ROHM Datasheet

SEMICONDUCTOR

Low Duty LCD Segment Driver
For Automotive COG Application

BU91R66CH-M Max 960 Segments (240SEG x 4COM)

General Description
BU91R66CH-M is a 1/4, 1/3, 1/2 Duty or Static COG type
LCD driver that can be used for automotive applications
and can drive up to 960 LCD Segments.

This driver can be cascaded up-to maximum of 4 drivers
for larger LCD panel application.

It supports VA LCD displays, which has better optical
performance with higher LCD voltage driving and higher
frame frequency driving.

This driver includes read function for display data and
command registers, wherein it is possible to detect
malfunction due to noise.

It can also support other error detections such as
interface checksum detection, glass breaking detection,
logic error detection and SEG / COM toggle detection.

A defective mounting of COG can easily be controlled by
using terminals to measure ITO resistance.

It can support operating temperature of up to +105 °C
and compliant for AEC-Q100, as required for Automotive
Application.

Features
B AEC-Q100 CompliantNoe 1)
B 1/4,1/3, 1/2 Duty or Static Drive Selectable
1/4 Duty Drive: Max 960 Segments
1/3 Duty Drive: Max 720 Segments
1/2 Duty Drive: Max 480 Segmen
Static Drive: Max 240 Segm
Integrated Buffer AMP for LCD Drj
Integrated  Oscillator  Circui
Programmable Frame Frequenc

SEG / COM Toggle Detection

(Note 1) Quality Information:
There is data when LSI was put on a temporary package.
Please use it as reference data.

Key Specifications
Supply Voltage Range:
LCD Drive Power Supply Range:
Operating Temperature Range:
Max Segments:
Display Duty:
Bias:

Interface: 2-wire

1/4, 1/3,

Special Characteristi
B ESD(HBM)®Mote2):

Products
perated Applications

Bump Chip

OProduct structure : Silicon integrated circuit OThis product has no designed protection against radioactive rays.
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Typical Application Circuit

2-wire Serial Interface 3-wire Serial Interface
VLCD —T— BU91R66CH-M VLCD —T— BU91R66CH-M
VDD VLCD  GLSCHKI VLCD  GLSCHKI
;E COMAO 7__E COMAO
VDD COMA3 VDD COMA3
e SEGO L SEGO
MCU 7 ; 7 SEG119 MCU 7 ; 7 SEG119
scL : scL COMBO Segment LCD CsB csB COMBO Segment LCD
: 2 Display Area SCK SCK : 3 Display Area
SDA P SDAI COMB3 240 x 4 dots s;)[())l gglo COMB3 240 x 4 dots
SDAO  SEG120 SEG120
: CLOCK osclo :
INHB INHB
SEG239 INHB INHB SEG239
ERR ERROUT COMCO ERR ERROUT coMco
comcs comc3
VSS  GLscHko

Insert capey VLCD and VSS

Block Diagram

VLCD H} 3= (¢ Valtage |

Generator

Detect comparator
LCD SEG Driver
Bias I I I I
Selector SEG CTRL
Toggle Error Detector
I [ T I
DDRAM(Latch)
BIAS
DUTYO
DUTY1 )
INHB
DDRAMCTL
SYNCB
0sCIo )
EXTCLK DFF Error Interface
MS1 detector detector < Serial Interface
Register
N N Block
Error CTRL g
i‘ If_top
CHH HH HH 0 %—MM
N O MO N N 4 4 9O o = N +d O —IZOCDXEO—'
> =
2 £ 55555 ¢s¢ 3 - r 8338830280
= = = =2 =2 = = = x n L
> O O D> D> D> D D o
[ = T~ = = s R R e ]
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Terminal Description

. . Handling
Terminal Name I/O Function e L e
VDD I Power supply for logic -
VLCD I Power supply for LCD driving circuit -
VSS I Ground -
Single-/Multi-chip setting
MS1 MS2 MS1 _ 2-wire Interface 3-wire Intgrface VDD / VSS
Function Slave Address[7:1] Function
VSS VSS Master 0111110/ 0111000 Master
VSS VDD Slavel 0111111 / 0111001 Slavel
MS2 VDD VSS Slave2 0111110/ 0111000 Slave2
VDD VDD Slave3 0111111 / 0111001 Slave3
Clock mode setting
EXTCLK VDD: External Clock Mode, VSS: Internal Clock Mode
Clock input / output setting
OSCIOo 1/0 External Clock Mode: input of external clock OPEN
Internal Clock Mode: output of internal clock
Synchronous signal input / output for multi-chip
SYNCB 1/0 Master: Synchronous signal output OPEN
Slave: master SYNCB signal input
MCU Interface select
IFSEL I VDD: 3-wire Serial Interface VDD / VSS
VSS: 2-wire Serial Interface
SDAI I Serial data input for 2-wire Seri3 VSS
SDAO (@) Serial data output for 2-wire Serial OPEN
SCL I Serial clock for 2-wire Serig VSS
CcsB I Chip select for 3-wire VSS
SCK I Serial clock for 3-wij VSS
SDI I Serial data input fo VSS
SDO 0] Serial data output f OPEN
Inhibit di play On by command setting
INHB I VDD: mand setting VDD
atus. All SEG and COM terminals output VSS level.
Duty Drive VDD /VSS
1/4 Duty Drive
1/3 Duty Drive
1/2 Duty Drive VDD / VSS
Static Drive (also set to 1/1 Bias)
/2 Bias, VSS: 1/3 Bias (Static Drive: don't care) VDD /VSS
tput for glass breaking detection OPEN
PConnect to GLSCHKI for glass breaking detection.
Input for glass breaking detection VSS
Connect to GLSCHKO for glass breaking detection.
Output data of error detection OPEN
VDD: Abnormal status, VSS: Normal status
Can be used for the contact resistance measurement. OPEN
Open OPEN
POR enable setting®™ote 1)
TR ! VDD: POR disable, VSS: POR enable VSS
Test input (ROHM use only)
10, T1, T2 ! Must be connected to VSS. VSS
SEGO to SEG239 (0] Segment output for LCD driving OPEN
COMAQ to COMA3 (0] Common output for LCD driving OPEN
COMBO0 to COMB3 (0] Common output for LCD driving OPEN
COMCO to COMC3 (0] Common output for LCD driving OPEN

(Note 1) This function is guaranteed by design, not tested in production process. Software Reset is necessary to initialize IC in case of TR = VDD.
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Recommended ITO Layout

Error Detection

Function Setting
USE
POR TR = VSS
YES

(Glass Breaking Detection,
Contact Resistance Check)

Multi-chip Mode

NO

1/4 Duty Drive

Duty Drive (DUTYO, DUTY1) = (VSS, VSS)
Bias Setting é/IiSBiisVSS
E 2-wire Serial Interface

IFSEL = VSS
Clock Mode :gn)t(?rrgilKClof/ksg ode
Master/Slave Master

(MS1, MS2) = (VSS, VSS)

Inhibit Function

NO
INHB = VDD

i

] LCD module terminals | 5y
Test pads on the glass

(If necessary)
ITO layout image

Oooooooonooo

40

«— From GLSCHKO

[ A

70

80

90

fre
o
]

B DUMMY1
E3 DUMMY1
GLSCHK(

COMC3
cowmc2
COMC1
ComcCo
SEG239
SEG238
SEG237
SEG236
SEG235
SEG234
SEG233
SEG232
SEG231
SEG230
SEG229

[y
[
o

0ooobEBooooooop DooDboDonooonoD booooooonoobooono0ooO0on DDDOORD .

«—To GLSCHKI

|

SEG206
SEG205
SEG204
SEG203
SEG202
SEG201
SEG200
SEG199
SEG198
DUMMY

0o0oo00oo

156

f/f

?

DUMMY3 &

DUMMY3
SEG42
SEG43
SEG44
SEG45
SEG46
SEGA7
SEG48
SEG49
SEG50
SEG51

31

®

0000000000 o8

\ (000

250 SEG110
SEG111
SEG112
SEG113
SEG114
SEG115
SEG116
SEG117
SEG118
SEG119
COMBO
COMB1
COomMB2
COMB3
SEG120
SEG121
SEG122
SEG123
SEG124
SEG125
SEG126
SEG127
SEG128
SEG129
SEG130
SEG131
SEG132
SEG133
SEG134
SEG135
SEG136
SEG137
SEG138
SEG139
SEG140
SEG141
SEG142
SEG143
SEG144
SEG145
SEG146
SEG147
SEG148
SEG149
SEG150
SEG151
SEG156
SEG153
SEG154
SEG155
SEG156
SEG157
SEG158
SEG159
SEG160
SEG161
SEG162
SEG163
SEG164
SEG165
SEG166
SEG167
SEG168

240

230

220

210

200

DDEDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDIDDD'

SEG191
SEG192
SEG193
SEG194
SEG195

00000000

[]
0

DUMMY2—F

(Bump side up)
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Recommended ITO Layout — continued

Function Setting :
POR Not USE | F ] = = v
= SEG40 SEG42
Error Detection NO §E§§§ % E §E§§
Multi-chip Mode YES - §E§§§ % % §E§%§
Duty Drive A S 2 aeo g
(DUTYO, DUTY1) = (VDD, VDD) secal = =
; : Static Drive
e e
Bias Setting BIAS = VSS T 2 =
e 3-wire Serial Interface = =
IFSEL = VDD %
Internal Clock Mode =
Clock Mode EXTCLK = VSS =
—
Slavel |
Master/Slave (MSL1, MS2) = (VDD, VSS) -
i . YES
Inhibit Function INHB = MCU control

0000000000000000000000000000000000000000000000000000000000000000 0000000000000 0

00D0ODDODODbOO00D D000 D0ObOo0oEn0 booCoboonDUOEDODEOODO00D 0hooooooo

SEG145

SEG146
VLCD SEG147
DUMMY1 SEG148
DUMMY1 SEG149
DUMMY SEG150
GLSCHKQ SEG151

SEG152
comC3 SEG153
COMC2 SEG154
COMC1 SEG155
COMCO SEG156
SEG239 SEG157
SEG238 SEG158
SEG237 SEG159
SEG236 SEG160
SEG235 SEG161
SEG234 SEG162
SEG233 120 SEG163
SEG232 SEG164
SEG231 SEG165
SEG230 190 SEG166
SEG229 SEG167
SEG228 SEG168

——— ]

SEG205 | == 1 | SEG191
SEG204 | LJ L1 | SEG192
SEG203 | 1150 | SEG193
SEG202 | =2 T | SEG194
SEG201 | = 1 | SEG195
SEG200 | (I 160 [J | SEG196
SEG199 % 1 | SEG197
SEG198 | pumMMmY2
DUMMY | 156 I | DUMMY2

(Bump side up)

www.rohm.com

© 2016 ROHM Co., Ltd. All rights reserved. 8/69 T5202201-0P3P0D301710-1-2
TSZ22111 + 15+ 001 27.Sep.2019 Rev.002


http://www.rohm.com/

BU91R66CH-M

Datasheet

Recommended ITO Layout — continued

Terminal Resistance

PAD No. Terminal Name Maximum Resistance
52,53 SDAO 1,500 Q
54, 55 SDAI 1,500 Q
56, 57 SCL 1,500 Q
58, 59 CsSB 1,500 Q
60, 61 SCK 1,500 Q
62, 63 SDI 1,500 Q
64, 65 SDO 1,500 Q
66, 67 ERROUT 1,500 Q
68, 69 OSscCIo 1,500 Q
70,71 SYNCB 1,500 Q
72,73 INHB 1,500 Q

96 to 98 VDD 400 Q

99 to 102 VSS 400 Q

103 to 105 VLCD 400 Q

Refer to Glass Breaking Detection for GLSCHKI and GLSCHKOQ,

rminal r
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PAD Arrangement

Alignment Mark2
)

PAD No.1—

PAD No0.156—

o0 booooooooooCoo00Cnoo000oono0C00ooondoooooooo0000

N 10000000000000 0000000C000000b0000000000 0000000 booDooooooaon

00000000

ng

| (0000000000000000000000 00000000 0000 0000 0000 000000[ 0000 bO00 00 0000 0000 00000000000 000A000000000000000000000000000a 00

0,0

o

{10 000000000000 0000000000

(Bump side up)

-]

<—PAD No0.320

<—PAD No.157

Alignment Mark1

Alignment Mark 1

, 81 um

Mark Center Coor
(X,Y) = (226.00,

Mark Center Coordinates
(X,Y) = (226.00, 4175.00)

27 ym

27 ym

27 ym

The origin of X/Y coordinates is the center
of the chip with bump side up.
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BU91R66CH-M Datasheet

Dimension
Table 1. Dimension (Completion Size)
Mark Topic Specification Limit
Chip Size X Chip Size: X Direction 785 um * 40 pym
Chip Size Y Chip Size: Y Direction 8,515 um + 40 ym
Chip Thickness Chip Thickness 300 ym =20 ym
A (PAD No. 1 to PAD No. 320) Bump Size: X Direction 75 ym £ 3.0 ym
PAD | B (PAD No. 1 to PAD No. 320) | Bump Size: Y Direction 36.0 ym = 3.0 ym
C (PAD No. 1 to PAD No. 320) | Average of Bump Height 15.0 ym = 3.0 ym

Refer to PAD Arrangement for the definition of X/Y coordinates.

Table 2. Bump Specs and Dimensions

Topic

Bump Structure

Bump Co-planarity on Chip

Bump Hardness (Microvicker’s Meter)

Bump Strength

Passivation Opening

Aluminum

Au Bump

Au Bump
Aluminum

Passivation

Figure 1. PAD / Bump Information
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PAD Coordinates

Unit: ym
PAD Terminal Bump Center Bump Size PAD Terminal Bump Center Bump Size
No Name X Y X Y No Name X Y X Y
1 DUMMY -320.50 4156.50 75 36 61 SCK -320.50 839.80 75 36
2 SEG41 -320.50 4105.50 75 36 62 SDI -320.50 788.80 75 36
3 SEG40 -320.50 4054.50 75 36 63 SDI -320.50 737.80 75 36
4 SEG39 -320.50 4003.50 75 36 64 SDO -320.50 685.05 75 36
5 SEG38 -320.50 3952.50 75 36 65 SDO -320.50 630.05 75 36
6 SEG37 -320.50 3901.50 75 36 66 ERROUT -320.50 575.05 75 36
7 SEG36 -320.50 3850.50 75 36 67 ERROUT -320.50 520.05 75 36
8 SEG35 -320.50 3799.50 75 36 68 OSCIO -320.50 465.05 75 36
9 SEG34 -320.50 3748.50 75 36 69 OSCIO -320.50 410.05
10 SEG33 -320.50 3697.50 75 36 70 SYNCB -320.50 355.05
11 SEG32 -320.50 3646.50 75 36 71 SYNCB -320.50 300.05
12 SEG31 -320.50 3595.50 75 36 72 INHB -320.50 228.85
13 SEG30 -320.50 |  3544.50 75 36 73 INHB [ -320.38| 177.85(NSRsENY| NS6N |
14 SEG29 -320.50 3493.50 75 36 74 EXTCLK
15 SEG28 -320.50 3442.50 75 36 75 EXTCLK
16 SEG27 -320.50 3391.50 75 36 76 TO
17 SEG26 -320.50 3340.50 75 36 77 TO 36
18 SEG25 -320.50 3289.50 75 36 78 T1 36
19 SEG24 -320.50 3238.50 75 36 79 T1 36
20 SEG23 -320.50 3187.50 75 36 80 T2 -179. 75 36
21 SEG22 -320.50 |  3136.50 75 36 y -32080° 4230.15 75 36
22 SEG21 -320.50 | 3085.50 75 36 | A820%0 48031 15 75 36
23 SEG20 -320.50 | 3034.50 75 36 M 820.5¢ 332.15 75 36
24 SEG19 -320.50 2983.50 75 36 320 -383.15 75 36
25 SEG18 -320.50 2932.50 75 36 -434.15 75 36
26 SEG17 -320.50 2881.50 75 36 0.50 -485.15 75 36
27 SEG16 -320.50 2830.50 75 36 -320.50 -536.15 75 36
28 SEG15 -320.50 2779.50 75 36 -320.50 -587.15 75 36
29 SEG14 -320.50 2728.50 75 36 -320.50 -638.15 75 36
30 SEG13 -320.50 2677.50 75 -320.50 -689.15 75 36
31 SEG12 -320.50 2626.50 75 -320.50 -740.15 75 36
32 SEG11 -320.50 2575.50 MS2 -320.50 -791.15 75 36
33 SEG10 -320.50 2524.50 MS2 -320.50 -842.15 75 36
34 SEG9 -320.50 2473.50 IFSEL -320.50 -893.15 75 36
35 SEG8 -320.50 2422.50 IFSEL -320.50 -944.15 75 36
36 SEG7 -320.50 2371.50 VDD -320.50 | -1035.55 75 36
37 SEG6 -320.50 2320.50 97 VDD -320.50 | -1086.55 75 36
38 SEGS5 -320.50 2269.50 [\QUSp” 98 VDD -320.50 | -1137.55 75 36
39 SEG4 320.50 99 VSS -320.50 | -1188.55 75 36
40 SEG3 20 504 36 100 VSS -320.50 | -1239.55 75 36
41 SEG2 36 101 VSS -320.50 | -1290.55 75 36
42 SEG1 36 102 VSS -320.50 | -1341.55 75 36
43 SEGO 36 103 VLCD -320.50 | -1392.55 75 36
44 36 104 VLCD -320.50 | -1443.55 75 36
45 75 36 105 VLCD -320.50 | -1494.55 75 36
75 36 106 DUMMY 1 -320.50 | -1557.50 75 36
18%0.50 75 36 107 DUMMY 1 -320.50 | -1608.50 75 36
1759.50 75 36 108 DUMMY -320.50 | -1659.50 75 36
77777 1659.50 75 36 109 GLSCHKO -320.50 | -1710.50 75 36
1608.50 75 36 110 COMC3 -320.50 | -1810.50 75 36
0.50 1557.50 75 36 111 COMC2 -320.50 | -1861.50 75 36
20.50 1298.80 75 36 112 COMC1 -320.50 | -1912.50 75 36
-320.50 1247.80 75 36 113 COMCO -320.50 | -1963.50 75 36
54 SDAI -320.50 1196.80 75 36 114 SEG239 -320.50 | -2014.50 75 36
55 SDAI -320.50 1145.80 75 36 115 SEG238 -320.50 | -2065.50 75 36
56 SCL -320.50 1094.80 75 36 116 SEG237 -320.50 | -2116.50 75 36
57 SCL -320.50 1043.80 75 36 117 SEG236 -320.50 | -2167.50 75 36
58 CSB -320.50 992.80 75 36 118 SEG235 -320.50 | -2218.50 75 36
59 CSB -320.50 941.80 75 36 119 SEG234 -320.50 | -2269.50 75 36
60 SCK -320.50 890.80 75 36 120 SEG233 -320.50 | -2320.50 75 36
Refer to PAD Arrangement for the definition of X/Y coordinates.
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PAD Coordinates — continued

