TOSHIBA T6K44

Preliminary TOSHIBA CMOS Integrated Circuit  Silicon Monolithic

T6K44

Common Driver for Displaying Simple Dot Matrices

T6K44 is a common driver for displaying simple dot matrices.

This common driver has 168 outputs and includes a power supply Unit: mm
circuit with an electronic volume. An LCD system with a single User Area Pitch

) 7 . T6K44
power supply can be implemented by combining this common IN ouT

driver with segment driver S6B0023. Because this common
driver has the built-in power supply circuit, there is no need to

For the latest information about our TCP
specifications and product portfolio, contact
a Toshiba representative.

obtain a power supply IC for the system implementation.

Features TCP (tape carrier package)
e Number of driver outputs 1 168
¢ Operating voltage :VDD=1.8t03.3V,VIN=2.7t0 3.6V
(*VDD = VIN)
e LCD operating voltage 1 28.8V, max
e DC-DC converter * VIN X 6, max
¢ Contrast control : 256 steps, max

e Suitability to the partial display modes
e CMOS process
e Surrounding devices : Bump chip (COF), TCP

¢ Low power dissipation : Iss = 100 pA (typ.) (design target value)
Usage Conditions
VDD = VIN=3.0V, 5 x boost ON, 1/160 duty, 1/8 bias, Contrast = 7Fh,
PCK =5 kHz, No LCD load, Ta = 250

e Regulator output temperature inclination : 0.0%/°C (typ.) £0.04%/°C
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TOSHIBA T6K44

Example Configuration of the System

-
-=r| “—l
Vss Vpp VIN V18 —Hn
V50 —Hn
< COMO
+VRIHn
~VRIHn
256 Colors TeK44
LCD VM THII
V2}-e
< COM167 PCK [«
SDA SCL CL PM FR /DOFF /STB RP1 RP2
7 7 7 7 7 7 7 7 7 7
SEGA0 SEGA127 SDA
SEGBO SEGB127 SCK
SEGCO SEGC127 (L
OSC1 PM
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0SC2 /DOFF
S /STB
2 S6B0023
0OSC3 RP1
RP2
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V4 ——F
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DBO /RD /WR /CS1 D/ Vi——A+—e¢
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A A A

A
DB15to /RD /WR/IORQ A0 An
DBO
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Note 1: For details about the power supply connection, see pages 10 through 13.
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TOSHIBA

T6K44

Block Diagram
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Note 2: The figure above does not show the actual PAD arrangement.
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TOSHIBA

T6K44

Pin Arrangement Diagram

CcomMo
COM1
Com2
COM3
COom4
COM5
COM6
Ccom7
ComMs8
comM9

COM163
COM164
COM165
COM166
COM167

Note 3: The figure above shows only the function terminals.

T6K44

(top view)

TEST1
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C12-
C12+
C13-
C13+
C14-
C14+
C15-
C15+
+VR
Vee
Vss
C31+
C31-

C21-
C21+
C22-
C22+
OuUT45
V45
VIN
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VM
V18
VREF
/STB
/RST
PSON
Vbp
PCK
/DOFF
TEST
PM
CL
FR
RP2
RP1
EXP
DIR
SCL
SDA

