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SED15A6 Series

1. DESCRIPTION

The SED15A6 series is a single-chip liquid crystal
display (=LCD) driver for dot-matrix LCDs that can be
connected directly to a microprocessor (=MPU) bus. It
accepts 8-bit parallel or serial display data from a MPU,
stores it in an on-chip display data RAM (=DDRAM),
and generates a LCD drive signal independent of the
MPU clock.

The use of the on-chip DDRAM of 8302 bits and a
one-to-one correspondence between LCD panel pixel
dots and on-chip DDRAM bits offer high flexibility in
graphic display.

The SED15A6 series does not need external operation
clock for DDRAM read/write operations, and has a on-
chip LCD power supply circuit featuring very low
current consumption with few external components,
and moreover has a on-chip CR oscillator circuit.

And the SED15A6 does not need smoothing capacitor
on the LCD power supply.

Consequently, the SED15A6 series can be realize a
high-performance handy display system with a minimum
current consumption and the fewest components.

2. FEATURES

* Direct display of RAM data through the display data
RAM.

* RAM bit data : “1” Non-illuminated

“0” llluminated

(during normal display)

* RAM capacity 6%102 = 6630 bits

* Display driver circuits
SED15A6%x* 55 common output and 102

segment outputs

» High-speed 8-bit MPU interface(The chip can be
connected directly to the 8080 series MPUs and the
6800 series MPUSs)

» High-speed Serial interface are supported.

e Abundant command functions

Series Specifications

Display data Read/Write, display ON/OFF, Normal/
Reverse display mode, page address set,
display start line set, column address set, display all
points ON/OFF, LCD bias set, electronic
volume, read/modify/write, segment driver direction
select, power saver, common driver
direction select, Vvoltage regulation internal
resistor ratio set.
« Low-power liquid crystal display power supply circuit

equipped internally.
Booster circuit(with Boost ratios of Double/Triple/
Quad, where the step-up voltage reference power
supply can be input externally)

 High-accuracy voltage adjustment circuit
(Thermal gradient —0.1%4Z)

* Vo voltage divider resistors equipped internally,
V1to Vavoltage divider resistors equipped internally,
electronic volume function equipped internally,
voltage follower.

* Component that can be omitted (you may omit the
smoothing capacitor on the voltage follower).
* CR oscillator circuit equipped internally(external clock
can also be input)
« Extremely low power consumption
Operating power when the built-in power supply is
used(an example)
SED15A6De (79uA)
Condition : \bp—Vss = 1.8V, \bp2—Vss= 3.3V, \o—
Vss= 9.0V, triple boosting, all white is
displayed, Ta = 2%
* Power supply
Operable on the low 1.8 voltage
Logic power supply : Wo—Vss = 1.8V to 3.6V
Boost reference voltage pb>—Vss= 1.8V to 5.0V
Liquid crystal drive power supply :o¥Vss = 4.5V
to 9.0V
* Wide range of operating temperatures : -40 to°€85
* CMOS process
« Shipping forms include bare chip and TCP.
e There chip not designed for resistance to light or
resistance to radiation.

Product Duty | Bias |SEG Dr |COM Dr VRe Temperature Power supply specification Shipping
Name Gradient Forms
SED15A6Dos |1/55|1/6,1/8 | 102 | 55 | —0.1%/°C Built-in power supply is only used Bare Chip
*SED15A6D18|1/55(1/6,1/8 | 102 | 55 | —0.1%/°C |Voor Vout External supply voltage follower is used | Bare Chip
*SED15A6D28|1/55(1/6,1/8 | 102 | 55 | —-0.1%/°C | External power supply is only used | Bare Chip
*SED15A6To* [1/55(1/6,1/8 | 102 | 55 | —0.1%/°C TCP
*: Being planned
Rev. 1.0 EPSON 12-1



SED15A6 Series

3. BLOCK DIAGRAM
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SED15A6 Series

4. PIN DIMENSIONS

TA| D OO oo oo oo oo eesessssssssssssssssssssssss OO O z47
O SED15A6 Series O

Die No.
K (0,0)

O
100 | 00 CODO ¢ o v o voooeooeseencsssonsscsnnsssonass OO Ol221
101 220
Size Unit
X Y

Chip Size 9.93 x2.15 mm
Chip Thickness 0.625 mm
Bump Pitch 70 (Min.) pHm
Bump Size PAD No.1to 73 85 x 85 pm
PAD No.74 85 x 74 pHm

PAD No.75 to 99 85 x 45 pHm

PAD No0.100 85 x74 pHm

PAD No.101 to 220 52 x 85 pHm

PAD No.221 85 x74 pHm

PAD No0.222 to 246 85 x 45 pHm

PAD No.247 85 x74 pHm

Bump Height 17 (Typ.) pHm

Rev. 1.0 EPSON 12-3



SED15A6 Series

SED15A6*+« Pad Center Coordinates

Units: um
PAD| Pin PAD | Pin PAD | Pin
No. | Name | X Y No. | Name | X Y No. | Name | X Y
1 (NC) | 4570 | 921 51 Va |-1915| 921 101 | (NC) |—4623| —921
2 | TESTO | 4449 52 Va |-2035 102 | (NC) |-4545
3 | TEST1 | 4300 53 | CAP2+ |-2156 103 | COM2 |-4467
4 Vss | 4151 54 | CAP2+ |—2277 104 | COM1 |-4389
5 | TEST2 | 4030 55 | (NC) |-2397 105 | COMO |-4312
6 | TEST3 | 3910 56 | (NC) |-2518 106 | (NC) |-4234
7 RES | 3789 57 | (NC) |-2639 107 | (NC) |-4156
8 CS | 3668 58 | (NC) |-2760 108 | (NC) |-4079
9 | Vss_|3547 50 | (NC) |-2880 109 | (NC) |-4001
10 | WR(RIW)| 3427 60 | CAP2— |-3001 110 | SEGO |-3923
11 | RD(E) | 3306 61 | CAP2— |-3122 111 | SEG1 |-3846
12 | Voo |3185 62 | (NC) |-3242 112 | SEG2 |-3768
13 cL | 3065 63 | (NC) |-3363 113 | SEG3 |-3690
14 A0 | 2944 64 | (NC) |-3484 114 | SEG4 |-3613
15 | D7(Sl) | 2823 65 | (NC) |-3604 115 | SEG5 |-3535
16 | D6(SCL)| 2703 66 | CAPi+ |-3725 116 | SEG6 |-3457
17 D5 | 2582 67 | CAP1+ |-3864 117 | SEG7 |-3380
18 D4 | 2461 68 | CAP1- |-3967 118 | SEGS |-3302
19 D3 | 2340 69 | CAP1- |-4087 119 | SEGY |-3224
20 D2 | 2220 70 | CAP3+ |-4208 120 | SEG10 |-3146
21 DI | 2099 71 | cAP3+ |-4329 121 | SEG11 |-3069
22 DO | 1978 72 | Vour |-4449 122 | SEG12 |-2991
23 | Voo | 1858 73 | (NC) |-4570| 123 | SEG13 |-2913
24 | Voo | 1737 74 | (NC) |-4808]| 92 124 | SEG14 |-2836
25 | Voo | 1616 75 | coms 842 125 | SEG15 |-2758
26 | Vooz | 1496 76 | com26 771 126 | SEG16 |-2680
27 | Vooz | 1375 77 | com2s 701 127 | SEG17 |-2603
28 | Voo2 | 1254 78 | com24 631 128 | SEG18 |-2525
29 | Voo |1133 79 | com23 561 129 | SEG19 |-2447
30 P/S | 1013 80 | COM22 491 130 | SEG20 |-2370
31 | cs6 | 892 81 | com21 421 131 | SEG21 |-2292
32 Vss | 771 82 | com20 351 132 | SEG22 |-2214
33 | TEST4 | 651 83 | COM19 281 133 | SEG23 |-2136
34 | TESTS | 474 84 | comis 210 134 | SEG24 |-2059
35 | TEST6 | 297 85 | COM17 140 135 | SEG25 |-1981
36 Vss | 120 86 | COM16 70 136 | SEG26 |-1903
37 | Vss 0 87 | com15 0 137 | SEG27 |-1826
38 Vss | —121 88 | COM14 ~70 138 | SEG28 |-1748
39 | TEST7 | —298 89 | COM13 ~140 139 | SEG29 |-1670
40 | TESTS | -475 90 | COM12 210 140 | SEG30 |-1593
41 | TEST9 | -652 91 | comi1 _281 141 | SEG31 |-1515
42 | TEST10| -828 92 | com1o 351 142 | SEG32 |-1437
43 | Vour |-949 93 | como —421 143 | SEG33 |-1360
44 | Vour |-1070 94 | cowms _491 144 | SEG34 |-1282
45 | Vour |-1190 95 | com7 561 145 | SEG35 |-1204
46 Vss |-1311 96 | come 631 146 | SEG36 |-1127
47 VR |-1432 97 | cowms —701 147 | SEG37 |-1049
48 Vo |-1553 98 | com4 771 148 | SEG38 | —971
49 Vi |-1673 99 | cowm3 842 149 | SEG39 | -893
50 Vo |-17904| | 100 | (NC) | { |-926 150 | SEG40 | -816 | |
12-4 EPSON Rev. 1.0




SED15A6 Series

Units: um
PAD Pin PAD Pin
No. Name X Y No. Name X Y
151 SEG41 | —738 | —921 201 SEG91 | 3146 | -921
152 SEG42 | —660 202 SEG92 | 3224
153 SEG43 | —583 203 SEG93 | 3302
154 SEG44 | -505 204 SEG94 | 3380
155 SEGA45 | —427 205 SEG95 | 3457
156 SEG46 | -350 206 SEG96 | 3535
157 SEG47 | =272 207 SEG97 | 3613
158 SEG48 | —-194 208 SEG98 | 3690
159 SEG49 | -117 209 SEG99 | 3768
160 SEG50 | -39 210 | SEG100| 3846
161 SEG51 39 211 | SEG101| 3923
162 SEG52 | 117 212 (NC) 4001
163 SEG53 | 194 213 (NC) 4079
164 SEGb54 | 272 214 (NC) 4156
165 SEG55 | 350 215 (NC) 4234
166 SEG56 | 427 216 | COM27 | 4312
167 SEG57 | 505 217 | COM28 | 4389
168 SEG58 | 583 218 | COM29 | 4467
169 SEG59 | 660 219 (NC) 4545
170 SEG60 | 738 220 (NC) 4623 v
171 SEG61 | 816 221 (NC) 4808 | —926
172 SEG62 | 893 222 | COM30 -842
173 SEG63 | 971 223 | COM31 771
174 SEG64 | 1049 224 | COM32 -701
175 SEG65 | 1127 225 | COM33 —631
176 SEG66 | 1204 226 | COM34 -561
177 SEG67 | 1282 227 | COM35 —-491
178 SEG68 | 1360 228 | COM36 -421
179 SEG69 | 1437 229 | COM37 -351
180 SEG70 | 1515 230 | COM38 -281
181 SEG71 | 1593 231 | COM39 -210
182 SEG72 | 1670 232 | COM40 -140
183 SEG73 | 1748 233 | COM41 -70
184 SEG74 | 1826 234 | COM42 0
185 SEG75 | 1903 235 | COM43 70
186 SEG76 | 1981 236 | COM44 140
187 SEG77 | 2059 237 | COM45 210
188 SEG78 | 2136 238 | COM46 281
189 SEG79 | 2214 239 | COM47 351
190 SEG80 | 2292 240 | COM48 421
191 SEGS81 | 2370 241 | COM49 491
192 SEG82 | 2447 242 | COM50 561
193 SEG83 | 2525 243 | COM51 631
194 SEG84 | 2603 244 | COMb52 701
195 SEGS85 | 2680 245 | COMb53 771
196 SEG86 | 2758 246 COMS 842
197 SEG87 | 2836 247 (NC) v 926
198 SEGS88 | 2913
199 SEGS89 | 2991
200 SEG90 | 3069 v

