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1. Module Classification Information

S0G24006437BTN - ELLW
i ¢ £ o ¥ | § )
Brand Shelly Associates Inc.
Display Type SOG COGType

Display Font 240x 64 dots
Model serials noA
Backlight Type LW LED, White

g th & —

#H

i LCD Mode EL FSTN Negative

§ LCD Polarize E Transmissive, W. T, 6:00
Type/ Temperature

range/ View
direction
Special Code #:Fit in with the ROHS Directions and regulations
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2. Precautions in use of LCD Modules

(1)Avoid applying excessive shocks to the module or making any alteratiomsdifications to it.

(2) Don6ét make extra holes on the printed circ
LCD module.

(3) Donét disassemble the LCM.

(4) Dondét operate it above the absolute maxi mu

(5) Donét drop, bend or twist LCM.

(6)Soldering: only to the I/O terminals.

(7)Storage: please storage in astttic electricity container and clean environment.

(8) The factory hasghe right to change the passive components

(9) The factory hasghe right to change the PCB Reuv.

(@)}

3.General S pecification

Item Dimension Unit
Number of Characters 240 x 64 dots
Module dimension 142.5 51.7x 14.9AMAX) mm
View area 130.2x 37.6 mm
Active area 127.065x 33.841 mm
Dot size 05x05 mm
Dot pitch 0.53x 0.53 mm
LCD type FSTN Negative Transnissive
(In LCD production, It will occur slightly color difference. We (
only guarantee the same color in the same batch.)
Duty 1/64
View direction 6o00cl ock
Backlight Type LED White
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4 .Absolute Maximum Ratings

ltem Symbol Min Typ Max Unit
Operatirg Temperature Top -20 +70
Storage Temperature Tst -30 +80
Input Voltage V, Vss Vop Vv
Supply Voltage For Logic VbD-Vss -0.3 3.3 5.0 Vv
Supply Voltage For LCD Vop-Vo -0.3 * 18 V
5.Electrical Characteristics
ltem Symbol Condition Min Typ Max Unit
Supply Voltage FoLogic Vop-Vss 3.0 3.3 3.6 \%
Ta=20
Vv
Supply Voltage For LCD Vpp-Vo Ta=25 9.3 | 100 10.7 \Y
Vv
Ta=70
Input ngh \olt. VH 0.8 Vbp Vb V
|ﬂpUt Low \olt. Vi Vss 0.2Vpp V
OUtpUt ngh \olt. VoH 0.8 Voo Vop V
Output Low \olt. VoL Vss 0.2Vop \Y
Supply Current(No includ I Vi 233V A
=3. m
LED Backlight) o o 151 25
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6.0ptical Characteristics

ltem Symbol Condition Min Typ Max Unit

(V) CR 2 30 60 deg
View Angle

(H). CR 2 -45 45 deg
Contrast Ratio CR 5

T rise 200 300 ms
Response Time

T fall 200 300 ms

Definition of Operation Voltage (Vop)

Intensity Selected Wave
100 - Non-selected Wave
CrMaxp----------
Cr=Lon/ Loff
vop .
Driving Voltage(V)
[positive type]
Conditions :

Definition of Response Time ( Tr, Tf)

Non-selected

Non-selected

Conition

Operating Voltage : Vop  Viewing Angle(

Frame Frequency : 64 HZ Driving Waveform : 1/N duty , 1/a bias

Definition of viewing angle(CR 2)
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7 .Interface Pin Function