Vss
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TOSHIBA T6K44
Chip Configuration
e Chip size 14600 x 2700 [um]
e Pad layout
288 112
oooooOooooo oooooooooo
289 |0 o111
u] Y u]
u] u]
(0, 0) T—»x
u] u]
301 |O o) 93
oooooOooooo oooooooooo
1 92
e Pad center coordinates [unit: pm]
No. Name X Y No. Name X Y No. Name X Y
1 DUMMY1 —6935 -1210 31 DUMMY5 -4530 -1210 61 OuUT45 1128 -1210
2 DUMMY2 —6850 -1210 32 | bDUMMY®6 —4450 -1210 62 C22+ 1354 -1210
3 DUMMY3 —6770 -1210 33 Vss —4226 -1210 63 C22- 1542 -1210
4 FUSE11 —6690 -1210 34 SDA —4005 -1210 64 C21+ 1768 -1210
5 FUSE12 -6610 -1210 35 SCK -3817 -1210 65 C21- 1956 -1210
6 FUSE1G —6530 -1210 36 DIR -3591 -1210 66 |[DUMMY12 2129 -1210
7 FUSE13 —6450 -1210 37 EXP -3403 -1210 67 Vm 2302 -1210
8 FUSE14 -6370 -1210 38 RP1 =3177 -1210 68 A 2490 -1210
9 FUSES31 —6290 -1210 39 RP2 —2989 -1210 69 [DUMMY13 2659 -1210
10 FUSE32 -6210 -1210 40 FR —2763 -1210 70 | DUMMY14 2838 -1210
11 FUSE33 —6130 -1210 41 CL —2575 -1210 7 VEE 3004 -1210
12 FUSE3G —6050 -1210 42 PM —2349 -1210 72 -VR 3210 -1210
13 FUSE34 -5970 -1210 43 TEST -2161 -1210 73 C31- 3401 -1210
14 FUSE35 -5890 -1210 44 /DOFF -1935 -1210 74 C31+ 3612 -1210
15 FUSE36 -5810 -1210 45 PCK -1747 -1210 75 Vss 3803 -1210
16 FUSE41 -5730 -1210 46 Vbp -1571 -1210 76 | DUMMY15 4014 -1210
17 FUSE42 -5650 -1210 47 PSON -1383 -1210 77 Vece 4205 -1210
18 FUSE43 -5570 -1210 48 /RST -1157 -1210 78 +VR 4416 -1210
19 FUSE4G -5490 -1210 49 /STB -969 -1210 79 C15+ 4607 -1210
20 FUSE44 -5410 -1210 50 | DUMMY7 -770 -1210 80 C15- 4818 -1210
21 FUSE45 -5330 -1210 51 DUMMY8 —-650 -1210 81 C14+ 5009 -1210
22 FUSE46 -5250 -1210 52 | DUMMY9 -530 -1210 82 C14- 5220 -1210
23 FUSE51 -5170 -1210 53 | DUMMY10 -380 -1210 83 C13+ 5411 -1210
24 FUSE52 -5090 -1210 54 | DUMMY11 -230 -1210 84 C13- 5622 -1210
25 FUSE53 -5010 -1210 55 VREF1 -57 -1210 85 C12+ 5813 -1210
26 FUSES5G -4930 -1210 56 V18 131 -1210 86 C12- 6024 -1210
27 FUSE54 —4850 -1210 57 Vm 357 -1210 87 C11+ 6215 -1210
28 FUSES55 —4770 -1210 58 GND 508 -1210 88 C11- 6426 -1210
29 FUSE56 -4690 -1210 59 VIN 731 -1210 89 TEST1 6617 -1210
30 DUMMY4 -4610 -1210 60 V45 937 -1210 90 | DUMMY16 6839 -1210
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TOSHIBA T6K44
No. Name X Y No. Name X Y No. Name X Y
91 [DUMMY17 | 6939 -1210 136 | COM21 5210 1155 181 COM66 1610 1155
92 |DUMMY18| 7024 -1210 137 | COM22 5130 1155 182 | COMe67 1530 1155
93 [DUMMY19| 7145 -1030 138 | COM23 5050 1155 183 | COM68 1450 1155
94 (DUMMY20 | 7145 -945 139 | COM24 4970 1155 184 | COM®69 1370 1155
95 [DUMMY21 7145 -865 140 | COM25 4890 1155 185 | COM70 1290 1155
96 |DUMMY22 7145 -785 141 COM26 4810 1155 186 | COM71 1210 1155
97 | ENTEG4 7145 -603 142 | COM27 4730 1155 187 | COM72 1130 1155
98 | ENTEG3 7145 -412 143 | COM28 4650 1155 188 | COM73 1050 1155
99 | ENTEG2 7145 -201 144 | COM29 4570 1155 189 | COM74 970 1155
100 | ENTEG1 7145 -10 145 | COM30 4490 1155 190 | COM75 890 1155
101 |DUMMY23| 7145 175 146 | COM31 4410 1155 191 COM76 810 1155
102 [DUMMY24 | 7145 255 147 | COM32 4330 1155 192 | COM77 730 1155
103 |DUMMY25| 7145 335 148 | COM33 4250 1155 193 | COM78 650 1155
104 |DUMMY26 | 7145 415 149 | COM34 4170 1155 194 | COM79 570 1155
105 |DUMMY27 | 7145 495 150 | COM35 4090 1155 195 | COMS80 490 1155
106 |DUMMY28 | 7145 575 151 COM36 4010 1155 196 | COM81 410 1155
107 |DUMMY29 | 7145 655 152 | COM37 3930 1155 197 | COM82 330 1155
108 [DUMMY30 | 7145 735 153 | COM38 3850 1155 198 | COMS83 250 1155
109 | DUMMY31 7145 815 154 | COM39 3770 1155 199 | DUMMY37 100 1155
110 [DUMMY32| 7145 895 155 | COM40 3690 1155 200 | DUMMY38 0 1155
111 |DUMMY33| 7145 980 156 | COM41 3610 1155 201 | DUMMY39| -100 1155
112 |DUMMY34| 7135 1155 157 | COM42 3530 1155 202 | COMs84 -250 1155
113 |DUMMY35| 7050 1155 158 | COM43 3450 1155 203 | COM85 -330 1155
114 |DUMMY36 | 6970 1155 159 | COM44 3370 1155 204 | COMs86 -410 1155
115 COoMo 6890 1155 160 | COM45 3290 1155 205 | cCOmMs87 -490 1155
116 COM1 6810 1155 161 COM46 3210 1155 206 | COMs88 -570 1155
117 COM2 6730 1155 162 | COM47 3130 1155 207 | COM89 -650 1155
118 COM3 6650 1155 163 | COM48 3050 1155 208 | COM90 -730 1155
119 Ccom4 6570 1155 164 | COM49 2970 1155 209 | COM91 -810 1155
120 COM5 6490 1155 165 | COM50 2890 1155 210 | COM92 -890 1155
121 COM6 6410 1155 166 | COM51 2810 1155 211 COM93 -970 1155
122 com7 6330 1155 167 | COM52 2730 1155 212 | COM94 -1050 1155
123 COM8 6250 1155 168 | COM53 2650 1155 213 | COM95 -1130 1155
124 comM9 6170 1155 169 | COM54 2570 1155 214 | COM96 -1210 1155
125 | COM10 6090 1155 170 | COMb55 2490 1155 215 | COM97 -1290 1155
126 | COM11 6010 1155 171 COM56 2410 1155 216 | COM98 -1370 1155
127 | COM12 5930 1155 172 | COM57 2330 1155 217 | COM99 -1450 1155
128 | COM13 5850 1155 173 | COM58 2250 1155 218 | COM100 -1530 1155
129 | COM14 5770 1155 174 | COM59 2170 1155 219 | COM101 -1610 1155
130 | COM15 5690 1155 175 | COM60 2090 1155 220 | COM102 -1690 1155
131 COM16 5610 1155 176 | COM61 2010 1155 221 | COM103 -1770 1155
132 | CcOM17 5530 1155 177 | COM®62 1930 1155 222 | COM104 -1850 1155
133 | COM18 5450 1155 178 | COM®63 1850 1155 223 | COM105 -1930 1155
134 | COM19 5370 1155 179 | COMe64 1770 1155 224 | COM106 -2010 1155
135 | COM20 5290 1155 180 | COM®65 1690 1155 225 | COM107 —-2090 1155
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TOSHIBA T6K44
No. Name X Y No. Name X Y No. Name X Y
226 | COM108 -2170 1155 252 | COM134 -4250 1155 278 | COM160 -6330 1155
227 | COM109 -2250 1155 253 | COM135 -4330 1155 279 | COM161 -6410 1155
228 | COM110 -2330 1155 254 | COM136 -4410 1155 280 | COM162 -6490 1155
229 | COM111 -2410 1155 255 [ COM137 -4490 1155 281 | COM163 -6570 1155
230 | COM112 —2490 1155 256 | COM138 -4570 1155 282 | COM164 -6650 1155
231 [ COM113 -2570 1155 257 | COM139 -4650 1155 283 | COM165 -6730 1155
232 | COM114 —-2650 1155 258 | COM140 —-4730 1155 284 | COM166 -6810 1155
233 | COM115 -2730 1155 259 | COM141 -4810 1155 285 | COM167 -6890 1155
234 | COM116 -2810 1155 260 | COM142 -4890 1155 286 | DUMMY40| -6970 1155
235 | COM117 —-2890 1155 261 | COM143 —-4970 1155 287 | DUMMY41| -7050 1155
236 | COM118 -2970 1155 262 | COM144 -5050 1155 288 |DUMMY42| -7135 1155
237 | COM119 -3050 1155 263 | COM145 -5130 1155 289 | DUMMY43| -7145 980
238 | COM120 -3130 1155 264 | COM146 -5210 1155 290 DTEG1 -7145 790
239 [ com121 -3210 1155 265 | COM147 -5290 1155 291 DTEG3 -7145 599
240 | CcoM122 -3290 1155 266 | COM148 -5370 1155 292 DTEG2 -7145 388
241 | COM123 -3370 1155 267 | COM149 -5450 1155 293 DTEG4 7145 197
242 | CcOM124 -3450 1155 268 [ COM150 -5530 1155 294 | ENTEG1 -7145 -15
243 | COM125 -3530 1155 269 | COM151 -5610 1155 295 | ENTEG3 7145 -206
244 | COM126 -3610 1155 270 [ COM152 -5690 1155 296 | ENTEG2 7145 -417
245 [ Ccom127 -3690 1155 271 | COM153 -5770 1155 297 | ENTEG4 -7145 -608
246 | COM128 -3770 1155 272 | COM154 -5850 1155 298 | DUMMY44 | -7145 -785
247 | COM129 -3850 1155 273 | COM155 -5930 1155 299 | DUMMY45| -7145 -865
248 | COM130 -3930 1155 274 | COM156 -6010 1155 300 |DUMMY46| -7145 -945
249 | COM131 -4010 1155 275 | COM157 -6090 1155 301 | DUMMY47| -7145 -1030
250 | COM132 -4090 1155 276 | COM158 -6170 1155
251 | COM133 -4170 1155 277 | COM159 -6250 1155

e Bump specifications

Item Pad No. Size Unit
33 to 89 (input) 150 (min)
Pad pitch 115 to 285 (COM) 80 (min)
(NC, dummy, DTEG) 80 (min)
2-91, 94-110, 65x 65 (typ.)
113-287, 290-300 45 um
Bump size
1,92, 93, 111, 112, 70 % 65 (typ.)
288, 289, 301 45
Bump height — 15 (typ) 22
(intra-chip: typ. £2)
Bump hardness — 30 to 80 Hv
Bump strength
(shearing rigidity) B 20 (min) oI
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TOSHIBA

T6K44

Terminal Description

Terminal Name 110 Description
COMO to COM167 O [ Output terminal for common signals
/IRST | Input terminal for reset signals
Input terminal for standby signals
/STB | 0 This terminal should be normally connected to the /STB terminal for S6B0023.
0 T6K44 goes into the standby state while /STB = “L.” The LCD drive signal is set at the Vgg
level, stopping the boost.
Input terminal for display OFF signals
/DOFF | 0 /DOFF = “H’000Produces normal COM output.
0 /DOFF = “L"000Produces all COM output at the V) level.
CL | Input terminal for shift clock pulses
PM | Input terminal for frame signals
FR | Input terminal for AC generation signals for display
SDA. SCL | Command interface with the SEG driver (S6B0023)
RP1, RP2 | Input terminal for row parameters
PCK | Input terminal for clock signals for a boost. Used to input 5 KHz (typ.) clock signals for a boost
from the SEG driver.
Terminal for selecting a COM scan direction.
DIR I DIR = 0: COM0O — COM167
DIR=1: COM167 — COMO
Terminal for selecting a power supply mode
EXP | EXP = 0: Selects the internal power supply circuit.
EXP = 1: Selects the external power supply. (stops generation of Vyef, Vi, +VR, and -VR.)
Terminal for turning on/off the discharge function when switching the partial display 1 mode
PSON | PSON = 0: Turns the function off.
PSON = 1: Turns the function on.
VM, +VR, VR — | Output terminal for LCD drive power supply
Input terminal for the reference voltage (V). Connected to V2 for the SEG driver.
V2 — <EXP = 0> <EXP =1>
V2: Connected to V) Used for V\-level external input.
Input terminal for LCD drive power supply
<EXP = 0> <EXP = 1>
Vee, VEE — .
Vce: Connected to +VR Used for +VR-level external input
VEE: Connected to -VR Used for —VR-level external input
VIN — | Power supply terminal for a boost
V18 — | Terminal for V,ef connection
VREF — | Output terminal for the Ref voltage (Vyef)
OuUT45 — | Output terminal for the primary boost voltage
V45 — | Input terminal for the primary boost voltage. Connected to the OUT45 terminal.
C21-, C21+
C22- Co2+ — | Terminals for connection to the external capacitor for a primary boost
C11-, C11+, C12—,
C12+, C13—, C13+,
Cld, Clds, C15-, — | Terminals for connection to the external capacitor for a secondary boost
C15+
C31-, C31+ — | Terminals for connection to the external capacitor for a tertiary boost
Vpp, Vss — | Power supply terminal
TEST, TEST1 — | Terminals for testing by Toshiba. Normally connected to Vss.
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TOSHIBA T6K44