Unit: ym
PAD Terminal Bump Center Bump Size PAD Terminal Bump Center Bump Size
No Name X Y X Y No Name X Y X Y
121 SEG232 -320.50( -2371.50 75 36 181 SEG175 320.50( -2932.50 75 36
122 SEG231 -320.50( -2422.50 75 36 182 SEG174 320.50( -2881.50 75 36
123 SEG230 -320.50( -2473.50 75 36 183 SEG173 320.50( -2830.50 75 36
124 SEG229 -320.50( -2524.50 75 36 184 SEG172 320.50( -2779.50 75 36
125 SEG228 -320.50| -2575.50 75 36 185 SEG171 320.50| -2728.50 75 36
126 SEG227 -320.50( -2626.50 75 36 186 SEG170 320.50( -2677.50 75 36
127 SEG226 -320.50( -2677.50 75 36 187 SEG169 320.50| -2626.50 75 36
128 SEG225 -320.50 -2728.50 75 36 188 SEG168 320.50( -2575.50
129 SEG224 -320.50( -2779.50 75 36 189 SEG167 320.50( -2524.50
130 SEG223 -320.50( -2830.50 75 36 190 SEG166 320.50| -2473.50
131 SEG222 -320.50( -2881.50 75 36 191 SEG165 320.50( -2422.50
132| SEG221 -320.50| -2932.50[ 75 36 192|  SEG164 320.98) -2371.50(NNEEENSY  NS6N
133 SEG220 -320.50( -2983.50 75 36 193 SEG163 320,
134 SEG219 -320.50( -3034.50 75 36 194 SEG162 32(
135| SEG218 -320.50( -3085.50 75 36 195 SEG161
136 SEG217 -320.50( -3136.50 75 36 196 SEG160
137| SEG216 -320.50| -3187.50| 75 36 197 SEG159 | 32 36
138 SEG215 -320.50( -3238.50 75 36 198 SEG158 36
139 SEG214 -320.50( -3289.50 75 36 199 SEG157 ) -2014.58 75 36
140| SEG213 -320.50( -3340.50 75 36 SEG15§ a4963.50 75 36
141 SEG212 -320.50( -3391.50 75 36 SEG1] 912.50 75 36
142 SEG211 -320.50( -3442.50 75 36 1861.50 75 36
143 SEG210 -320.50| -3493.50 75 36 -1810.50 75 36
144 SEG209 -320.50( -3544.50 75 36 -1759.50 75 36
145| SEG208 -320.50( -3595.50 75 36 -1708.50 75 36
146 SEG207 -320.50( -3646.50 75 36 | | -1657.50 75 36
147 SEG206 -320.50( -3697.50 75 36 320.50( -1606.50 75 36
148 SEG205 -320.50( -3748.50 75 36 320.50| -1555.50 75 36
149 SEG204 -320.50( -3799.50 75 320.50( -1504.50 75 36
150 SEG203 -320.50( -3850.50 75 320.50| -1453.50 75 36
151 SEG202 -320.50( -3901.50 75 320.50( -1402.50 75 36
152 SEG201 -320.50( -3952.50 320.50( -1351.50 75 36
153| SEG200 -320.50( -4003.50 SEG143 320.50| -1300.50 75 36
154 SEG199 -320.50( -4054.50 SEG142 320.50( -1249.50 75 36
155 SEG198 -320.50( -4105.50 SEG141 320.50( -1198.50 75 36
156 DUMMY -320.50( -4156.50 216 SEG140 320.50| -1147.50 75 36
157 DUMMY 2 320.50( -4168.60 217 SEG139 320.50( -1096.50 75 36
158| DUMMY2 320.50 Q 218 SEG138 320.50| -1045.50 75 36
159 SEG197 R0.50, 36 219 SEG137 320.50 -994.50 75 36
160 SEG196 he 0 36 220 SEG136 320.50 -943.50 75 36
SEG195 36 221 SEG135 320.50 -892.50 75 36
SEG194 36 222 SEG134 320.50 -841.50 75 36
E 36 223 SEG133 320.50 -790.50 75 36
36 224 SEG132 320.50 -739.50 75 36
36 225 SEG131 320.50 -688.50 75 36
-3697.50 75 36 226 SEG130 320.50 -637.50 75 36
77777 -3646.50 75 36 227 SEG129 320.50 -586.50 75 36
-3595.50 75 36 228 SEG128 320.50 -535.50 75 36
-3544.50 75 36 229 SEG127 320.50 -484.50 75 36
0.50( -3493.50 75 36 230 SEG126 320.50 -433.50 75 36
320.50( -3442.50 75 36 231 SEG125 320.50 -382.50 75 36
320.50 -3391.50 75 36 232 SEG124 320.50 -331.50 75 36
173 SEG183 320.50( -3340.50 75 36 233 SEG123 320.50 -280.50 75 36
174 SEG182 320.50( -3289.50 75 36 234 SEG122 320.50 -229.50 75 36
175 SEG181 320.50( -3238.50 75 36 235 SEG121 320.50 -178.50 75 36
176| SEG180 320.50| -3187.50 75 36 236 SEG120 320.50 -127.50 75 36
177 SEG179 320.50( -3136.50 75 36 237 COMB3 320.50 -76.50 75 36
178 SEG178 320.50( -3085.50 75 36 238 COMB2 320.50 -25.50 75 36
179 SEG177 320.50( -3034.50 75 36 239 CONMB1 320.50 25.50 75 36
180 SEG176 320.50( -2983.50 75 36 240 COMBO 320.50 76.50 75 36

Refer to PAD Arrangement for the definition of X/Y coordinates.
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PAD Coordinates — continued

Unit ym
PAD Terminal Bump Center Bump Size PAD Terminal Bump Center Bump Size
No Name X Y X Y No Name X Y X Y
241 SEG119 320.50 127.50 75 36 301 SEG59 320.50| 3187.50 75 36
242] SEG118 320.50 178.50 75 36 302 SEG58 320.50| 3238.50 75 36
243] SEG117 320.50 229.50 75 36 303 SEG57 320.50] 3289.50 75 36
244 SEG116 320.50 280.50 75 36 304 SEG56 320.50|  3340.50 75 36
245| SEG115 320.50 331.50 75 36 305 SEG55 320.50( 3391.50 75 36
246| SEG114 320.50 382.50 75 36 306 SEG54 320.50| 3442.50 75 36
247] SEG113 320.50 433.50 75 36 307 SEG53 320.50| 3493.50 75 36
248| SEG112 320.50 484.50 75 36 308 SEG52 320.50| 3544.50
249| SEG111 320.50 535.50 75 36 309 SEG51 320.50 3595.50
250] SEG110 320.50 586.50 75 36 310 SEG50 320.50 3646.50
251] SEG109 320.50 637.50 75 36 311 SEG49 3697.50
252| SEG108 320.50 688.50 75 36 312 SEG48 3748.50
253 SEG107 320.50 739.50 75 36 313 SEG47
254 SEG106 320.50 790.50 75 36 314 SEG46
255 SEG105 320.50 841.50 75 36 315 SEG45
256| SEG104 320.50(  89250| 75 36 316 SEG44 [ 320.50|WNNSOS2S0)
257| SEG103 320.50 943.50 75 36 317 SEG43 36
258| SEG102 320.50 994.50 75 36 318 SEG42 36
259| SEG101 320.50 1045.50 75 36 319| DUMMY3 36
260| SEG100 320.50 1096.50 75 36 320| DUMMY 36
261 SEG99 320.50 1147.50 75 36
262 SEG98 320.50 1198.50 75 36
263 SEG97 320.50 1249.50 75 36
264 SEG96 320.50 1300.50 75 36
265 SEG95 320.50 1351.50 75 36
266 SEG94 320.50 1402.50 75 36
267 SEG93 320.50 1453.50 75 36
268 SEG92 320.50 1504.50 75
269 SEG91 320.50 1555.50 75
270 SEG90 320.50 1606.50 75
271 SEG89 320.50 1657.50 75
272 SEG88 320.50 1708.50 75 | 38
273 SEG87 320.50 1759.50 7
274 SEG86 320.50 1810.50
275 SEG85 320.50 1861.50
276 SEG84 320.50 1912.50
277 SEG83 320.50 50
278 SEG82
279 SEG81
280 SEG80
281 SEG79
SEG78 36
=€ 36
75 36
75 36
. 75 36
2473.50 75 36
2524.50 75 36
2575.50 75 36
2626.50 75 36
2677.50 75 36
2728.50 75 36
SEG67 . 2779.50 75 36
294 SEG66 320.50 2830.50 75 36
295 SEG65 320.50 2881.50 75 36
296 SEG64 320.50 2932.50 75 36
297 SEG63 320.50 2983.50 75 36
298 SEG62 320.50 3034.50 75 36
299 SEG61 320.50 3085.50 75 36
300 SEG60 320.50 3136.50 75 36

Refer to PAD Arrangement for the definition of X/Y coordinates.
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Absolute Maximum Ratings (VSS=0V)

Parameter Symbol ; e Unit Remarks

Min Typ Max

Maximum Voltagel VDD -0.5 - +7.0 \% Power Supply

Supply Currentl Ivop -5 - +5 mA | For VDD

Maximum Voltage2 VLCD -0.5 - +7.0 \Y LCD Drive Voltage

Supply Current2 Ivico -5 - +5 mA | For VLCD

Input Voltage Range ViN -0.5 - +7.0 \% -

Output Voltage Range VouT -0.5 - +7.0

mggf?NESgy Model (HBM) VEsp - +2,000 -

Latch-up CurrentNote 1), (Note 3) lLu - +100 - mA

Maximum Junction Temperature | Tjmax -55 - +125 °C

Storage Temperature Range Tstg -55 - +125 °C

(Note 1) Not 100 % tested. There is data when LS| was put on a temporary package. Use as a reference data.

(Note 2) Testing standards: JESD22-A114E

(Note 3) Testing standards: JESD78

Caution :  Operating the IC over the absolute maximum ratings may damage the IC. The damage cal
between pins and the internal circuitry. Therefore, it is important to consider circuit proi
operated over the absolute maximum ratings.

pins or an open circuit
a fuse, in case the IC is

Recommended Operating Conditions

Parameter Symbol i Remarks
Operational Temperature Topr -40 -
Power Supply Voltage 1 VDD \% Power Supply
Power Supply Voltage 2 VLCD \% LCD Drive Voltage
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Electrical Characteristics

DC Characteristics
(Unless otherwise specified, Ta = -40 °C to +105 °C, VDD /VLCD = 2.7V 10 6.0V, VSS =0 V)

(Note) For External Clock Mode and slave mode

0.0

[Reference Data]

IVDD2

25 3.0 35 40 45 50 55 6.0

Limits . .
Parameter Symbol - Unit Condition
Min Typ Max
“H” Level Input Voltage1 ViH1 0.7vDD - VDD \%
SCL, SDAI
“L” Level Input Voltagel Vi VSS - 0.3vDD \%
“H” Level Input Voltage2 Vinz 0.8vDD - VDD \%
CSB, SCK, SDI, INHB, O
“L” Level Input Voltage2 ViLz 0 - 0.2vDD \%
“H” Level Input Current lin - - 1 HA
“L” Level Input Current I -1 - - A
“H” Level Output Voltage1 VoH1 VDD-0.9 - VDD Y,
“L” Level Output Voltage1 VoL1 VSS - 0.9
“L” Level Output Voltage2 VoL2 VSS -
LCD Driver SEG Rons i 3
On Resistance O WA
COM Ronz - 3
Ivbp1 - .
Standby Current Dlsplay_ Off (DISPOFF),
Oscillation stop
Ivicol -
VDD =5.0V, VLCD=5.0V,
I - A |Ta=+25°C,
Vb2 s 1/4 Duty Drive, 1/3 Bias
Operating Current Frame Inversion
FR = 142.4 Hz setting
60.0 HA | (External Clock = 3.42 kHz)
All outputs are open.

Ta=+25"C,

1/4 Duty Drive, 1/3 Bias
Frame Inversion

FR = 142.4 Hz setting
(External Clock = 3.42 kHz)
All outputs are open

Power Supply Voltage 1 / Power Supply Voltage 2 [V]

Figure 2. Operating Current vs Power Supply Voltage
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Electrical Characteristics — continued

Oscillation Characteristics
(Unless otherwise specified, Ta = -40 °C to +105 °C, VDD /VLCD = 2.7V 10 6.0V, VSS =0 V)

Limits . .
Parameter Symbol ; Unit Condition
Min Typ Max

MODESET3 PO = “0”, FRSET(P2 to

P0O) =“101” (142.4 Hz setting)
Frame Frequency 1 feika 99.7 142.4 185.1 Hz vpp=27v 0 6.0V

Ta =-40 °Cto +105 °C

MODESET3 PO = “0”, FRSET(P2 to
Frame Frequency 2 foike 128.2 142.4 156.6 Hz |PO)="101" (142.4 H

VDD =5.0V, Ta=
External Clock Rise Time trek - -
External Clock Fall Time tfeik - -
External Clock Frequency foiks 800 -
External Clock Duty tory 30 50

Frame Frequency Range

in External Clock Mode frramE 33 -

Keep Frame Frequency range from 33 Hz to 500 Hz in ca:
range from 800 Hz to 12,000 Hz.
The calculation formula is shown in 5. Frame Rate Set (FRSE

eep external clock frequency

[Reference Data]

MODESET3 PO = “0”,

L

<
e D=
- 160 FRSET(P2 to PO) = “101”
> 150 (142.4 Hz setting)
g /’_

g 140 ==

o

o 130 A ——
LL

o vOD =33V
w1
VDD E 2.7V
-2 20 40 60 80 100

Temperature ['C]

Figure 3. Frame Frequency vs Temperature
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Electrical Characteristics — continued

2-wire Serial Interface Characteristics
(Unless otherwise specified, Ta = -40 °C to +105 °C, VDD =2.7Vt0 6.0V, VSS =0

Parameter Symbol Min Li?_:; Max Unit Condition

Input Rise Time tr - - 0.3 us -
Input Fall Time tf - - 0.3 us -
SCL Cycle Time teve 2.5 - - us -
“H” Level SCL Pulse Width tshw 0.6 - - us -
“L” Level SCL Pulse Width tsiw 1.3 - - us

SDA Setup Time tsps 0.1 - - us

SDA Hold Time tspH 0.1 - - us

Bus Free Time tsur 1.3 - - us

START Condition Hold Time tHD;sTA 0.6 - - ps

START Condition Setup Time tsu;sTa 0.6 - - Hs

STOP Condition Setup Time tsu:sto 0.6 - -

STOP  START

fffffffffff

,,,,,,,,,,

SDAI

]

tsu;sto

iming of 2-wire Serial Interface

Since SDAO is pad access time depends on ITO resistance Riro, Pull-up resistance Rpyand load
£s. (Any component is not necessary to be attached.)