Rev. 1.0 EPSON 12-5



SED15A6 Series

5. PIN DESCRIPTION

Power supply pins

I Number of
Name I/O Description pins
VDD Supply | Power supply. Connect to MPU power pin Vcc. 5
VDD2 Supply | Externally-input reference power supply for booster circuit. 3
Vss Supply | This is a OV terminal connected to the system GND. 7
Vo, V1, V2 | Supply | Multi-level power supply for LCD drive. The voltages are 5
V3, V4 determined by LCD cell.The voltages should maintain the following
relationship : Vo2 V12 V22V32 V42 Vss,
When on-chip power supply circuit turns on, Vo voltage are
generated, and the following voltages are generated to V1 to V4.
Either voltage can be selected by LCD bias set command.
SED15A6***
V1 5/6 * Vo, 7/8 « Vo
V2 4/6 « Vo, 6/8 » Vo
V3 2/6 * Vo, 2/8 « Vo
V4 1/6 « Vo, 1/8 « Vo
LCD power supply circuit pins
o Number of
Name I/O Description pins
CAP1+ @] Boosting capacitor positive connection pin. 2
Capacitor is connected across CAP1- pins.
CAP1- @] Boosting capacitor negative connection pin. 2
Capacitor is connected across CAP1+ pins.
CAP2+ @] Boosting capacitor positive connection pin. 2
Capacitor is connected across CAP2- pins.
CAP2- @] Boosting capacitor negative connection pin. 2
Capacitor is connected across CAP2+ pins.
CAP3+ @] Boosting capacitor positive connection pin. 2
Capacitor is connected across CAP1- pins.
Vourt @] Booster output. Capacitor is connected across Vss or Vobz. 4
VR I Voltage adjustment pin. Provides Vo voltage using external 1
resistors. When internal resistors are used, this pin cannot be used.
Operable only when the built-in resistor for
Vo adjustment is not used.
[Vo resistance ratio is (D2, D1, DO) = (1.1.1)]
This pin is disabled when the built-in resistor for
Vo adjustment is used.
This pin must be open in this case.
12-6 EPSON Rev. 1.0



SED15A6 Series

System bus connection pins

Pin name

I/0

Description

Number of
pins

D7 to DO
(SL)
(SCL)

I/O

8-bit bi-directional data bus to be connected to the standard 8-bit or
16-bit MPU data bus.
When the serial interface is selected (P/S=LOW) ;

D7 : Serial data input (SI)

D6 : Serial clock input (SCL)
At this time, DO through D5 will go under the Hz mode.
When the chip selects are in non-active state, DO through D7 will
go under the Hz mode.

8

A0

Control/data flag input.
AO=HIGH : The data on D7 to DO is display data.
AO=LOW : The data on D7 to DO is control data.

CS

Chip select input. Data input is enable when CS is low.

RES

When RES is caused to go low, initialization is executed.
A reset operation is performed at the signal level.

RD
(E)

* When connected to an 8080-series MPU ; o
This is active-LOW. This pin is connected to the RD signal of the
8080-series MPU. While this signal is low, SED15A6 series data
bus in an output status.

* When connected to an 6800-series MPU ;
This is active-HIGH. This is used as an enable clock input pin of
the 6800-series MPU.

WR_
(RAW)

» When connected to an 8080-series MPU ; L
This is active-LOW. This pin is connected to the WR signal of the
8080-series MPU. The signals on the data bus are latched at the
rising edge of the WR signal.

» When connected to an 6800-series MPU ;
This is the read/write control signal input .

R/W=HIGH : Read.
R/W=LOW : Write.

C86

MPU interface selection pin.
C86=HIGH : 6800-series MPU interface
C86=LOW : 8080-series MPU interface

P/IS

Serial data input/parallel data input selection pin.
P/S=HIGH : Parallel data input
P/S=LOW : Serial data input

The following applies depending on the P/S status :

P/S | Data/Command Data Read/Write | Serial Clock
HIGH A0 D7toDO| RD, WR -
LOW A0 SI (D7) | Write only SCL (D6)
In serial mode, no data can be read from DDRAM.

When P/S=LOW,D5 to DO are HZ. D5 to DO may be HIGH, LOW or
Open, and moreover AO, RD, WR, C86 may be HIGH or LOW.

Rev. 1.0
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SED15A6 Series

LCD driver pins

Number of
pins

CL I This pin is used for enabling or disabling the built-in oscillation 1

circuit for the display clock.

CL = HIGH: Built-in oscillation circuit is enabled.

CL = LOW: Built-in oscillation circuit (external input) is disabled.

Select CL = LOW to turn the external clock off.

When using the built-in oscillation circuit, select CL = HIGH (Vob).

SEGO O These pins output the signal for the segment drive of LCD. 102
to SEG101 One of Vo, V2, V3 and Vss levels is selected depending on
a given combination of display RAM data and internal FR signal.

Name 1/0 Description

Internal FR Output voltage
signal | Normal display | Reversing display
HIGH HIGH Vo V2
HIGH LOW Vss Vs
LOW HIGH V2 Vo
LOW LOW V3 Vss
Power save - Vss

RAM data

COMO (@] These pins output the signal for the common drive of LCD. 54
to COM53 Following number of pins are assigned to SED15A6%xx.

Model COM Number of COM pins
SED15A6% .« COMO0~COMb53 54

One of Vo, V1, Vaand Vss levels is selected depending on
a given combination of scan data and FR signal.

Scan data FR Output voltage
HIGH HIGH Vss
HIGH LOW Vo
LOW HIGH Vi
LOW LOW V4

Power save - Vss

COMS O They are COM pins exclusively used for the indicator. 2
Both pins output the same signal.
They must be made open when not used.

Test pins

Number of
pins

TESTO I/0 These are terminals for IC chip testing. They are set to OPEN. 11

to 10

Name 1/0 Description

Total : 220 pins for the SED15A6%,.
Note and caution
« If control signal from MPU is Hz,an over-current may flow through the IC. A protection is required to prevent the Hz
signal at the input pins.

12-8 EPSON Rev. 1.0



SED15A6 Series

6. FUNCTIONAL DESCRIPTION

Microprocessor Interface

Interface type selection

The SED15A6 series can transfer data via 8-bit bi-
directional data buses (D7 to DO) or via serial data input
(SI). Through selecting the P/S pin polarity to the HIGH

or LOW, itis possible to select either 8-bit parallel data
input or serial data input as shown in Table 1.

Table 1

P/S CS |A0O |RD | WR |C86 | D7 | D6 | D5toDO
HIGH:Parallel Input | CS | AO | RD | WR | C86 | D7 | D6 | D5to DO
LOW:Serial Input | CS | A0 | — - - | sl | scL -

Parallel interface

When the parallel interface has been selected (P/S
=HIGH), then it is possible to connect directly to either

: Must always be HIGH or LOW

an 8080-series MPU or a 6800-series MPU (as shown in
Table 2) by selecting C86 pin to either HIGH or LOW.

Table 2
C86 CS | AO| RD| WR | D7toDO
HIGH:6800-series MPUbus | CS | AO | E | R/W | D7to DO
LOW:8080-series MPU bus| CS | A0 | RD | WR | D7to DO

Moreover, the SED15A6 series identifies the data bus
signal according to A0, RD(E), WR(R/W)signals, as

shown in Table 3.

Table 3
Common | 6800-series |8080-series _
AO RIW RD WR Function
1 1 0 1 Reads the display data
1 0 1 Writes the display data
1 1 Writes control data (command)

Serial interface

When the serial interface has been selected (P/S=LOW)
then when the chip is in active state(CS=LOW) the
serial data input (SI) and the serial clock input (SCL)
can be received.

The serial data is read from the serial data input pin in
the rising edge of the serial clocks D7, D6 through DO,
in this order. This data is converted to 8 bits parallel data
in the rising edge of the eighth serial clock for the
processing.

The AO input is used to determine whether the serial
data input is display data or command data; when
AO=HIGH, the data is display data, and when AO=LOW
then the data is command data.

The AO input is read and used for detection every 8t
rising edge of the serial clock after the chip become
active.

Figure 1 is a serial interface signal chart.

Rev. 1.0
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SED15A6 Series
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AO { >

Figure 1

* When the chip is inactive, the shift register and the counter is reset to the initial state.

* Data read is not available as long as the serial interface is selected.

* Reasonable care must be exercised so that SCL signal may not be exposed undesirable effects resulting from, for
instance, terminal reflection of wiring or external noises. Before using the signal, it is recommended to test the signal
in actual system.

Chip select input SED15A6 series can perform a type of pipeline
. . ol processing between LSIs using bus holder of internal
ZEE I:I/Ivlign%teériicgvslelther papallel or serial) is enabled data bus when data is sent from/to the MPU. For

example, when the MPU writes data to the DDRAM,
once the data is stored in the bus holder, then it is written
to the DDRAM before the next data write cycle. And
when the MPU reads the contents of the DDRAM, the
first data read cycle (dummy read cycle) stores the read
data in the bus holder, and then the data is read from the
Access to DDRAM and internal registers bus holder to the system bus at the next data read cycle.
In accessing the DDRAM and the internal registers of Thus,there is a certain restriction in the DDRAM read
the SED15A6 series,the MPU is required to satisfy the sequence. When an address is set, the specified address
only cycle time (¢vc),and is not needed to consider the  data is NOT output at the immediately following read
wait time. Accordingly, it is possible to transfer data at  instruction. The address data is output during second
higher speed. data read. A single dummy read must be inserted after
In order to realize the higher speed accessing, the address setup and after write cycle (refer to Figure 2).

When the chip select is inactive, D7 to DO enter a high

impedance state, and A0, RD and WR inputs are disabled.
When the serial interface is selected, the shift register
and the counter are reset.

Write
MPU o
" | | | ]
Daa T, N+1 N+2 N3
I ]
Internal Timing ! ; Latch
BUS Holder X N X N+1 X N+2 X ~is
Write Signal | I | I
Read
MPU o
WR |_|
RD
| I L] L]
I

Internal Timing

Adsress Preset | I
Read Signal | I | I | I
Column Adsress X Preset N X Increment N+1 X N+2 ><
Write Signal X N X n X n+l X n+2
Address Set Dummy Data Read Data Read
#n Read #n #n+1
Figure 2
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SED15A6 Series

DDRAM

DDRAM and page/column address circuit

The DDRAM stores pixel data for LCD. Itis a 65-row  buffer, which is an independent operation from signal
(8 page by 8 bit + 1) by 102-column addressable array. reading for the liquid crystal driver. Consequently,
As is shown in Figure 3, the D7 to DO display data from even if the display data RAM is accessed asynchronously
the MPU corresponds to the LCD common direction.  during liquid crystal display, it will not cause adverse
Moreover, reading from and writing to the display effects on the display (such as flickering).