Power Supply Circuit Block Diagram

Secondary
\;4%5 DC-DC +VR 1.0t02.2pF
\_/ converter > :
—> (fora 4 xto
0ouT45 (6 boost . Vee
OPEN x boost) COM Drive
O < - L
Circuit
Bias
Primary 1
DC-DC
converter v
(fora 1.5x VM . 2910
V18 generation VM 47 uF
5| circuit > ' —e
VREF
Contrast V2
= Control
S
o o COM Drive
] > Vyef Circuit Circuit
g Y Y
Tertiary
VIN DC-DC 1.0to
O converter VR 22 uF
(fora 2 x —
boost)
\Y
Vbp COM Drive EE 1
O—) Circuit =
Vss

Note 4: The figure above shows the circuits for Vjy = VN — 0.2 V.

Note 5: If V\ > VN — 0.2 V, the primary boost terminal (OUT45) should be connected to the V45 terminal as shown
in the figure below.

N\ V45 . -
() > To the V)1 generation circuit

C OuUT45

P

 C21+
N Primary

C21— DC-DC
O converter

——

— C22+

_"_

— C22-

0.22t0 0.47 uF 0.22t0 0.47 uF 1.0t0 2.2 uF
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TOSHIBA T6K44

Example Connection of the Power Supply Circuit Components

(1) Internal power supply mode (EXP = L) for (Note 6) VM = VIN - 0.2V
e For a 6 x boost

_"_
Q
T

0.1t0 0.47 uF

0.1 to 0.47 uF

Secondary
DC-DC
Converter

0.1t0 0.47 uF

Bias
Control

+VR 1.0t02.2 uF
'_

0.1 to 0.47 uF

0.1t0 0.47 uF

_"_
Q
7

OO00000000O0

:

OPEN VM Generation

v
c21+ Circuit M 22to4.7uF

p————=0

C21- Primary DC-DC Contrast
OPEN Converter Control

C22+ y

V2
L~ . Connected
d " to SEG V2.

A

0110047 yF /g

-|-—|l—0—(
L VREF ~

{J Vyef Circuit

-VR 1.0t0 2.2 uF
p——0

O Tertiary DC-DC
Converter

7Y

\

VEE

0.47 to 1.0 uF
——

Connected to PCK C
SEG PCK EXP

Vss Q_

GND

Note 6: Be sure to check the capacitance in the actual machine.
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TOSHIBA T6K44

e For a 5 x boost

Q
7
S

_“_
Q
T

(@]
=
N
¥

Secondary
DC-DC
Converter

_“_
Q
7

OO O00O0C

0
=
)

Bias
Control

+VR 1.0t02.2 uF
'_

_“_

O C

0.1t0 0.47 uF 0.1 to 0.47 uF 0.1 to 0.47 uF 0.1 to 0.47 uF

o
o Q |19
z¢ T

C15-

Vpb —0—>C

OPEN Vm Generation

\Y
C21+ Circuit M 22to4.7uF

p———H—=0

C21- Primary DC-DC Contrast
OPEN Converter Control

c22+ y
OPEN

C22-

OPEN
04710 1.0uF  \/4g

-|-—|l—0—(
L VREF
\»

V2
b~ . Connected
o " to SEG V2.

A

Vyef Circuit

-VR 1.0t0 2.2 uF
p———=0

Tertiary DC-DC
Converter

{J VEE
Connected to P C
SEG PCK —C (%fp =
GND ——Xéi(j

0.1t0 0.47 uF
|_

Note 7: Be sure to check the capacitance in the actual machine.

Note 8: For the circuits connected as shown above, do not specify the 6x boost in the command settings.
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TOSHIBA T6K44

e For a 4 x boost

C11+ ~
J_ \

T c11- ~
N\

C12+ —
J_ \

T c12- ~
N\

C13+
J. {J Secondary

DC-DC
T C13— ~ Converter
\

0.110 0.47 uF 0.1 to 0.47 uF 0.1 to 0.47 uF

C14+ Bias
OPEN Control +VR 1.0t0 2.2 uF

C14- —
OPEN

C15+ v
OPEN cC

C15-
OPEN

Vbb —"—>C

OPEN Vm Generation

v
c21+ Circuit M 22to4.7uF

p———H—=0

C21- Primary DC-DC Contrast
OPEN Converter Control

C22+ y
OPEN
C22-

OPEN
0110047 uF  \/4q

[
L VREF ~

{J Vyef Circuit

A

V2
L~ . Connected
d " to SEG V2

VR 1.0t0 2.2 uF
p——0

Tertiary DC-DC
Converter

VEE
Connected to C
SEG PCK EXP
Vss C
GND —>()

0.47 to 1.0 uF

Note 9: Be sure to check the capacitance in the actual machine.

Note 10: For the circuits connected as shown above, do not specify the 6x or 5x boost in the command settings.
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ToK44

(2

External power supply mode (EXP = H)
If the EXP terminal is set to H for T6K44, a power supply unit for display can be installed outside of T6K44 and connected to it.

Example Connections for an External Power Supply Unit

C11+

OPEN
c11-

OPEN
C12+

OPEN
C12-

OPEN
C13+

OPEN
C13-

OPEN
Cl4+

OPEN
C14-

OPEN
C15+

OPEN
C15-

OPEN
V45

V2 to 50 V )<>

Secondary
DC-DC
Converter

Bias
Control

+VR

OuUT45

OPEN
C21+

OPEN
C21-

OPEN
C22+

OPEN
C22-

OPEN
V18

Primary DC-DC
Converter

Vv Generation

Circuit

Contrast

Control

OPEN

Vee

V2

Vm

A
VREF

OPEN

C31+

Vyef Circuit

C31-

QL

\%)} VIN :

Tertiary DC-DC
Converter

OPEN

VEE

-VR

OPEN

Vbp

EXP

) Vss :

OPEN

+VR

4

External Power Supply

To SEG V2

If T6K44 operates in external power supply mode (EXP = H), the built-in power supply circuit in T6K44 goes into the following

state:
0 Vryef generation OFF
0 Primary boost OFF
0 VM-AMP OFF

0 Secondary/Tertiary boost OFF (+VR/~VR OFF)
0 VM/+VR/-VR output (OPEN)
Therefore, Contrast Control and Bias Control should be controlled from the external power supply.
The V45 terminal should be used for an input voltage between V2 and 5.0 V.

13
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TOSHIBA

T6K44

Display Control Signals

T6K44 generates display waveform timing signals by using PM, FR, CL, RP1, and RP2 which are all

supplied from the SEG driver (S6B0023).
These display timing signals are shown below.

S | o

PM

|

L

|
LU EEEEEEaN
I

(.

an

rez_ J_ N C O C O
FR | | |
VRI-V
COMO-3 \+/MR R
+VRI-V.
COM4-7 / VMR R
VRI-V
COM8-11 \+/MR R
\
/DOFF

COM output polarity reversed by FR = “H”

e CL
signal.

e PM : First line marker signal

e RP1, 2 : Drive pattern signals for the common driver. Input at the rising edges of PM.

e FR
signal.

e /DOFF : Display OFF signal. Input at the rising edges of the CL signal.

