OKI o s o,
OKI Semiconductor e it Feb. 23 9004
M L 9208-xx

5x 7 Dot Character x 16-Digit Display Controller/Driver with Character RAM

GENERAL DESCRIPTION

The ML9208-xx is a dot matrix vacuum fluorescent display tube controller driver IC which displays characters,
numerics and symbols.

Dot matrix vacuum fluorescent display tube drive signals are generated by serial data sent from amicro-controller.
A display systemis easily realized by internal ROM and RAM for character display.

FEATURES

e Logic power supply and vacuum fluorescent display tube drive power supply (Vpp)
:3.3V +£10% or 5.0 V £10%
e Fluorescent display tube drive power supply (Vi) :Vpp—20V toVpp 42V
e VFD driver output current
(VFD driver output can be connected directly to the fluorescent display tube. No pull-down resistor is
required.)

- Segment driver (SEG1 to SEG35) :—=6mA (Vi =Vpp—42V)

- Segment driver (AD1 and AD2) :=15mA (Vg =Vpp42V)

- Grid driver (COM1 to COM16) :=30mA (Vg =Vpp42V)
e General output port output current

- Output driver (P1 and P2) :+1mA (Vpp =3.3V £10%)

+2mA (Vpp =5.0V £10%)
e Content of display
-CGROM  5x 7dots : 248 types (character data)
-CGRAM  5x 7dots : 8 types (character data)
-ADRAM 16 (display digit) x 2 bits  (symbol data)
- DCRAM 16 (display digit) x 8 bits  (register for character data display)

- General output port 2 bits  (static operation)
e Display control function
- Display digit : 9to 16 digits
- Display duty (contrast adjustment) : 8 stages
- All lights ON/OFFs
e 3interfaces with microcontroller : DA, CS, CP (4 interfaces when RESET is added)

e 1-byteinstruction execution (excluding data write to RAM)

e Built-in oscillation circuit (external R and C)

e Package options:
64-pin plastic QFP (QFP64-P-1414-0.80-BK) (ML9208-xxGA)
64-pin plastic SSOP (SSOP64-P-525-0.80-K) (ML9208-xxMB)
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BLOCK DIAGRAM
Vop
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DCRAM| | CGROM ~( SEG1
16w x 8b 248w x 35D |
Segment '
Driver '
CGRAM |
RESET O—— 8w x 35b ~O SEG35
DA 8 bit ADRAM O AD1
CP Shift
= i ~16wW x 2b AD
CS Register Driver
—=O AD2
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Selector
Command ¢ ¢
Decoder Write Read
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Counter Counter Port
Control Driver
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Control S COM16
Timing »{ Timing
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PIN CONFIGURATION (TOP VIEW)

RESET

64 ] SEG4
631 SEG3
(62 ] SEG2
61 | SEG1
(60 | AD1
59 ] AD2
58] P2
57 ] P1
156 1 Voo
55 ] DA
54 | CP
53] CS
52 ]

[51 ] OSC1
(50 ] OSCO
[49 ] GND

SEG5 [T | 48] Ve
SEG6[ 2 | @ [47] COM16
SEG7[3 | [46 ] COM15
SEG8 [ 4 | 45 | COM14
SEG9[5 | 44 coM13
SEG10[6 | 43 ] COM12
SEG11[7 | [42] cOM11
SEG12[8 | [41] COM10
SEG13[ 9 | [40 ] COM9
SEG14[10]] [39] cOM8
SEG15 [11 | 38 ] COM7
SEG16 [12]] 371 COM6
SEG17[13] [36 | COM5
SEG18[14] [35 ] cOM4
SEG19 15| Q 341 com3
SEG20[16 | 33 ] cOM2

SEG21 [17 |
SEG22 [18 |
SEG23 [19 |
SEG24 [20 |
SEG25 [21 |
SEG26 [22 ]
SEG27 [23 ]
SEG28 [24 |
SEG29 [25 |
SEG30 [26 |
SEG31 [27 ]
SEG32 [28 |
SEG33 [29 |