Pin No.| Symbol Level Description
1 NC No connection
2 FR @) This is the liquid crystal alternating curresignal terminal.
3 CL I/0 This is the display clock input terminal
The following is true depending on the M/S and CLS statt
M/S | CLS CL
aen | H? Cutput
H L Input
u “H” nput
L Input
4 /IDOF 0] This is the LCD blanking control terminal.
5 /CS1 H/L This is the chip select si
i Hb, t h ehip sdleltdecomes active, and data/commg
6 cs2 H/L I/O is enabled.
7 /IRES I When / RES is set to AL, 0 t
The reset operation is performed by the /RES signal level
8 A0 H/L This is connect to the least signifitait of the normal MPU
address busnd it determines whether the data bits are d3
a command.
AO0O = MfAHoO: I ndicates that I
AO = ALO: Il ndi cates that I
9 /WR HL |A When connected tactivea@W.8 O §
(R/W) This terminal connects to the 8080 MPU /WR sign4
The signals othe data bus are latched at the rising edge ¢
/WR signal.
A  When connected to a 680(
This is the read/write control signal input terminal.
When R/ WRead. i HO :
When R/W = ALO: Write.
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10 /RD I A When connected to an SOﬂ
(E) This pin is connected to the /RD signal of the 8080 M
and theST7565S series data bus is in an output status wh
this signal i s ALO.

A When c o r680@ Seties MPUL this isaactive HIG
This is the 6800 Series MPU enable clock input terminal.

11 DBO H/L Databus line

12 DB1 H/L Databus line

13 DB2 H/L Databus line

14 DB3 H/L Databus line

15 DB4 H/L Databus line

16 DB5 H/L Databus line

17 DB6 H/L Databus line

18 DB7 H/L Databus line

19 Vop 3.3V [Supply Voltage for logic

20 Vss ov Ground

21 Vout Operating voltage for LCD

22 C3

23 Cl+

24 Cl-

25 C2-

26 C2+
This is a multilevel power supply for the liquid crystdfive.

27 V1 The voltage Supply applied is determined by the liquid cry
cell, and is changed through the use of a resistive voltage

28 V2 divided or through changing the impedance using an op.
Voltage levels are determined based on VDD, and must
maintain therelative magnitudes shown below.

29 V3 VDD (=V0)| V1| V2| V31| V4| V5
When the power supply turns ON, the internal power supj

30 V4 circuits produce the V1 to V4 voltages shown below. The
voltage settings are selected using the LCD bias set com

1/65 DUTY | 1/49 DUTY | 1/33DUTY | 1/55DUTY | 1/53 DUTY
V| 1/8*VE 1/7*VE[1/8*V5 1/6"V5|1/6°V5 1/5"V5 | 1/8"V5, 1/6*V5[1/8"V5 1/6°V5

31 V5 V2|2/9%V5 2/T*V5| 2185, 2/6*V5|2/6°V5 2155 [2/8*V5, 2/6V5 | 2/8"V5 2/6*V5
W3[TI9ME, 5ITTVE| 68D, 4I6VE |46 VE 39V E|6/8* V5 4/6™V5|6/8*V 5D 4/6™V5
V4|8/9*V5,6/7V5 | T/8*V5,5/6"V5|5/6°V5,4/5°V5 7/8*V5,5/6* V5| 7/87V5 5/6"V5

32 VR Output voltage regulator terminal. Provides the voltage

between VDD and
V5 through a resistive voltage divider.

I RS = fALO the V5 voltaggd
used .
| RS = AHO : t he VHQlresistdrdacegy
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33 C86 This is the MPU interface switch terminal.
C86 = AHO: 6800 Series MPJ
C86 = nLoO: 8080 MPU interHf
34 P/S This is the parallel data input/serial data input switch term
P/'S = AHO: Parall el dat a i
PIS=iL0o: Serial data input.
The following applies depending on the P/S status:
P/s Data/Command Data Read/\Write | Serial Clock
“He AD DOto DY | /RD, /WR X
o AD sS1 (D7) Write only | SCL (DB)
When P/S = ALO, DO to D5 f
/| RD (E) and [/ WR (R/ W) are
With serial data input, It is impossible read data from RAN
35 NC No connection
36 NC No connection
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8 .Contour Drawing