: Shift clock. The common driver controls the COM output by responding to the falling edges of the CL

: AC generation signal (which reverses the COM output polarity). Input at the rising edge of the CL

14
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TOSHIBA

T6K44

LCD Voltages
Relation between Display Voltages

<COM voltage> <SEG voltage>
+VR
V, V4
\%e}
i V3
Supplied !
from COM | Ve
Vi ———— V2
. Ve
V1
V
Vr : L C
-— e - — o —
Vss = ! Vss (VO)
_VR

<COM voltage>
o The COM voltage is varied £VR with respect to VM.
e VM is generated by COM and supplied to SEG.
e Contrast control is provided by changing voltage VM.

e Voltage Vris calculated as follows.
Vr=VeXxn *1/n Bias = 1/6, 1/8, 1/10
Ve=1/2xVM

<SEG voltage>

e V4-V3=V3-V2=V2-V1=V1-Vgss(V0)=V;
(each voltage should always be V¢ which is one-fourth V4)

e  When the contrast is changed, the bias ratio is constant. Thus, the SEG voltage is varied with respect

to V2, and its variations from the reference are equal.

15
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TOSHIBA T6K44

Display Power Supply and Output Status for Each Mode

With T6K44, display power supply control (boost ON/OFF control) and display output ON/OFF control
are provided by terminal inputs (/STB and /DOFF) from the SEG driver (S6B0023).

e Standby mode

/STB terminal input L
/DOFF terminal input L
PCK input Stop
Boost (primary, secondary, and tertiary) OFF
COM output Vss
Note 11: When this common driver operates in standby mode, Vp/+VR/-VR is in the following output status:
VM: Vss level
+VR: Vss level
-VR: Vss level

Note 12: When this common driver in standby mode uses the external power supply (EXP = H), the driver requires

the following input voltages:

V2 input Vss
Ve input Vss
Vg input Vss
COM output Vss (V2)
¢ Display OFF
/STB terminal input H
/DOFF terminal input L
PCK input Clock (5 to 7 kHz)
Boost (primary, secondary, and tertiary) ON
COM output Vm
e Display ON
/STB terminal input H
/DOFF terminal input H
PCK input Clock (5 to 7 kHz)
Boost (primary, secondary, and tertiary) ON
COM output -VR or V) or +VR

Note 13: After turning the power-on, be sure to initialize both the SE and COM drivers (with /RST = L), and then make
necessary settings. If this initialization is not done, an abnormal display might appear after power-up.

After the SEG driver (S6B0023) is initialized, it is in the following status (when the standby mode is ON):

/STB terminal input L

/DOFF terminal input L
PCK input Stop
Boost (primary, secondary, and tertiary) OFF
SEG output Vss

Note 14: Turning the power-off while a display is provided might cause the display to become abnormal. Thus, be
sure to carry out a predetermined power-down procedure, and then turn the power-off.
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Partial Display Mode

By using the /DOFF terminal, T6K44 can function with the SEG driver S6B0023 in partial display mode.
The SEG driver has two partial display modes. T6K44 can suit either of the two modes.

Partial display [:::

start block Partial display

Displa 4 Line x n Block startblock | 4 | jne x m Block
y *1<n<41 Partial display | 1S M= 16 64 lines fixed
end block {:::

Partial display

end block -

Undisplayable area : Not scanned by COM (COM = V2 fixed)

Other than the partial display area : Although COM timing is provided, display output = V2 fixed (/DOFF =L).

I:I Partial display area : Portion which is actually displayed
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e Partial display mode 0
While the input at the /DOFF terminal is “L,” the outputs at all the COM terminals can be set at the Vm level,
and the outputs at all the SEG terminals at the V3 or V1 level. By using the outputs at these levels, only part of
the screen is displayed. So, the display device can offer lower power requirements than it does in normal display

mode.
While the device draws less power, its display duty, contrast setting, and bias setting are the same as those
for the normal display mode.

Example: Partial Display for Block 1 (COMS to COM15)

1 v
COMO to 3 -- -- -- v

_VR
COM4 to 7J_| -- -- --

COMS to 11 |_| - - LI -— -
COM12to 15 |_| -- - |_I___

COM16 to 19 |_| -- LI --

COM20 to 23 |_| -- T --
Pause period ! | IPause period ! Pause period
«<—

/DOFF LI U’_|

Normal display mode | Partial display mode

3!
Ly LN rel

Partial Display Area Other than thAerel;artlal Display
Display duty Same as the setting for normal mode
Display bias Same as that for normal mode (bias (1) setting)
Contrast Same as that for normal mode (contrast (1) setting)
Oscillation circuit Same as that for normal mode (between OSC1 and OSC2)
Same as that for normal mode
SEG output level V1orV3
(VO, V1, V2, V3, V4)
/DOFF terminal H L
Same as that for normal mode
COM output level Vv fixed
(+VR, VM, =VR)
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e Partial display mode 1

Still lower power consumption is possible with partial display mode 1 which uses up to 64 lines. For this mode,
a reduced number of lines are displayed by inputting /DOFF = L from the SEG driver in the same manner as
that for mode 0.

Partial Display Area Othelgitshpalg;rker;artial Other thapr:rg;e Display
Display duty 1/64 duty (display area: 16 blocks) *
Display bias Bias (2) setting
Contrast Contrast (2) setting
Oscillation circuit Between OSC1 and OSC3
Same as that for normal
SEG output level mode V1 or V3 —
(VO, V1, V2, V3, V4)
/DOFF terminal H L _
Same as that for normal
COM output level mode V fixed V fixed
(+VR, VM, -VR)

¢ Discharge function for reducing the boost voltage for switching from the normal mode to partial mode 1

To expedite the screen switching from the normal mode to partial mode 1, the boost voltage can be reduced at
mode switching.

The discharge function means that after the command for switching to partial mode 1 is issued, the +VR boost
is forcibly reduced (+VR: V45, -VR: VSg) during the period <a> from the start of the next subgroup. After the
discharge, the reduced voltage increases to the level set for partial mode 1. The discharge period (a) is set at
about 100 ms (at PCK = 5 kHz).

To use this function, specify the display OFF period longer than the period (a) in the Display ON/OFF

command.
Display Drive J| SubFrame (n—1) | SubFrame () | SwFrame(n+i)
Command Input NORMAL Mode X Partial Mode 1
Vm Voltage NORMAL Mode Partial Mode 1
+VR Operation Voltage boost in normal made Discharge Boost f_or_p_ar_ti;rm;aé 1

/DOFF Input \ /7

COM Output Display ON X Display OFF (V) X Display ON

P (a) ~

This function can be set to ON/OFF by using the PSON terminal.
PSON = H: Discharge function ON
PSON = L: Discharge function OFF
To use partial mode 1 with PSON = L, follow the command setting procedure shown below.

|| Normal Mode ||

Wait
Y
| Display OFF (DOFF=1) | | Standby Mode OFF (/STB=H) |
| Partial Mode 1 Set | | Display ON (/DOFF =H) |
| Standby Mode ON (/STB=L) | || Partial Mode 1 ||

Note 15: Each period of wait time varies with the usage condition. Set these periods after thoroughly checking them.
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Data Interface with the Segment Driver

To set data in the common driver (T6K44), the data is transferred from the segment driver to the
common driver through serial interface (SCL and SDA) between them. T6K44 recognizes the serial data
(SDA) by the rising edges of SCL.

<Specifications for Data Transfer from the SEG Driver (S6B0023)>

SDA (StartOXStart1XStart2XReg.3XReg.2XReg.1XReg.oX D7 X D6 X D5 X D4 X D3 X D2 X D1 X DO ) Stop

\ A A /bt
Start Bit Reg. No. setting Transfer data

Start bits:

The COM driver receives data only when the three bits, start bits 0 through 2, are “L.”
Reg. Nos.:

The four bits, Reg.0, Reg.1, Reg.2, and Reg.3, specify the type of transfer command.

Reg.3 Reg.2 Reg.1 Reg.0 Transfer Data
0 0 0 0 (NOP)
0 0 0 1 Contrast set (1)
0 0 1 0 Contrast set (2)
0 0 1 1 Bias data
0 O 0 0 Partial mode
0 1 0 1 Partial area
0 1 1 0 Duty set
0 1 1 1 DC-DC select
1 X X X TSB TEST mode

x: No problem

Transfer data:

Parameter data (DB7-DBO0) set in the SEG driver
Stop bit:

16 th clock signal (SDA = H) which stops data transfer
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e Transfer of the row function

T6K44 receives data from the SEG driver via the RP1 and RP2 terminals each time a rising edge of the CL

signal occurs. Then, T6K44 produces display output with the specified row vector according to the following
COM timing:

CL T

RP1 ) )
RP2 ) X X
X X

COM Output

BREREE

¢ Row function e ForFR=L
RP2 | RP1 | Row Function Rt | R | R | Ra |"TVR
0: -VR
0 0 R1 L1 0 1 1 1
0 1 R2 L2 1 1 0 1
1 0 R3 L3 1 0 1 1
1 1 R4 L4 1 1 1 0
e ForFR=H
Ri | R | R3S | R4 |WHVR
0: -VR
L1 1 0 0 0
L2 0 0 1 0
L3 0 1 0 0
L4 0 0 0 1

e Example connection (interface) between SEG and COM

PM

FR

CL

/DOFF

SEG [STB > COM

SDA

SCL

RP1

RP2
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Command Specifications

The following describes the specifications for the commands transferred from the SEG driver (S6B0023).