SEG34 [30 |

64-Pin Plastic QFP

com1 [32]
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P1[ 1]

p2[ 2|
AD2[ 3]
AD1[ 4]
SEG1[ 5|
SEG2[ 6|
SEG3[ 7|
SEG4[ 8]
SEG5[ 9|

SEG6| 10
SEG7| 11
SEG8| 12
SEG9| 13
SEG10| 14
SEG11| 15
SEG12| 16
SEG13| 17
SEG14| 18
SEG15| 19
SEG16| 20
SEG17| 21
SEG18| 22
SEG19| 23
SEG20| 24
SEG21| 25
SEG22| 26
SEG23| 27
SEG24| 28
SEG25| 29
SEG26| 30
SEG27| 31
SEG28| 32

O

O

]iE]VDD

63 | DA
o2 oP
ke
]iz]ﬁﬁgﬁf
59 | OSC1
58 | OSCO
57 | GND
jii]vn

55 | COM16
54 | COM15
53 |COM14
52 |COM13
51 | COM12
50 | COM11
49 | COM10
48 | COM9
47 | COM8
46 | COM7
45 | COM6
44 | COM5
43 | COM4
42 | COM3
41 | COM2
40 | COM1
39 | SEG35
38 | SEG34
37 | SEG33
36 | SEG32
35 | SEG31
34 | SEG30
33 | SEG29

64-Pin Plastic SSOP
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PIN DESCRIPTION

Pin
Symbol |Type| Connectsto Description
QFP | SSOP
11031 Fluorescent | Fluorescent display tube anode electrode drive output.
'|5t039 |[SEG1t035| O tube anode | Directly connected to fluorescent display tube and a
61 to 64 - ;
electrode pull-down resistor is not necessary. lon > -6 mA
Fluorescent | Fluorescent display tube grid electrode drive output.
3210 47|40 to 55|COM1to 16| O tube grid Directly connected to fluorescent display tube and a
electrode pull-down resistor is not necessary. lon > —30 mA
Fluorescent | Fluorescent display tube anode electrode drive output.
59,60 | 3,4 | AD1,AD2| O tube anode | Directly connected to fluorescent display tube and a
electrode pull-down resistor is not necessary. lop > —15 mA
) General port output.
LED drive o . . .
57,58 | 1,2 P1, P2 o . Output of these pins in static operation, so these pins can
control pins ;
drive the LED.

56 64 Voo Vpp-GND are power supplies for internal logic.

49 57 GND — | Power supply | Vpp-VrL are power supplies for driving fluorescent tubes.

48 56 VEL Apply Vg after Vpp is applied.

) Serial data input (positive logic).

55 63 DA | Microcontroller

Input from LSB.
— ) Shift clock input.

54 62 CP | Microcontroller ) ) ) o S

Serial data is shifted on the rising edge of CP.
— . Chip select input.
53 61 CS | Microcontroller ] o .
Serial data transfer is disabled when CS pin is “H” level.
Reset input.
“Low” initializes all the functions.
Initial status is as follows.
¢ Address of each RAM ---- address “00"H
¢ Data of each RAM -+ Content is undefined
° D|Sp|ay d|g|t ..................... 16 d|g|ts
52 60 RESET | Mlcrogontéoller « Contrast adjustment ------- 8/16
orta Rz o All lights ON or OFF ---.-.. OFF mode
o All Outputs ......................... “Low” level
(Circuit when R and C are
TT connected externally)
C, R, See Application Circuit.
External RC pin for RC oscillation.

50 58 0SCo | Connect R and C externally. The RC time co'nst.ant
depends on the Vpp voltage used. Set the target oscillation
frequency to 2 MHz.