RAM from the MPU side is performed through the 1/0

oo [o[1][1]1] o] CoMo

b1 |1[olofo]  [o] come [ | || | B

p2 [o]olo]o| o] com2 B

p3 [o]1[1]1] o] comz| D B

o4 [1]o]olo] o coms [ | || ] B
DDRAM Display on LCD

Figure 3

Page address circuit

Each pixel can be selected when page address and automatically incremented by +1 when a Display data
column address are specified(refer to Figure 5). read/write command is entered. After the last column
The MPU issues Page address set command to change address (65H) ,column address returns to OOH and page
the page and access to another page. Page address &ddress incremented by +1 (refer to Figure 4). After the
(D3,b2,D1,D0 = 1,0,0,0) is DDRAM area dedicate to  very last address (column = 65H,page = 7H),both column
the indicator, and display data DO is only valid. address and page address return to 00H (column address
The DDRAM column address is specified by Column = 00H, page address = OH).

address set command.The specified column address is

Data
DO |
D1 |
D2 |
D3 |
| D4 |
D5 | .
| D6 | oH |0 |1 |2 100 | 101
o7| i 102 (103 [10a| | [ | 202|203
' oH 204 [205 206 | | | | 304 | 305
page address 3H | 306 | 307 | 308 | | | | 406 407
aH 408 |400 40| | | [ 508 | 509
5H|s10 511 512 | | | 610 | 611
6H|612 |63 [624 | | | | 712|713
m|7al7s (76| | | | 814 | 815
si| | | | | 1
00H O1H O2H 64H  65H

Column address

Figure 4

Rev. 1.0 EPSON 12-11



SED15A6 Series

Column address circuit

Designate the column side address of the indication data accesses have been made to the final addresses of both

RAM as shown in Fig. 5, using the column address

of the page and column (column = 65H and page = 7H),

setting command. Since the designated column address both of the column address and the page address returns

increments (+1) each time an indication datasread/write
command is input, the MPU can make access to the
indication data in succession.

to (O0H).
(The page will not increment to “8H”". Therefore, be
careful when executing “readsmodifyewrite” processes.)

Also, as shown in Fig. 4, after an access has been made Also, as shown in Table 4, the correlation between the

to the final column address (65H), the column address
will return to (O0OH) and the page address will be
automatically incremented (by +1). Thanks to this
feature, it is possible to write continuous data being
divided between adjoining pages. Furthermore, after

column address of the indication data RAM and the
segment output can be reversed by use of the ADC
command (segment driver direction select command).
Thanks to this feature, IC layout limitations when
constituting an LCD module can be lessened.

Table 4
Column Address O0H 01H 02H 63H 64H 65H
Normal Direction SEGO SEG1 SEG2 SEG99 | SEG100 | SEG101
Reverse Direction SEG101 | SEG100 | SEG99 SEG2 SEG1 SEGO

Line address circuit

The line address circuit specifies the line address (as
shown Figure 5) relating to the COM output when the
contents of the DDRAM are displayed. The display start
line address, what is normally the top line of the display,
can be specified by Display start line address set
command. And Common driver direction select

common driver direction is normal, or the COM53
output when common driver direction is reversed.And
the display area is followed by the higher number line
addresses in ascending order from the display start line
address, corresponding to the duty cycle. This allows
flexible IC layout during LCD module assembly.

command can be used to reverse the relationship between If the display start line address is changed dynamically

the DDRAM line address and common output. For
example, as is shown in Table 5, the display start line
address corresponds to the COMO output when the

Table 5 (at display start line address=1CH)

using the Display start line address set command,then
screen scrolling and page swapping can be performed.

Line Address 1CH 1DH 3FH 00H o 11H 12H
Normal Direction COMO CoM1 COM35 | COM36 | | COM52 | COMS3
Reverse Direction COM53 | COM52 COM18 | COM17 COM1 COMO

Display data latch circuit
The display data latch circuit is a latch temporarily
stored the display data that is output to the LCD driver
circuit from the DDRAM.
Display ON/OFF command, Display normal/reverse

command, and Displayd all points ON/OFF command
control only the data within the latch,and do not change
the data within the DDRAM.

12-12
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Display data RAM

The display data RAM stores pixel data for the LCD. It
is a 102-colummx 65-row addressable array as shown in

Figure 5.
Page Address Line COM Output
D3 [ D2 | D1 | po | D3R Address Normal [ Reverse
Direction | Direction
00H | () COMO | COM53
01H COM1 |COM52
02H COM2 |COM51
03H COM3 | COM50
010100 Page 0 04H COM4 | COM49
05H COM5 | COM48
06H COM6 | COMAa7
o7H COM7 [COM46
08H COMS [ COM45
09H COM9 [COM44
0AH COM10|COM43
0BH COM11[COM4a2
ojopopd Page 1 ocH COM12[CoMaL
ODH COM13|COM40
OEH COM14|COM39
OFH COM15|CoM38
10H COM16 | COM37
1H | | COM17 | COM36
12H COM18|COM35
13H COM19|COM34
o optyo Page 2 14H COM20|COM33
15H COM21 | COM32
16H COM22 | COM31
17H CoM23| CoM30
18H COM24 | COM29
19H COM25 | COM28
1AH COM26 | COM27
1BH COM27 | COM26
SN B Page 3 1CH | COM28|COM25
1DH st ut COM29 | com24
1EH COM30|COM23
1FH COM31|Ccom22
20H COM32 | COM21
21H COM33 | COM20
22H COM34|COM19
23H COM35 | COM18
L L Page 4 24H COM36 | COM17
25H COM37|COM16
26H COM38|COM15
27H CoMm39|comi4
28H COM40|COM13
29H COM41[COM12
2AH COM42 [ CoM11
2BH COM43|COM10
o p 101 Page 5 2CH COM44 | COM9
2DH COM45| COM8
2EH COM46| COM7
2FH COM47| COM6
30H COM48| COM5
31H CcoM49| coma
32H COM50| coms
33H COM51| com2
optpt o Page 6 34H | |coms2| com1
35H coms3| como
36H
37H
38H
39H
3AH
ol 1| 1|1 Page 7 381
3DH
3EH_|
3FH | Y
1 0 0 0 Page 8
Column Address 00H[0ZH]0ZH] 03H]04H05H]06H J5FH]60H 61H 62463 64H 65H ‘\
o|=|a|m| <o wlose(e(8|8 Regardless of the display start
Normal Direction | 2|22/ 2I1212|% 0l0|0|0|0(5 |0 line address, SED15A6
SEG Sl I el e e N S % l(Jf)J % % ("})J % % accesses 55th line.
Output ggggggg oot m|n|d|o
Reverse Direction| | @ Q1212212 Q21212121212
%L(})Jmmwv)w nnlnnlnnln
Figure 5
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Oscillation circuit

The SED15A6 series generates display clocks using its You can stop operation of the CR oscillation circuit by
selecting CL = LOW. Display clock can be externally
entered via CL pin (when external clock is turned off,
CL pin must be placed in LOW).

built-in CR oscillation circuit. The built-in oscillation
circuit is enabled when CL = HIGH is selected and the
power save mode is turned off.

Table 6
CL Operation
HIGH Built-in CR oscillation circuit is enabled.
LOW Built-in CR oscillation circuit is turned off [display clock is turned off].
Clock input External clock input mode

Table 7 shows relationship between frequency of exter-
nal clock (L), frequency of built-in clock circuit ¢&c)

and Er.

Table 7

"DC Characteristics".

Since CL pin is used for resetting the built-in CR clock
circuit, it must satisfy thect requirements given in the

Item

frr computation formula

SED15A6%x

When built-in oscillation circuit is used

frr=fosc / (55%8) [Hz]

When external clock input is used

frr=fcL/ (55x16) [Hz]

Display timing generator circuit

The display timing generator circuit generates the timing  These are multiplexers outputting the LCD panel driving
signal to the line address circuit and the display data 4-level signal which level is determined by a combination
latch circuit, and generates COM scan signal and the of display data, COM scan signal, and LCD AC signal

LCD AC signal (dual-frame AC driver waveform). (FR). Figure 6 shows an example of SEG and COM

LCD driver circuits

output waveforms.

12-14
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COMO
com1
COoMm2
COM3
COM4
COMS5
COM®6
com7

COM8

COM9

COM10
com11
COM12
com13
com14
COM15

FR

COMO

CcoM1

COM2

SEG1

SEG2

COMO—SEGQ

COMO0—SEGL1

Figure 6
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SED15A6 Series

Power supply circuit

The power supply circuit generates the voltage to drive power supply and part of internal power supply circuit
the LCD panel at low power consumption. functions can be used simultaneously. Table 8 shows
The power supply circuit consists of a booster circuit, reference combinations.

voltage regulator circuit, and voltage follower circuit,  Table 8 lists the functions controllable from 3 bits data
and is controlled by Power control set command. Using of the power control set command. And, Table 9 shows
this command, the booster circuit, the voltage regulator sample combinations of the bits.

circuit, and the voltage follower circuit can be indepen-  Select the models depending on the state of use.
dently turned ON or OFF. Consequently, the external

Table 8
State
ltem
Hl” HOH
D2 Booster circuit control bit ON OFF
D1 Voltage adjusting circuit (V adjusting circuit) control bit ON OFF
DO Voltage follower circuit (V/F circuit) control bit ON OFF
Table 9
Booster V adjusting  V/F External  Pins on
Usage Model D2 D1 DO | circuit.  circuit.  circuit.  Moltage  booster
entered.  circuit
Built-in power supply alone isused | *1 1 ON ON ON Vo2 Used
V adjusting and *2 0 1 1 OFF ON ON Vour *4 OPEN
VIF circuits alone are used *2
VIF circuit alone is used 0 0 1 OFF OFF ON Vo4 OPEN
External power supply alone is used| *3 0 0 O OFF OFF OFF |[VotoVa*4 OPEN

* Pins on the booster circuits denote CAP1+, CARIAP2+, CAP2 and CAP3+ pins.

* Although other combinations than the above are available, they are not pragmatic and thus not recommendable.
*1. SED15A6DB *2. SED15A608B *3. SED15A6DB

*4: VDD2 is recommended to short-circuit tod

Booster circuit

Using the booster circuit, it is possible to produce Quad/ between \but and \bpz, and jumper between CAP3+
Triple/Double boosting of theds2—Vss voltage level. and Vour, the triple boosted voltage appears atVv
Quad boosting : If capacitor are inserted between CAP1+ pin.

and CAP1-, between CAP2+ and CAP2-, between Double boosting : If capacitor are inserted between

CAP3+ and CAP1-, betweenovT and \bbz, the CAP1+ and CAP1-, betweenodt and \bb2, open
potential between &b2 and \ssis boosted to quadruple CAP2-, and jumper between CAP2+, CAP3+ andiy
toward the positive side and it is output afuV pin. the double boosted voltage appears @anpin.