Q < Rpy = 10 kQ is recommended.

» VSS in an application circuit. (Any component is not necessary to be attached.)
onsideration of V,_ in MCU side.

Power Supply for I/O Level

BU91R66CH-M
SDAO

MCU

& Rio

g o
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Electrical Characteristics — continued

3-wire Serial Interface Characteristics
(Unless otherwise specified, Ta = -40 °C to +105 °C, VDD =2.7Vt0 6.0V, VSS =0

Parameter Symbol Min L!Ir_; gs Max Unit Condition
Input Rise Time tr - - 80 ns -
Input Fall Time tf - - 80 ns -
SCK Cycle Time tscve 400 - - ns -
“H” Level SCK Pulse Width (Write) tshww 120 - - ns | Write Access
“H” Level SCK Pulse Width (Read) |  tshwr 200 - - ns | Read Access
“L” Level SCK Pulse Width (Write) tstww 120 - - ns | Write Access
“L” Level SCK Pulse Width (Read) tsiwr 1.6 - - HS | Read Access
SDI Setup Time tsps 120 - - ns
SDI Hold Time tspH 120 - - ns
CSB Setup Time tcss 120 - - ns
CSB Hold Time tesh 120 - - ns
“H” CSB Pulse Width tenw 120 - - ns
SDO Output Delay Time toc - - 1.5
SDO Rise Time tor - - 1.5 kQ, C.=10 pF

<Write Case>

CSB \

tehw

SCK

SDI

<Read Case>

CSB

tshwr

Figure 5. Interface Timing of 3-wire Serial Interface

end on ITO resistance Riro and load capacitance Cy.
OTesistance on the LCD glass. (Any component is not necessary to be attached.)
Cu A parasitic capacitance to VSS in an application circuit. (Any component is not necessary to be attached.)

BU91R66CH-M MCuU

SO D—:'T
RITO CL
_T|”,
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BU91R66CH-M Datasheet

I/O Equivalence Circuit

vLed X voD [X]
vss X vss X
TR, T0, T1, T2 DUMMYO
BIAS, MS1, MS2 DUMMYO
EXTCLK
SDA, SCL DUMMY1
SDI, SCK, CSB DUMMY1
FseL, Nne [ X ] DUMMY2
DUTYO, DUTY1L N
DUMMY2
vss [X]
DUMMY3
DUMMY3
vbD [
osclo
SYNCB
vss [X]

vied X .

GLSCHKI [ -

\V4

vss X .
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BU91R66CH-M Datasheet

MCU Interface
BU91R66CH-M supports two MCU Interfaces. In IFSEL = VSS, 2-wire Serial Interface (hereinafter referred to as “2-wire”) is
available. And in IFSEL = VDD, 3-wire Serial Interface (hereinafter referred to as “3-SPI”) is available.

START and STOP Condition (2-wire)

In IFSEL = VSS, BU91R66CH-M is controlled by 2-wire signals (SDAI, SCL).
It is necessary to generate “START Condition” and “STOP Condition” when sending command or Display Data.

SDAI 4\

SCL S

START Condition

Figure 6. 2-wire Command / Data Transfer Format

Acknowledge (ACK) (2-wire)
Data format is comprised of 8-bit data to SDAI. And an acknowledge bit is returned from
sent. SDAO is also used in Display Data read-back and Command Registers read-back®
and the serial data output line (SDAQ) are separated in PAD assignment, but bothdeiai
facilitate a single line SDA.

al after the 8-bit data is
ut line (SDAI)
Cted together to

pulled high because of open-drain NMOS output structure). i equired, keep SDA line at low
level from the eighth falling edge to the ninth falling edge of S

Not acknowledged bit (NACK) will be returned in following cases.
(1) Incorrect Slave Address
(2) Different Sub Address (in receiving Display Dat

SDAI >< Hiz

SDAO

SDA _\_ / ' X X Hizor L X X Hiz or L
1t07 8 9 1to7_\M 3
l ] L l ]

Control Byte ACK / Command / Display Data ACK/ STOP Condition
igure 7. Acknowledge Timing

Hiz >< Hiz

HiZor L HiZor L

dré ed correctly in the first data transfer, NACK will be generated and next transfer will
in the 91R66CH-M will return to valid status by receiving “START Condition” again.

Slave Addrg Slave Address Data Data
: 011111 st rw
§NAP5011100°’1 o |A A iA...P
I I | I I I I | | I I | I I
T ' T '
Invalid Transfer Valid Transfer

S: START Condition, P: STOP Condition, A: ACK, NA: NACK

Figure 8. Wrong Slave Address Case
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BU91R66CH-M Datasheet

MCU Interface - continued

Command / Display Data Transfer Method (2-wire)
Issue Slave Address after generating “START Condition”. The first byte after Slave Address must be Control Byte. The
Control Byte consists of 8bits: CO, RS, and 6 undefined bits. The first bit is CO: continuous data bytes / single data byte
selector, the second bit is RS: Command / Display Data selector and the others are undefined bits.

Cco Function

0 Continuous data bytes available after the Control Byte.
1 Only single data byte available after the Control Byte.
After the data byte, Control Byte can be accepted again.

RS Function

0 Command is received after the Control Byte.

Display Data is received after the Control Byte.

Continuous Display Data is available regardless of CO value.

The following procedure shows how to transfer Command and Display Data.
(1) Generate “START Condition”.
(2) Issue Slave Address.Noe 1)
(3) Transfer Control Byte.
(4) Transfer Command and Display Data.
(5) Generate “STOP Condition”.

(Note 1) Slave Address is specified by MS1 setting. (2-wire mode only)

MS1 Slave Address [7:1]
0 0111110/ 0111000
1 0111111 /0111001
Slave Address Control Byte Command / Display Dat
01111

1 MS1:RW! A|COIRS! * * * % * *
011100
I I | I I .|

T

START ConditionRead / Write ACK

<Write: Two Display Data bytes>
Slave Address Control Byte (CO:0, RS:1

011111

Ms1 ok ok K x

S 011100 0 iA[0:1 AlP
N T N A | T T I 1 111

START Condition Write Mode ACK STOP Condition

<Write: Two command bytes>
Slave Address Control Byte (CO; Control Byte (CO:0, RS:0;

011111
011100
I I |

2]

MS1: 0 A1l Al0:0f* * * * * *}AlCommand AP

START Condition STOP Condition
<Write: One command gy Dala

Slave Address trol Byte (€ Control Byte (CO:0, RS:1

§ACommand Al0i1}* * * * x *iA[DisplayData Display Data AP
I N T B | L1111 I T T T T I | I N T I I | T

STOP Condition

>

Figure 9. 2-wire Interface Protocol

accept Control Byte / Command once it enters into continuous data transfer state. “STOP Condition”
" are necessary in order to accept Command again. If “START Condition” or “STOP Condition” is
and / Display Data transfer, the byte in transferring will be cancelled.

fress is received after the “START Condition”, BU91R66CH-M enters into Control Byte transfer state.

Slave Address Control Byte Command Slave Address Control Byte Display Data
011111 wst Rwi |co RS 4 4 v s o s 011111 wmst ruly|co RS 4 4 4 4 4 4l
30111000’1 °5A° L A P3011100°’1 o (Alo 1 iA AP
I Y I | I I I I | 1111 I T Y | [N I I Ty
T Y
Canceled Valid Transfer

S: START Condition, P: STOP Condition, A: ACK, NA: NACK

Figure 10. Case of Exiting Data Transfer State in 2-wire
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BU91R66CH-M Datasheet

MCU Interface - continued

Display Data Transfer Method (2-wire)
For Display Data write, set R/W bit in Slave Address byte to “0” (Write Mode) and Bit6 in Control Byte to “1”. BU91R66CH-M
has a Display Data RAM (DDRAM) of 240 x 4 = 960-bit. SADSET, ADSET1 and ADSET2 commands specify the address
where the first Display Data Byte is written. To define internal address correctly, set ADSET1 command before ADSET2. The
address is automatically incremented in every 4-bit data and the Display Data is written to DDRAM at the same timing.
Smaller Display Data than 4-bit will be cancelled in the transfer.

Burst write into DDRAM is available by transferring data continuously. The address is returned to 00h by the auto-increment
function after writing Display Data to the last address. BU91R66CH-M escapes from the burst mode by STOP Condition.
Ex. in 1/4 Duty Drive, the address is returned to 00h (for SEGO) after writing data into address = EFh (for SEG239). In case
of Static Drive Mode, maximum address is 3Bh (for SEG236 to SEG239).

The relationships between input Display Data, DDRAM address map and SEG output are as follows.

Slave Address Cotrol Byte Command Command Command
|s| T oe e A| 0000 0000 A| SADSET | A| ADSETL EA| ADSET2 A|P

1 1

Write Mode CO:.0,RS:0

Slave Address Cotrol Byte Display Data
: i : : : : H
|011111;“;sl12RgW5A| 01000000 | A a!blc;d eifigi
011100 : ™ ° ¢ : H : H
Write Mode CO:.0,RS:1 — Display Data
S: START Condition, P: STOP Condition, A: ACK, NA: NACK

Figure 11. Display Data Transfer in

1/4 Duty
ADSET [0on]o1n]ozn]o3n[0an] oshosh [ o7h [08n [osh Joan] on[ ocn[ ooh EBh| ECn| EDh| EEh | EFh
D7.D3|ale|i|m COMO
D6D2|b|f[j|n COML
D5D1lc|glk|o com2
D4DO|d|h|[l]|p COM3
00338883829 o B HE8E 3R
BEBEEZLELER00 CEEEEEEE T
vooonnnnonoddd Q 000000
n N OO onnonon
1/3 Duty
ADSET]0on[01n[0zn] 03 0an]osh[o6h] o7n | 0ehJoon [oan] oen] och[op ] £7h [ E8h | E9h |EAh] EBh| Ech] Eon] Een [ Ern
D7,D3|ale|i|m COMO
DeD2|b | f[j[n COML
D5D1 c|g|k]|o Ccom2
S E833830 8 “IESNERRuNB:sBeREn
I W W W W Wwwom [0) AN AN AN NN AN AN NN NN
EEEEEEEE: & AREREEEREEEEEREEREE
OV DD DD ODNDONDGONDD NN
1/2 Duty
ADSET]oon]ox h 0A 0Dh| OEn|OFh | ... | Eoh] E1h| E2n [ £3n| Eah ] E5h ] E6h | £7h | E8h | Eoh [EAN] EBh| ECh| EDR| EEN | EFR
D7,D3| a | e COMO
D602 b | ] | comL
HEE = IR ERE ST === -1 =T -T-T-1"Areator
- -l -l-1-1- d-L-f-1-1-1-f-f-1-1-1-1-1-1-1-1- bank blink
) [0) o d H o N N N N N N O O O O O O oo no o om
@ 5 G DWW W o OOO0OO0OO0O0O0O0O0O00O0 0o
hhh D B»h M WM Wi WoWWOWWowWMo© oW oWm
IR IR I B T BT 7 BT BT, N7 BT T, B T, B
drive
ET 00h 01h 02h 03h 38h 3%h 3Ah 3Bh
alb flglh]li[jlk]I|m|[n]o]|p COMO
== === =1 IR EEEEnE }’Areafor
e e e e e e e e e e e L= =1 =) bank blink
IR R EEEEEEEEREEREE S U EREIEIB 2RI BIBIA
I Il 000 ooommoOoOoOoo0o0o0o0 NN NN NNNNNNNNNNNN
O 0O OO 0O OO0 ououo
O nnonononoononoonl WL O I0 M WWWMILwWmoWoLWoLWMo oW D
DO DOHNDDONDDOHDNDONDOND NN

Figure 12. DDRAM Address Map in Write Mode
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BU91R66CH-M

Datasheet

MCU Interface - continued

Display Data Read-back Method (2-wire)

For Read Mode, set R\W bit in Slave Address byte to “1”. In advance, Read_data bit in RDCTL must be set to “1” for reading
Display Data. The Display Data values can be read during Read Mode. The sequence of the Display Data read-back is
shown below.

Slave Address Contol Byte Command Command Command Command Command
S| Oii1es leil' A00000000fA| SADSET {A| ADSETL |A| ADSET2 Al CMDXTN {A| RDCTL {A|P
T T Read_en = “1”
Write Mode CO:0,RS:0 Read_data =“1"
Slave Address Display Data
S 011111 Mozl R/WE A| abcdetgn | A
011100 H ;
S: START Condition, P: STOP Condition, A: ACK, NA: NACK Read Mode From MCU

Figure 13. Display Data Read-back in 2-wire

utput

During Read Mode, the Display Data can be read from the DDRAM through th
synchronized with falling edge of SCL input.

SADSET, ADSET1 and ADSET2 must be set first during Write Mode in advance. To
ADSET1 command before ADSET2. If DDRAM address is not specified before Displa
address is used as the first read address. Address will be incremented automatica
The Address will be set to 00h automatically after maximum address.

MCU must reply ACK to BU91R66CH-M after each 8-bit data output to keep
(NACK), BU91R66CH-M will escape Read Mode and SDAO output status

s

address correctly, set

MCU replies no ACK response

v

SDAI | : / Slave Address (Read) Hiz NA) iﬁ_
L Display Data ‘ ay Data o
soro iz DOOG Yz G D 0 O
scL ] L ¥ ¥

S: START-Condition, P: STOP Condition, A: ACK, NA: NACK

Figure 14. Bit-Assign a Read-back in 2-wire

1/4 Duty
ADSET [oon|o1h[o2n]o3h[oan]osh|o6nh|o7h|osn|osh|oan|osh|ocn|oph E3h | ean| esh | E6h | E7h | 8| E9n [EAR | EBN| ECN| EDh | EEN [ EFN
D7D3 [a|e]|i|m COMO
D6,D2 [b|f|j[n coml
D5D1 [c|g|k]o COM2
D4,D0 [d|h]| I |p COM3
o — o ™ < © ~ o (o] o — o (3] < n © ~ ©Q (2}
[CERUEROERY) N N N N A ®» ;om0 on O O 0o 6 60
w w w w o N [3V) o o N N 3V o N N N 3V o N
W osou 0} OO 000000000000
i 0 W W WM W W WwW WM W o W o
7} n O N O N O N Onn 00 nonon
. |eon|E1h| E2n| E3n | E4h | E5h | EBh | E7h | B | E9h [ EAN| EBN | ECh | EDN | EEN [ EFR
COMO
coml
COoM2
* * * * * * * * * * * * * * * * * * * * *
— ~N ™ < [Te} < [Te) © ~ [eo] (o) o - o o < n © ~ © (2}
— — — — — N N N N N N [<¢} (3] (3] (3] 0 (<] (%] (3] (3¢ i<l
O 0 0 0 O NN NN NN NN NN NN NN NN
0 o W o w OO0 00 000000000000
h hh B D I W W W W M W W W o W W o o
O NN 0 n 0O nonnonnonnnonon
oBh|och]opn[oen]orn| ... [eon]Eth|e2n]E3n[Ean]esh[esh]e7n | Esn] eon[Ean| esh] ecn| Eph|Een[Emn
COMO
CcOomM1
Area for
bank blink
o - N ™ < n < Te} [{e} ~ e} [} o — N (32} < n [{e} ~ oo} (2]
— - — — — — N N N N N N ¢} (3] (3] (3] 0 (<] (%] (3] 3¢ o
® 0 0 0 0 O NN NN NN NN AN NN NN NN N
W W W W w w O 0O 0O O 0O o oo 0o oo oo o o o oo
w n n O O n I W W W W W Www W W Ww W Wwwuw
n 0 N0 n 00000000 nonon
Static drive
ADSET [0on|o1h]|02n]03n|0sh|0sh|osh|07h|osh|ooh [oan|oBh|och|oph|oen|orn| ... [Eon|E1h|E2n|E3h|Ean | Esh | E8h | E7h | E8h | E9h [EAR| EBN| ECh| EDN| EEN [EFR
D7D3 [(a|e|i|m COMO
D6 D2 * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
D5 Dl c g k 0 * * * * * * * * * * * * * * * * * * * * * * * * * * * * Area for
D4 DO * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * bank bllnk
,
39 0 833885332298 383 I L EIIXI I I B EH I3
O o @D oW W oo oW WO o 0000 NN N NN NN NN NN NN NN N
O 0O O O 0O O OO o oo oo o o o oo
v n o oo o000 oo W iowhowy 0 O W W W W WWw W™ o oMW W oo
n 0 n 0 n 0O 00060000 nonon

Figure 15. DDRAM Address Map in Read Mode
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BU91R66CH-M Datasheet

MCU Interface - continued

Command Registers Read-back Method (2-wire)
For Read Mode, set R/W bit in Slave Address bye to “1”. In advance, Read_data bit in RDCTL must be set to “0” for reading
Command Registers. The Command Registers can be read during Read Mode. The sequence of the Command Registers
read-back is shown below and is similar to the Display Data read sequence.