Contrast control (1): (reg No.: 0001)

This command specifies the contrast control value for normal/partial mode 0 which was set for the SEG driver
(S6B0023) by MPU.

DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO

Contrast Control (1) (00h to FFh)

Contrast control (2): (reg No.: 0010)

This command specifies the contrast control value for normal/partial mode 1 (1/64 duty fixed) which was set
for the SEG driver (S6B0023) by MPU.

DB7 | DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO

Contrast Control (2) (00h to FFh)

o VM for each contrast setting is shown below for reference.

Contrast (hex) | Vm (V) [|Contrast (hex)| Vm (V) || Contrast (hex)| Vpm (V) || Contrast (hex)| Vm (V) [ Contrast (hex)| Vp (V)
0O 'ooh | 1600 | 28 ' 1Ch | 1.820 || 56 ! 38h | 2.039 | 84 ! 54h | 2259 | 112 ' 70h | 2478
1 , 01h | 1608 || 29 |, 1Dh | 1.827 57 | 39h | 2.047 85 , 55h | 2267 | 113 |, 71h | 2.486
2 1020 | 1616 || 30 1 1En | 1.835 | 58 ' 3Ah | 2.055 | 86 1 56h | 2275 | 114 1 72h | 2.494
3 ' 03h | 1624 | 31 ' 1Fh [ 1843 | 59 ! 3Bh | 20063 || 87 ' 57h | 2282 | 115 ! 73h | 2.502
4 1 04h | 1631 || 32 1 20h | 1.851 || 60 1 3Ch | 2.071 | 88 . 58h | 2290 | 116 . 74h | 2.510
5 ' 05h | 1639 | 33 ' 21h | 1.859 | 61 ' 3Dh | 2.078 | 89 ! 59h | 2298 | 117 ' 75h | 2518
6 , 06h | 1.647 34 |, 22h | 1.867 62 , 3Eh | 2.086 90 , 5Ah | 2306 | 118 , 76h | 2.525
7 1 07h | 1655 || 35 1 23h | 1875 || 63 1 3Fh | 2094 | 91 :5Bh | 2314 | 119 1 77n | 2533
8 '08h | 1663 | 36 ' 24h | 1.882 || 64 ! 40h | 2102 || 92 ' 5ch | 2322 | 120 ' 78n | 2.541
9 0% | 1671 || 37 1 25h | 1.890 || 65 . 41h | 2110 [ 93 | 5Dh | 2329 | 121 | 79h | 2.549
10 ' 0Ah | 1678 | 38 ' 26h | 1.898 | 66 ' 42h | 2118 | 94 ' 5En | 2.337 | 122 ' 7Ah | 2.557
11 ' oBh | 1686 | 39 ! 27h | 1906 || 67 ! 43h | 2125 | 95 ! 5Fh | 2345 | 123 ! 7Bh | 2.565
12 1 0Cch | 1694 | 40  28h | 1.914 | 68 1 44n | 2133 | 96 . 60h | 2.353 | 124 .« 7Ch | 2.573
13 ' ODh | 1702 || 41 ' 20h | 1922 || 69 ' 45h | 2141 | 97 ' 61h | 2.361 | 125 ' 7Dh | 2.580
14 | OEh | 1710 || 42 | 2An | 1929 || 70 | 46h | 2149 || 98 | 62h | 2.369 | 126 , 7Eh | 2.588
15 1 OFh | 1718 | 43 1 2Bh | 1.937 | 71 1 47h | 2157 | 99 1 e3h | 2.376 | 127 1 7Fh | 2.596
16 ' 10n | 1725 | 44 ' 2ch | 1945 | 72 ! 48h | 2165 | 100 ' 64h | 2.384 | 128 ' 80h | 2.604
17 1 11h | 1733 || 45 1 2Dh | 1.953 || 73 . 49h | 2173 | 101 . 65h | 2392 | 129 | 81h | 2.612
18 ' 12h | 1.741 | 46 ' 2Eh | 1.961 || 74 ' 4An | 2180 | 102 ' 66h | 2.400 | 130 ! 82h | 2.620
19 | 13h | 1.749 47 | 2Fh | 1.969 75 |, 4Bh | 2.188 | 103 | 67h | 2.408 | 131 , 83h | 2.627
20 + 14h | 1.757 | 48 1 30n | 1.976 || 76 1 4Ch | 2196 | 104 1 68h | 2416 | 132 ' 84h | 2.635
21 ' 15nh | 1765 | 49 ' 31h | 1984 | 77 ' 4Dh | 2204 | 105 ' 69h | 2424 | 133 ' 85h | 2643
22 1 16h | 1773 | 50 1 32h | 1.992 || 78 | 4En | 2.212 || 106 | 6Ah | 2431 | 134 | 86h | 2.651
23 ' 17h | 1780 || 51 ' 33h | 2000 | 79 ' 4Fh | 2220 | 107 ' 6Bh | 2439 | 135 ! 87h | 2.659
24 ! 18h | 1.788 || 52 ! 34h | 2008 | 80 ! 50n | 2227 [ 108 ! 6Ch | 2447 | 136 ! 88h | 2.667
25 1 19h | 1.796 | 53 1 35h | 2016 || 81 1 51h | 2235 | 109 : 6Dh | 2455 | 137 1 89h | 2675
26 ' 1Ah | 1.804 | 54 ' 36h | 2024 | 82 ! 52h | 2243 || 110 ' 6Eh | 2463 | 138 ! 8Ah | 2.682
27 , 1Bh | 1812 || 55 | 37h | 2.031 || 83 | 53h | 2251 | 111 | 6Fh | 2471 | 139 | 8Bh | 2.690
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Contrast (hex) | Vm (V) [|Contrast (hex)| Vm (V) || Contrast (hex)| Vm (V) || Contrast (hex)| Vm (V) [ Contrast (hex)| Vm (V)
140 ' 8Ch | 2.698 | 164 ' Adh | 2.886 | 188 ! BCh | 3.075 | 212 ' Dah | 3.263 | 236 ! ECh | 3.451
141 1 8Dh | 2706 | 165 1 ASh | 2.894 | 189 : BDh | 3.082 | 213 1 Dsh | 3271 | 237 : EDh | 3459
142 | 8Eh | 2714 || 166 , A6h | 2.902 | 190 ; BEh | 3.090 || 214 | Déh | 3.278 | 238 , EEh | 3.467
143 ' 8Fh | 2722 || 167 ' A7h | 2910 | 191 ' BFh | 3.008 | 215 ' D7h | 3.286 | 239 ' EFh | 3.475
144 1 90n | 2729 | 168 '+ ABh | 2918 | 192 ' COh | 3.106 | 216 ' Deh | 3.204 | 240 ' Foh | 3.482
145 I 91h | 2737 || 169 I A9h | 2925 | 193 I Cth | 3.114 | 217 I DOh | 3.302 | 241 I Fih | 3.490
146 | 92h | 2745 || 170 | AAh | 2933 | 194 ! C2h | 3.122 | 218 ! DAh | 3.310 | 242 | F2h | 3.498
147 ' 93h | 2753 || 171 ' ABh | 2941 | 195 ' C3h | 3.129 || 219 ! DBh | 3318 | 243 ' F3n | 3.506
148 1 94n | 2761 || 172 1 ACh | 2949 | 196 : Cdn | 3437 | 220 ' DCh | 3.325 | 244 ' F4h | 3514
149 95h | 2.769 || 173 ADh | 2957 | 197 cs5h | 3.145 | 221 DDh | 3.333 | 245 F5h | 3.522
150 | 96h | 2776 || 174 | AEh | 2.965 | 198 ! C6h | 3.153 | 222 ! DEh | 3.341 | 246 ! F6h | 3.529
151 ! orh | 2784 || 175 ' AFh | 2973 || 199 ' C7h | 3.161 || 223 ' DFh | 3.349 | 247 ' F7h | 3.537
152 1 98h | 2792 || 176 : BOh | 2.980 | 200 : C8h | 3169 | 224 + EOh | 3357 | 248 ' F8h | 3.545
153 1 9%h | 2800 || 177 . Bth | 2988 | 201 . Coh | 3.176 | 225 . Elh | 3.365 | 249 . Foh | 3.553
154 ' 9Ah | 2.808 || 178 ' B2h | 2996 [ 202 ' CAh | 3.184 | 226 ' E2h | 3.373 | 250 ' FAh | 3.561
155 ' 9Bh | 2.816 || 179 ' B3h | 3.004 | 203 ' cBh | 3.192 | 227 ' E3n | 3.380 | 251 ' FBh | 3.569
156 1 9Ch | 25824 | 180 1 B4h | 3.012 || 204 1 CCh | 3200 | 228 1 E4n | 3.388 | 252 + FCh | 3576
157 , 9Dh | 2.831 | 181 | B5h | 3.020 | 205 , CDh | 3.208 | 229 , E5h | 3.396 | 253 , FDh | 3.584
158 ' OEh | 2.839 || 182 ' B6h | 3.027 | 206 ' CEh | 3.216 || 230 ' E6h | 3.404 | 254 ' FEh | 3.592
159 1 oFh | 2847 | 183 ' B7h | 3.035 | 207 ' CFh | 3.224 | 231 ' E7h | 3.412 | 255 ' FFh | 3.600
160 1 AOh | 2.855 | 184 1 B8h | 3.043 | 208 1 DOh | 3.231 | 232 1 E8h | 3420
161 | Ath | 2.863 | 185 , B9h | 3.051 [ 209 | D1h | 3.239 | 233 , ESh | 3.427
162 ' A2n | 2871 || 186 ' BAh | 3.059 | 210 ' D2h | 3.247 || 234 ' EAh | 3.435
163 1 A3h | 2.878 | 187 + BBh | 3.067 | 211 : D3h | 3.255 | 235 ' EBh | 3.443
Note 16: |:| Contrast and V) values in the blank field must not be set for 1/10 bias.
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e Bias set: (reg No.: 0011)
This command specifies the bias ratio for normal/partial mode O or partial mode 1 which was set for the SEG
driver (86B0023) by MPU.

DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO

* * Bias (2) 0 0 Bias (1)
<bias (2)> <bias (1)>
: For partial mode 1 : For normal/partial mode 0

DB5 DB4 Bias DB1 DBO Bias

0 0 1/6 0 0 1/6

0 1 1/8 (0] 1 1/8

1 0 1/10 1 0 110

1 1 — 1 1 —
Note 17: Initial setting: 1/6 bias Note 17: Initial setting: 1/6 bias
e Bias (1)

Bias settings for normal mode/partial display mode 0.
The settings are changed automatically when normal mode/partial display mode 0 is set. (initial setting)

e Bias (2)
Bias settings for partial display mode 1 (1/64 duty fixed).
The settings are changed automatically when partial display mode 1 is set.

e Bias definition
Bias ratio = Vc/Vr (*VZ = VM)
Ve:V4-V3=V3-V2=V2-V1=V1-V0(VS9) ........... SEG voltage
Vit [4VRI-VM = [-VRIFVM. oo COM voltage

*Display voltages (typ.) for each bias setting

Contrast 1/6 Bias 1/8 Bias 1/10 Bias
Vm +VR -VR +VR -VR +VR -VR
min 1.6 6.4 -3.2 8.0 -4.8 9.6 -6.4
typ. 2.6 10.4 -5.2 13.0 -7.8 15.6 -10.4
max 3.6 14.4 -7.2 18.0 -10.8 — —

Note 18: The voltage range might be unusable depending on the VN voltage and boost multiplier settings.

Note 19: V) = 2.88 V or more (contrast setting: A4h to FFh) must not be set for 1/10 bias.
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e Partial mode set: (reg No.: 0100)

This command specifies the partial display mode which was set for the SEG driver (S6B0023) by MPU.
When this command is executed, the contrast setting, bias setting, and DC-DC Select are changed
automatically according to the mode selected (normal/partial mode O/partial mode 1).

DB7 DB6 DB5S DB4 DB3 DB2 DB1 DBO
* * 0 0 0 0 Mode PT

PT: Partial Display ON/OFF
PT = 000O0Partial Display OFF = Normal Mode (initial setting)
PT = 1000Partial Display ON

Mode:Partial Mode Set
Mode = O0C0OPartial Mode 0: Duty fixed
Mode = 1000Partial Mode 1: Duty changed (64 lines fixed) <low power consumption mode>

Mode PT Display Mode
0 0 Normal mode
0 1 Partial mode 0
1 0 Setting prohibited
1 1 Partial mode 1

e Partial area set: (reg No.: 0101)

This command specifies the partial display start block parameter for the partial display IN command which
was set for the SEG driver (SB0023) by MPU.

pB7 | DB6 | DBS | DB4 | DB3 | DB2 | DB1 | DBO

* * Partial display start block

e Duty set: (reg No.: 0110)
This command specifies the duty set which was set for the SEG driver (SB0023) by MPU.

DB7 DB6 DB5S DB4 DB3 DB2 DB1 DBO

* * 0 0 0 0 Display duty

DB1 DBO | Display Duty

0 0 1128
0 1 1/144
1 0 1/160
1 1 1/168

(initial setting: 1/128 duty)
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e DC-DC select: (reg No.: 0111)
This command specifies the boost multiplier for normal/partial display mode 0 or partial mode 1 which was

set for the SEG driver (36B0023) by MPU.

DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
* * DC-DC (2) 0 0 DC-DC (1)
<DC-DC (2)> <DC-DC (1>
: For partial mode 1 : For normal/partial mode 0
DB5 DB4 DC-DC (2) DB1 DBO DC-DC (1)
0 0 x4 0 0 x4
0 1 x5 0 1 x5
1 0 x6 1 0 x6
1 1 Prohibited 1 1 Prohibited

Note 20: Initial setting: 4x

e DC-DC()
Multiplier settings for normal mode/partial display mode 0.

The settings are changed automatically when normal mode/partial display mode 0 is set.

e DC-DC(2)
Multiplier settings for partial display mode 1 (1/64 duty fixed).

The settings are changed automatically when partial display mode 1 is set.

e NOP: (reg No.: 0000)
When receiving this command from the SEG driver, T6K44 performs no operation (.e., it continues to be in
the current state).

e TSB TEST mode: (reg No.: 1xxxx)

Note 20: Initial setting: 4x

The commands with Reg. 0 = 1 are used for testing by Toshiba.

These commands must not be accessed from the SEG driver (S6B0023).
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COM Direction

T6K44 can change the direction by using the DIR terminal.
The following shows the COM scan directions (up/down) and display duty block numbers.

<DIR=L> <DIR = H>
e For 1/128 duty
COMO Block0 COMO Block31
Display Area Display Area
COM127 = Block31 COM127 k= Block0
com1e7t: Block41 COM167 L=
e For 1/144 duty
COMO Block0 COMO Block35
Display Area Display Area
COM143 - COM143 Block0
CoM167 L= Block41 COM167 k=
e For 1/160 duty
COMO Block0 COMO Block39
Display Area Display Area
COM159 == Block39 COM159 = Block0
com167 L Block41 COM167
e For 1/168 duty
COMO Block0 COMO Block41
A
Display Area Display Area
v
COM167 Block41 CcOom167 Block0
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Maximum Ratings

Characteristics Symbol Rating Unit

Vbp

Power supply voltage (1) -0.3t0 6.0 \%
(Note 21)
AVR

Power supply voltage (2) 40.0 max \%
(Note 22)

Input voltage Vin -0.3toVpp +0.3 \%

Operating temperature Topr -30to 85 °C

Storage temperature Tstg -55to 125 °C

Note 21: Value referenced from Vgs =0V

Note 22:

AVR = |+VR| + |—VR|

Electrical Characteristics of T6K44
DC Characteristics (1):

(test circuit: Vpp=1.8to 3.3V, V|N = 2.7 to 3.6 V, Vpp =< V|N, Ta =-20 to 60°C unless otherwise

specified)

