M MiniLogic Device Corporation ML 2002 Preliminary

ML 2002 Series StatitHalf Duty LCD COG Driver

x Application x Features
E General Purpose Clock . AGold Bump Chivhich can reduce pin count and area.
E  High quality nstrument . Simplest dagn with no charge pump to supply high vottage to
E Telephoe, mobile phone LCD _
E  Automotive . Only 5 pinis needed which can reduce space.
E Handheld Devicelike PDA, MP3, o, Lowoperaing current
PMP . Candisablanternal clock to reduce currert.

Wide Logic & LCD power supply: BV to 6.0V

No need to add external voltage regulator

Stdic or 1/2 Duty drivingvith 1/2 Bias

Number of segment$Static)48, (1/2 Duty) 96
Cascathg structure to increagbe number of driving
segments, & more flexible for different application.
Build-in LCD voltage driver, crystal oscillator,
interral RC oscillator andlisplaycontrol circuit

Offer best contrast and widestviag angle of TN LCD
technologyespecially in static mode.

No temperature compensafieneeded for Topr 40°C to 86C.

x General Description

ML2002 (COG) LCD drivercan ke cascaded timcrease the number of segments drive, with Static
driving it canform a single piece of8 (1 ICs) or 96 (2 ICs cascadedsegmentslriver. With 1/2 Duty, the
number of segment drive would be doublgdargets actustom TN LCD COG Modulerpduct which
requires the besgualityof TN LCD technology and small to medium number of segment display
ML2002 seriegriver offeisthe best contrast, theidest viewing anglethe widest range of operating
voltageand temperature when compared tolilggh duty cycledriver. EMI and Noise protection circuit
has been addeshichtailor madefor COG application.

x QOrdering Information

Part Number |Description Package Form
ML2002-1U One ML2002 LCD driver Gold Bump Die
ML2002-2U  |Two ML2002 LCD driver Gold Bump Die
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x Block Diagram

ML 2002 Preliminary
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x Absolute Maximum Ratings
Parameter Symbol | Condition MIN MAX Unit
Supply voltage Vop -0.5 +6.0 \%
Supply Current ) Vpop =3V, no Load | -50 +50 mA
Input Voltage Vin GND-0.3 | Vpp+0.3 |V
Output Voltage Vour GND-0.3 | Vpp+0.3 |V
DC input Current Iin -10 +10 mA
DC output Current lout -10 +10 mA
Storage tempeture Tstg -65 +150 °C
Total power dissipation | Pyt - 400 mwW
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x DC Characteristic
Vpp = 3.0V; Tamp= 25°C ; unless otherwise specified

ML 2002 Preliminary

Parameter | Symbol | Condition [MIN  [TYP |MAX | Unit
Supplies
Supply voltage Vbp 25 - 6.0 \%
Supply Current Ipp Disable Oscillatoand | - 0.1 0.5 uA
1/2 PVDD opamp
Supply Current Ipp Enable Oscillator - 25 60 UuA
Supply Current Iop Enable Oscillator and | - 80 100 uA
Internal 1/2 PVDD
opamp
Logic
LOW-level input voltage | V. GND - 0.3*Vpp |V
HIGH-level input V0|tage V1 0.”*Vpp | - Vobp Vv
LOW-level output curren| lop VoL=1.0v 1 - - mA
HIGH-level output loH Vou = 2.0V -1 - - mA
current
LCD outputs
Output resistance at pad| Rsec - 85 150 ohm
S11t040
Output resistance at pad Rcowm - 45 100 ohm
COM1A and COM1B
x AC Characteristic
Vpp =3.0V; Tamp= 25°C; urless otherwise specified
Parameter Symbol | Conditions MIN TYP MAX Unit
Oscillator frequency at | foout 21 32 48 kHz
pad OOUT
FIN, LOAD, DIN, DCLK | t4 0.4 - - us
High time
FIN, LOAD, DIN, DCLK | t, 0.4 - - us
Low time
FIN, LOAD, DIN, DCLK | t, - - 10 us
Rise time
FIN, LOAD, DIN, DCLK | t - - 10 us
Fall time
DCLK Frequency FocLk 1 - 250 kHz
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x Timing Diagramfor slave mode display