& Block Diagram

1

40 1272
r‘“’ ]
T — —
D q_,I a u_, _O>
368 63.6
| O
4-R0.3 STIFFNER CONTACTSIDE @ |£
,,,,, - a %2 n o
3 % | O32PTH | R R 8 Y _— g
p=t 3.4 CN1 N2 S I:I
g = S © B)
5 s 32PTH 5 CN3 50, [SYMBOL
. 4-RTO k3 B CN1-MASTER(IC1) 1 | ANODE
3 240764 POTS SBIS g CN2-SLAVE(IC2) > [CATHODE
< —
5’3 ﬁ $ © 3 3 PINNO. [SYMBOL PINNO.|SYMBOL PINNO.|SYMBOL
0 8 View Direction S} O {- 1 NC 13 DBZ 25 Cz.
2 035PTHM’ " o’ View Ditetion 2 FR 14 DB3 26 Co+
4.0678 L[, TZ7TE5(AA) 5 L7 3 [ CL |15 | DB4 |27 | VI
2 5iVax) T30.2 (V.A) > T 51
FHE o W] S s 4 | /DOF |16 | DB5 | 28 | V2
— 72503 e 5 [/cSl |17 | DB6 [ 20 | V3
N " 6 | CS2 |18 | DB7 |30 | V4
il I i 7 | /RES |19 | VDD | 31 | V5
n|.|L¢=ﬂ of < 8 | A0 |20 | VSS |32 | VR
LED+ [ 9 /WR 21 | VOUT | 33 C86
1242 |L 3.0 10 | /RD |22 | C3- |34 | PiS
11 DBO 23 Cil+ 35 NC
185 QTY of LED chips E>- 12 | DBL | 24 C1- 36 NC
= 35185AE:7chips B
0.5 P0.5*35=17.5 The non-specified tolerance of dimension is j .3 mm .
| W=0.25 | > 053
F— | i‘;l:Fo.s
q 9
Contact Side| @@
| SCALE 2T ale
e DOT SIZE
 E— SCALE IOV
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9 .Function Description

The MPU Interface

Selecting the Interface Type

With the ST7565S chips, data transfers are done througtbaparallel data bus (D7 to DO) orttugh

a serial datanput (SI). Through selecting the P/ S terminal polarity toithédd or AL O it i s
select either parallelata input or serial data input as shown in Table 1.

Table 1
PIS /CS1 cs2 AD IRD IWR C86 D7 D& D5~D0
H: Parallel Input /CS1 C52 A /RD WR C86 D7 D& Da~D0
L: Serial Input /CS1 C52 AD — — — Sl SCL (HZ)

“—" indicates fixed to either "H" or to “L"
The Parallel Interface
When the parallel interface has been delecd ( P /tl#n itigipbk8ible, to connect directly to either
an8080-system MPU or a 6800 Series MPU (shown in TableyXelecting the C86 terminal to either
AHO or to ALO.

Table 2
C86 (P/S=H) iCs1 cs2 AD E(/RD) RM;’WR D7~D0
H: 6800 Series ICS1 Cc52 Al E RAN D7~Da
L: 8080 Series ICS1 cs52 Al /RD WR D7~D0o

Moreover, data bus signals are recognized by a combinztidd, /RD (E) /WR (R/W) signals, as
shown in Table 3.

Table 3
Shared 6800 Series B080 Series )
Function

AD RW IRD 'WR

1 1 0 1 Reads the display data

1 0 1 0 Writes the display data

0 1 0 1 Status read

0 0 1 0 Write control data (command)

The Serial Interface

When the serial I nterfacevhhas ttheert hd @l a st ach (aR.
and CS 2thesseriél Hata)input (SI) and the serial clock input (SCLbeareeived. The serial data

is read from the serial data ingait in the rising edge of the serial clocks D7, D6 throughi@is

order. This data is converted to 8 bits parallel datherrising edge of the eighth serial clock for the
processing.

The AOinput is used to determine whether or the serial id@tat is display data or command data; when
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A0 = ndat athe di splay dat a, acondmandidaar ThAAD inputidi L 0 |
read and used for detectiexery 8th rising edge of thsrial clock after the chipecomes active. Figure
1 is a serial interface signal chart.