Triple boosting : If capacitor are inserted between The boosted voltage relationships are shown in Figure
CAP1+ and CAP1-, between CAP2+ and CAP2-, 7.

12-16 EPSON Rev. 1.0
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| Vop2 | Vop2 | Vop2
+ Vourt + Vout +L Vout
8 8 8
L — CAP3+ q:) CAP3+ a:) — CAP3+ 5
o o CAPL °
} CAP1- % _—CAP1- % T - g
T lcapi+ & T |cap1+ g +L CAP1+ R
] L w
n n 0
—CAP2- | CAP2- OPEN CAP2—
+—{cap2+ T lcap2+ {cap2+
Qualruple Boosting Triple Boosting Double boosting

Vout = 3 x VbbD2

Vout = 4 X Vbb2 =9.0v *
=7. A
.2V Vout = 2 x Vbb2 y—
=6.0V
Vop2 = 1.8V Vop2=3.0V Vop2 =3.0V ]
Vss = 0V — Vss = 0V Vss = 0V
Qualruple Boosting Triple Boosting Double boosting
Figure 7

*V bp2 voltage must be set so thabdf voltage does not exceed the absolute maximun rated value.
*The Capacitance depend on the load of the LCD panel to be driven. Set a value that LCD driver voltage may be stable
(reference value = 1.0 to 41F).

Voltage regulator circuit

The boosting voltage occurring at thelv pin is sent The Wb voltage can be calculated using the following
to the voltage regulator, and the oltage (LCD driver equation within the range ofo\k Vour.

voltage) is output. Vo= (1+Rb/Ra)e\¢v

Because the SED15A6 series has the high-accuracy = (1+Rb/Ra)+(1-e/200)Vrec (Expression A-1)
constant voltage source, the 32-level electronic volume VEev = (1-0/200) *\kec

function and the internal resistor for the ¥bltage VReG is the on-chip constant voltage as shown in Table

regulator (= \é-resistor), it is possible to construct a 10 at Ta=25C.
high-accuracy voltage regulator circuit without external

component. And V voltage can be adjusted by  14pie 10
commands only to adjust the LCD contrast.

Model VRrec | Thermal Gradient
SED15A6D,,| 1.2V —0.1%/°C

Rev. 1.0 EPSON 12-17
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Internal Rb
% +

% — VEv (Constant voltage source
+ electronic volume)

VO

Internal Ra

L L Vss

Figure 8

a is a value of the electronic volume, and can be set to the 5-bit data in the electronic volume register.Table 11
one of 32-states by Electronic volume command setting shows the value af.

Table 11 Table 12
D4 D3 D2 D1 DO o 1+Rb/Ra
0 0 0 0 0 31 D3 D2 D1 SED15A6 (Typ.)
0 0 0 0 1 30
0 0 0 5.45
o o o 1 029 o 0 1 5.71
: : 0 1 0 6.00
1 1 1 0 0 3 0 1 1 6.32
1 0 0 6.67
1 1 1 0 1 2
1 0 1 7.06
11 1 1 01 1 1 o0 7.50
1 1 1 1 1 0 1 1 1 | External resistor can be used.

Rb/Ra is the ¥resistor ratio, and can be setto one of 7-  data in the V-resistor ratio register. Table 12 shows the
states by Vtresistor ratio set command setting the 3-bit  value of (1+Rb/Ra) ratio (reference value).

=
o

Vo v/ n
O B N W M 01 O N 00 ©

Electric Volume Resister /Decimal 77

Figure 9 The Vo voltage as a function of the Vo voltage regulator internal
resister internal resistor and the electronic volume register [Ta=25°C]
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<Setup example : When setting Ta = 25C and-\VV From Figure 9 and expression A-1, the following setting
on an SED15A6% model with temperature gradient of will be employed.
-0.1% /°'C>
Table 13
Content Resistors
onten D7 | D6| D5| D4 | D3| D2 D1 DO
Resistance ratio of Vo adjusting built-in resistors 0 0 1 0| 0] O 1 1
Electronic volume 1 0 0 1,0|0|] 0| O
Table 14 shows Mvoltage variable range and its vari- ~ when the above setting is employed.

able step available from the electronic volume function

Table 14
Vo Min. Typ. Max. Unit
Variable range 6.41[80H] to 7.0[90H] to 7.58[9FH] [V]
Variable step 37.92 [mV]

[ ]: Commands selected from the electronic volume.

When external resistor is used (when the built- display.

in resistor for V 0 adjustment is not used) \oltage W is given by the following expression when

It is also possible to select a supply voltagddv LCD external resistance values Ra' and Rb' are specified in
without using the built-in ¥voltage adjusting resistors the range of V< Vour:

(resistance ratio select command [27H] for the built-in Vo= (1+Rb/Ra)e\¢v

Vo voltage adjusting resistors) by adding a resistor across = (1+Rb/Ra)*(1-e/200)Vrec (Expression B-1)
Vssand Wk as well as ¥ and \b. In this case too, using Vev = (1-0/200) *\Rec

the electronic volume allows you to control LCD V VREeG represents the constant voltage source on the IC.
through the command and, thus, adjust contrast of LCD Its value at Ta = Z& is constant as shown in Table 10.

External Rb' %
+
VR

% — VEv (Constant voltage source
+ electronic volume)

Vo

External Ra'

L L Vss

Figure 10
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<A setting example: When setting Ta = 25C and=V
7V on an SED15A6*** model with temperature gradi-
ent=-0.1% C>
When the intermediate resistor values (D4, D3, D2, D1,
D0) = (1, 0, 0, 0) are selected from the electronic vol-
ume, the following is given by expression B-1 since
15 and Vrec = 1.2V (Expression B-2).

Vo = (1+Rb'/Ra’) « (1-e/200) * \Rec

7V = (1+Rb'/Ra’) * (135 /200) » 1.2

(Expression B-2)

If you select 1A for the current conducted to Ra' and

Table 15

Rb', the following expression is derived:

Ra'+ Rb'= 1.4 (Expression B-3)
Thus, the following is derived from expressions B-2 and
B-3:

Rb'/Ra'=5.31
ORa'=220K, Rb'=1180R
Table 14 shows the command selected from the elec-
tronic volume. Table 16 listsowoltage variable range
and variable steps available from the electronic volume
function.

Resistors

Content

D7 | D6 | D5 | D4 | D3 |D2| D1| DO

Resistance ratio of built-in Vo voltage adjusting resistors

0 0 1 0|01 1 1

Electronic volume

1 0 0 1]/]0(0| 0] O

Table 16
Vo Min. Typ. Max. Unit
Variable range 6.45[80H] to 7.0[90H] to 7.64[9FH] V]
Variable step 38.4 [mV]

[ ]: Commands selected from the electronic volume.

When using external resistors (When using vari-

able resistors in stead of the built-inV o voltage
adjusting resistors)

Adding external variable resistors to the above mentioned
external resistors allows you to select an LCD drive volt-
age \ through fine tuning of Ra' and Rb'. In this case
too, using the electronic volume function permits you to
control an LCD voltage through the command and, thus,
adjust contrast of the LCD display.

You can determine theowoltage from the following
expression when fine adjustment of Ra' and Rb' is done

by specifying resistance values of external resistors R1
and R2 (variable resistors) and R3 within the range of
| Vo| <|Mout]:
Vo = {1+(R3+R2-AR2) / (R1AR2)} * Vev
= {1+(R3+R24AR2) / (R1AR2)}

(1-0/200) * \kec (Expression C-1)

[\ev = (1-a/200) * \Reg]
Where, \kRecis the constant voltage source in the IC and
its value remains at a constant level as shown in Table
10.

External

Rb' resistor R3

l ____ External IA R1 +

T resistor R2 VR Vo
Ral External . -

resistor R1 -
7] VEev (Constant voltage source
+ electronic volume)
—_— - @ Vss
Figure 11
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<A setting example: When setting Ta = 25C and-\%6
to 9V on an SED15A64% model with Temperature gra-
dient =-0.1% C>
a = 15 and W¥ec = 1.2V when intermediate resistor val-
ues (D4, D3, D2, D1, D0) =(1, 0, 0, 0, 0) are selected
from the electronic volume. Thus, using expression C-
1, you can selectd& 9V whenAR2 = @ in the follow-
ing manner:

9V ={1+(R3+R2) / R1} * (1-15/200) * 1.2

R3 +R2=7.11+R1 (Expression C-2)
If you select 5 uA for the current to be conducted across
Vo and \bswhen W = 7V, sum of resistance of R1, R2
and R3 can be derived as shown below:

R1+R2+R3=1.41 (Expression C-3).
From expressions C-2 and C-3, R1 = 1.@M
8.11=173K).
And, you can select V = 5V wh&R2 = R2 through the
following computation:
5V = ={1+R3/(R1+R2) } * (1-15/200) 1.2
R3/(R1+R2) =35 (Expression C-4).
R2 =137@ and R3 = 1.09Mare derived from expres-
sions C-2, C-3 and C-4.
Table 15 lists the commands used, and Table 17 shows
Vovoltage variable voltage range and variable steps avail-
able from the electronic volume.

Table 17
Vo Min. Typ. Max. Unit
Variable range 6.39[80H] to 7.0[90H] to 7.57[9FH] [V]
Variable step 38.1 [mV]

[ ]: Commands selected from the electronic volume.

* When using the built-in Wvoltage adjusting resistors or the electronic volume function, both of the voltage adjustment
circuit and the voltage follower circuit must be activated, as a minimum requirement, by the power control set com-
mand. When the booster is circuit is turned off, necessary voltage must be supplieddrom V

* VR pin is enabled only when the built-iro Voltage adjusting resistors are not used.pv must be made open when

these resistors are used.

* Since R pin has a higher input impedance, appropriate noise protection measures must provided including cutting the

wiring distance shorter or using shielded wire.

Voltage Follower Circuit

The W voltage is divided to generate the V2, Vz and

V4 voltages by on-chip resistor circuit. And the V2,
Vszand W4 voltages are impedance-converted by voltage
follower, and provide to LCD driver circuit.

LCD bias ratio can be selected by LCD bias set command
which is 1/6 bias or 1/8 bias for SED15A6 series.