: LFpox _
- >

R

> A A

FIM, DTH,
DCLE LOAD

S
A

48, 96 or 144 DCLK >

LOal

display data loaded onto screen

With MS connected to GND, it represents it is in slave mode, it will treat all the DIN data as display data
and will be sent to ML20GR display shift register diregtthrough DIN and DCLK.

To Load display data onto the screen, LAI need to be high, then a rising edge of DCLK would load the
display, the LAl need to keep loagain.

x Functional Description

There are 48 Segments in Static Mode, and 96 Segments in ti/2Dde with 1/2 BiasThe display
data should be inpuh reverse ordeffor static its startingfrom SEG8, SEGI7é S E G 3EG] for

1/2 duty ifs starting from SEG480OMB, SEG48COMA é SEGXCOMB to SEGICOMA for proper
display of datawhen updating t& display, it will requirdénputting48 Segments in Static Mode and 96
Segments i1/2 DutyMode.

i) Internal Power on reset

At power on the ML2002 will reset the internal display Data Réaddleared
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i) Oscillator
The LCD driving signal of MROO2 is clocked either by the buiin oscillator crystal oscillatoor from
an external clock.

a) Internal clock

When the internal oscillator is usé8lOEN should be connected to GND and the OOUT should be
connected to FIN. Thaternaloscillator will oscillae at 2 kHz and the frequency is independéenthe
range of BV <Vpp< 6.0V. Then connect OOUT to FIN.

b) Crystal clock
When using the crystal oscillator, BCOEN is connected to GND, then connect

the crystal to OSC+, and OSThen connect OSQo FIN. The OSC+ and - e -
OSG should connect as: H
T T

<7 <~

c) External clock
When using an external clodBCOEN & BIOEN is connected to VDD then coacts the external clock
to FIN (32 KH2) or LCLK (125Hz)

iii) Timing
ML 2002 have several frequencie$clock signafor the users to chooder the LCD display clok (ie.
LCLK) andtheblink clock (ieBCLK). They include the following clock signals:

Frequency of Clock Signal at FIN = 32 kH Actual Divider of FIN Target Input Pin
256/128Hz 1/256(1/2 Duty) or 1/128(Static) LCLK
128/64 Hz 1/128(1/2 Duty) or 1/64(Static)
4 Hz 1/8192
2 Hz 1/16384 BCLK
1 Hz 1/32768

iv) Segment outputs
ML 2002 has 8 segment outputs which should be connected directly to the LCD. If less8lsagdhents
the unused segments should bé dgfen circuit.

v) Common outputs
ML 2002 consists of 2 common signals (ie. COM1A & COM1B). The common outputs should be left
opencircuit if the outputs are unused. Users can disable the COM1A and COM1B by connecting the

CEN1A and CENIB to VDD respectively. The common outputs will change to GND after disabling it.

vi) Blink
ML 2002 has a blink function that users shall conn@&EN to GND and input the blink clock (ie. BCLK)
either by connecting M2002 output clock signal from Frequency Divider or an external clock signal.

Users shall disable blink function by connecti8EN to VDD.
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Pad Configuration
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Chip Size :

Chip Size

3660 x 660

7320 x 660

Part Number |Description

ML2002-1U |One ML2002 LCD driver
ML2002-2U |Two ML2002 LCD driver

Chip Thickness 700 um + 25um

Gold Bump Pad Size : 3&n x 72um
Gold Bump Height : 18m + 2 um

Note :

The die faces up in the diagram
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Pad Orientation and Alignment Mark:
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Sl