—
G O0000000000006
Sy

AD £ ¥

Figure 1

CSl1

* When the chip is not active, the shift registers and the counter are reset to their initial states.

* Reading is not possible while in serial interface mode.

* Caution is required on the SCL signal when it comes todiné reflections and external noise. We
recommend that operatidre rechecked on the actual equipment.

The Chip Select

The ST7565S have two chip select terminals: /CS1 and CS2.

The MPU interface iothe seriainterfacese nabl ed only when [/ CS1 = fALO
When the chip select is inactive, DO to D7 enter a higledance state, and the A0, /RD, and /WR inputs
areinactive. When the serial interface is selected, the iIgdgfster and the cotaer are reset.

The Accessing the Display Data RAM and the Internal Registers

Data transfer at a higher speed is ensured since the Mlised to satisfy the cycle time (tCYC)
requirement alone iaccessing the ST7565S. Wait time may not be considered.

And, in the ST7565S, each time data is sent from the MRybesof pipeline process between LSIs is
performed througlthe bus holder attached to the internal data bus.

Internal dataus.

For example, when the MPU writes data to the displayRAfd, once the data is stored in the bus
holder, then it isvritten to the display data RAM before the next data vaytde. Moreover, when the

MPU reads the display data RARhe first data read cycle (dummy) stores the read data buthbolder,
and then theata is read from the bus holderth@ system bus at the next data read cycle.

There is a certain restriction in the read sequence dlispéay data RAM. Please be advised that data of
thespecified address is not generated by the read instrussioedmmediately after the address setup.
This data iggenerated in data read of the second time. Thus, a dueadys required whenever the
address setugr write cycle operation is conducted.

This relationship is shown in Figure 2.

The Busy Flag

Whenthebsy fl ag i s fAl1l0 it irunmdngiotarmakpsocessésaand at thisetimesSnd 7 5
commandaside from a status read will be received. The busy flagtputted to D7 pin with the read
instruction. If the cycle tim@CYC) is maintained, it imot necessary to check for this flagfore each

command. This makes vast improvement®IiPU processing capabilities possible.
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MPU
=

DATA

.
=

Reading

ML
g

8 Adreee D
Address Preset

(=T
= |

£| Read Signal :

- I

Column Address X Preset N X Increment N+1 >< N+2 X
Bus Holder >< N >< n >< n+ >< n+2

1ternal

Address Set Dummy Data Read
" . Data Read #n .y
#n Read #n+1
Figure 2

Display Data RAM

The display data RAM stores the dot data for the LCD. 1&h&fs (8 page x 8 bit +1) x 132 bit structure.
As is shown in Figure 3, the D7 to DO display data fromMIRJ corresponds to the LCD display
common directionthere are few constraints at the time of display data trawsken multiple ST7565S
are used, thus and displstyuctures can be created gaand with a high degree &feedom.Moreover,
reading from and writing to the display RAM fraime MPU side is performed through the 1/O buffer,
which is anindependent operation from signal reading for the ligmydtal driver. Consequently, even if
the display data RAM iaccessed asynchronously during liquid crystal display, itnetlicause adverse
effects on the display (such as flickering).
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Do |0 '- B 0 COMO o
Dl 1 1] { 0 o I COMI o
D2 ] { {0 1] o 0 COM? o
D3 10 '- N 0 COMS3 N
D J [l | o | Ct o
Display data RAM Liguid crystal display
Figure 3

The Page Address Circuit

Page address of the display data RAM is specified thrthegRage Address Set@mand. The page
address must b#pecified again when changing pages to perform access.