On-chip Power Supply Turn Off Sequence

Before turning the built-in power supply off, to discharge
the remaining electric charge of LCD panel and power
supply PIN etc., it is recommended to turn on the power

save mode employing the following command sequence.
You can also turn the built-in power supply off by ini-
tializing it using RES pin or the reset command. Here,
of SED15A6DB with built-in power supply being only
used, LOW level signal entering RES pin discharges
Vourt, thereby introducing shorting acrossiv—Vob2

and W-Vss Of SED15A60B/SED15A628 with ex-
ternal power supply being used, discharge the electric
charge by short-circuiting the external power supply to
Vsswhen the power supply is off or power is being
saved. (WuT and \ electric charge discharging func-
tions are not in the IC)

Table 18
Sequence Contents Command address
au (command and state) |[D7 |D6 |D5 D4 |D3 |[D2 D1 |DO
Stepl Display OFF 1 0 1 0 1 1 1 0
P Splay Power save
! command
Step2 Display all points on 1 0 1 0 0 1 0 1 (composite
! command)
End Built-in power OFF 0 0 1 0 1 0 0 0
Rev. 1.0 EPSON 12-21
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Sample Circuits

1. When the booster, voltage adjustment and V/F cir-

cuits are all used [SED15A6B)

(1) When built-in \4 voltage adjusting resistors are used

(When \bp2 = Vop is boosted 4 times)

‘VDD
VDD
—9— VDbD2
Cl
T vour
—=—c1 | CAP3-
% CAP1-
“T——— CAP1+
=c1 | CAP2-
TT——— CAP2+
Vo
VR
Vss
les Vi
V2
V3
V4

SED15A6 Series

2. When the voltage adjustment and V/F circuits alone

are used

(1) When built-in \6 voltage adjusting resistors are not

used [SED15A6mD8]

(2) When built-in \6 voltage adjusting resistors are not

used (When ®b2 = Vop boosted 4 times)

VbD

l Vss

VbD
VDD2

Vourt
CAP3
CAP1-
CAP1+
CAP2—
CAP2+

Vo
VR

Vss
Vi
V2
V3

V4

SED15A6 Series

(2) When built-in \d voltage adjusting resistors are used

Voltage Follower Circuit [SED15A61¥]

‘VDD ) VbD
VDD VbD
VDD2 VDD2
- Vout " - Vout "
_c CAP3 Q _ o CAP3 Q
< 2 = c =
£ CAP1- ) £ CAP1- )
g g CAP1+ g ;% g CAP1+ g
-] CAP2- < ] CAP2- <
CAP2+ = CAP2+ -
[a] [a)]
R3 Vo L v w
| ) 0 0)
R2 VR
VR
R1
14 Vss Vss
les V1 les Vi
V2 V2
V3 V3
Va Va
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3. When V/F circuit alone is used [SED15A&D

VVbD
VbD

VDD2
VOUT
CAP3
CAP1-
CAP1+
CAP2—
CAP2+

External
power supply

Vo
VR

Vss
l Vss \V21

V2

SED15A6 Series

V3

Va4

4. When built-in power supply is not used[SED15/48D

VbD

Y Vss

External power supply

VoD
VDD2

Vout
CAP3
CAP1-
CAP1+
CAP2—-
CAP2+

Vo
VR
Vss
Vi
V2
V3

Va

SED15A6 Series

* Since WR pin has a higher impedance, wiring distance must be minimized or shielded wire must be used.

When W is varied between 8 and 9V.

Sample setting

Item Setting Unit
C1 1.0to 4.7 pF
Figure 12
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Reset Circuit

When pin goes low, RES or when Reset command is
used, this LSl is initialized.

Initialized states

« Serial interface internal shift register and counter clear
» Power saver mode is entered.
* Oscillation circuit is stopped.
» The LCD power supply circuit is stopped.
* Display OFF
* Display all points ON (Display all points ON ON/
OFF command DO ="1")
e Segment/common driver outputs go to thssV
level.
* Display normal
» Page address=0H
e Column address=0H
« Display start line address=set at the first line
» Segment driver direction=normal
e Common driver direction=normal
* Read modify write OFF
e Power control register (D2, D1, DO) = (0, 0, 0)
« Vo-resistor ratio register (D2, D1, DO) = (0, 0, 0)
« Electronic volume register (D4, D3, D2, D1, D0) = (1,
0,0,0,0)
* LCD power supply bias ratio = 1/6 bias (SED15A6)
* Test mode is released.

* Voltage short-circuit across Vout and Vopz as well
as Vo and \ss[allowed only when RES pin = LOW
levell].
When reset is detected, this LSl is set to above initialized
states. However it has no effect on contents of DDRAM.
As seen in “Microprocessor Interface (Reference
Example)”, connect RES pin to the reset pin of the MPU
and initialize the MPU at the same time. The initialization
by RES pin is always required during power-on.
If the control signal from MPU is HZ, an overcurrent
may flow through the LSI. A protection is required to
prevent the HZ signal at the input pin during power-on.
In case the SED15A6 series does not use the on-chip
LCD power supply circuit, after RES pin is turnd LOW
to HIGH, the external LCD power supply must be
turned on.
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7. COMMANDS

The SED15A6 series identifies the data bus by a combination of A0, RD (E), WD(R/W) signals.

In the 8080-series MPU interface, the command is activated when a low pulse is input to RD pin for reading and when
a low pulse is input to WD pin for writing. In the 6800-series MPU interface, the SED15A6 series enters a read mode
when a high level is input to R/W pin and a write mode when a low level is input to R/W pin, and the command is activated
when a high pulse is input to E pin. Therefore, in the command explanation and command table, the 6800-series MPU
interface is different from the 8080-series MPU interface in that RD(E) becomes “1 (H)” in Display data read command.
And when the serial interface is selected, the data is input in sequence starting with D7.

Taking the 8080-series MPU interface as an example, commands will be explained below.

Explanation of commands

Display ON/OFF
This command turns the display ON and OFF.
E RW :
A0 5 WR D7 D6 D5 D4 D3 D2 D1 DO Setting
0 1 0 1 0 1 0 1 1 1 0 Display OFF
1 Display ON

When the Display OFF command is executed when in the Display all points ON mode , Power saver mode is entered.
See the section on the Power saver for details.

Display normal/reverse
This command can reverse the lit and unlit display without overwriting the contents of the DDRAM.

|m
T

W .
RD WR D7 D6 D5 D4 D3 D2 D1 DO Setting
0 1 0 1 0 1 0 0 1 1 0 |Normal:DDRAM Data HIGH
=LCD ON voltage
Reverse:DDRAM Data LOW
1 =LCD ON voltage

A0

Py

Display all points ON/OFF

This command makes it possible to force all display points ON regardless of the content of the DDRAM. Even when
this is done, the DDRAM contents are maintained. This command takes priority over the Display normal/reverse
command.

E RW :
A0 RD WR D7 D6 D5 D4 D3 D2 D1 DO Setting
0 1 0 1 0 1 0 0 1 0 0 Normal display mode
1 Display all points ON

When the Display all points ON command is executed when in the Display OFF mode, Power saver mode is e
See the section on the Power saver for details.
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Page address set

This command specifies the page address of the DDRAM (refer to Figure 5).

Specifying the page address and column address enables to access a desired bit of the DDRAM. After the last columr
address (65H), page address incremented by +1 (refer to Figure 4). After the very last address (column = 65H, page =
7H), page address return to OH.

Page address 8H is the DDRAM area dedicate to the indicator, and only DO is valid for data change.

See the function explanation in “DDRAM and page/column address circuit”, for detail.

E RW
A0 RD WR D7 D6 D5 D4 D3 D2 D1 DO Page address
0 1 0 1 0 1 1 0 0 0 0 OH
0 0 0 1 1H
0 0 1 0 2H
o 1 1 1 7H
1 0 0 0 8H

Column address set

This command specifies the column address of the DDRAM (refer to Figure 5).

The column address is split into tow sections (the upper 3-bits and lower 4-bits) when it is set (fundamentally, set
continuously).

Each time the DDRAM is accessed, the column address automatically increments by +1, making it possible for the MPU
to continuously access to the display data. After the last column address (65H) ,column address returns to O0H (refer
to Figure 4).

See the function explanation in “DDRAM and page/column address circuit”, for detail.

E R/W
A0 R0 WR D7 D6 D5 D4 D3 D2 D1 DO
0 1 0 0 0 0 1 * A6 A5 A4 Upper bit address
0 A3 A2 Al A0 Lower bit address
*Disabled bit

A6 A5 A4 A3 A2 Al A0 Column address
0 0 0 0 0 0 0 O0H
0 0 0 0 0 0 1 01H
0 0 0 0 0 1 0 02H
1 1 0o 0 1 o0 0 64H
1 1 0 0 1 0 1 65H
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Display start line address set

This command is used to specify the display start line address of the DDRAM (refer to Figure 5).

If the display start line address is changed dynamically using this command, then screen scrolling, page swapping can
be performed.

See the function explanation in “Line address circuit”, for detail.

E RW .
no £ RMp7 ps ps D4 D3 D2 DI DO Line address
o 1 0]0 1 0 0 0 0 0 0 00H

o 0o o0 o0 o0 1 01H
o 0o 0 0 1 0 02H
1 1 1 1 1 0 3EH
1 01 1 1 1 1 3FH

Segment driver direction select

This command can reverse the correspondence between the DDRAM column address and the segment driver output
See the function explanation in “DDRAM and page/column address circuit”, for detalil.

A0 RD WR D7 D6 D5 D4 D3 D2 D1 DO Setting
0 1 0 1 0 1 0 0 0 0 0 Normal
1 Reverse

Common driver direction select
This command can reverse the correspondence between the DDRAM line address and the common driver output. Se
the function explanation in “Line address circuit”, for detail.

E RW .
A0 RD WR D7 D6 D5 D4 D3 D2 D1 DO Setting
0 1 0 1 1 0 0 0 * * * Normal
1 Reverse
*Disabled bit

Display data read

This command reads 8-bit data from the specified DDRAM address. Since the column address is automatically
incremented by +1 after each read ,the MPU can continuously read multiple-word data. One dummy read is required
immediately after the address has been set. See the function explanation in “Access to DDRAM and internal registers”
and “DDRAM and page/column address circuit”, for detalil.

E RW
A0 RD WR D7 D6 D5 D4 D3 D2 D1 DO
1 0 1 Read Data
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Display data write

This command writes 8-bit data to the specified DDRAM address. Since the column address is automatically
incremented by +1 after each write ,the MPU can continuously write multiple-word data. See the function explanation
in “DDRAM and page/column address circuit”, for detail.

E R/W
A0 D WR D7 D6 D5 D4 D3 D2 D1 DO
1 1 0 Write Data

Read modify write

This command is used paired with End command. Once this command is issued, the column address is not incrementec
by Display data read command, but is incremented by Display data write command. This mode is maintained until End
command is issued. When End command is issued, the column address returns to the address it was at when Read modi
write command was issued. This function makes it possible to reduce the MPU load when there are the data to change
repeatedly in a specified display region, such as blinking cursor.

E R/
RD WR D7 D6 D5 D4 D3 D2 D1 DO

0 1 0 1 1 1 0 0 0 0 0

Py

*When End command is issued, only column address returns to the address it was at when Read modify write command
was issued, but page address does not return. Consequently, Read modify Write mode cannot be used over pages
When you want to maintain the current page address after a read modify write operation done on a column address
between the start and the final column address (65H), you must specify the page address again after the operation i
over.

*Even if Read modify write mode, other commands besides Display data read/write can also be used. However, Column
address set command cannot be used.

The sequence for cursor display

| Page address set |

!

| Column address set |

I Read modify Write I

| Dummy read |
I

| Data read |
I

| Data write |

!
ﬁ< Completed? >

l Yes
I End I

Figure 13
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End
This command releases the Read modify write mode, and returns the column address to the address it was when Rea
modify write command was issued .

E RW | nh; Db D5 D4 D3 D2 DI DO

0 1 0 1 1 1 0 1 1 1 0

Return

X r|\1 XNt X2 Xnes X eee Xnem XU N X

Read modify write End

Column address

Figure 14

Power control set
This command sets the on-chip power supply function ON/OFF. See the function explanation in “Power supply circuit”,
for detail.