Slave Address Control Byte Command Command Command
s gﬁi (1)(1) MSLRME A | 0000 0000 I A| sADSET {A| CMDXTN ] A| RDCTL iA|P
T Read_en =*1"
Write Mode CO:.0,RS:0 Read_data = “0”
Slave Address
s 0111 11 msiirmw A Read Data ; Read Data i Read Data : Read Data
S: START Condition, 011100 : 911 1stByte 2nd Byte : 6th Byte 1st Byte

P: STOP Condition, T T T

A: ACK, NA: NACK Read Mode From MCU From MCU From MCU From

Figure 16. Command Registers Read-back Method in 2-wlike

After the sixth byte data, the first byte data will be outputted again. Command Register:
NACK condition (Same as Read Display Data).

Table 3. Command Registers Map for Read-back

ed at

Bvte Bit Read Data emal
D7 Enable for Glass Breaking Detection M
D6 Enable for Interface Checksum Detection
D5 Enable for Logic Error Detection E
1st Byte D4 Enable for SEG / COM Togale Detg€tion
D3 Status of Glass Breaking Detec al rmal
D2 Status of Interface Checksum D ormal
D1 Status of Logic Error Detection \ - Normal
DO Status of SEG / COM Togale Detecti 1: , 0: Normal
D7 Display On ODESET1 P3
D6 Blink Mode CTL1 P2
D5 2x frequency in frame Inv ESET3 P1
2nd Byte D4 In_version Mode DESET3 P2
D3 Higher Frequency Mod ODESET3 PO
D2 Frame Rate Bit2 FRSET P2
D1 Frame Rate Bitl FRSET P1
DO Frame Rate Bit0 FRSET PO
D7 Blink Freq. Bi BLKCTL1 P1
D6 Blink Fre BLKCTL1 PO
D5 Blink Ar ec BLKCTL2 P1
D4 EVR Bi COMSET P3
3rd Byte D3 | EVRBI CNTSET P3
D2 EVR Bit. CNTSET P2
D1 it1 CNTSET P1
0 CNTSET PO
BI CHKSUM P3
IFC it2 CHKSUM P2
IFCH itl CHKSUM P1
4th B 5 Bit0 CHKSUM PO
2 T Bit2 COMSET P2
ET Bitl COMSET P1
SET Bit0 COMSET PO
0
0
Sub Address Set Bitl SADSET P1
4! Sub Address Set Bit0 SADSET PO
3 0
D2 0
D1 0
DO 1
D7 Address Set Bit7 ADSET1P3
D6 Address Set Bit6 ADSET1 P2
D5 Address Set Bit5 ADSET1P1
6th Byte D4 Address Set Bit4 ADSET1 PO
D3 Address Set Bit3 ADSET2 P3
D2 Address Set Bit2 ADSET2 P2
D1 Address Set Bitl ADSET2 P1
DO Address Set Bit0 ADSET2 PO
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BU91R66CH-M Datasheet

MCU Interface - continued

Command / Display Data Transfer Method (3-SPI)
In IFSEL = VDD, BU91R66CH-M is controlled by 3-wire signals (CSB, SCK, and SDI). First, Interface counter is initialized
with CSB = high, then CSB = low enables SDI and SCK input.
D7 to DO follows continuously after CSB = low. Internal data is latched at the rising edge of SCK. Command is converted to
8-bit parallel data at the rising edge of the eighth SCK. Display Data is stored at the fourth and the eighth falling edge of SCK.
The protocol of 3-SPI transfer is as follows.

Command Command / Display Data . Command/Display Data

csB _|‘ |—| r

SCK

A
Yy
.Y

SDI

Command Transfer Method (3-SPI)
After CSB changes from high to low, the first byte is always a command input. To escap gondition or
to send command again, CSB should be set from low to high then set to low.

csB |

SDI ACommand )Y SADSET YADSET1  XADSET2 X Command
1st byte: Command input ed 1st byte:

Command input

Figure 18. Escape from Data Tra
Command transfer is done by 8-bit unit, so if CSB is set4 than 8-bit data transfer, command will be
cancelled. It will be able to transfer command when C§

CSB

SCK

so) i

STATUS Command cancelled (less than 8-bit) X MODESETL command transfer ><

Invaild command Vaild command

. Case of Less Than 8-hit Data Transfer in 3-SPI
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BU91R66CH-M Datasheet

MCU Interface - continued

Display Data Transfer Method (3-SPI)

In 3-SPI, BU91R66CH-M enters to Display Data write state after receiving ADSET2 command. BU91R66CH-M has a
Display Data RAM (DDRAM) of 240 x 4 = 960-bit. SADSET, ADSET1 and ADSET2 commands specify the address where
the first Display Data Byte is written. To define internal address correctly, set ADSET1 command before ADSET2. The
address is automatically incremented in every 4-bit data and the Display Data is written to DDRAM at the same timing.
Smaller Display Data than 4-bit will be cancelled in the transfer.

Burst write into DDRAM is available by transferring data continuously. The address is returned to 00h by the auto-increment
function after writing Display Data to the last address. BU91R66CH-M escapes from the burst mode by setting CSB to high.
Ex. in 1/4 Duty Drive mode, the address is returned to 00h (for SEGO) after writing Display Data into address = EFh (for
SEG239). In case of Static Drive Mode, maximum address is 3Bh (for SEG236 to SEG239).

The DDRAM address map is same as the one in 2-wire Serial Interface (Refer to Figure 12. DDRAM Address

Mode).

in Write

Command Command Command

SADSET ADSET1 ADSET2
11100O0PLP|0O OO OPIP2PLPO[Q 1 O OP3P2PLPOla b c de fog
I N Y S A I A
Display Data

Figure 20. Display Data Transfer and Bit Assignme

csB | //
sck :I_I_I_I_I_I_I«\\ i
SDI X ADsET(00h)  // ADSET2(40h)

Display Datato  This data is ignored

Address 02h

Figure 21. Case of Le Data Transfer in 3-SPI
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BU91R66CH-M Datasheet

MCU Interface - continued

Display Data Read-back Method (3-SPI)
Set Read_en = “1” and Read_data = “1” in RDCTL register to enter to Display Data Read Mode. The Display Data values
can be read during this mode. The sequence of the Display Data Read-back is shown below.

csB | [] [

SDI | SADSET | ADSET1 [ ADSET2| [CMDXTN| RDCTL | Display Data | Display Data| ... | Display Data |
Read_en="1" :
Read_data="1" Displayread data from SDO

Figure 22. Display Data Read-back in 3-SPI

synchronized with falling edge of SCK input.

SADSET, ADSET1 and ADSET2 must be set first during Write Mode in advance. To d
ADSET1 command before ADSET2. If DDRAM address is not specified before Displ
address is used as the first read address. Address will be incremented automatically by
The Address will be set to 00h automatically after maximum address. Display Data Re
CSB to high (SDO output also be stopped).
The DDRAM address map is same as the one in 2-wire Serial Interface (Refer to Figure 158 Map in Read
Mode).

CSB

SCK

SDI X RDCTL (Read_en="1") X

SDO

Set Read_en = “1” and Read_data = “04 ter Command Registers Read Mode. The Command
j of the Command Registers read-back is shown below.
CSB |

,_
SDI

Read Data Read Data Read Data Read Data
1st Byte 2nd Byte 6th Byte 1st Byte

| data="0" Register read data from SDO

high. {SDO stops).
s Map is same as the one in 2-wire. Refer to Table 3. Command Registers Map for Read-back.

www.rohm.com

© 2016 ROHM Co., Ltd. All rights reserved. 28/69 T15202201-0P3P0D301710-1-2
TSz22111 + 15+ 001 27.5ep.2019 Rev.002


http://www.rohm.com/

BU91R66CH-M

Datasheet

OSC (Oscillator)

In master chip (MS1 = VSS and MS2 = VSS), the clock mode can be selected by EXTCLK. The clock signals for logic and
analog circuit can be generated in internal oscillator if EXTCLK = VSS or can be provided from external clock input if

EXTCLK = VDD.
Clock Mode EXTCLK OSCIO
Internal Clock Mode VSS To Output Internal Generated Clock Signal
External Clock Mode VDD To Input External Clock

In cascaded connection, slave chip (MS1 = VDD or MS2 = VDD) is always in External Clock Mode regardless of EXTCLK.

In case of External Clock Mode, a clock signal should be always supplied to BU91R66CH-M. Removing th eeze

the LCD in a DC state which is not suitable for the LCD.

BU91R66CH-M

(MS1 = VSS, MS2 = VSS)

EXTCLK
Master chip OSCIOF— Open
Figure 25. nt\
—69—

r chi SCIO < Clock

26. External Clock Mode
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SYNC CTRL (Multi-chip Structure)

BU91R66CH-M supports large display application by connecting up to four IC in cascade. BU91R66CH-M can be combined
with BU91R64CH-M and BU91R65CH-M.
The relationship of MS1/ MS2 setting, OSCIO, SYNCB and SADSET are shown below. To synchronize each IC, connect the

synchronizing signal (SYNCB) and the synchronous clock (OSCIO) from the Master to Slave ICs.

In case of 2-wire Serial Interface

(*: don’t care)
(Note 1) Frame rate is fixed (24 clock / frame) regardless of FRSET and MODESET3.

(Note 2) Frame rate depends on FRSET and MODESET 3. All of Master and Slavel to Slave3 must g

In case of 3-wire Serial Interface

Slave OSCIO
— Note 2 SYNCB SADSET
MS2 | MS1 | Mode Address EXTCLK = VDDMote 1) | EXTCLK = VVSS(Note 2) (P1,PO)
[7:1] 110 Connected to 110 Connected to I/0 Connected to
Slavel to Slavel to
vSS | vss | Master | OOy McU ouT Slave3
(0SCIO)
0111 111/ Master
VSS | VDD | Slavel | 177 oo1 IN MCU IN (0SCI0)
0111 110/ Master
0111 111/ Master
VDD | VDD | Slave3 | o+17 001 IN MCU IN (0SCI0)

(Note 1) Frame rate is fixed (24 clock / frame)

SADSET
= (Note 1)
MS2 | MS1 Mode EXTCLK = VDD (P1,P0)
1/0 Connected to Connected to
Slavel to
VSS | VSS Master IN MCU ouT Slave3 (0, 0)
(SYNCB)
Master
VSS | VDD Slavel IN (0SCIO) IN (SYNCB) 0, 1)
Master Master
VDD | VSS Slave2 (OSCIO) IN (SYNCB) 1, 0)
Master Master
VDD | VDD Slave3 (0SCIO) IN (SYNCB) 1,1)
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SYNC CTRL (Multi-chip Structure) - continued

The relationship between COM and SYNCB timing is as follows.

1 Frame 1 Frame ‘ 1 Frame 1 1 Frame

CoM CoM

SYNCB Tj Lr SYNCB TJ ‘ ‘

(a-1) 1/4 Duty Drive and Frame Inversion (a-2) 1/4 Duty Drive and Lin

1 Frame 1 Frame

COM COM

SYNCB —U [

(b-1) 1/3 Duty Drive and Frame Inversion

and Line Inversion

1 Frame 1 Frame 1 Erame

CoM =

ce | J |

(c-2) 1/2 Duty Drive and Line Inversion (1/2bias)

SYNCB —U

(c-1) 1/2 Duty Drive and Frame

1 Frame 1 Frame 1 Frame

COM

SYNCB \H U Lr

ame Inversion (d-2) Static Drive and Line Inversion

< Typ10ps In Blink Mode,
COM >§ SYNCB "L" pulse width will be twice longer
‘ to synchronize normal and blink display .

(e) Driver timing waveform

Figure 27. Synchronization of Multi-chip Cascaded Connection
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SYNC CTRL (Multi-chip Structure) - continued

The example of cascaded connection

<2-wire serial, Internal Clock Mode, Detection enable>

Display Area

CoMm SEG

BU91R66CH-M
Master (MS2 = VSS, MS1 = VSS)

CoMm SEG

BU91R66CH-M
Slavel (MS2 = VSS, MS1 = VDD)

COoM SEG

BU91R66CH-M
Slave2 (MS2 = VDD, MS1 = VSS)

EXTCLK =VSS EXTCLK =VSS EXTCLK =VSS
2 e 2 2 £ 2 2 £ 2
5 c 28233 5 0 283 3 5 0 283 3
fezzgsed| [2gz832¢E3| [2g25838¢2¢:
O @ o o O ©n w O O » » » O ®» uw O O O » » O ®» uw O
A Y
Lt [ - | v T 5 Vv v 7 W v
VDD +
A
- 5 ~ a9
g 3 £ g & 2
7 Hz e
MCU

<3-wire serial, External Clock Mode, Detection disable>

f . ‘ Display Area
L1 [ ]

COM  SEG

BU91R66CHM
Master (MS2 = VSS, MS1 = VSS)

BU91R66CH-
Slavel (MS2 = VSS, MS1 =

EXTCLK = VDD EXTCLK = VDD
o o @
= = 0
m ¥ _— O Qo Z
8383 S &
A A A A
[
- < -
m X 3 O i)
0 1
8 0@ g a
w
MCU
8 ple of Cascaded Connection
<Different Duty Pagel Co
ane D Pane 1/4 Duty LCD Panel Static LCD Panel
80 O 80SEG x 4COM 240SEG x 1COM
0d 40do (320dots), 5 V (240dots), 5 V
64CH-| BU91R66CH-M BU91R64CH-M BU91R66CH-M
uty Dri Master, Static Drive Master, 1/4 Duty Drive Slavel, Static Drive
(VSS, VSS) 0 (MS2, MS1) = (VSS, VSS) »  (MS2, MS1) = (VSS, VSS) 0 (MS2, MS1) = (VSS, VDD)
<g< = (VSS, VSS) QDUTYL DUTY0) = (VDD, VDD) ‘Q(DUTYL DUTYO0) = (VSS, VSS) QDUTVLDUTVO):(VDD,VDD)
0 i 0 i
2 8 o : 8o 2 8o : 8o
£ 3 E 883 £ 3 £ 833 £ 3 E 8383 £ 3
5 d w o n n n O w o n 0 n O w o n n n O
A A A A A A A [ 1 A A A [N )
‘ \ 4 1 |
]
FIEE EI] 255 g
2]
882 882 g 38
MCU MCU

- Different LCD frame frequency

- Same LCD frame frequency

- One FPC
- Few Pin count

Figure 29. Example Different Duty Drive Panel Configuration
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LCD Driver Voltage Generator / LCD Bias Selector
BU91R66CH-M generates LCD driving voltage with on-chip Buffer AMP. 1/3 or 1/2 Bias Drive can be selected by external
terminal (BIAS) setting. Line / frame inversion can be set by MODESET3 command. Refer to LCD Driving Waveform.