Page address 8 (D3, D2, D1, D0 =1, 0, 0, 0) is a s{eaisl for icons, and only display data DO is used.
(see Figure 4)

The Column Addresses

The display data RAM columaddress is specified by t@®lumn Address Set command. The specified
columnaddress is incremented (+1) with each display dsgd/write command. This allows the MPU
display data to baccessed continuously. Moreover, the incrementirgplfmn address stops with

83H. Because the colunamdress is independent of the page address, when mforiegample, from
page 0 column 83H to page 1 column Okl necessary to respective both the page address and the
column addresg-urthermore, as is shownTrable 4, the ADC commandegment driver direction select
command) can be usedrverse the relationship between the display data RélMmn address and the
segment output. Because of this constraints on the IC layout when the LCD modusssemb#d can
be minimized. As is shown in Figure 4,

Table 4
SEG Output
ADC SEGO SEG 131
(DO} 0 0(H) — Column Address — 83 (H)
(DO) ™1° 83 (H) « Column Address« 0 (H)

The Line Address Circuit

The line address circuit, as shown in Table 4, specifielshaddress relating to the COM output when
the contents dahe display data RAM are displayed. Using the display ktertaddress set command,
what is normally the top line dlie display can be specified (this is the COMO output vithertommon
output mode is normal, and the COMG63 outjoutST7565S , the detail is shown page.11 The display

areais a 65 line area for tHeT7565S.
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If the line addresses are changed dynamically usinditipday start line address set command, screen
scrolling,page swapping, etc. can be performed.

Page Address | Line | When the common | | COM
DalDz| D1 D0 Address | | outputiznormal | Cutput
00H ~ = COMD
D1H y COM1
02H COM2
o D3H COM3
plejoge Page 0 D4H A COM4
05H - COMS
D&H = COME
o7H = COM?T
03H COMB
DaH COMS
DAH COMIO0
0BH COM11
o|o|o | 1 Page 1 T
A ocH & COM12
0DH = COM13
DEH o COMi4
DFH COM15
10H w COMIG
11H it COMTT
120 | = COMIB
ololalo Page 2 130 e COMIS
= 14H COMZ0
15H = COMZ1
16H .= COM22
17H <r COMZ3
i CONzA
190 COMZ5
TAR COMZ5
. 160 COMZT
olepr Page 3 1CH | : COM25
oA | | [ * COM23
1ER COM30
1FH Start P COM31
20H Do COM32
21H P COM33
27H P COM34
iy 23H P COM35
of1|o]o Page 4 54 P COM36
25H Pl COM3T
26H b COM3S
27H P COM33
28H P COM40
29H P COM41
250 P COMAZ
260 P COM43
age § : i
S Page S 2CH Pl COM34
2DH P COM4S
2EH o | COM45
2FH @ L[ comar
30H = COM48
31H = CON4d
37H . L COMS0
33H P COMB1
ans 6 i H
oo Page 6 34H o COMS2
34 | [ [comss
38H Pl COM54
| 37H P COMSS
38H P COMSE
380 P COMST
3AH v COMS3
IBH | / COMSS
ol Page 7 3CH COMED
30H COMG1
3EH ] COMG2
| | 3FH -, |_ COME3
1[ofo]o Page 8 . COMS
_ T ~ A 'a'r_'d fess ?:r'-.'h'e'd'is'p'la'-,:'i
glz|88| |88 58] ElRIEIEIEE 5 8 &||=]5 H_’Eémﬁ?f:?dl."-.?-:idéifﬁnne. ;
T =] VALt ==A B4R [ine ¥
glels|gk|lkplel@ gleleles|alsls8||-|8[TBE |iHedy=enie |
:1-'35du‘.',' ==32th line, H
= alslelg @lmla = fa e 1I55duty =>54th line, 1
[=H Bl ] w | [~ | = Nl B R R T R R e R 5 e —m
35|83 |3 @888 Slelelsloliolalzls Q5 'Ifuill.ii_—f:f?h":_"j
Figure 4
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The Display Data Latch Circuit

The display data latch circuit is a latch that temporatdyesthe display data that is output to the liquid
crystaldriver circuit from the display data RAM.

Because the display normal/reverse status, display ON#@i¥ks, and display all points ON/OFF
commands contrainly the data within the latch, they dotrthangdhe data within the display data

RAM itself.

The Oscillator Circuit

This is a CRtype oscillator that produces the display clock.