Characteristics Symbol CTZSJ“ Test Condition Min Typ. Max Unit A.\Ii)grisiant:;e
Operating voltage (1) Vbp — — 1.8 3.0 3.3 \% VbD
Operating voltage (2) VIN — — 2.7 3.0 3.6 \% VIN
Input voltage (1) for display VM — (Note 23)| 1.6 — 3.6 \% V2
Input voltage (2) for display Vce — (Note 23)| 4.8 — 18.0 \% Vee
Input voltage (3) for display VEE — (Note 23) | -12.0 — -3.2 \% VEE
High-level input voltage ViH — — \i%l_js — | Vop v (Note 24)
Low-level input voltage Vi — — Vss — \>/<D0_D2 \Y (Note 24)
Input leakage IR — (Note 25)| -1 — 1 A (Note 24)
Common output resistance Ron — (Note 26) | — 1.3 20 kQ COMO0-167
Consumed current (1) lss1 — (Note 27)| — TBD TBD UA Vss
Consumed current (2) lss2 — (Note 28) | — TBD TBD A Vss
Consumed current (3) lssstb — (Note 29)| -1 — 1 UA Vss

Note 23:
Note 24:

Note 25

Note 27:

Note 28:

Note 29:

External power supply mode (EXP = H)
/IRST, /STB, /DOFF, CL, PM, FR, SDA, SCK, RP1, RP2, PCK, DIR, EXP, PSON

: Vinput = Vss to Vpp
Note 26:

1/8 bias, Vcc =14.0V, VEg =-8.4 V, V2 =2.8 V, external power supply (EXP = H), I oad = 100 uA
Vpbp=3.0V, ViN=3.0V, contrast =99h (V= 2.8 V), normal mode, 1/168 duty, 1/8 bias, 6x boost,

fFR = 70 Hz, no data access (SDA, SCK = H), internal power supply mode (EXP = L),

primary DC-DC converter OFF (V|N = V45), display ON (/DOFF = H), dummy subgroup = +1, PCK = 5 kHz,
C11-C15=0.1 uF, C31 =0.47 uF, V\ hold C =2.2 uF, +VR hold C = 1.0 uF, no load on display

Vpp=3.0V, V|N=3.0V, contrast = 33h (V= 2.0 V), partial mode 1, 1/64 duty, 1/10 bias, 5x boost,

fFR = 70 Hz, no data access (SDA, SCK = H), internal power supply mode (EXP = L),

primary DC-DC converter OFF (V|N = V45), display ON (/DOFF = H), dummy subgroup = +1, PCK = 5 kHz,
C11-C15=0.1 uF, C31 =0.47 uF, V\ hold C =2.2 uF, +VR hold C = 1.0 uF, no load on display

Vpp =3.0V, VIN=3.0V, standby mode (/STB =L), PCK = OFF, CL/PM/FR = OFF, RP1/RP2 = OFF,

no load on display
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DC Characteristics (2): Power Supply Circuit

(test circuit: Vpp=1.8to 3.3V, V|N =2.7 to 3.6 V, Vpp =< V|N, Ta =-20 to 60°C unless otherwise
specified)

Characteristics Symbol C-Ii-lisutit Test Condition Min Typ. Max Unit A_\I%prlig;lzle
—Boost output voltage level NVRLO — (Note 30)| -5.6 — -5.5 \% -VR
+Boost output voltage level PVRLO — (Note 30)| 111 — 11.2 \% +VR
—Boost offset ANVRLO — (Note 31)| — — 100 mV -VR
+Boost offset APVRLO — (Note 32) | —100 — — mV +VR
Doost output voltage level AVR — Note33)| — | — | 100 | mv | -Vg+Vr
AMP output voltage level VMo — (Note 34)| 2.75 2.8 2.85 \% Vm
AMP offset AVpm — (Note 35)| -50 — 50 mV Vm
AMP output temperature VMT — (Note 36) | —0.04 | 0.00 | 0.04 | %rC Vi
inclination

Note 30: Vpp=3.0V, VIN=3.0V, DC - DC = x 5, 1/6 bias, normal mode, V\=2.8 V, I oad = 0.0 uA, Ta =25°C
C11-C15=0.1 uF, C31=0.47 uF, Vp hold C = 2.2 uF, £VR hold C= 1.0 uF

Note 31: Vpp=3.0V, V|N=3.0V, DC - DC =x 5, 1/6 bias, normal mode, V\=2.8 V, | pad = 60.0 uA, Ta=25°C
C11-C15=0.1 uF, C31 = 0.47 uF, V) hold C = 2.2 uF, +VR hold C = 1.0 pF, PCK = 5 kHz
ANVRLO = |[NVRLO| — |[NVRLO'| *NVRLO’: NVRLO for the system under load (ljpad = 60 pA)

Note 32: Vpp=3.0V, V|N=3.0V, DC - DC = x 5, 1/6 bias, normal mode, V) =2.8 V, I pad = —60.0 uA, Ta=25°C
C11-C15=0.1 uF, C31 = 0.47 uF, V) hold C = 2.2 uF, VR hold C = 1.0 uF, PCK = 5 kHz
APVRLO = |PVRLO| - |PVRLO'| *PVRLO’: PVRLO for the system under load (ljpad = —60 HA)

Note 33: Vpp=3.0V, VIN=3.0V, DC - DC = x 5, 1/8 bias, normal mode, V\y=2.8 V,
ILoad (+VR) =—60.0 YA, ljpad (-VR) = 60 UA, Ta =25°C
C11-C15=0.1 uF, C31=0.47 uF, V\y hold C=2.2 uF, VR hold C = 1.0 uF, PCK =5 kHz
AVR = | (VR VM) = |-VR -Vm ! |

Note 34: Vpp=3.0V, VIN=3.0V, V45 = V|N (3.0 V), contrast = 99h, normal mode, V1 hold C =2.2 uF,
ILoad =0.0 !J.A, Ta=25°C

Note 35: Vpp=3.0V, VIN=3.0V, V45 =V|N (3.0 V), contrast = 99h, normal mode, V1 hold C =2.2 uF,
ILoad = £330 pA. , Ta=25°C
AVM = VMo - VMO’ *VMO': VMo for the system under load (ljpad = £330 pA)

Note 36: Vpp=3.0V, V|N=3.0 V, Vet hold C =0.1 uF, I gag = 0.0 pA ,Ta =-20 to 60°C
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Recommended Operating Conditions:

(test circuit: Vpp=1.8to 3.3V, V|N =2.7 to 3.6 V, Vpp =< V|N, Ta =-20 to 60°C unless otherwise
specified)

Characteristics Symbol 'I.'est. Test Condition Min Typ. Max Unit Appllclable
Circuit Terminal
4x boost VIN X 4
+Boost voltage (4x) PVR4 — — — \% +VR
(Note 37) -1.25
5x boost VIN X5
+Boost voltage (5x%) PVR5 — — — \% +VR
(Note 37) -1.25
6x boost VIN X 6
+Boost voltage (6x) PVR6 — — — \% +VR
(Note 37) -1.25
4x boost 2xVMm
—Boost voltage (4x) NVR4 — — — \% -VR
(Note 37) | - PVR4
5x boost 2xVMm
—Boost voltage (5x) NVR5 — — — \% -VR
(Note 37) | - PVR5
6x boost 2xVMm
—Boost voltage (6x) NVR6 — — — \% -VR
(Note 37) | - PVR6
V) set voltage (1) Vi — (Note 38) | — - V(|)N2_ v VM
VIN -
V set voltage (2) VM2 — (Note 39)| — — 0.25V \% VM

Note 37: Vpp=1.8t03.3V, VIN=2.7103.6 V, Vpp = V|N, Ta = 25°C, I pad = 0.0 pA,
*: When this common driver runs from its internal power supply, the bias and contrast for
VR = V|N X (boost multiplier) — 1.25 [V] can be used. If the bias and contrast for +VR exceeding the limit
are used, the driver operation is unpredictable.

1.25 V (min) e Acceptable +VR (typ.) by VIN /boost multiplier

+VR
VIN X (n) VIN x4 Boost | x5 Boost | x6 Boost
v 270V 955V | 1225V | 14.95V
ViN Vi 2.80V 995V | 1275V | 1555V
Vss 290V | 1035V | 1325V | 16.15V
Vi 300V | 1075V | 1375V | 1675V

3.10V 11.15V 14.25V 17.35V
3.20V 11.55V 1475V 17.95V

(1): PVRn = VN xn = 1.25 (V) * n = Boost multiplier | 330V | 1195V | 1525V | 1855V

340V 12.35V 15.75V 19.15V
(2): NVRn =V - Vr = 2 x Vi - PVRn (V)
350V | 1275V | 1625V | 19.75V

3.60V 13.15V 16.75V 20.35V

Note 38: For more information, see the table of V|Ns vs.
maximum contrast settings (reference values)
for each boost multiplier.