POR and Reset Initialize Condition
BU91R66CH-M has POR (Power On Reset) circuit. Keep Power On / Off specification and sequence described in Cautions
in Power On / Off. Initial condition after executing Software Reset and POR is as follows.
- Display is off.
- DDRAM address is initialized (DDRAM Data is not initialized).
- Each Command Registers are reset initialize condition. Refer to Detailed Command Description.

Blink Control (Blink Timing Generator)
Blink function is asserted by Blink Controll command (BLKCTLZ1). In All Segments Blink Mode, all dots blink j
Bank Blink Mode, individual dot blink is available only in 1/2 Duty and Static Drive mode. Refer to 6
(BLKCTL1). The Displayed RAM mapping is switched at blink frequency as following images.

(1) All Segments Blink Mode

Display Data 1 -_-_ 1

SEGA SEGB SEGC SEGD

seGouput  [ISXEN oFF [ o ESNMM >[ OFF [ OFF | OFF [ OFF |>

SEGA SEGB SEGC SEGD SEGA SEGB SEGC SEGD
x16 Frame x16 Frame

[ N

[ A
I

|

Blink frequency: 32 Frame

(2) Bank Blink Mode (Available in 1/2 Duty and Static Drive Mode)

Display Data 1 ““ 1

SEGA SEGB SEGC SEGD

Blink Data 1 Ml o [ o |

SEGA SEGB SEGC SEGD

SEG ouput = P>
SEGA SEGB SEGC SEGD D SEGA SEGB SEGC SEGD
> x16 Frame N |
I Il |
) |
f I
Figure 30. Ban Frequency as 32 Frame Case)
Blink data can be written in Blink C BLKCTL2) P1 = “1". The command sequence and the relationship

ows.

Command Command

g | SADSET A | ADSET { A| p
P1:1 Blink area in RAM write

Slave Address Cotrol Byte Display Data Display Data

H H ! | H A b H R
|011111;“3511 R'UWEA| 01000000 |A|aibicidle:f gihiA|iEjik IEmlnioipiA|...|P‘
011100 : H H : : HE P : R
i
Write Mode CO:.0,RS:1 — Display Data
ondition, A ACK, NA: NACK
07h|08h|09h|0Ah|0Bh|OCh|ODh|OEh|OFh| ... | EOh|Elh|E2h|E3h |E4h [ E5h | E6h| E7h| E8h | ESh |EAh| EBh| ECh| EDh| EEh | EFh
S-T-T-T-T-1-0-0T-10-1-1-1T-1T-1-1T-T-T-1T-T-T-T-T-T-1-]como
Sttt f-f-f-1-1-|com
Blink data for COMO
Blink data for COM1
~ 00 O O 4 N M < 0 < 0O © N~ 0 O O o N MO < 1 O N 0 O
cCe0EEoeann SSdsgdNgkggggaged
% %%%ummmmu OO0 000000000 ouvuouvuo
nnonnonon I W W W W oW oW W oW oW W W
N O N OO nNnnnnnnnonnnon
Static Drive
ADSET 00h 0lh 02h 03h 38h 3%h 3Ah 3Bh
COMO
D7toDO|la|bfc|d]|e|flg|lh]i]ljlk|[l[m|[n]o]|p Blink data for COMO
SooosBobB882io2:8 3NSNERcuNgsBBsmaea
I 0oWwwwomeomWwoooooo NN NN NN NN N NNNNNNN
hhbhoabho s HEEYEE 2002220222022 20¢89
NN 0NN nnononnnononnon
Figure 31. DDRAM Address Map of Blink Area (Bank Blink Mode)
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Error Detection
BU91R66CH-M has the following Error Detection functions. When one of functions in a following table detects abnormal
status, ERROUT terminal output high level. Then the item with abnormal status can be identified by reading Command
Registers.
MCU can detect all events which cause abnormal display by these functions. MCU can take action such as stopping the
display or informing other devices about the abnormal display state when LCD module encountered problem.

Table 4. Detection Functions

Item Detected Error Det?&g?agmrgﬁon Detection Timing
Glass Breaking Detection LCD Glass Breaking During DISPON By DISPON Command
Checksum Detection I/F Communication Error Always
Logic Error Detection Logic DFF Malfunction During DISPON

SEG / COM Toggle Detection SEG / COM Output Level Error | During DISPON

Contact Resistance Check COG Bonding Status (No Power Applied)

Block diagram and data path of Detection block are shown below.
~
o o m ™ o
O O O O O O wow w
o 0 O O 0 0O n 0 %)
WLCD H} 7$°1CO Voitage | 11 T—1
Generator
Detect compar: compa
Lco g COM Driver le D
Bias
Selecto COM CTRL L
r Toggle Error Detector Toggle Error Detector
[T 1
......... <
= 1 DDRAM(Latch)
BIAS [} °
DUTYO troller
DUTY1 @
INHB
SYneB < DDRAMCTL
rror Det um Detection
oscio T )
SYNC
EXTeLK CTRL Interface .
MS1 C e <> Serial Interface
i Register
MS2 Glass Breaking e
usons C1Te TTLTTTLT
ror CTRL
GLSBHKO
| If_top |
nc i i i i i i
g gggee 5 PR g8 538w
$ssss¢s¢s 2 83383284
2 2 22 2 2 2 o
O 0o o0oo0oo0oo0ooon w
Gla king Detection
CRecksum Detection Error
Logic Error Detection | CTRL ERROOUT
EG / COM Toggle Detection /
if_top
Each detection status can —{] SDAQO (2-wire)
be read by read command SDO (3-wire)
register
LCD Module
ERROUT
—
MCU LCD Display
MCUF |2 =
N A
l Checksum Detection‘ ," l SEG / COM Toggle Detection ‘
’ Logic Error Detection ‘ ’ Glass Breaking Detection ‘
Figure 32. Detection Block and Data Path
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Error Detection - continued
Glass Breaking Detection
BU91R66CH-M can detect LCD glass breaking status.

In Single-chip Use Case,
Crack ~_

-

Wire on the LCD glass

S

Wire on the LCD glass

[ ==
.4 W .4 AN

GLSCHKO T GLSCHKI GLSCHKO T GLSCHK|
ERROUT ERROUT
(to MCU) (to MCU)

Low level outputs during normal status High level outputs during abnol
such as glass breaking
[ Case of LCD Panel No Breaking] [ Case of LCD Panel Break

In Multi-chip Cascaded Use Case,

Master Slavel Slave3

Slave2 Séves Slave3
|| GLSCHKO GLSCHKI| GLSCHKO

Master |Master
GLSCHKI |GLSCHKO

Master
ERROUT

Slave2 Slave3
ERROUT ERROUT

ass Breaking Detection

www.rohm.com

© 2016 ROHM Co., Ltd. All rights reserved. 35/69 T15202201-0P3P0D301710-1-2
TSz22111 + 15+ 001 27.5ep.2019 Rev.002


http://www.rohm.com/

BU91R66CH-M Datasheet

Glass Breaking Detection — continued

Glass breaking detection will be judged after 4 frames from MODESET1 command (DISPON). High level will be judged at
the end of the second frame after MODESET1 command (DISPON) and low level will be judged at the end of the fourth
frame after the command. See following sequence.

Command DISPON | DISPON | | DISPON

Frame [ ] Just]end[3dJat |  [ast]end]3d[an] [ [ ] tst[2nd [ 3rd Jath [ ]

GLSCHKO L L

H H

GLSCHKI ~ H & L:Ifglass broken L
Detection result OK OK NG OK
(Command Register Read-back: Judge as OK Judge as NG

D3 bitin 1st Byte)
ERROUT |

Abnormal status
Figure 34. Sequence of Glass Breaking Detection

Thus, the detection period depends on the Frame Frequency setting. It is necessary to ¢
capacitance to keep the following calculation:

esistance and

2 X1 < 2XFrame Duty [s]

where:
T is the CR time constant. 7 = C X R. C: ITO capacitance,

< Calculation example >

When Frame rate = 200 Hz, Wire length around LCD glass = 500
100 pF

ITO registance = 60[£2] X 500 [cou %

2XT=2XCXR=2x%x100

sheet count = 60 Q and ITO capacitance =

2 X Frame Duty = 2 X

In this case, (A) is satisfied. So glass work correctly.
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Error Detection - continued

Checksum Detection

This function detects the error due to command or Display Data alteration by electric noise during transfer from MCU.
Checksum detection will be judged after every CHKSUM command. See following sequence.

Command (2-wire) [ 'S Jstawe Adaress+convol e [command  [command

|CHKSUM

[ P [ 's [smedressrconra ae [command  Jcommand crksum

[r]

Detection result

Calculate checksum for input data and
compare internal checksum value and CHKSUM command value

|H: incorrect

(Command Register Read-back: D2 bitin 1st Byte)

ERROUT

L: correct

L
L

|Abnorma| status

Command (2-wire) | S |S\aveAddress+ccmrul Byte

|SADSET |ADSET |D|suayDal,a

|D.sp|aynaaa

|D|sp|ayData | P | s |SIaveAddress+Cumrd Byte CHKSUM

Detection result

Calculate checksum for input data and
compare internal checksum value and CHKSUI

(Command Register Read-back: D2 bitin 1st Byte)

ERROUT

S: START Condition, P: STOP Condition, A: ACK, NA: NACK

Figure 35. Sequence of Checksum Detection

Checksum calculation example:

(1) Display Data Write Case

2-wire Serial I/F

:valid data for internal checksum calculation

Slave Control
scL/spa/spaol S| address Bye A| SADSET | A| ADSET1 ! A| ADSET2{ A|P Al cHksUM i Al P
7C 00 ENN0: 0:2 4 10 D XXxXX
Write Master
3-wire Serial I/F
csB |
SCK /SDI SADSET ADSET1 CHKSUM
E: O 02 4 | D | XXXX
Master

(2) Command Registers Read Case (Read values a

2-wire Serial IIF

ksum calculation.)

Slave Slave
scL/SDA/spro| S| Address/ P a| cMDXTN fa| RDCTL :g'l‘;‘:e"rd C:g;?:rd NA P | s| Address/ ia| cHksum | a|P
Control Byte Control Byte
7C 00 2 i+ 3 4 5 7C 00 D iYYYY
3-wire Serial IIF
csB — T
SCK/SDI I %HKSmI
Command Command Command
SDO Register Register Register
0 ! 1 2 ! 3 4 1 5
S: START Condition, P: STOP Co : valid data for internal checksum calculation
tlation (1) RAM Write Case Calculation (2) Read Case
Hex | Dec Hex | Dec
SADSET upper 4-bit E 14 CMDXTN upper 4-bit F 15
SADSET lower 4-bit 0 0 CMDXTN lower 4-bit D 13
ADSETL1 upper 4-bit 0 0 RDCTL upper 4-bit C 12
ADSET1 lower 4-bit 2 2 RDCTL lower 4-bit 2 2
ADSET?2 upper 4-bit 4 4 CHKSUM upper 4-bit D 13
ADSET2 lower 4-bit 0 0 Sum 37 55
Display Data upper 4-bit A 10 "YYYY"is the lower 4-bit of Sum: "7h"
Display Data lower 4-bit 3 3
CHKSUM upper 4-bit D 13
Sum 2E 46
"XXXX" is the lower 4-bit of Sum: "Eh"

Figure 36. Example of Checksum Calculation

In 2-wire, the checksum calculation value will be same in ICs which use same Slave Address and different sub address.

In 3-wire, all IC’s checksum values will be same.
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Error Detection - continued

Logic Error Detection
This function detects occurrence of registers (DFF) errors due to electric noise. DFFs for detection are placed around logic
area. Judgement is always proceeding in DISPON status. Logic error detection will be judged after every 2 frames from
DISPON command. See following sequence.

Command DISPON | DISPON
Frame 1st | 2nd | 1st | 2nd | 1st | 1st | 2nd | 1st | st | 2nd | 1st | 2nd | 1st | 2nd |
]

vSet ' ; { ; P ‘,' Re-set
DFF for [101010101 [100010101 [101010101 010101010
detection ﬁ I ﬁ Not match! ﬁ Match!! :
DFF for [101010101 f010101010
expectation ! \L Expected DFF data inversed

: \%

Detection result OK NG OK
(Command Register Read-back: Judged OK Judged NG  Keeping Error status

D1 bitin 1st Byte) even if judged OK
ERROUT [

Abnormal Status

Figure 37. Sequence of Logic Error D
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Error Detection - continued

SEG / COM Toggle Detection

This function is to detect whether SEG / COM output toggle (AC inversion) in DDRAM data bit = “1”.

Detectable status are considered as following conditions,

(1) SEG / COM waveform stuck at VSS level (SEG can detect in DDRAM data bit = “1” case only).
(a) LCD broken.
(b) ITO wiring connected to VSS line.
(c) SEG / COM output broken such as short with VSS level.

(2) SEG / COM waveform stuck at VO level (SEG can detect in DDRAM data bit = “1” case only).
(a) LCD broken.
(b) ITO wiring connected to VLCD line.
(c) SEG / COM output broken such as short with VLCD / VO level.

Command [DisPon
Frame | | |
COM : :
(Stuck at N :
VSS Case) T
\ N /i Abnormal Waveform
Normal Operation I T Operation
H Abnormal Wavi |
COM f .
(Stuck at
VO Case)
L ! Y
' i Y [ I
Normal Operation I Normal Operation
I |
| o i
Detection Result .
(Command Register Read-back: DO bitin 1st Byte) J NG Resultis cleared Judge as OK
ERROUT
mal Status
Max Fr ee Need Maximum
1/4 Duty frames in 1/4 Duty 244 frames in 1/4 Duty
1/3 Duty
1/2 Duty
Stati
e uence of SEG / COM Toggle Detection
Contact Resistance
COG ¢ resis! e d ed by measuring resistance in DUMMYO, DUMMY1, DUMMY2 and DUMMY3
i s can be detected if the values are outliers.
o sg
= ==
= ==
2 2D
[a)] [al)a)
; U
- _ BU91R66CH-M . L=t
P (BUMP side down) Do
g8 s
== ==
== ==
R | i R |
[alya) [alya)

_____ Wired indriver IC

The resistance <5 QNote)
(Note) Not 100 % tested

Figure 39. DUMMY PADs for the Contact Resistance Measurement
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Command / Function List
Description List of Command / Function

Identify Sub | Available in
No. Command Function Address by CMDXTN
SADSET Mode
Normal Command
1 Mode Set 1 (MODESET1) Display On / Off - No
2 Address Setl (ADSET1) DDRAM Address Setting (MSB side) - No
3 Address Set2 (ADSET2) DDRAM Address Setting (LSB side) - No
4 Sub Address Set (SADSET) IC Selecting - No
5 Frame Rate Set (FRSET) Frame Frequency
6 Blink Controll (BLKCTL1) Blink Mode / Blink Frequency Setting
7 Blink Control2 (BLKCTL2) Blink Area Setting
8 Command Extension (CMDXTN) | Access enable for extended commands
Extension Command
9 Software Reset (SWRST) Software Reset
10 Mode Set 2(MODESET?2) Error Detection Control Yes
11 | Mode Set 3(MODESET3) Line / Frame Inversion, Frame Frequen
12 Contrast Setting (CNTSET) Contrast adjustment Yes
13 Read Control (RDCTL) Read Control Yes
14 Checksum(CHKSUM) Checksum Trigger - Yes
15 COM Set (COMSET) COM driving order Yes Yes
Detailed Command Description
1. Mode Set 1 (MODESET1)
MSB
D7 D6 D5 D4 D3 D2 D1
11 il oloTp] I~

(*: don’t care)
Set Display On and Off

P3 Reset Initialize Condition

0 Display Off (DISPO o

1 Display On (DISPO -
Display Off: R S ent and Common output will be stopped (VSS level).
Display On: S t will be active and will start to read the Display Data from DDRAM.
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Detailed Command Description — continued

2. Address Setl (ADSET1)

MSB LSB
D7 D6 D5 D4 D3 D2 D1 DO
[ o] o] o] o [ P3| P] PL ] PO |

Set upper portion of address. (P3 to PO = “0000” in reset initialize condition)
To define internal address correctly, set ADSET1 command before ADSET2.

3. Address Set2 (ADSET2)

MSB LSB
D7 D6 D5 D4 D3 D2 D1 DO
[ o] 1 T o] o P3| P] PL ] PO |

Set lower portion of address. (P3 to PO = “0000” in reset initialize condition)
To define internal address correctly, set ADSET1 command before ADSET2.
Don’t set out of range address, otherwise address will be set to 00000000.
In 3-SPI case, next transferred data will be recognized as Display Data.