The oscillator circuit is =onilHhdo.enabl ed when M/
When CLS = ALO t he oteroalclodk s inputdhmough the @Lserminaln d t he
Display Timing Generator Circuit

The display timing generator circuit generates the tirsiggal to the line address circuit and the display
data latclrircuit using the display clock. The display data isHat intothe display data latch circuit
synchronized with the displayfock, and is output to the data driver output terminal.

Reading to the display data liquid crystal driver circuitsoimpletely independent of accesses to the
display data RAMyy theMPU. Consequently, even if the display data RAMdsessed asynchronously
during liquid crystal display, theie absolutelyno adversesffect (suchasflickering) on the display.
Moreover, the display timing generator circuit generatesah@mon timingand the liquid crystal
alternating currengignal (FR) from the display clock. It generates a drive vilava using a 2 frame

alternating current drive method, asiswn in Figure 5, for the liquid crystal drive circuit.
Two-frame alternating current drive waveform

] 2 K 4 5l 5l Al 62 3 64 65 ] 1 3 4

o (U o U At

SEGn

Figure 5
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The Common Output Status Selet Circuit

In the ST7565S chips, the COM output scan direction caeleeted by the common output status select
command(See Table 6.) Consequently, the constraints in IC laydheatme of LCD module assembly
can be minimized.

Table &
COM Scan Direction

1/65 DUTY 1/49 DUTY 1/33 DUTY 1/55 DUTY 153 DUTY

Mormal COM0O — COME3 | COMO — COM4T | COMO — COM31 | COMD — COMS3 | COMO — COMAE
Reverse | COM63 — COMOD | COM4T7 — COMD | COM31 — COMO [ COMS53 — COMO | COMS1 — COMOD

Status

Duty Cqm Common output pins
dir | com[0:15] | com[16:23] | com[24:26] | com[27:36] | com[37:39] | com[40:47] | com[48:63] | coms
165 a com[0:63] coms
1 com[B3:0] coms
1/49 0 com[0:23] reserve com[24:47] coms
1 com[47:24] reserve com[23:0] coms
1/33 a com[0:15] reserve com[16:31] | coms
1 com[31:16] reserve com[15:0] | coms
/55 0 com([0:26] reserve com[27:53] coms
1 com[53:27] reserve com[26:0] coms
153 0 com[0:25] reserve com[26:51] coms
1 com[51:26] reserve com[25:0] coms

The LCD Driver Cir cuits

These are a 18@hannel that generates four voltage levetgdriving the LCD The combination of the
display data, th€ OM scan signal, and the FR signal produces the licpystal drive voltage output.
Figure 6 shows examples of the SEG and CQiipatwave form.
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COMO to
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Figure 6
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The Power Supply Circuits

The power supply circuits are lepower consumption powsupply circuits that generate the voltage

levels required fothe LCD drivers. They are Booster circuits, voltage reguldtouits, and voltage
follower circuits. They are only enabladmaster operation.
The power supply circuits can turn tBeoster circuits, the voltage regulator circuits, andvtiitage
follower circuits ON or OFF independently throuthie use of the Power Control Set command.
Consequently, its possible to make an external power supply and the inteomadr supply function
somewhat in parallel. Table 7 shotlie Power Control Set CommanB data control functiorand
Table 8 shows reference combinations.

Table 7
bit function " ﬁtatusﬁ "
“1 0
D2 Booster circuit control bit ON OFF
01 YVoltage regulator circuit control bit (ViR circuit) ON OFF
Do YVoltage follower circuit control bit  (V/F circuit) ON OFF

The Control Details of Each Bit of the Power Control Set Command

*

Table 8
External
Use Settings D2 D1 DO Voltage (Voltage |Voltage voitage Step-up
hooster regulator (follower input voltage
Only the internal power supply is used 1 (R ON ON ON Vasz Used
Only the voltage regulator circuit and the e
voltage follower circuit are used 0 I OFF ON ON vour, Vss2 Open
Only the W/F circuit is used 0 0 1 OFF OFF ON Wa, Vss2 Open
Only the external power supply is used 0 0 o OFF OFF OFF Vito Ws Open
Reference Combinations
T h e-upfgsstteepm t er mi nal s & CAR2+, EAP2, @l EAPS., CAP1

* While other combinations, not shown above, are also possible, these combinations are not

recommendetiecause they have no practical use.
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The Stepup Voltage Circuits

Using the stequp voltagecircuits equipped within th8T7565S chips it is possible to product a
2X,3X,4X,5X or 6Xstepup of the VDDi VSS2 voltage levels.