Note 39: Vpp=1.8t03.0V, VN =3.0V, Vpp = VN, primary boost OFF (V| = V45), Ta = 25°C, I oad = £330 pA,
*These conditions should be verified for detailed assessment of the characteristics.

Note 40: Vpp=1.8t02.7 V, VN =2.7 V, Vpp = VN, primary boost OFF (V)N = V45), Ta = 25°C, I oad = £330 pA,
*These conditions should be verified for detailed assessment of the characteristics.
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Table of VINs vs. Maximum Contrast Settings (reference values) for Each Boost Multiplier (Note 41) DC-DC

converter used: Primary (1.5x)

Boost Setting VN Voltage Maximum Contrast Setting

V) 1/6 Bias 1/8 Bias 1/10 Bias
2.7 64h 27h Unusable
2.8 71h 31h 07h
2.9 7Dh 3Bh OFh
3.0 8Ah 46h 18h

w4 boost 3.1 97h 50h 20h
3.2 Adh 5Ah 29h
3.3 BOh 64h 31h
3.4 BDh 6Eh 3Ah
3.5 CBh 79h 42h
3.6 D7h 83h 4Bh
2.7 BAh 6Ch 38h
2.8 CAh 79h 42h
2.9 DAh 85h 4Dh
3.0 EAh 92h 57h
3.1 FAh 9Fh 62h

x5 boost
3.2 FFh ACh 6Dh
3.3 FFh B8h 78h
3.4 FFh C5h 82h
3.5 FFh D2h 8Dh
3.6 FFh DFh 97h
2.7 FFh B1h 71h
2.8 FFh COh 7Eh
2.9 FFh CFh 8Ah
3.0 FFh DFh 97h

6 boost 3.1 FFh EEh A3h
3.2 FFh FDh A3h
3.3 FFh FFh A3h
34 FFh FFh A3h
3.5 FFh FFh A3h
3.6 FFh FFh A3h

Note 41: The range of contrast settings when the primary DC-DC converter is OFF (V|N = V45). is restricted by the

V|N voltage used.
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AC Characteristics:

e Driver timing

§ tcol
twetH  twell

>

c /N | L
tPmDS

< >

PM \
FR X

A
A

ltFRDS

trRPDS
RP1, RP2 X
tRowDD
<>
Row
X XX X
DOFFDS
/DOFF

(test circuit: Vpp=1.8t0 3.3V, ViN=2.7 to 3.6 V, Vpp £ V|n, Ta=-20 to 60°C unless
otherwise specified)

Characteristics Symbol CTiZSJit Test Condition Min | Typ. | Max | Unit /\Tpepr'ris;gf
CL cycle time tcoL — — 25 — — us CL
CL high pulse width twCLH — — 3 — — us CL
CL low pulse width tweLL — — 18 — — us CL
PM setup time tPMDS — — 1 — — us PM
FR setup time fFRDS — — 1 — — us FR
Row parameter set up time tRPDS — — 1 — — us EE;
Row select delay time tROWDD — — — — 0.5 us ggm%g
/DOFF setup time tDOFFDS — — 1 — — us /DOFF
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e Serial data interface
§ tcsck
: tsckH  tsckL
tspADs tSDADH
< > —>
son X X X
(test circuit: Vpp=1.8t0 3.3V, ViN=2.7 to 3.6 V, Vpp £ V|n, Ta=-20 to 60°C unless
otherwise specified)
Characteristics Symbol CT.eSt. Test Condition Min | Typ. | Max | unit | APrlicable
ircuit Terminal
SCK cycle time tcsck — — 2000 — — ns SCK
SCK high pulse width twsckH — — 800 — — ns SCK
SCK low pulse width twsckL — — 800 — — ns SCK
SDA setup time tspADS — — 500 — — ns SDA
SDA hold time tSDADH — — 0 — — ns SDA
¢ Reset Function
Vpp, VIN /t tRSTDH
o tRw i
/IRST ﬂ—
(test circuit: Vpp=1.8t0 3.3V, ViN=2.7t0 3.6 V, Vpp £ V)N, Ta=-20 to 60°C unless
otherwise specified)
Characteristics Symbol CTESt. Test Condition Min Typ. Max Unit Appllcgble
ircuit Terminal
IRST pulse width tRw — — 1 — — us /RST
/RST hold time tRSTDH — — 1 — — us IRST
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e /STB, /DOFF

VoD, VIN /t tsTBW N
4
/STB
J tDOFFW
/DOFF
_ tym
Vm
J trvR
+VR, VR

(test circuit: Vpp=1.8t0 3.3V, ViN=2.7t0 3.6 V, Vpp = V|, Ta=-20 to 60°C unless
otherwise specified)

Characteristics Symbol C-Ii-recSL;[it Test Condition Min Typ. Max Unit A_\IE);Igiant:Ie
/STB L — H wait time tsTBW — — 10 — — ms /STB
/DOFF =L — H wait time tDoFFw — — 200 — — ms /DOFF
ViN=3.0V
V\ rise time trvm — Contrast = 99h — — 200 ms Vm
ViN=3.0V +VR
+VR/-VR rise time 'R — 6 boost — — 200 ms v
X —VR

Note 42: C11 - C15=0.1 pF, +VR hold C = 1.0 uF, C31 =0.47 uF, —-VR hold C = 1.0 uF, V\y hold C = 2.2 uF,
PCK =5 kHz

¢ PCK

tcpck

| tpckH Pkl

< <

(test circuit: Vpp=1.8t0 3.3V, ViN=2.7 to 3.6 V, Vpp £ V|, Ta=-20 to 60°C unless
otherwise specified)

Characteristics Symbol C-Ii-;ecsutit Test Condition Min Typ. Max Unit /-EI.F);I;:%ZF
PCK cycle time tcpck — — 67 — 200 us PCK
PCK high pulse width tPCKH — — 30 — — us PCK
PCK low pulse width tpcKL — — 30 — — us PCK
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e Precautions in design and usage

The following shows the usage precautions. They should be considered in the system design stage.

ey

(2

3
(4)

This product is guaranteed to normally operate at VDD within a predetermined range of power supply
voltages.
If VDD falls out of the range or it is open, the proper operation is not ensured.

To turn the power-off (i.e., set VDD equal to O V or open), follow these steps:
(a) Place an “L” input at the /DOFF terminal. (display OFF mode)
(b) Place an “L” input at the /STB terminal. (standby mode)
(© Wait long enough for discharge to be completed.
(the discharge time should be checked in an actual machine.)
@ Turn the power-off.
Even if you turn the power-off as describe above, abnormal display might appear. Therefore, the
system should be carefully configured and assessed.

Be sure to set VDD equal to or less than VIN.

If light is shone on the semiconductor chip, a photoelectric effect occurs, generating a voltage which
might cause its malfunction. If the front, back, and side of the semiconductor chip in a device are
visible from outside the device, this chip is highly susceptible to a photoelectric effect. Therefore, the
device should have a design which prevents diffused light from entering it. The evil photoelectric
effect describe above should be considered not only when the chip is put into practical use but also
when it undergoes the inspection procedures.
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RESTRICTIONS ON PRODUCT USE

000707EBE

o TOSHIBA is continually working to improve the quality and 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 comply with the standards of
safety in making a safe design for the entire system, and to avoid situations in which a malfunction or failure of
such TOSHIBA products 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 TOSHIBA products specifications. Also, please keep in mind the precautions and
conditions set forth in the “Handling Guide for Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability
Handbook” etc..

e The TOSHIBA products listed in this document are intended for usage in general electronics applications
(computer, personal equipment, office equipment, measuring equipment, industrial robotics, domestic appliances,
etc.). These TOSHIBA products are neither intended nor warranted for usage in equipment that requires
extraordinarily high quality and/or reliability or a malfunction or failure of which may cause loss of human life or
bodily injury (“Unintended Usage”). Unintended Usage include atomic energy control instruments, airplane or
spaceship instruments, transportation instruments, traffic signal instruments, combustion control instruments,
medical instruments, all types of safety devices, etc.. Unintended Usage of TOSHIBA products listed in this
document shall be made at the customer’s own risk.

e 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.

o 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.

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

e 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.

e The information contained herein is subject to change without notice.
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