MSB
Internal Address Address Address Address Address
Register [7] [6] [5] [4] [3]
Command ADSET1 | ADSET1 | ADSET1 | ADSET1 | ADSET2
P3 P2 P1 PO P3

The range of address (8-hit) is shown as bellow.
1/4, 1/3 and 1/2 Duty Drive: 00h to EFh
Static Drive: 00h to 3Bh

4. Sub Address Set (SADSET)
MSB

D7 D6 D5 D4

L 1 [ 12 [ 1] o] o] o]

Set sub address to define one of BU91R6,
The following command can be set ind
- Display Data write
- Display Data read
- Command Registers read
- Contrast Setting (CNTSEL)
- COM set (COMISET)

Reset Initialize Condition

o

Available IC Reset Initialize Condition
aster (MS2 = VSS, MS1 = VSS) o
Slavel (MS2 = VSS, MS1 = VDD) -
Slave2 (MS2 = VDD, MS1 = VSS) -
Slave3 (MS2 = VDD, MS1 = VDD) -
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Detailed Command Description — continued

5. Frame Rate Set (FRSET)

MSB LSB
D7 D6 D5 D4 D3 D2 D1 DO
[[(2 ] 1] 27T o] 1P ] P PO |

Set Frame Frequency
In Internal Clock Mode, Frame Frequency is calculated as shown in the following table.

Table 5. Frame Frequency (Internal Clock Mode)

MODESET3 FRSET Frame Freqgency [Hz] (Number of Clock Pulses)
Line Inversion | Frame Inversion

65.7 (624) - |

74.3 (552) —

85.4 (480) 8By 4
122.0 (336) \ 4
131.4 (312)
142.4 (288)
155.3 (264)
170.8 (240)
189.8 (216)
213.5 (192)
244.0 (168)
284.7 (144)
427.1 ( 96)

Reset Initilaze Condition

65.7 (624) B1.4 (S -
74.3 (552) 6 (276 -

85.4 (480) 40) B
122.0 (336 8) B
131.4 ( 268W156) B
142.4 284.7 (144) -

155.3
170.8
89.8

310.6 (132) B
341.7 (120) B
379.6 (108) -

5 (18 427.1 ( 96) -
P04 0m@68) | 488.1 ( 84 -
& ) | -

) |

OOI—‘I—‘OOI—‘I—‘OOHHOO}—‘I—‘OOI—‘I—‘OOI—‘HOOHI—‘OOE

Dl—‘OI—‘OI—‘OI—‘OHOHOI—‘O!—‘OI—‘OI—‘OHOHOI—‘OD—‘OI—‘OB

e [ e e e e e e (R [ (e [ e e (e (=) (=) =) (=) () [=] =) [ fe) =] [=) (o] [=) [o) [ (o) A
o I G G G (e G (=) (=] (=) (=Y (=) =] [=1 (o) P P RN E Y R B [ (o) [e) fa) [o) fo) oY [o) (o]

4

AI—\}—\H}—\OOOOHHI—‘I—‘OOOOF—‘I—‘I—‘I—‘OOOOI—‘I—‘I—‘}—‘OOOOB

In External Clo is calculated as shown in following table,

@

ple 6. Frame Frequency (External Clock Mode)

- l_:rame Secdiey 2 - Reset Initilaze Condition
Line Inversion | Frame Inversion
External Clock / 24 o
External Clock / 24 [ External Clock / 12 -

F ,800 Hz
MODES P1. 0
Frame Frequency = External Clock / 24 = 1,800 / 24 = 75 Hz @Line / Frame Inversion

(Example 2)
EXTCLK = VDD
External Clock: 3,500 Hz
MODESET3 P1: 1
Frame Frequency = External Clock / 24 = 3,500 / 24 = 145.8 Hz @Line Inversion
Frame Frequency = External Clock / 12 = 3,500 / 12 = 291.7 Hz @Frame Inversion
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Detailed Command Description — continued

6. Blink Controll (BLKCTL1)

MSB LSB
D7 D6 D5 D4 D3 D2 D1 DO
[ 1 | 2 ] 2] 12 ] o [pP2] PL ]| PO |

Set Blink Mode

P2 Blink Mode Reset Initialize Condition
0 All Segments Blink Mode o
1 Bank Blink Mode -

Bank Blink Mode is available in 1/2 Duty Drive and Static Drive.

Set Blink Frequency

P1 PO Blink Frequency Reset Initialize Condition
0 0 | Off o
0 1 32 Frames -
1 0 64 Frames -
1 1 128 Frames -

About Frame Frequency calculation, refer to 5. Frame Rate Set (FRSET).
About Bank Blink Mode, refer to Blink Control (Blink Timing Generator).

7. Blink Control2 (BLKCTL2)

MSB
D7 D6 D5 D4 D3 D2 DI
N N R I I B

(*: don’t care)

Set Blink Area in 1/2 Duty Drive and Static Drive in Bal

P1 DDRAM Write Area
0 Normal Display Area o
1 Blink Area -

This register is available only in 1/2 Duty
About data writing to blink area, refer ming Generator).
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Detailed Command Description — continued

8. Command Extension (CMDXTN)

MSB LSB
D7 D6 D5 D4 D3 D2 DI __ DO
L 2 [ 2 [ 2 [ 32 ] 1|1 ] ol]Po|

Set CMDXTN Mode Effective
PO Mode Reset Initialize Condition
Ineffective CMDXTN Mode
(Normal Mode)
CMDXTN Mode

1 (Extension Mode) i

e}

0

The following extension commands are accessible only in CMDXTN mode,
1. SWRST
2. MODESET2

. MODESET3

. CNTSET

. RDCTL

. CHKSUM

. COMSET

~NOoO oW

To access normal command such as DISPON etc., set PO = “0” (ineffective C
Refer to Command / Function List.

9. Software Reset (SWRST)
MSB LSB
D7 D6 D5 D4 D3 D2 D1
L1 ]l oo o> ] |*
(*: don’t care)

This register can be accessed in CMDXTN mode o

Set software reset effective
PO Operation

itialize Condition

0 No Operation o

1 Software Reset Exe

When “Software Reset” is executed,
Refer to POR and Reset Initialize C

be reset to initial condition.
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Detailed Command Description — continued

10. Mode Set 2 (MODESET?2)

MSB LSB
D7 D6 D5 D3 DO
[ 1 ] 0 | P3 | P2 | P1 ] PO |

This register can be accessed in CMDXTN mode only.

Set Glass breaking detection to enable

P3

Setup

Reset Initialize Condition

Disable

e}

Enable

Set Checksum

detection to enable

P2

Setup

Reset Initialize Condition

Disable

e}

Enable

Set Logic error

detection to enable

P1 Setup Reset Initialize Condji
0 Disable
1 Enable

Set SEG / COM toggle detection to enable
PO Setup

Disable
1 Enable

ERROUT output function will be effective when
Description.

11. Mode Set 3 (MODESET3)
MSB
D7 D6 D5 D4 D3
L 1 ] of1]ofeo

Reset Initialize Condition

o

y in Frame inversion mode

Mode Reset Initialize Condition
Normal Frequency Mode o
1 x2 Frequency in Frame Inversion -

This command is only effective in Frame inversion mode.
In detail, refer to 5. Frame Rate Set (FRSET).

Set Frame Frequency Mode

PO Frame Frequency Mode Reset Initialize Condition
0 Normal Frequency Mode o
1 High Frequency Mode -

In detail, refer to 5. Frame Rate Set (FRSET).
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Detailed Command Description — continued

12. Contrast Setting (CNTSET)
MSB
D7 D6 D5 D4 D3

LSB

D2 D1 DO

[ 1 ] o[ 12 [ 12 [ P3| pP2] PL ]| PO |

This register can be accessed in CMDXTN mode only.
This command can set sub address individually by SADSET command.

Set EVR for Contrast adjustment.

BU91R66CH-M is able to control VO voltage level (the maximum level voltage of LCD driving) by a 32-step electrical volume

register (EVR).

Table 7. VO Voltage Setting

COMSET CNTSET VLCD[V]
Formula

P3 P[rP2]PL] PO 6.0 5.5 5.0 4.0
0 00 ]O]]O] 1.000*VLCD 5.000] 4.000
0 oJoJo 1] o967+vicD
0 0 [o]1]o ] 0937*vicD
0 0 [o]1]1] 0909*vLcD
0 0 [1]o o] o8s*vicp
0 0 [1]o]1] o87*vicD 4.286
0 0 [1]1]o0o] o08*vLcD 4.167 3
0 o1 ]1]17] o810+*vicD 4.860 4.054 | 22838 -
0 1 JoJo o] o789 *vicD 4.734 3.947 027763 -
0 1 Jo]o[1] o0769*vicD 4.614 8,346 )2.597 -
0 1 o] 1]o] 075 *vicD 4.500 D -
0 1 o121 [ 073*vLCD 4.386 2. 97 HENRIEET | -
0 1 [1]o0o]o] o74*vicD R.357] 2.500] -
0 1 [ 1 ]o[1] 0697+*vLCD ~ -
0 1 [1]1 o] o6s81*vicD -
0 1 [ 1 ]1[1] o666*vicD -
1 0 oo o] o065 *vic -
1 0 o fo]1] o63=*vicD -
1 0 o [1]o] o0625=*vicD -
1 o lol1T]1
1 o[1]o]o
1 o1 ]o1
1 o110
1 o [1 171
1 1 oo [o
1 0 ’
. v
1
1
1

500 * VLCD

0.491 *VLCD

EEIprohibited Setting

D <2.5V” and “V0 > VLCD - 0.6 V” condition. BU91R66CH-M output voltage will be unstable in such
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Detailed Command Description — continued

13. Read Control (RDCTL)

MSB LSB
D7 D6 D5 D4 D3 D2 DI DO
L 1+ | 1 o] of 1]~ ]pPJ]PO|

(*: don’t care)
This register can be accessed in CMDXTN mode only.

Set Read enable (This bit is available in 3SPI mode only. In 2-wire, this bit is undefined.)

P1 Read_en Reset Initialize Condition
Read disable (Write Mode) o
1 Read enable (Read Mode) -

Set Read data

PO Read_mode Reset Initialize Condition
Command Registers Read o
1 DDRAM Data Read -

14. Checksum (CHKSUM)
MSB LSB
D7 D6 D5 D4 D3 D2 D1 DO
[ 2 ] 1 [ o | 12 [ P3| P2] PL | PO

This register can be accessed in CMDXTN mode only.

P3 to PO: The sum of all Command Registers value for interface chei
of each Command Registers value. In detail, refer to Ch

tion. Set this value after calculating the sum
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Detailed Command Description — continued

15. COM Set (COMSET)

MSB LSB
D7 D6 D5 D4 D3 D2 D1 DO
[[(2 ] 1] 1217 o P3| P] PL ] PO |

This register can be accessed in CMDXTN mode only.
This command can set sub address individually by SADSET command.

P3: Set MSB of CNTSET
Refer to Contrast Setting command (CNTSET).

P2 to PO: Set COM scanning order of COMA, COMB and COMC individually.
P2: Set COMC Scanning Order
P1: Set COMB Scanning Order
PO: Set COMA Scanning Order

P2 P1 PO | Duty
COMC)(COMB) | (COMA)| Drive

1/4 Duty] COM*0—COM*1—-COM*2—COM*3

1/3 Duty, COM*0—COM*1—COM*2(Note 1)

1/2 Duty) COM*0—COM*1(Note 2)
Static | COM*QMNote 3)

1/4 Duty] COM*3—COM*2—COM}

1/3 Duty] COM*3—-COM*2—C

1/2 Duty) COM*1—COM*QMNote 2)
Static | COM*QMNote 3)

Toggle Order of COM*0 to COM*3

(*: Afor PO, or B for P1, or C for P3)

(Note 1) COMA3 = COMAO

(Note 2) COMA2 = COMAO, COMA3 = COMA1
(Note 3) COMA1/2/3 = COMAD

[ LargerITO resistance due to longer wire routing allerlITOresistance byshorter wire ]

( (— — e — P
L | |
O e O s WO o O i
Ny B S S g VS
B
= [> s N ¢ S
lL ULV v v

\ 7

wWw N -
—
tion l Swap Scan Direction ]

Figure 40. COM Scan Direction Image
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LCD Driving Waveform

1/3 Bias, 1/4 Duty Drive

Frame Inversion

COMAO

COMA1

COMA2

COMA3

Vo

Ol el

Vi

Vo

Ol ol

\%

Vo

Olm o]

Vi

Vo

Olo ol

Vi

SEGn SEGn+1 SEGn+2

Line Inversion

SEGn+3

COMAO——State A

COMA1——State B

COMA2 —

COMA3—

1frame

ol

COMAO

SEGNn SEGn+1 SEGn+2 SEGn+3
I O B

COMAQ——State A

COMA1—State B

COMA2 —

COMA3 —

1frame

Vo

Vss
VO

Pe

Vo
} _ ] ]
SEGn B
vss
Vo _ S
SEGn+1 } T SEGn+1 [ _ J_,_\_[7F
vss vss T T
Vo _ Vo o_ . - . -
SEGN+2 } SEGn+2 } ﬂ Iﬂ
vss vss T
Vo _ Vo _ L o L o
SE SEGn+3 ] _
vss T
WO O
- State A :
(COMAO o
-SEGn) ] _
Voo AV e
+VO0 +0o
State B _ State B _
(COMA1 B (COMA1 o
-SEGn) -SEGn) ] _
Voo Voo
COMSET P2 =*“0", Normally white type LCD case
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LCD Driving Waveform - continued

1/2 Bias, 1/4 Duty Drive

Frame Inversion

Vo

SEGn SEGn+1 SEGn+2

SEGn+3

COMAO—State A

COMA1—State B

COMA2—

COMA3—

1frame

Line Inversion

SEGn SEGn+1 SEGn+2 SEGn+3

COMAO — stateA
COMA1— stateB
COMA2—
COMA3—

1frame

COMAO } -—
vSs
vo
COMAL } -
vSs
Vo oo_
COMA2 } - ’—L
vss
vo o _ _
COMA3 } - |> L L
vss
vo o _
vss
vo o o
SEGn+1 } - SEGn+1
vSs o o
Vo _ vo L A
SEGn+2 :B - SEGn+2 :B
vss vss D
Vo _ Vo L -
SEGn+3 = SEGn+3 :B
vss T
0o +V0
- State A :H
(COMAO
-SEGn) o
V0 o L
VO _ +V0
State B B *\_|; State B j
(COMAL (COMAL
-SEGn) o -SEGn)
RV -VO
COMSET P2 =*“0", Normally white type LCD case
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LCD Driving Waveform - continued
1/3 Bias, 1/3 Duty Drive

Frame Inversion
SEGn SEGn+1SEGn+2SEGn+3

Line Inversion

SEGn SEGn+1SEGn+2SEGn+3

COMAQ—State A COMAOQ—State A|

COMA1—State B COMA1—State B

COMA2— COMA2—

COMA3— Same waveform as COMAO COMA3— Same waveform as COMAO

1frame
Vo oo
COMAO L
vss
Vo oo
COMA1 [ |
Vss
vo o _
COMA2 1
vss ~
vo oo
COMA3 I |
vss
Vo oo
SEGn T
vss S
Voo o_ Voo _ T =
SEGn+1 U SEGn+1 j T _,_|7 _,_lf
vss ~ vss ~ o o
Vo vo o SEn SEn
SEGn+2 SEGn+2 T JI f
vss ~ o o
vo i -
SEGNn+3
vss T T o
+VO0 _ - -
State A B
(COMAO L
-SEGn)
Vo T T
V0 +V0 _
StateB [ _ State B -
(COMAL (comar |
-SEGn) -SEGn)
SV Vo

COMSET P2 =*“0", Normally white type LCD case
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LCD Driving Waveform - continued

1/2 Bias, 1/3 Duty Drive

Frame Inversion

Vo

COMAO

(DR

VSs

Vo

COMAL

B

Vi

]

COMA2

(DI

Vo

COMA3

(I

VvSs

Vo

SEGn

b

VSS

Vo

SEGn+1

[

VSS

Vo

SEGn+2

] I

+0

State B
(COMAL
-SEGn)