6X stepup: Connect capacitor C1 between CAP1+ @AdPli , between CAP2+ and CAP2between
CAP1+ and CAPB, between CAP2+ ahCAP4 ,between CAP1+ and CAPSandbetween VSS2 and
VOUT, to produce a voltagevel in the negative direction at the VOWArminal that is 6 times the
voltage levebetween VDD and VSS2.

5X stepup: Connect capacitor C1 between CAP1+ @AdP1i , betweerCAP2+ and CAPR, between
CAP1+ and CAPB, between CAP2+ andAP4, and between VSS2 and VOUT,gooduce a voltage
level in the negative directicat the VOUT terminal that is 5 times the voltdgeel between VDD and
VSS2.

4X stepup: Connect capacitor Gietween CAP1+ anGAP1, between CAP2+ and CAP2between
CAP1+ and CAPB, and between VSS2 aMDUT, to produce a voltage level in the negativection at
the VOUT terminal that is 4 times theltage level between VDD and VSS2.

3X stepup: Connect cagritor C1 between CAP1+ and CARbetweerCAP2+ and CAPR and
between VSS2 and VOUT, and shbetween CAPBand VOUT to produce voltagésvel in the
negative direction at the VOUErminal that is 3 times the voltage differeteween VDD and VSS2.
2X stepup: Connect capacitor C1 between CAP1+@AdPli, and between VSS2 and VOUT, leave
CAP2+ open, and short between CAPCAP3 and VOUT to produce a voltage in thegative
direction at the VOUT terminal that t&ice the voltage between VDD and VSS2.

The stepup voltage relationships are shown in Figure 7.
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* The Vss2 voltage range must be set so that the VouT terminal voltage does not exceed the absolute maximum rated value.

Y

Vour=5zVssr=- 11V ee——

fix step-up voltage circuit

Vour=6xVss=-12V

iy step-up voltage relationships

Figure 7
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The Voltage Regulator Circuit

The stepup voltage generated at VOUT outputs the Laver voltage V5 through the voltage regulator
circuit. Because the ST7565S chips have an internal&ighrag fixed voltage power supply with a
64-level electronic voluméunction and internal resistors for the V5 voltage regulatstems can be
constructed without having to inclutiegh-accuracy voltage regulator circuit components.

(VREG thermal gradients ppoximate-0.05%/°C)

(A) When the V5 Voltage Regulator Internal Resistors Are Used

Through the use of the V5 voltage regulator internal resiatadghe electronic volume function the
liquid crystal powesupply voltage V5 can be controlled by commands&{without adding any
external resistors), making it possibleamtjust the liquid crystal display brightness. The V5 vol@ae
be calculated using equationldover the range whete/5 | < | VOUT |.

FarL
. - aes; .
V5= ( LA ). VEV
Jh'. |:.|II
-~ Kb g
- JII _.- - JII -
( a"?"-}:'-" (
P '..'. . —_ ’ IIr _ l:-’!" . '.."-_.' ._(.
[ S ( .-"ﬁ_?) i ]

4 4 VoD

,) ® VrEG

o
/6

7_’— VEv(constant voltage supply+electronic volume)
Internal Ra §

+

Internal Rh

Figure 8

VREG is the IGinternal fixed voltage supplynd its voltage at Ta = 25°C is as shown in Table 9.