A0 % I\:‘;\//—\IIQV D7 D6 D5 D4 D3 D2 D1 DO Mode
0 1 0 0 0 1 0 1 0 Booster : OFF
1 Booster : ON
0 Voltage regulator : OFF
1 Voltage regulator : ON
0 Voltage follower : OFF
1 Voltage follower : ON

Vo-resistor ratio set

This command sets the internal resistor ratio “Rb/Ra” for theoltage regulator to adjust the contrast of LCD panel

display. See the function explanation in “Power supply circuit”, for detail.

E R/W .
A0 D WR D7 D6 D5 D4 D3 D2 D1 DO Rb/Ra : Vo voltage
0 1 0 0 0 1 0 0 0 0 0 small low
0 0 1
0 1 0
0 1 1 l l
1 0 0
1 0 1
1 1 0 large high
1 1 1 External resistor mode
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Electronic volume

This command sets a value of electronic voluimeftr the Vo voltage regulator to adjust the contrast of LCD panel
display. See the function explanation in “Power supply circuit”, for detail.

E R/W
AO "5 WR D7 D6 D5 D4 D3 D2 D1 DO a Vo voltage
0 1 0 1 0 0 0 0 0 0 0 31 low
0 0 0 0 1 30
0 0 0 1 0 29
! ! !
1 1 1 1 0 1
1 1 1 1 1 0 high
LCD bias set

This command selects the voltage bias ratio required for the LCD. This command is enabled when the voltage follower

circuit operates.

E R/W Bias
AO RD WR D7 D6 D5 D4 D3 D2 D1 DO SED15A6
0 1 0 1 0 1 0 0 0 1 0 1/8 bias
1 1/6 bias

Power saver

When the display all points ON command is executed when in the display OFF mode, power saver mode is entered, and

the power consumption can be greatly reduced.

This mode stops every operation of the LCD display system, and can reduce current consumption nearly to a static
current value if no access is made from the MPU. The internal states in the power saver mode is as follows:

* The oscillation circuit is stopped.
* The LCD power supply circuit is stopped.

» The LCD driver circuit is stopped and segment/common driver outputs outpuisthe/&f.

* The display data and operation mode before execution of the Power saver command are held, and the MPU can acces

to the DDRAM and internal registers.

| Power saver (Display OFF & Display all points ON) |

Power saver mode

| Power saver OFF (Display all points OFF) |

Power saver mode cancel

Figure 15
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Reset

When this command is issued, this LSl is initialized. This command, however, is not used for introducing short circuit
across but and \bo2 or Vo and \ss (only when RES pin = LOW). Also note that initialization of the display data RAM
does not take place in parallel with initialization of the LSI. See the function explanation in “Reset circuit”, for detail.

A0 E RW i h, pe Ds D4 D3 D2 DI DO

0 1 0 1 1 1 0 0 0 1 0

When initializing the LSI while power is turned on, reset signal to the RES pin is used. This signal cannot be replaced
by the reset command.

NOP
Non-operation command

A0 E RW i h, b D5 D4 D3 D2 DI DO

0 1 0 1 1 1 0 0 0 1 1

Test
This is a command for LSI chip testing. Please do not use. If the test command is issued by accident, it can be clearec
by applying an LOW signal to the pin, or by issuing the Reset command or the Display ON/OFF command.

Ao%l\-‘;vl—g D7 D6 D5 D4 D3 D2 D1 DO
0o 1 0 1 1 * 1 * * * *
* Disabled bit
(Note):

The SED15A6 series chip maintain their operating modes ,but excessive external noise,etc.,may happen to change
them. Thus in the packaging and system design it is necessary to suppress the noise or take measures to prevent the noi
Moreover, it is recommended that the operating modes are refreshed periodically to prevent the effects of unanticipated
noise.
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Command Table

Table 19
Code .
Command A0 XR XW | D7 D6 D5 D4 D3 D2 D1 DO Function
(1)Display ON/OFF 0 1 O 1 0 10 1 1 1 O LCD display
1 0:0FF, 1:ON
(2)Display normal/reverce |0 1 O 1 0 1.0 O 1 1 O LCD display
1 0:normal, 1:reverce
(3)Display all points 0 1 O 1 0 1.0 0 1 0 O LCD display
ON/OFF 1 0:normal display, 1:all points ON
(4)Page address set 0 1 O 1 0 1 1 address Sets the DDRAM page address
(5)Column address set 0O 1 O 0O 0 O 1 * address Sets the DDRAM column address
Upper 3-bit address
Column address set 0 1 O 0O O O O address
Lower 4-bit address
(6)Display start line 0O 1 O 0 1 address Sets the DDRAM display start line
address set address.
(7)Segment driver 0 1 0O 1 0 1 0 0 0O 0 O Sets the correspondence
directuin select 1 between the DDRAM column
address and the SEG driver output.
O:normal, l:reverse
(8)Common driver 0O 1 O 1 1 o0 O * * * Sets the correspondence
direction select 1 between the DDRAM line address
and the COM driver output.
O:normal, l:reverse
(9)Display data read 1 0 1 Read data Reads from the DDRAM.
(10)Display data write 1 1 O Wtite data Writes to the DDRAM.
(11)Read modify write 0 1 O 1 1 1 0 0 0 0 O Column address increment
at write:+1, at read:0.
(12)End 0O 1 O 1 1 1 0 1 1 1 O Releases Read modify write mode.
(13)Power control set 0O 1 O 0O 0 1 0 1 Operating Sets the on-chip power supply
mode circuit operating mode.
(14)Vo-resistor ratio set 0O 1 O 0 0 1 0 O Resistor Sets the Vo-resistor ratio value.
ratio
(15)Electronic volume 0O 1 O 1 0 O Electronic volume Sets the electronic volume value.
value
(16)LCD bias set 0O 1 O 1 0 1.0 O O 1 O Sets the LCD drive voltage bias ratio.
1 SED15A6 0:1/8bias, 1:1/6bias
(17)Power saver - - - S Compound command of Display
OFF and Display all points ON
(18)Reset 0 1 O 1 1 1 0 0 0 1 O Internal reset
(19)NOP 0O 1 O 1 1 1 0 0 0 1 1 Non-operation
(20)Test 0 1 o© 1 1 * 1 * * * x IC test command. Do not use.
(Note)*:disabled bit
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8. AN EXAMPLE OF FUNCTION SETUP USING COMMANDS

Instruction Setup Example

(For your reference)

Note: If charge remains on the smoothing capacitor con- on the display screen during its powering on process. In
nected across the LCD drive voltage output pin amg V order to avoid such troubles, it is recommended to imple-
pin, troubles (such as momentary blackening) can occur ment the following flow.

1. When switching to the built-in power supply takes
place immediately after powering on:

Turn Vbp-Vss power on while RES pin = LOW is selected.

Wait until power is settled.

Cancel the reset mode (RES pin = HIGH).

Turn on the initial setup mode (default). * 1

Selecting necessary functions using the commands
(User setup)

(2) Select either Normal/reversing display. * 2

(6) Specify the display start line. * 3

(7) Implement ADC select. * 4

(8) Select the common output mode. * 5

(16) Set LCD bias voltage. * 6

Note: Reference Items

* 1: Refer to the “Description of Functions; Reset Cir-
cuit” .
In the initial setup mode (default), too, contents of
the display data RAM is still uncertain.

* 2: Refer to the “(2) Normal/reversing Display” in the
“Description of Commands”.

* 3. Refer to the “(6) Display Line Setup” in the “De-
scription of Commands”.

* 4. Refer to the “(7) ADC Select” in the “Description
of Commands”.

Selecting necessary functions from the commands
(User setup)
(14) Specify resistance ratio of the built-in
Vo voltage adjusting resistors. * 7
(15) Set up the electronic volume. * 8

* 5: Refer to the “(8) Common Output Mode Select” in
the “Description of Commands”.

* 6: Refer to the “(16) LCD Bias Set” in the “Descrip-
tion of Commands”.

* 7: Refer to the “Description of Functions; Power Sup-

ply Circuit” and “Description of Commands - (14)

Selecting necessary function from the command
(User setup)
(13) Set up the power control. *9

Specifying resistance ratio of built-in VO voltage
adjusting resistors”.

* 8: Refer to the “Description of Functions; Power Sup-
ply Circuit” and “Description of Commands - (15)

Electronic Volume” .

Canceling the power save mode (User setup)
(3) Turn of Display At All Points. * 10

* 9: Refer to the “Description of Functions; Power Sup-
ply Circuit” and “Description of Commands - (13)
Setting Up Power Control” .

*10: Refer to the “(17) Power Save” in the “Description
of Commands” .

Initial setup is complete.

[The built-in power supply is turned on and the display is turned off.]
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2. Data display

Initialization is complete

l

Selecting necessary function from the command (User setup)
(6) Select the display start line. * 9
(4) Select the page address. * 10
(5) Select the column address. * 11

l

Selecting necessary function from the command (User setup)
(10) Turn on the display data write operation. * 12

Selecting necessary function from the command (User setup)
(1) Turn on or off the display. * 13

Data display is ended.

3. Powering off * 14

Note: Reference Items

* 9: Refer to the “(6) Setup of Display Start Line” in
the “Description of Commands”.

* 10: Refer to the “(4) Page Address Set” in the “De-
scription of Commands”.

* 11: Refer to the “(5) Column Address Set” in the “De-
scription of Commands”.

* 12: Refer to the “(10) Display Data Write” in the “De-
scription of Commands”.

* 13: Refer to the “(1) Display Data ON/OFF” in the
“Description of Commands”.

The all-white display of data should be avoided as much
as practicable right after the display mode is turned on
(right after the display has been turned on).

1) Turn on any desired mode.

l

Selecting necessary function from the command (User setup)
(17) Select the power save mode. * 15

l

Select the reset active (RES pin = LOW).

l

Turn Vbp-Vss power off.

)

The time (tL) provided between turning on of the(re-
set active and turning off ofdé-Vsspower (\bb-Vss
= 1.8V) must be longer than the time required for |V
V4 potential to go lower (tH) than the threshold vlt-
age set on the LCD (usually 1V).
For “tv”, see the “Reference data” in the followipg
section. If “” is excessively long, it must be cut shprt
by installing a resistor across ¥nd \&s

Note:

*14: This IC is provided on the power supplyd#Vsslogic circuit to offer control over thedw/ ssdrivers on the LCD
power supply. Thus, if the power supply-Vssis turned off while voltage is still remaining on the LCD power

supply W-Vss, the drivers (both COM and SEG) can generate uncontrolled output. Make sure to observe the

following powering off procedure:

* Turn off the built-in power supply first, then, after making sure that potentiabom W4 is lower than the LCD
panel threshold voltage, turn the IC poweb{W ss) off. Also refer to the "Power Supply Circuit" in the
Description of Functions.
* 15: Refer to the “(17) Power Save” in the “Description of Commands”.

After entering the power save command, you must implement reset procedure from the RES pin before turning off

Vbp-Vsspower.
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4. Refresh
It is recommended to implement the refresh sequence
on a regular basis.

| Refresh sequence |
I

x
| Display ON/OFF command |

l

| Select every command |

J

| Implement DDRAM refresh. |

5. Precautions on powering off t. must be specified on software from MPU.
<Powering off (\bp-Vss) off> tH depends on discharging capability of the drivers.
Turn the power (¥Vsg save mode off -> Then, turn See the "Reference data" in the following section. It
the power (\p-Vsy off. also depends on a given LCD panel, thus actual tim-
* The requirement 't> t" must be strictly observed. ing must be determined after experimenting on your
*If "t L <", display failures can result. LCD panel.