I 18.75
T:z. 5 10
Tl& 75
2 10
ml:il]l:ll]|:||]DDDDDDDDDD|:||]|:||]DDDDDDDDDDDDDDDDDDDDDDDDDDDDDE
105 (3370, 310)
— -
—1 —1
% EBJ ML2002 Em
v 108 \
i (120, 177)
0 X|:||]DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDQ
Fad | Pad Mame ik Y Fad | Pad Mame A b Fad | Pad Mame ik Y
1 DTk1 1] 1] S1{PGND 3380 110) 101 [SEG3 210 390
2 L¥DD 70 1] S2{PGND 3390 180) 102 [SEG2 140 390
3 LGHD 140 1] SEPVDD 2200 250 1023 |REG] 70 290
4 INT 210 1] S412PWDD 3300 330) 104|COk{14 1] 390
] ()] 280 1] SH{COMIB 3430 390) 105 [12PVDD 1] 320
] ToOT 350 n Sn|REG48 3300 390]  106|PVDD 1] 250
7 LAl 420 1] STREG4T Jaa0 390] 107|PVDD 1] 120
a DI 490 1] SB[REG46 3320 300] 108|PGHD 1] 110
] DCLE el 1] SAREG4S 3150 390
10 CEL 630 1] a0 [=EG44 3080 390
11 EEY 700 1] ol [SEG43 2010 290
12 L¥DD 770 1] 62 [REG42 2040 390
13 SYEN 240 1] 63 [REG41 2870 390
14 T0 a10 n 04 [FEG40 2800 390
15 b= 230 1] a5 [EEGI 2730 390
16 DUTY 1050 1] oo [ SEG3E 2060 290
17 CENTA 1120 1] 67 [EEGIT 2580 390
18 CENIE 1190 1] 62 [REG3I6 2520 390
19 COEN| 1260 n 3 [EEG35 2450 390
20 [OET] 1330 1] TO{EEG34 2330 390
21| HAPYDDER] 1400 1] T1[REG3E 2310 390
2 EEN 1470 1] TRREG3IR 2240 390
23 TEI 1540 1] TIREGIL 2170 390
24 LGHD 1610 1] 74 [SEG20 2100 290
25 BCLE 1620 1] T [EEGID 2020 390
26 CHT 1750 1] o REGIDE 1960 390
27 1HZ 1820 n T REGIT 1880 390
23 2HE 1890 1] T3 [EEGIG 1820 390
29 4HZ 1960 1] TAREGIS 1750 390
20 12562HE] 2020 1] a0 [=EG24 1680 290
31 256/125HS) 2100 1] a1 [REG23 1610 390
3 LCLE 2170 n g2 [REGIR 1540 390
33 QECH 2340 1] a3 [REGIL 1470 390
24 DEC- 2310 1] 24 [REG20 1400 390
35 FIN 2380 1] ao[REG19 1220 390
36 QoTT 2450 1] oo (REGIS 1260 390
27 SYNC] 2530 1] a7 [BEG1T 1190 290
33 LCLE 2590 1] 22 [REG1G 1120 390
9 BCLE 2660 1] 2 [REGLS 1050 390
40 LGHD 2730 n an[EEG14 230 390
41 L¥DD 2800 1] a1 [REGLE a10 390
43 EEE] 2870 1] A2 [REGIZ 240 390
43 EQ 2040 1] 3[REG1L 70 390
44 DCLE 3010 1] 94 [FEG10 700 390
45 DOUT|] 2080 1] a5 |EEG9 a20 290
46 LA 3150 1] o6 [REGS 560 390
47 LGHD 3320 1] a7 [REGT 490 390
43 L¥DD 33290 1] o3 [REGH 420 390
49 DTTh{2 3360 1] A9 [REGS 350 390
] DU 2420 0] 100)8EG4 2a0 290

Note: Pad 1, 49 and 50 are DUM Pads which must be open.
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x  Application Circuit

ML2002 Single Chip Connection
1. ML2002 1U Static Slave Mode
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2. ML2002 1U 1/2 Duty Slave Mode
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