Table 8
Part no. Equipment Type Thermal Gradient VREG
STT7565S5 Internal Power Supply —0.05 %/°C -2.1V
U is set to 1 level of 64 possible | evels by t
6-bit electronicv ol ume regi sters. Table 10 shows the val
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register settingfkb/Ra is the V5 voltage ratator internal resistor ratio, and can be set to 8 different
levels through the V5 voltage regulatoternal resistor ratio set command. The (1 + Rb/Ra) ratio
assumes the values shown in Table 11 depending ontdih@&tasettings in the V5 voltage ratator
internal resistor ratio register.

Table 10
D5 D4 D3 D2 D1 DO ¥

0 0 0 0o 0 0 53
0 0 0 0o 0 1 52
0 0 0 o 1 0 G

1T 1 1 1 0 1|2
1T 1 1 1 1 0| 1
11 1 1 1 1o

V5 voltage regulator internal resistance ratio register value and (1 + Rb/Ra) ratio (Reference value)

Table 11
Register ST7565S
D2 D1 DO (1) —0.05 %/°C
0 0 0 30
0 0 1 3.5
o 1 0 40
0 1 1 45
1T 0 0 50
1T 0 1 55
1T 1 0 6.0
1T 1 1 6.5

Figures 9, 10 show V5 voltage measured by values of the internal resistance ratio resistor for V5 voltage
adjustment and electriolume resister for each temperature grade model.
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V5
UNIT:V

Ta=25 Cand booster off yreculatorfollover on VSS=3V

WA violtage reoulator
temal resistor rato st

DLDLI0
1 Hlectrome volurme registerad
0 15~ 1)
(0H IFH 3FH

Figure 9 : (1) For ST75655 the Thermal Gradient = -0.05%/°C

The V5 voltage as a function of the V5 voltage regulator internal resistor ratio register and the electronic
volume register.

Setup example: When selecting Ta = 25°C and V3\for an ST7565S on which Temperature gradient
=10.05%/°C.

Using Figure 9 and the equationlAthe following setup is enabled.

At this time, the variable range and the notch width of the V5 voltage is, as shown Table 13, as depende
on the electronigolume.

Table 12
Register

Contents D5 D4 D2 D2 D1 DO
For Vs voltage regulator — — — 0 1 0
Electronic Volume 1 0 0 1 0 1

Table 13

Vs Min Typ Max Units
Variable Range 5.4 (63 levels) 7.0 (central valug) 5.1 (0 level) V]
Notch width 51 (mv]

(B) When an External Resistance is Used (The V5 Voltage Regulator Internal Resistors Are Not

Used) (1)
The liquid crystal power supply voltage V5 can also bevetabut using the V5 voltage regulator internal
resistors (IR er mi nal = BEOPtbysakddngmmdd VR add bdtveeenWB e n \

and V5, respectively. When thisdsne, the use of the electronic volume function makesssible to

adjust the brightness of the liquid crystal disdbgycontrolling the liquid crystal power sugpoltage
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V5 through commands.
In the range where | V5 | < | VOUT |, the V5 voltage caralmilated using equationBbased on the
externar esi st ances Rad6 and RbO.

(1R )e v
RY

:(}r'* f?a-s'.)- (jr i
[ Vv = (.f : },f_ )s I-iw-:..]

1)- I'.?f"'l:_-'
LES

&
16

o - VoD
External = _/’x‘ VEevifixed voltage power supply+electronic volume)
Externa
resistor Ra' >

+
* Vs
- /

External x:’
resistor Rb'

Figure 11

Setup example: When selecting Ta = 25°C and V3 ¥ for ST7565S the temperatureagient
=10.05%/°C.

When the central value of the electron volume regist@s D4, D3, D2, D1, D0) = (1, 0, 0, 0, 0, 0),
thenU = 3VREG=i 21V so, according to equationB

Moreover, when the value of the current running throRghé and Rb&® i s set to

Consequently, by equationsBand B3, At this time, the V5 voltage variable range and natddth,
based on thelectron volume function, is &sven in Table 14.

(C) When External Resistors are Used (The V5 Voltage Regulator Internal Resistors Are Not Used)
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