Power save Power OFF

VbD

SE 3 N o .
G JJ_L’_rl_LLl—mL Since power (Vbbp-Vss) is turned off,
__ output cannot be maintained at a fixed level.

1
Vo :
Vi X
\ !
V3 :
\ I Approximately 1V: Lower than the threshold voltage on the LCD panel.
Vss------------ F---- -

'<—>: tH  For tH, see the "Reference data".
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<When powering off (\dp-Vsg) is not available with the
command>

Turn off the reset mode (LCD powerdV sg) system).

-> Then, turn power (bb-Vss) off.

* The requirement {t> t+" must be observed.

* When specifying t, measures such as extending fall

VDD

time of power supply (bb-Vss) should be considered.

tH depends on the drivers' discharging capability. See
the “Reference data” in the following section. It also
depends on model of a given LCD panel, thus actual
timing must be determined after experimentation on
your LCD panel.

" Since power (VbD-Vss) is turned off,
output cannot be maintained at a fixed level.

Approximately 1V: Lower than threshold voltage on the LCD panel.

1 1
1 1
:<—>: tH  For tH, see the "Reference data".
1 1

6. Reference data

The following data is for your reference alone.ig
significantly affected by capacity ob¥in, thus you must
verify appropriateness of a selectedh the panel be-
ing equipped with the pin.

[Conditions: \bp = 1.8V, voltage is tripled and capacity
of the boosting capacitor = 110F]

When W is under no-loadstper voltage is 22us. It
becomes 22Qus when \6 = 9V.
Capacity dependency is 1 pBtd per voltage is 50 ns.

An example: When b = 1.8V, Vo = 8V and \6 pin
capacity [board capacity] (CL) = 100 pF.

th = 2us % 8V + 50nsx 100pFx 8V = 216us
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9. ABSOLUTE MAXIMUM RATING

Unless otherwise noted,s¥= 0V.

Table 20
Parameter Symbol Conditions Unit
Power supply voltage (1) VDD -0.3t0 0.6 Y
Power supply voltage (2) \VVDD2 —-0.3t0 0.6 \
Double boosting -0.3t05.0
Triple boosting -0.3t0 3.3
Quadruple boosting -0.3t025
Power supply voltage (3) Vo, VouTt -0.3t010.0 Y
Power supply voltage (4) V1, V2, V3, Va —-0.3to Vo \%
Input voltage VIN —0.3 to VDpD+0.3 Y
Output voltage Vo —-0.3 to Vpp+0.3 \
Operating temperature TOPR -40to 85 °C
Storage temperature TCP TSTR -55to 100 °C
Bare chip -551t0 125
Vo, Vout
Vito Va
Vce [ oo VDD, VDD2 —
Vss ——— sttt Vss Vss

System

Notes and Conditions

SED15A6 series

1. Vss=0V is assumed for every voltage indicated above.

2. Voltage \6, V1, V2, V3, Vamust always keep up the condition af3V12 V22 V32 V4z Vssand \buT 2 Vo2 Vss.

3. Ifthe LSl exceeds its absolute maximum rating, it may be damage permanently. It is desirable to use it under electrical
characteristics conditions during general operation. Otherwise, a malfunction of the LSI may be caused and LSI

reliability may be affected.

Rev. 1.0
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10. DC CHARACTERISTICS

Table 21 Vss=0V, Vbpb=3V+10%, Ta=—40~85°C unless otherwise noted.
. Standard value i .
ltem Symbol Condition Vi Tvp. Max. Unit | Pin used
Supply Recommended VbD (Vss is used as the 2.7 - 3.3 V | Vbp*l
voltage(1) | operation reference)
Operational VDD (Vss is used as the 1.8 - 3.6 \%
available reference)
Supply Recommended Vbob2z | (Vssis used as the 1.8 - 5.0 V | Vbbp2*1
voltage(2) | operation reference)
Supply Operational Vo (Vss is used as the 4.5 - 9.0 Vo *2
voltage(3) | available reference)
Operational V1, V2 | (Vssis used as the 0.6xVo - Vo \Y V1, V2
available reference)
Operational Vs, V4 | (Vssis used as the Vss - 0.4xVo V3, Va
available reference)
High-level input voltage VIH 0.7xVDD - VbD \% *3
Low-level input voltage ViL Vss - 0.3xVbD \%
High-level output voltage VoH lon=—0.5mA 0.7xVbD - VbD V *4
Low-level output voltage VoL loL=0.5mA Vss - 0.3xVbD \%
Input leak current LI VIN=VDD Or Vss -1.0 - 1.0 HA *5
Output leakage current ILo -3.0 - 3.0 HA *6
LCD driver ON resistance RON ¥;;;500\é - 2.0 5.0 KQ igf/lr;] +7
Static current consumption IbpbQ | Ta=25°C - 0.01 5.0 WA | VDD,VDD2
Output leak current loQ Voi7.00\/ - 0.01 15.0 HA | Vo
Ta=25°C
Input terminal capacitance CiN Ta=25°C, f =1MHz 10.0 15.0 pF
Oscillation | Built-in 051.:|Ilat|on fosc Taz25°C 31.68 35.20| 38.72 KHz *8
frequency | External input fcL 35.2 70.4 140.8 CL *8
Table 22
. Standard value . .
Iltem Symbol Condition Min. | Typ. | Max. Unit | Pin used
When voltage is doubled 1.8 - 5.0
(Vss is used as the reference)
= When voltage is tripled 1.8 - 3.3 Vbp2 *1
g Input voltage Voo2 (Vssis usegd as thz reference)
° When voltage is quadrupled 1.8 - 25
_% (Vss is used as the reference)
7 |Boosted output voltage VouTt (Vss is used as the reference) - - 10.0 Vv VouTt
% \?orl)t(zi;ae“;(%ucsltjr:ee:tt c(i)rfcuit Vourt (Vss is used as the reference) 5.0 - 10.0 Vout
é ?//éllzt;éfu't operating Vo (Vss is used as the reference) 4.5 - 9.0 Vo *9
@ -0.1%/°C
Reference voltage VREG Ta=25°C 1.16 12 | 1.24 *10
(Vss is used as the reference)

Note 1 Vss= 0V is assumed for every voltage indicated.

Note 2 Voltages \6, V1, V2, V3 and V4 must conform to the requirements thatVi12V22V 32V 42Vssas well as WuTt 2 Vo 2 Vss.

Note 3 Operating the LSI is operated beyond the maximum absolute rating can damage it permanently. In the normal operation, it
is desirable to use the LSl in compliance with its electric characteristics. If the LSl is used under any conditionsgconflicti
with its electric characteristics, not only its malfunctioning but also serious loss of reliability can result.
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¢ Dynamic operating current (1) - When display is turned on with the built-in power supply being disconnected

[Ta = 25C and output under no-load].
Following shows current consumed by entire IC when external power supply is used.

Table 23-1 Display: All-white

Item Symbol Requirement Min. |Typ. Max. Unit Remarks
SED15A6*,, Iss(1) Vop=Vbp2=1.8V, V0=7.2V — 23 48 UA 11
Iss(1) Vobp=Vpp2=1.8V, V0=9.0V - 25 50
Table 23-2 Display: Checker pattern
ltem Symbol Requirement Min. [Typ. Max. UWnit Remarks
SED15A6%,, Iss(1) Vob=Vbp2=1.8V, Vo=7.2V - 26 54 UA 11
Iss(1) Vop=Vbp2=1.8V, V0=9.0V - 29 57

¢ Dynamic operating current (2) - When display is turned on with the built-in power supply being connected®{Ta = 25

and output under no-load)].

Table 24-1 Display: All-white

ltem Symbol Requirement Min. |Typ. Max. Wnit Remarks
Iss(2) Vop=1.8V,Vbp2=3.3V, V0=7.2V, — 68 101
SED15A6",, and voltage is tripled. A 12
Iss(2) Vop=1.8V,Vpp2=3.3V, V0=7.2V, — 79 112
and voltage is tripled.
Table 24-2 Display: Checker pattern
Item Symbol Requirement Min. [Typ. Max. Unit Remarks
Iss(2) Vop=1.8V,Vbp2=3.3V, Vo=7.2V, - 75 103
SED15A6%,, and voltage is tripled. A 12
Iss(2) Vop=1.8V,Vbp2=3.3V, Vo=7.2V, — 87 112
and voltage is tripled.
¢ Current consumption in the power save mode [Ta*€25d output under no-load]
Table 25
ltem Symbol Requirement Min. [Typ. Max. UWnit Rpmarks
SED15A6%. Iss(3) Vop=Vpbp2=1.8~3.6V - 0.01 5 HA
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[Reference data 1]

¢ Dynamic operating current (1) - When LCD display is turned on with external power supply being connected (All-
white display)

50.0

Conditions:
Built-in power supply OFF
40.0 External power supply ON
Vop2-Vss= 1.8V
Vop-Vss= 1.8V
— 30.0 Vo-Vss=7.2V
El Vo-Vss = 9.0V
a Ta=25C
3 200 Display pattern: All-white.
B Remarks: See * 11.
10.0
—— (Vo=7.2V)
—a— (Vo=9.0V)
0.0
0.0 2.0 4.0 6.0 8.0

VDD.[V]
Figure 16

¢ Dynamic operating current (1) - When LCD display is turned on with external power supply being connected (Checker
pattern display)

50.0
Conditions:
40.0 Built-in power supply OFF
External power supply ON
Vop2-Vss= 1.8V
—. 300 Vpbp-Vss= 1.8V
< Vo-Vss= 7.2V
o~ Vo-Vss= 9.0V
g 200 Ta=25C

Display pattern: Checker.
Remarks: See * 11.

