc = 82 kHz
Veez Veer [ Extemnal C=C=104F
SS L power supply ILoad = 200 A
C2’I (I) '|'C2 Other pin is open
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(3) DC-DC converter X4 mode

5

Vpp VIN
0sc1 c1A :)—_L,
Rf c1
osc2 as [O—
QA :)__Ll
1
a8 [O—F
A Djl
1
as [OD—T*
™\ D)
VouTs A
[~ —= ILoad ~ fosc = 82kHz
Veez v Veer 947— External Cl=C2=10uF
SS L power supply lLoad = 200 A
Czl (I) TCZ Other pin is open
(4) DC-DC converter X5 mode
Vpp VIN
0sC1 1A O_.L'
Rf 1
0sc2 cie :)—T+
QA D__Ll
C1
as [O—F
GA Djl
1
as [O—F
can O_.L'
C1
cas [O—I*
) )
VouTsa A
outs ILoad hd fosc = 82kHz
Veez Veer O-—— External Cl=C2=10puF
SS 1 power supply ILoad = 200 pA
2

V.
I (1) TCZ Other pin is open

1999-09-29 33/40



TOSHIBA

ToK14
AC CHARACTERISTICS
® Switching characteristics (80 series MPU 8 bit interface)
" x:r%tg
—» tAH
/WR, /RD VIL VIL f
—= tAH
™ tas PWEL D P
— ) v ——
/CS1 VIH S viL VIL Z VIH VIH §
tEr—» [— [
tDS tDHW
Data-Write %wt‘ Valid Data ¥:t‘:K
tDD tDHR
Data-Read ¥8E Valid Data ¥8E
teycE
TEST CONDITION
(If not specified, Vgs =0V, Vpp = 2.7~33V, Ta = 25°C) LOAD CIRCUIT
ITEM SYMBOL MIN. | MAX. | UNIT
" DBO to DB7
Enable Cycle Time tcycE 500 ns C
Enable Pulse Width PWEL 410 ns a l
Enable Rise/Fall Time tEr, tEf 25 ns
Address Set-up Time tAS 20 ns CL = 100 pF
Address Hold Time tAH 0 ns (Including wiring capacity)
Data Set-up Time tDS 100 ns
Data Hold Time tDHW 20 ns
Data Delay Time tDD (Note) 300 ns
Data Hold Time tDHR (Note) 20 ns

(Note) : Connect to Load circuit.
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AC CHARACTERISTICS
® Switching characteristics (80 series MPU 8 bit interface)
i x:r%tg
— tAH
/WR, /RD viL viL .f
—= tAH
Totas PWEH ] L
cs2 —V'Lzz [ VIH_\wV'L—i‘
tEr—» [— [
tDS tDHW
VIH ; VIHY
Data-Write %WL Vald pata V”"K
tDD tDHR
Data-Read ¥8E Valid Data ¥8E
teycE
TEST CONDITION
(If not specified, Vgg = 0V, Vpp = 2.7~3.3V, Ta = 25°C) LOAD CIRCUIT
ITEM SYMBOL MIN. [ MAX. [ UNITS
0
Enable Cycle Time tcycE 500 ns 080 10087 C
Enable Pulse Width PWEH 410 ns a l
Enable Rise/Fall Time tEr, tEf 25 ns
Address Set-up Time tAS 20 ns CL = 100 pF
Address Hold Time tAH 0 ns (Including wiring capacity)
Data Set-up Time tDS 100 ns
Data Hold Time tDHW 20 ns
Data Delay Time tDD (Note) 300 ns
Data Hold Time tDHR (Note) 20 ns

(Note) : Connect to Load circuit.
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TOSHIBA

T6K14

AC CHARACTERISTICS

® Switching characteristics (68 series MPU 8 bit interface)

" x:r%tg
—» tAH
R/W VIL VIL .f
(/ WR)
—= tAH
™ tas PWEH D P
E = VIH VIH /
(/RD) VIL 71 X(VIL 7
tEr—» [— [
tDS tDHW
Data-Write %wt‘ Valid Data ¥:E :K
tDD tDHR
Data-Read ¥8E Valid Data ¥8E
teycE
TEST CONDITION
(If not specified, Vgs =0V, Vpp = 2.7~33V, Ta = 25°C) LOAD CIRCUIT
ITEM SYMBOL MIN. | MAX. | UNITS
" DBO to DB7
Enable Cycle Time tcycE 500 ns C
Enable Pulse Width PWEH 410 ns a l
Enable Rise/Fall Time tEr, tEf 25 ns
Address Set-up Time tAS 20 ns CL = 100 pF
Address Hold Time tAH 0 ns (Including wiring capacity)
Data Set-up Time tDS 100 ns
Data Hold Time tDHW 20 ns
Data Delay Time tDD (Note) 300 ns
Data Hold Time tDHR (Note) 20 ns

(Note) : Connect to Load circuit.
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TOSHIBA

T6K14

® Switching characteristics (serial interface)

teyc

SCK N VIL

S

SO

TEST CONDITION

VIL

tDH |

(If not specified, Vgg = 0V, Vpp = 2.7~3.3V, Ta = 25°C)

ITEM SYMBOL MIN. | MAX. [ UNIT
Clock Cycle Time tcycC 2000 ns
Clock Pulse Width PWCL, PWCH 900 ns
Clock Rise/Fall Time tCr, tCf 25 ns
Data Set-up Time tDS 300 ns
Data Hold Time tDH 100 ns
Data Delay Time tDD 200 ns
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TOSHIBA

T6K14

® Switching characteristics (4)

TEST CONDITION

VbD

VIL

VDST
VIH

VRST

/RST

VIH

(If not specified, Vg5 = 0V, Vpp = 2.7~3.3V, Ta = 25°C)

VIL

RSTW

VIH

ITEM SYMBOL MIN. | MAX. | UNIT
Vpp Rise Time VDST 1 ms
Reset Hold Time VRST 1 S
Reset Pulse Width RSTW 1 S
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TOSHIBA T6K14

APPLICATION CIRCUIT (1)

T6K14 One chip mode

® Using CR oscillation

® LCD drive bias 1/9

® Using DC-DC converter (X5 mode)
® Using 80 series MPU

® Using temperature compensation
) 128 x 65 dots
LCD
COM1~COM64
[~
ICON aIAT le J-
&L | | | 2\$)E 3
2 seGi~seg128 | LY T | Y c= 1000pF,I
=] 1 .
0.1uF
DBO~DB7 VR12 VR32 RT.RUON veez H
i 1.0~ [2.2 uF
D0~D7 /IORQ > /CS1 VLco =
1.0~ [2.2 uF
Al | o RS Vi _5 22
: IDECODER 1.1 .2 uF
: D/l T6K14 vie #
. 1.0~ [2.2 uF
An /WR Vi [
1.0~ [2.2 uF
MPU /RD v Vica —
IN
Am IRST oy VouT1 Vics
A0 /STB vpp Vss Vcct VouTa CAA C4B C3A C3B C2A C2B CIA CIB OSC1 OSC2
L = L L LJl Lyl L
/RD 1.0 uF 1.0 uF 10pF L3 10uF
/RESET 01 <
Vpp GND

RESET CIRCUIT
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