-Vo

COMSET P2 =*“0", Normally white type LCD case

SEGn SEGn+1 SEGn+2 SEGn+3

COMAQ—State A

COMA1—State B

COMA2 —

COMA3— Same waveform as COMAO

Line Inversion

SEGn+1

Olem o

Vi

Vo

SEGn+2

SEGn+3 ﬁ
vss
State A
(COMAO
-SEGn)
State B
(COMAL
-SEGn)

] I

SEGn

SEGn+1 SEGn+2 SEGn+3

COMAO—

stateA

COMA1—

COMA2—

stateB

COMA3—

Same waveform as COMAO
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LCD Driving Waveform - continued
1/3 Bias, 1/2 Duty Drive

Frame Inversion
SEGn SEGn+1SEGn+2SEGn+3

COMAO—State A

COMA1—State B

COMA2— Same waveform as COMAQ

COMA3— Same waveform as COMAL

Line Inversion

Vo

SEGn SEGn+1SEGn+2SEGn+3

COMAQ —State A

COMA1—State B

COMA2 —

COMA3—

Same waveform as COMA1

Same waveform as COMAQO

SEGn+3
vss T
+V0 _ o
State A
(COMAD [~ |
-SEGn)
vo © i
V0 +V0 _
State B T State B ]
(COMAL ) _ (COMAL [ _
-SEGn) -SEGn)
Vo T Vo~
COMSET P2 =“0", Normally white type LCD case
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LCD Driving Waveform - continued

1/2 Bias, 1/2 Duty Drive

Frame Inversion

Vo

SEGn

SEGn+1 SEGn+2 SEGn+3

COMAO——State A

COMA1l—State B

COMA2 — Same waveform as COMAO

COMA3— Same waveform as COMAL

1frame

Line Inversion

SEGn SEGn+1 SEGn+2 SEGn+3

COMAO—

stateA

COMA1—

stateB

COMA2 —

COMA3—

Same waveform as COMAO

Same waveform as COMAL

COMAO } ——I
vss
vo o o__ |
COMA1 } -
vss
Vo
COMA2 } ——I
vss
Vo o i
COMA3 } -
vss
Vo _
SEGn :B -
vss
Vo _
SEGn+1 :B - SEGn+1 :g
vss T
Vo L o L -
SEGn+2 SEGN+2 ﬁ
vss ~ 0
Vo L - L -
SEGn+3 :g
vss ~ i
+V0
State A
(COMAO j
-SEGn) o
J-U
Voo +V0
State B o State B o
(COMAL I (COMAL L
-SEGn) B -SEGn)
Voo o Vo
COMSET P2 =*“0", Normally white type LCD case
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LCD Driving Waveform - continued

Static Drive
Frame Inversion Line Inversion
SEGn SEGn+1 SEGn+2 SEGn+3 SEGn SEGn+1 SEGn+2 SEGn+3
COMAO— stateA | stateB COMAQ— stateA | stateB
COMAL1 to COMA3——Same waveform as COMAOQ COMAL1 to COMA3——Same waveform as COMAO
1frame
vo
COMAO 0 COMAO
tocomAz | to COMA3
vss
voﬁﬁ o
SEGn i SEGn
vss
vo o
SEGn+1 0 SEGn+1
vss
Voo N
SEGn+2 i
vss T - T
Voo o o
SEGn+3 SEGn+3
vee — —
o
State A State A .
(COMAO (COMAO
-SE -SEGn)
~vo o
+o
State B o
(COMAO
-SEGn+1)
Vo ‘ vo o

Normally white type LCD case
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Example of Display Data
In case of LCD layout pattern shown in Figure 41. Example COM Line Pattern and Figure 42. Example SEG Line Pattern
and DDRAM data shown in Table 8. DDRAM Data Example, display pattern will be shown as in Figure 43. Example

Display Pattern.

Figure 41. Example COM Line Pattern

SEG1 SEG3 SEG5 SEG7 SEG9
| SEG2 | SEG4 | SEG6 | SEGS8 |SEGlO

Figure 42. Example SEG &

Table 8. ple

S 7 9 Y 2 0% g2 % 2 8§ 5 2 9

e 9 @8 c 0o 0o 0o 0o 0o 0o O 0 O

w w w w W U W W w w

0 n 0 ) 0 ) 0 0 0 ) 0 0 0

COMAO 0 1 0 1 0 0 0 0 0 0 0 0 0

COMAL 0 0 1 1 0 0 0 0 0 0 0 0 0

COMA2 0 0 1 0 0 0 0 0 0 0 0 0 0

COMA3 0 Q 1 0 0 0 0 0 0 0 0 0 0
Address  00h 0 07h 08h 09h O0Ah OBh OCh ODh OEh OFh 10h 11h 12h 13h

(The COMscan orde

Figure 43. Example Display Pattern
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Initialize Sequence
Follow the Power On sequence below to set IC to initial reset condition.

Power On

ST;&RT Condition

9 cfock pulses in SCL with SDA = High level
STiOP Condition

ST,lART Condition

}
9 clock pulses in SCL with SDA = High level

ST%)P Condition

ST,lART Condition

Issue Slave Address

Isste Control Byte

Isste CMDXTN (Enter to Extension Mode)
Isste SWRST (Execute Software Reset).

nd DDRAM data are random
Figure 45. Power On / Off

After Power On and before sending initialize sequence, each
if POR is disabled by TR = VDD or Power On sequence
Waveform.
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Start Sequence
Start Sequence Examplel

No. Input D7 |D6 | D5 | D4 | D3 | D2 | D1 | DO Descriptions
1 Power On - - - - - - - - | VDD=0V—-3.3V (tir=1ms), VLCD=0V—-5.0V
2 Wait 100 ps - - - - - - - - | Initialize BU91R66CH-M
3 START - - - - - - | START Condition
4 Dummy Byte 1 1 1 1 1 1 1 1 | 9 clock pulses in SCL with SDA = High level
5 STOP - - - - - - - - | STOP Condition
6 START - - - - - - | START Condition
7 Dummy Byte 1 1 1 1 1 1 1 1 | 9 clock pulses in SCL with SDA = High level
8 STOP - - - - - - - - | STOP Condition
9 START - - - - - - - - | START Condition
10 | Slave Address | O 1 1 1 1 1 0 0 | Issue Slave Address
11 Control Byte O] 0| 0| O] O] 0| O/ O |IssueControl Byte
12 CMDXTN 1 1 1 1 1 1 0 1 | Enter to Extension Mode
13 SWRST 1 0 0 0 0 0 0 1 | Software Reset
14 STOP - - - - - - - - | STOP Condition
15 START - - - - - - - | START Condition
16 | Slave Address | O 1 1 1 1 1 0 | Issue Slave Addr
17 Control Byte O|O0|O0O]O0O|O0|O 0 | Issue Control Byte
18 MODESET1 1(1]|]0|0]0]|O0 0 | Display Ofi
19 CMDXTN 1|1 1 (111 1 1

20 MODESET2 10|01 ]0]0O0 0

21 MODESETS3 1|10 10|00

22 CNTSET 1|10 1({1|0/|0

23 RDCTL 1(1]|]0|0(|1]0

24 COMSET 1|1 1({0|0|O

25 CMDXTN 1|1 1 (111 1

26 FRSET 1|1 1 (0|1 1

27 BLKCTL1 1|1 1 (1|0

28 BLKCTL2 1|1 1 (1)1

29 SADSET 1|1 1 (0|0 :

30 ADSET1 0O 0| 0|0} O Address Setl (MSB side 4-bit)
31 ADSET?2 0|1 |0 Address Set2 (LSB side 4-bit)
32 STOP - - STOP Condition
33 START - - - - | START Condition
34 | Slave Address 0 0 | Issue Slave Address
35 Control Byte 0 | O | Issue Control Byte

DisplaygRata * * * | Address 00hto O1lh
* * * | Address 02h to 03h
36 —
* * * | Address EEh to EFh
- - - | STOP Condition
- - - | START Condition
1 0 0 | Issue Slave Address
0 | 0 | O | Issue Control Byte
0O | O | O | Display On
- - - | STOP Condition
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Start Sequence — continued

Start Sequence Example2

Initialize Initialize Sequence

DISPON DISPON Sequence

Display Data Write Display Data Write Sequence
DISPOFF Sequence
DISPOFF

BU91R66CH-M is initialized with “Initialize Sequence”, starts to display with “DISPON Sequence”, upd
“Display Data Write Sequence” and stops the display with “DISPOFF Sequence”.
Execute “DISPON Sequence” when MCU starts display again.

Initialize Sequence DISPON Sequence
Data ey
Input Description Input
D7 D6 D5 D4 D3 D2 D1 DO
VDD on START
VLCD on Slave Address
Wait for 100 ps Control Byte o]
START CMDXTN 0 1 er to Extension Mode
Dummy Byte 1 1 1 1 1 1 1 1 [Keep high in ACK bit MODESET2 0 0 |All detections: disabled
STOP MODESET3 0 0 |Inversion/FR setting
START TSET 0 0 |Contrast Set
Dummy Byte 1 1 1 1 1 1 1 1 |Keep high in ACK bit (X 0 0 |Read setting
STOP 0 0 |COM Set
START 0 0 |Enter to Normal Mode
Slave Address 0 1 1 1 1 1 0 0 1 0 1 [Frame Frequency
Control Byte 0 0 0 0 0 0 0 0 B ] 0 0 |Blink setting
CMDXTN 1 1 1 1 1 1 0 1 [Enter to Extension Mode BLI 0 0 0 |Data write setting
SWRST 1 0 0 0 o) 0 0 1 |Software Reset MODE 1 0 0 1 o) 0 0 [Display On
STOP
START
Slave Address 0 1 1 1 1 1 0 0 Write
Control Byte 0O 0 o o o o o o Description
MODESET1 1 1 0 0 0 0 0 0 [Display Off D7 D6 D5 D4 D3 D2 D1 DO
CMDXTN 1 1 1 1 1 1 0] 1 [Enterto Extensio, ST/
MODESET2 1 0 0 1 0 0 0 0 |All detections: di Sl Ss 0 1 1 1 1 1 0 0
MODESET3 1 0 1 0 0 0 0 0 |Inversion/FR se! C e 0 0 0 0 0 0 0 0
CNTSET 1 0 1 1 o) 0 0 0 [Contrast Set 1 1 1 0 0 1 o) o) 0 [Display On
RDCTL 1 1 0 0 1 0 0 0 N 1 1 1 1 1 1 0 1 |Enterto Extension Mode
COMSET 1 1 1 0 o) o) 0 0 ESET2 1 0 0 1 0 o) 0 0 [All detections: disabled
CMDXTN 1 1 1 1 1 1 0 Q IODESET3 1 0 1 0 0 0 0 0 |Inversion/FR setting
FRSET 1 1 1 0 1 1 0] CNTSET 1 0 1 1 0 0] 0 0 |Contrast Set
BLKCTL1 1 1 1 1 o) 0 0 RDCTL 1 1 0 0 1 0 0 0 |Read setting
BLKCTL2 1 1 1 1 1 0 0] COMSET 1 1 1 0 0 0 0 0 [COMSet
SADSET 1 1 1 0 o) 0 0 CMDXTN 1 1 1 1 1 1 0 0 |Enter to Normal Mode
ADSET1 0 0 0 0 0 0 0 FRSET 1 1 1 0 1 1 0 1 [Frame Frequency
ADSET2 0 1 0 0 Q 0 0 BLKCTL1 1 1 1 1 0 o) 0 0 |Blink setting
STOP BLKCTL2 1 1 1 1 1 0 0 0 |Data write setting
START SADSET 1 1 1 0 0 0 0 O |SubAddress Set
Slave Address ADSET1 0 0 0 0 0 0 0 0 |Address Setl
Control Byte ADSET2 0 1 0 0 0 0] 0 0 |Address Set2
Display Data STOP
: START
STOP Slave Address 0 1 1 1 1 1 0 0
Control Byte 1 0 0 0 0
Display Data * * * * * * * *
STOP
DISPOFF Sequence
Input Data Descripti
. D7 D6 D5 D4 D3 D2 D1 DO .
START
Slave Address 0 1 1 1 1 1 0 0
Control Byte 0 0 0 0 0 0 0 0
MODESET1 1 1 0 0 0 0 0 0 |Display Off
STOP

(*: do

Abnormal operation may occur in BU91R66CH-M due to the effect of noise or other external factor. To avoid this
phenomenon, it is highly recommended to input command according to sequence described above during initialization,
Display On / Off and refresh of Display Data.
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Cautions in Power On / Off
Please keep Power On / Off sequence as below waveform. To prevent incorrect display, malfunction and abnormal current,
VDD must be turned on before VLCD in power up sequence. VDD must be turned off after VLCD in power down sequence.
Please satisfies t1 > 0 ns, t2 > 0 ns.
To refrain from data transmission is strongly recommended while power supply is rising up or falling down to prevent from the
occurrence of disturbances on transmission and reception.

Figure 44. Recommended Power On / Off Sequence

BU91R66CH-M has “POR” (Power On Reset) circuit and Software Reset function. Kee
On conditions in order to power up properly.

Set power up conditions to meet the recommended tg, tr, torr, and Veor specificati
operation. Set terminal TR = VSS to enable POR circuit.

Ing rec Power

0 ensure POR

VDD R

=N VBOT (Ta =25 OC)
(Note)

torr

Vgot

Less than
0.1V

VSS

Figure 45. Power On / Off Waveform

If it is difficult to keep above conditions, execute the
TR = VDD disables the POR circuit, in such case
command while supply is unstable or below the
alternative to POR function.

as quickly as possible after Power On. Setting
ing sequence. Note that however it cannot accept
ge. Note also that software reset is not a complete

3-wire Serial Interface
1. Set CSB to High level.

2-wire Serial Inte

1. Generate one dummy byte
Conditions SDAI must be “1” as dat8

vbhD _ /
CSB

SCK
SDI

STOP
Condition

Figure 47. CSB Timing

2. Set CSB to low level, then execute Software Reset as
follows:
Send CMDXTN command (FDh)
Send SWRST command (81h)
VIDXTN command (FDh)
Send SWRST command (81h)
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Display Off Operation in External Clock Mode

Clock stop timing in Display Off

After receiving MODESET1 Display Off (DISPOFF), BU91R66CH-M enters to DISPOFF sequence synchronized with frame
then Segment and Common terminals output VSS level.

Therefore, in External Clock Mode, it is necessary to input the external clock (minimum 26 clock pulses) based on each
Frame Frequency setting after sending MODESET1 DISPOFF command.

Command (MODESET1 DISPOFF )

oscto [ L L L L

b »

|
E To Input External Clock at Least 26 H
1 clock pulses or more 1

Frame

SEG

COMAO

COMA1

COMA2

COMA3

<+—— Display On

Figure 48. B

In case of External Clock Mode, a clock signal shal
the LCD in a DC state which is not suitable for the L

| to BU91R66CH-M. Removing the clock may freeze

In Multi-chip Structure in Internal Clo
In multi-chip structure and in internal
Master IC receives Display Off befor,
level not VSS level, then causes ab
Master IC.

signalfor Slave 1 to Slave 3 display are provided by Master IC. So if
ck from Master IC will stop and Slave ICs hold the SEG and COM
vent this issue, DISPOFF must be sent to Slave ICs earlier than to

3 must be set earlier than Master IC to
the panels driven by Slave 1 to Slave 3 ICs.

OFF MODESET1 DISPOFF
vel to Slave3 for Master

<4— Display On in Master IC 1 » <4—— Display Off

Slavel to Slave3

SEG
VSS

VSS

<+—— Display On in Slave 1 to Slave3 IC > <

Display Off

Figure 49. DISPOFF Sequence in Multi-chip Structure

www.rohm.com

© 2016 ROHM Co., Ltd. All rights reserved. 61/69 TS202201-0P3P0D301710-1-2
TSZ22111 + 15+ 001 27.Sep.2019 Rev.002


http://www.rohm.com/

BU91R66CH-M Datasheet

Note on The Multiple Device Connection to 2-wire Serial Interface.
Do not access the other device without power supply (VDD) to the BU91R66CH-M.

MCU BU91R66CH-M

Other Device

Figure 50. Example of BUS Connection

To control the slope of the falling edge, a capacitor is connected between gate and drai
the following figure. The gate is in a high-impedance state when the power supply (VDD
In this condition, the gate voltage is pulled up by the current flow through the capacitan signal's
transition from low to high.

The NMOS transistor turns on and draws some current (Ids) from the SDAO i higher than the

threshold voltage (Vth).