10.0
—e— (VOo=7.2V)
—a— (Vo=9.0V)
0.0
0.0 2.0 4.0 6.0 8.0
VoD [V]
Figure 17
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[Reference data 2]

¢ Dynamic operating current (2) - When LCD display is turned on with built-in power supply being connected (All-

white display)

140.0
Conditions:
120.0 Built-in power supply ON
\oltage tripled
100.0 Vbop2-Vss= 3.3V
Vbp-Vss= 1.8V
—_ Vo-Vss= 7.2V
80.0 ——
£ ol - Vo-Vss= 9.0V
8 600 T Ta=25C
a8 Display pattern: All-white.
Remarks: See * 12.
40.0
20.0 —o— (Vo=7.2V) [
—a— (Vo=9.0V)
0.0 I
0.0 2.0 4.0 6.0 8.0
VoD [V]

Figure 18

¢ Dynamic operating current (2) - When LCD display is turned on with built-in power supply being connected (Checker

pattern display)

140.0
Conditions:
120.0 Built-in power supply ON
\oltage tripled
100.0 Vpp2-Vss= 3.3V
Vbp-Vss= 1.8V
by —n—m——n —
? 80.0 VO‘VSS— 72V
= = ——e * Vo-Vss= 9.0V
8 o0 Ta=25C
a8 Display pattern: Checker.
Remarks: See * 12.
40.0
20.0 —o— (Vo=7.2V) [
—a— (Vo=9.0V)
0.0 z
0.0 2.0 4.0 6.0 8.0
VoD [V]
Figure 19
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[Reference data 3]

¢ Dynamic operating current (3) - During an access is

being made
10
This chart shows current
consumption when the
- checker pattern write is
constantly implemented
/E/ in fcyc.
1 Iss (1) alone is consumed
when an access is not
< /7 taking place.
S z‘/
a u Conditions:
A7 Built-in power supply OFF
o1 47 External power supply ON
' —=~ VoD2-Vss=3.0V
=T Vo—Vss=9.0V
- Ta=25°C
= —— e
= =—r— = \/pD=1.8V 7]
VbD=3.0V 1
0.01 [T1110 [T 111
0.001 0.01 0.1 1 10
fevcIMHZ]
Figure 20
[Reference data 4]
¢ Operating voltage range obY and \b systems.
SED15A6 Series
10.0 L ,
I I I
90 I o
i
I
i
|72 O —
Operating range
=)
?} 5 0 -
T A5 RIS\
> i i i
i i i
i i i
i i i
i i i
i i i
L |
18! 12.25 13.6
0 1 ! HE 1 ! 1 1
0 2 4 5
VoD[V]
Figure 21
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[Reference items]

*1
*2
*3
*4
*5
*6
*7
*g
*9

*10

: Although wide operating voltage range is warranted, an exemption to it is when an access made by MPU is

accompanied with radical voltage fluctuations.

: See Figure 21 for the operating voltage rangeoof &hd \b systems. It is applicable when an external power

supply is used.

: A0, DO to D5, D6 (SCL), D7 (SI), RD (E), WR (R/W), CS, CL, C86, P/S and RES pins= ¥.8xVpbtoVop,

ViL = Vssto 0.2x Voo when \bo= 1.8V to 2.7V.

: DO to D7 pins. ¢H =—0.25mA, bL = 0.25mA when ¥p = 1.8V to 2.7V.

: AOQ, RD (E), WR (R/W), CS, C86, CL and RES pins.

. It is applicable when DO to D5, D6 (SCL) and D7 (SI) pins are placed in high impedance.

. It represents the resistance value to be employed when 0.1V is applied across the output pin SEGn or COMn and

respective power terminals (W2, Vs and V4). It must be selected within the operating voltage range (3).
Ron = 0.1VAI (Al represents the current conducted when 0.1V is applied when the power supply is turned on).

: For the relationship between the oscillating frequency and frame frequency, refer to Table 6. External inputs

listed in the standard value space are recommended values.

: Adjustment of the Vvoltage adjustment circuit must be done within the operating voltage range of the voltage

follower circuit.

: The built-in reference voltage source of thevgltage adjustment circuit. Two types ofeé temperature gradi-

ents are supported by the SED15A6; (1) Approximately —0Q%nd (2) External input.

* 11/12: The built-in oscillation circuit is used. It indicates current consumed by the independent IC when the display

*12

is turned on. Current consumption of the SED15A6 indicated here is one when the 1/6 bias mode is turned on.
It does not includes current consumed due to the LCD panel capacity or wiring capacity (driver output is under
no-load). These values are applicable when an access is not made by MPU.

: These values are applicable when thedltage adjusting built-in resistors are used on an SED15A6 model with

VReG optional temperature gradient of —0.1%/°C.
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11. AC CHARACTERISTICS

System Bus Read/Write Characteristics 1 (For the 8080-series MPU)

A0
—tawg— ~— tAHS
N Ve
&S N 7/
tcycs
<+—— {CcCLR, tccLw—»
_ N o N
W, D N y 4 N
<«——1{ccHR, tcCHW—
| |

tpss tbHs
D7 to DO >ﬁ: $<
(Write)

<«— taccs _,% <toHg—
D7 to DO
(Read)
Figure 22
Table 26 [VDD=2.7V to 3.6V, Ta=—40 to 85°C]
Item Signal Symbol Condition Min. Max. Jnits
Address hold time A0 tAH8 0 - ns
Address setup time taws 0 -
System cycle time tcycs 500 -
Control LOW pulse width(WR) WR tcoLw 100 -
Control LOW pulse width(RD) RD tCCLR 200 -
Control HIGH pulse width(WR) WR tccHW 100 -
Control HIGH pulse width(RD) RD tCCHR 100 -
Data setup time D7 to DO tDs8 70 -
Data hold time tDHS 0 -
Access time taccs CL=100pF - 180
Output disable time toH8 10 100
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Table 27

[VDD=1.8V to 2.7V, Ta=—40 to 85°C]

Item Signal Symbol Condition Min. Max. Units

Address hold time AO tAHS 0 - ns
Address setup time taws 0 -
System cycle time tcvces 1000 -

Control LOW pulse width(WR) WR tccLw 150 -

Control LOW pulse width(RD) RD tCCLR 300 -

Control HIGH pulse width(WR) WR tCCHW 150 -

Control HIGH pulse width(RD) RD tCCHR 150 -

Data setup time D7 to DO tDss 120 -

Data hold time tDH8 0 -

Access time taccs CL=100pF - 260
Output disable time toHs 10 200

*1. The input signal rise time and fall time, {t) is specified at 15ns or less. When the system cycle time is extremely
fast, it is specified by (t ) < (tcvce-tccLw-tccHw) or (i, tf) S (tcvce-tecLr-techr).

*2. Every timing is specified on the basis of 20% and 80%mf. V __

*3. tccw and tcir are specified by the overlap period in which CS is “0” and WR, RD are “0".

*4. Timing of AO is determined by the overlap period in which CS is LOW and WR and RD are LOW, too.

Rev. 1.0
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System Bus Read/Write Characteristics 2 (For the 6800-series MPU)

AO
R/W

>f tawe—

N

4—tAHesf

-

N

~+——tEWHR, IEWHW—|

tcyce

7

N

7/

+——tEWLR, tEWLW—]

>£ tpse —»

%toss

D7 to DO
(Write)
~— tacce —| [+ toHe—»
D7 to DO N
(Read) 7\{ /
Figure 23
Table 28 [VDD=2.7V to 3.6V, Ta=—40 to 85°C]
Item Signal Symbol Condition Min. Max. Units
Address hold time A0, tAH6 0 - ns
Address setup time WR tAW6 0 -
System cycle time tcvce 500 -
Enable width E tEWHW 100 -
HIGH pulse width | Read tEWHR 200 -
Enable width tEwLW 100 -
LOW pulse width | Read tEWLR 100 -
Data setup time D7 to DO tDs6 70 -
Data hold time tDH6 0 -
Access time tacce CL=100pF - 180
Output disable time toHe 10 100
Table 29 [VbD=1.8V to 2.7V, Ta=—40 to 85°C]
Item Signal Symbol Condition Min. Max. Wnits
Address hold time A0, tAH6 0 - ns
Address setup time WR tawe 0 -
System cycle time tcyce 1000 -
Enable width E tEWHW 150 -
HIGH pulse width | Read tEWHR 300 -
Enable width tEwWLW 150 -
LOW pulse width | Read tEWLR 150 -
Data setup time D7 to DO tDS6 120 -
Data hold time tDH6 0 -
Access time tacce CL=100pF - 260
Output disable time toH6 10 200

* 1. The input signal rise time and fall time ) is specified at 15ns or less. When the system cycle time is extremely

fast, it is specified by (ttf) 2 (tcyce-tewnw-tewLw) or (tr, tf) 2 (tcyce-tEwHR-tEWLR).
* 2. Every timing is specified on the basis of 20% and 80%uof V

* 3. tewnw and twhr are specified by the overlap period in which CS is “0” and E is “1".

* 4. Timing of Ao is determined by the overlap period in which CS is LOW and E is HIGH.
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Serial interface

=

tcss -

tcsH >

tsas

tsAH |

X

A0
tscyc
tsLw
SCL o 7
——tsHW——
— tr
— tr
' tsps <~— tspH—>
s. % <
Figure 24
Table 30 [VDD=2.7V to 3.6V, Ta=—40 to 85°C]
Parameter Signal Symbol Condition Min. Max.  Units

Serial clock cycle SCL tscyc 125 - ns
Serial clock HIGH pulse width tsHwW 50 -
Serial clock LOW pulse width tsLw 50 -
Address setup time A0 tsAs 75 -
Address hold time tSAH 75 -
Data setup time Sl tsps 50 -
Data hold time tSDH 50 -
CS serial clock time CcS tcss 75 -

tCsH 75 —

Table 31 [VDD=1.8V to 2.7V, Ta=—40 to 85°C]
Parameter Signal Symbol Condition Min. Max. Wnits

Serial clock cycle SCL tscyc 200 - ns
Serial clock HIGH pulse width tSHw 75 -
Serial clock LOW pulse width tsLw 75 -
Address setup time A0 tsAs 75 -
Address hold time tsAH 75 -
Data setup time Sl tsbs 50 -
Data hold time tSDH 50 -
CS serial clock time cs tcss 100 -

tCSH 100 —

Note: 1.The input Signal rise and fall times must be with in 15ns.
2. Every timing is specified on the basis of 20% and 80%uoof V
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Reset timing
tRw
RES
«—— R —»
Interggtceircuit >< During reset Normal operation
Figure 25
Table 32 [VDD=2.7V to 3.6V, Ta=—40 to 85°C]
Parameter Signal Symbol Condition Min. Max. Units
Reset time tR - 1000 ns
Reset LOW pulse width RES tRW 1000 -
Table 33 [VDD=1.8V to 2.7V, Ta=—40 to 85°C]
Parameter Signal Symbol Condition Min. Max. Units
Reset time trR - 1500 ns
Reset LOW pulse width RES tRwW 1500 -

Note: 1.The input Signal rise and fall times must be with in 15ns.
2. Every timing is specified on the basis of 20% and 80%uof V
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12. MPU INTERFACE (EXAMPLES)

The SED15A6 series can be directly connected to the After initialization is completed from the RES pin, make

80 series MPU or 68 series MPU. Adding a serial inter-
face allows you to drive the SED15A6 with less number

of signal lines.

(1) 80 series MPU

sure that respective input pins on the SED15A6 series
are normally controlled.

+ VDD

Vcc VbD
A0 A0 C86
Alto A7 cs 8
Decoder 5
5 IORQ 3
[a [{e]
= DO to D7 DO to D7 g
- JE— —
RD RD a
WR WR n
RES /]\ RES P/S
GND 1 Vss
RESET l
i Vss
Figure 26
(2) 68 series MPU +
. VbD
Vcc VbD
A0 A0 C86
Alto Al5 cs 8
Decoder @
> VMA 3
(o)
= DO to D7 DO to D7 Z
—
E E 8
R/W R/W n
RES /]\ RES P/S
GND 1 Vss
RESET l
N Vss
Figure 27
(3) Serial interface
° + VDD
Vcc VDD
A0 A0 C86 VoD or Vss
cs 3
Al to A7 Decoder 5
= n
o ©
= S
—
Partl Sl a
Part2 SCL n
RES /l\ RES P/S
GND R Vss
RESET l
i Vss
Figure 28
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