An external resistor (R) is connected between the power line and SDAO lin e as logic high. But the line

cannot be kept as logic high if the voltage drop (R*Ids) is larg

Apply power supply (VDD) to BU91R66CH-M when the multipl

VDD =—g—

Internal Circuit

. SDA Output Cell Structure

Note in Case tha ! ow

ontrolled by MCU, so it set SDAto VSS level only in ACK timing and in output “0”
(SDAO) is stuck at LOW by BU91R66CH-M unexpectedly, MCU should send one

SDAO will be release(i with in this sequence

~

SDAO
SDAI
SCL

=)

g

Dumn‘{y Byte
(9 SCL pulses)

START STOP
Condition Condition

Figure 52. Recovery Sequence from SDA Stuck
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Operational Notes

11.

Reverse Connection of Power Supply
Connecting the power supply in reverse polarity can damage the IC. Take precautions against reverse polarity when
connecting the power supply, such as mounting an external diode between the power supply and the IC’s power

supply pins.

Power Supply Lines

Design the PCB layout pattern to provide low impedance supply lines. Separate the ground and supply lines of the
digital and analog blocks to prevent noise in the ground and supply lines of the digital block from affecting the analog
block. Furthermore, connect a capacitor to ground at all power supply pins. Consider the effect of temperature and
aging on the capacitance value when using electrolytic capacitors.

Ground Voltage
Ensure that no pins are at a voltage below that of the ground pin at any time, even during transi

Ground Wiring Pattern

When using both small-signal and large-current ground traces, the two ground tr
connected to a single ground at the reference point of the application board to
ground caused by large currents. Also ensure that the ground traces of external ¢
on the ground voltage. The ground lines must be as short and thick as possible to

Recommended Operating Conditions
The function and operation of the IC are guaranteed within the ran
conditions. The characteristic values are guaranteed only under the ¢
characteristics.

mended operating
m specified by the electrical

Inrush Current
When power is first supplied to the IC, it is possible that t
instantaneously due to the internal powering sequence al
supply. Therefore, give special consideration to power couplin
routing of connections.

ble and inrush current may flow
the IC has more than one power
ce, power wiring, width of ground wiring, and

Testing on Application Boards

When testing the IC on an application boar
subject the IC to stress. Always discharge ca
should always be turned off complet
process. To prevent damage from
transport and storage.

pacitor directly to a low-impedance output pin may
after each process or step. The IC’s power supply
emoving it from the test setup during the inspection
e IC during assembly and use similar precautions during

Inter-pin Short and Mountin
Ensure that the direction and
damaging the IC. Avgi
Inter-pin
unintenty tween pins during assembly to name a few.

hen mounting the IC on the PCB. Incorrect mounting may result in
ed to each other especially to ground, power supply and output pin.

ft unconnected, the electric field from the outside can easily charge it. The small
is enough to produce a significant effect on the conduction through the transistor and

itic elements can result in mutual interference among circuits, operational faults, or physical damage.
conditions which cause these parasitic elements to operate, such as applying a voltage to an input pin
lower than the ground voltage should be avoided. Furthermore, do not apply a voltage to the input pins when no power
supply voltage is applied to the IC. Even if the power supply voltage is applied, make sure that the input pins have
voltages within the values specified in the electrical characteristics of this IC.

Ceramic Capacitor
When using a ceramic capacitor, determine a capacitance value considering the change of capacitance with
temperature and the decrease in nominal capacitance due to DC bias and others.
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Operational Notes — continued

12. Disturbance Light
In a device where a portion of silicon is exposed to light such as in a WL-CSP and chip products, IC characteristics

may be affected due to photoelectric effect. For this reason, it is recommended to come up with countermeasures that
will prevent the chip from being exposed to light.
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Ordering Information

B U 9 1 R 6 6 C H]| -

M 3 B W

— T T

Part Number

Minimum Order Quantity (MOQ)

— 1

Product Rank
M: for Automotive

Orderable Part Number

Minimum Order Quantity

BU91R66CH-M3BW

3,600 pcs

Marking Diagram

(Bump side down)

Refer to PAD Arrangement for the definition of X/Y coordinates.

Product control number

-
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Packing Quantity
Packing QTY. Tray: 60 pcs/tray
(Standard QTY) Block: 300 pcs/ block (1 block = 5 trays)
Vacuum Pack: 1,800 pcs/vacuum pack (1 vacuum pack = 6 blocks)

Inner Box: 3,600 pcs/inner box (1 inner box = 2 vacuum packs)
Outer Box: 7,200 pcs/ outer box (1 outer box = 2 inner boxes)

Pellet Drawing

PAD No.1—» <+—PAD No. 320

Input Side

PAD No. 156 —» <—PAD No. 157
(Bump side up)

Refer to PAD Arrangement for the definition of X/Y coordinates.
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Package Condition
Products should be aligned to the same direction with bump side up.
“Chamfering” side is aligned with X/Y direction of the chip as shown in the following drawing.

C
AN [RH21010874R-040A |

1

Refer to PAD Arrangement for the definition of X/Y coordi
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Tray Physical Dimension
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Revision History

Date Revision Changes
04.Mar.2019 001 The first release
Updating Minimum Order Quantity and Packing Quantity
217.Sep. 2019 002 Minor modifications by formality check
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Notice

Precaution on using ROHM Products
1. If you intend to use our Products in devices requiring extremely high reliability (such as medical equipment (ot 1),
aircraft/spacecraft, nuclear power controllers, etc.) and whose malfunction or failure may cause loss of human life,
bodily injury or serious damage to property (“Specific Applications”), please consult with the ROHM sales
representative in advance. Unless otherwise agreed in writing by ROHM in advance, ROHM shall not be in any way
responsible or liable for any damages, expenses or losses incurred by you or third parties arising from the use of any
ROHM'’s Products for Specific Applications.

(Notel) Medical Equipment Classification of the Specific Applications

JAPAN USA EU CHINA
CLASSII CLASSIb
CLASSIV CLASSII CLASSII CLASSII

2. ROHM designs and manufactures its Products subject to strict quality control system. However, semiconductor
products can fail or malfunction at a certain rate. Please be sure to implement, at your own responsibilities, adequate
safety measures including but not limited to fail-safe design against the physical injury, damage to any property, which
a failure or malfunction of our Products may cause. The following are examples of safety measures:

[a] Installation of protection circuits or other protective devices to improve system safety
[b] Installation of redundant circuits to reduce the impact of single or multiple circuit failure

3. Our Products are not designed under any special or extraordinary environments or conditions, as exemplified below.
Accordingly, ROHM shall not be in any way responsible or liable for any damages, expenses or losses arising from the
use of any ROHM'’s Products under any special or extraordinary environments or conditions. If you intend to use our
Products under any special or extraordinary environments or conditions (as exemplified below), your independent
verification and confirmation of product performance, reliability, etc, prior to use, must be necessary:

[a] Use of our Products in any types of liquid, including water, oils, chemicals, and organic solvents

[b] Use of our Products outdoors or in places where the Products are exposed to direct sunlight or dust

[c] Use of our Products in places where the Products are exposed to sea wind or corrosive gases, including Clz,

H2S, NH3, SO2, and NO2

[d] Use of our Products in places where the Products are exposed to static electricity or electromagnetic waves

[e] Use of our Products in proximity to heat-producing components, plastic cords, or other flammable items

[f] Sealing or coating our Products with resin or other coating materials

[g] Use of our Products without cleaning residue of flux (Exclude cases where no-clean type fluxes is used.
However, recommend sufficiently about the residue.); or Washing our Products by using water or water-soluble
cleaning agents for cleaning residue after soldering

[h] Use of the Products in places subject to dew condensation

4. The Products are not subject to radiation-proof design.
5. Please verify and confirm characteristics of the final or mounted products in using the Products.

6. In particular, if a transient load (a large amount of load applied in a short period of time, such as pulse, is applied,
confirmation of performance characteristics after on-board mounting is strongly recommended. Avoid applying power
exceeding normal rated power; exceeding the power rating under steady-state loading condition may negatively affect
product performance and reliability.

7. De-rate Power Dissipation depending on ambient temperature. When used in sealed area, confirm that it is the use in
the range that does not exceed the maximum junction temperature.

8. Confirm that operation temperature is within the specified range described in the product specification.

9. ROHM shall not be in any way responsible or liable for failure induced under deviant condition from what is defined in
this document.

Precaution for Mounting / Circuit board design
1. When a highly active halogenous (chlorine, bromine, etc.) flux is used, the residue of flux may negatively affect product
performance and reliability.

2. In principle, the reflow soldering method must be used on a surface-mount products, the flow soldering method must
be used on a through hole mount products. If the flow soldering method is preferred on a surface-mount products,
please consult with the ROHM representative in advance.

For details, please refer to ROHM Mounting specification

Notice-PAA-E Rev.004
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Precautions Regarding Application Examples and External Circuits
1. If change is made to the constant of an external circuit, please allow a sufficient margin considering variations of the
characteristics of the Products and external components, including transient characteristics, as well as static
characteristics.

2. You agree that application notes, reference designs, and associated data and information contained in this document
are presented only as guidance for Products use. Therefore, in case you use such information, you are solely
responsible for it and you must exercise your own independent verification and judgment in the use of such information
contained in this document. ROHM shall not be in any way responsible or liable for any damages, expenses or losses
incurred by you or third parties arising from the use of such information.

Precaution for Electrostatic
This Product is electrostatic sensitive product, which may be damaged due to electrostatic discharge. Please take proper
caution in your manufacturing process and storage so that voltage exceeding the Products maximum rating will not be
applied to Products. Please take special care under dry condition (e.g. Grounding of human body / equipment / solder iron,
isolation from charged objects, setting of lonizer, friction prevention and temperature / humidity control).

Precaution for Storage / Transportation
1. Product performance and soldered connections may deteriorate if the Products are stored in the places where:
[a] the Products are exposed to sea winds or corrosive gases, including Clz, H2S, NHs, SO2, and NO2
[b] the temperature or humidity exceeds those recommended by ROHM
[c] the Products are exposed to direct sunshine or condensation
[d] the Products are exposed to high Electrostatic

2. Even under ROHM recommended storage condition, solderability of products out of recommended storage time period
may be degraded. It is strongly recommended to confirm solderability before using Products of which storage time is
exceeding the recommended storage time period.

3. Store / transport cartons in the correct direction, which is indicated on a carton with a symbol. Otherwise bent leads
may occur due to excessive stress applied when dropping of a carton.

4. Use Products within the specified time after opening a humidity barrier bag. Baking is required before using Products of
which storage time is exceeding the recommended storage time period.

Precaution for Product Label
A two-dimensional barcode printed on ROHM Products label is for ROHM’s internal use only.

Precaution for Disposition
When disposing Products please dispose them properly using an authorized industry waste company.

Precaution for Foreign Exchange and Foreign Trade act

Since concerned goods might be fallen under listed items of export control prescribed by Foreign exchange and Foreign
trade act, please consult with ROHM in case of export.

Precaution Regarding Intellectual Property Rights
1. All information and data including but not limited to application example contained in this document is for reference
only. ROHM does not warrant that foregoing information or data will not infringe any intellectual property rights or any
other rights of any third party regarding such information or data.

2. ROHM shall not have any obligations where the claims, actions or demands arising from the combination of the
Products with other articles such as components, circuits, systems or external equipment (including software).

3. No license, expressly or implied, is granted hereby under any intellectual property rights or other rights of ROHM or any
third parties with respect to the Products or the information contained in this document. Provided, however, that ROHM
will not assert its intellectual property rights or other rights against you or your customers to the extent necessary to
manufacture or sell products containing the Products, subject to the terms and conditions herein.

Other Precaution
1. This document may not be reprinted or reproduced, in whole or in part, without prior written consent of ROHM.

2. The Products may not be disassembled, converted, modified, reproduced or otherwise changed without prior written
consent of ROHM.

3. In no event shall you use in any way whatsoever the Products and the related technical information contained in the
Products or this document for any military purposes, including but not limited to, the development of mass-destruction
weapons.

4. The proper names of companies or products described in this document are trademarks or registered trademarks of
ROHM, its affiliated companies or third parties.

Notice-PAA-E Rev.004
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General Precaution
1. Before you use our Products, you are requested to carefully read this document and fully understand its contents.
ROHM shall not be in any way responsible or liable for failure, malfunction or accident arising from the use of any
ROHM’s Products against warning, caution or note contained in this document.

2. All information contained in this document is current as of the issuing date and subject to change without any prior
notice. Before purchasing or using ROHM'’s Products, please confirm the latest information with a ROHM sales
representative.

3. The information contained in this document is provided on an “as is” basis and ROHM does not warrant that all
information contained in this document is accurate and/or error-free. ROHM shall not be in any way responsible or
liable for any damages, expenses or losses incurred by you or third parties resulting from inaccuracy or errors of or
concerning such information.

Notice — WE Rev.001
© 2015 ROHM Co., Ltd. All rights reserved.



	General Description
	Features
	Key Specifications
	Special Characteristics
	Applications
	Package
	Contents
	Typical Application Circuit
	Block Diagram
	Terminal Description
	Recommended ITO Layout
	Terminal Resistance

	PAD Arrangement
	Dimension
	PAD Coordinates
	Absolute Maximum Ratings (VSS = 0 V)
	Recommended Operating Conditions
	Electrical Characteristics
	DC Characteristics
	Oscillation Characteristics
	2-wire Serial Interface Characteristics
	3-wire Serial Interface Characteristics

	I/O Equivalence Circuit
	MCU Interface
	START and STOP Condition (2-wire)
	Acknowledge (ACK) (2-wire)
	Command / Display Data Transfer Method (2-wire)
	Display Data Transfer Method (2-wire)
	Display Data Read-back Method (2-wire)
	Command Registers Read-back Method (2-wire)
	Command / Display Data Transfer Method (3-SPI)
	Command Transfer Method (3-SPI)
	Display Data Transfer Method (3-SPI)
	Display Data Read-back Method (3-SPI)
	Command Registers Read-back Method (3-SPI)

	OSC (Oscillator)
	SYNC CTRL (Multi-chip Structure)
	LCD Driver Voltage Generator / LCD Bias Selector
	POR and Reset Initialize Condition
	Blink Control (Blink Timing Generator)
	Error Detection
	Glass Breaking Detection
	Checksum Detection
	Logic Error Detection
	SEG / COM Toggle Detection
	Contact Resistance Check

	Command / Function List
	Detailed Command Description
	1. Mode Set 1 (MODESET1)
	2. Address Set1 (ADSET1)
	3. Address Set2 (ADSET2)
	4. Sub Address Set (SADSET)
	5. Frame Rate Set (FRSET)
	6. Blink Control1 (BLKCTL1)
	7. Blink Control2 (BLKCTL2)
	8. Command Extension (CMDXTN)
	9. Software Reset (SWRST)
	10. Mode Set 2 (MODESET2)
	11. Mode Set 3 (MODESET3)
	12. Contrast Setting (CNTSET)
	13. Read Control (RDCTL)
	14. Checksum (CHKSUM)
	15. COM Set (COMSET)

	LCD Driving Waveform
	1/3 Bias, 1/4 Duty Drive
	1/2 Bias, 1/4 Duty Drive
	1/3 Bias, 1/3 Duty Drive
	1/2 Bias, 1/3 Duty Drive
	1/3 Bias, 1/2 Duty Drive
	1/2 Bias, 1/2 Duty Drive
	Static Drive

	Example of Display Data
	Initialize Sequence
	Start Sequence
	Start Sequence Example1
	Start Sequence Example2

	Cautions in Power On / Off
	Display Off Operation in External Clock Mode
	In Multi-chip Structure in Internal Clock Mode
	Note on The Multiple Device Connection to 2-wire Serial Interface.
	Note in Case that the SDA is stuck at LOW
	Operational Notes
	1. Reverse Connection of Power Supply
	2. Power Supply Lines
	3. Ground Voltage
	4. Ground Wiring Pattern
	5. Recommended Operating Conditions
	6. Inrush Current
	7. Testing on Application Boards
	8. Inter-pin Short and Mounting Errors
	9. Unused Input Pins
	10. Regarding the Input Pin of the IC
	11. Ceramic Capacitor
	12. Disturbance Light

	Ordering Information
	Minimum Order Quantity (MOQ)
	Marking Diagram
	Packing Quantity
	Pellet Drawing
	Package Condition
	Tray Physical Dimension
	Revision History