Ci Ry
0SCO0 ' 1 (RC oscillation circuit)

51 59 0OSsC1 O R, c - N

0sC1 71_ 1 See Application Circuit.
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ABSOLUTE MAXIMUM RATINGS
Parameter Symbol Condition Rating Unit
Supply Voltage (1) Vob — -0.3t06.5 \%
Supply Voltage (2) VEL — —45 to Vpp +0.3 \%
Input Voltage VN — -0.3t0 Vpp +0.3 \%
N QFP 541
Power Dissipation Po Ta>25°C mwW
SSOP 590
Storage Temperature Tste — -55 to 150 °C
lo1 COM1 to 16 —4010 0.0 mA
Output Current loz AD1, AD2 —201t0 0.0 mA
los SEG1to 35 -10to0 0.0 mA
loa P1, P2 -4.0t0 4.0 mA
RECOMMENDED OPERATING CONDITIONS-1
When the power supply voltageis5V (typ.)
Parameter Symbol Condition Min. Typ. Max. Unit
Supply Voltage (1) Vop — 4.5 5.0 5.5 \%
Supply Voltage (2) VEL — -36.5 — =20 \%
High Level Input Voltage A\ All input pins excluding OSCO pin 0.7 Vop| — — \%
Low Level Input Voltage Vi All input pins excluding OSCO pin — — 103Vpp| V
CP Frequency fc — — — 2.0 | MHz
Oscillation Frequency fosc R, =3.3kQ, C; =39 pF 15 2.0 25 MHz
Frame Frequency fer DIGIT =1to 16, Ry =3.3kQ, C; =39 pF| 183 244 305 Hz
Operating Temperature Top — -40 — 85 °C
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RECOMMENDED OPERATING CONDITIONS-2
When the power supply voltageis 3.3 V (typ.)
Parameter Symbol Condition Min. Typ. Max. Unit
Supply Voltage (1) Vop — 3.0 33 3.6 \%
Supply Voltage (2) Ve — -38.4 — -20 \Y,
High Level Input Voltage ViH All input pins excluding OSCO pin 0.8 Vop| — — \%
Low Level Input Voltage Vi All input pins excluding OSCO pin — — 0.2 Vpp \%
CP Frequency fc — — — 2.0 MHz
Oscillation Frequency fosc R, =3.3kQ, C; =39 pF 1.5 2.0 2.5 MHz
Frame Frequency fer  |DIGIT =1t0 16, R; =3.3kQ, C; =39 pF| 183 244 305 Hz
Operating Temperature Top — -40 — 85 °C

ELECTRICAL CHARACTERISTICS

DC Characteristics-1

(Vob = 5.0 V £10%, VgL = Vpp —42 V, Ta = —-40 to +85°C, unless otherwise specified)

Parameter Symbol | Applied pin Condition Min. Max. Unit
. CS, CP, DA,
High Level Input Voltage ViH RESET — 0.7 Vpp — \%
CS, CP, DA,
Low Level Input Voltage Vi RESET — — 0.3 Vb \%
_ CS, CP, DA, _
High Level Input Current liH RESET Vi = Vop -1.0 1.0 HA
CS, CP, DA, _
Low Level Input Current I RESET ViL=0.0V -1.0 1.0 HA
VoH1 COM1to 16 lon1 = =30 mA Vpp —1.5 — \Y
V AD1, AD2 lonz = =15 mA Vpp —1.5 — \Y,
High Level Output Voltage o2 o2 =
Vons |SEG1to 35 lons = —6 MA Vpp —1.5 — \%
VOH4 Pl, P2 IOH4 =-2mA Vpp —1.0 —_ V
COM1to 16
Vou1 |AD1, AD2 —_ —_ Vel +1.0 Vv
Low Level Output Voltage SEGL1 to 35
Vo2 |P1, P2 lot1 =2 mA — 1.0 Vv
Duty = 15/16
lpp1 Digit = 1 to 16 — 4 mA
fosc = .
. All output lights ON
Current Consumption Vb 2 MHz,
Duty = 8/16
no load o
Ibp2 Digit=1t0 9 — 3 mA
All output lights OFF
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DC Characteristics-2

(Vop = 3.3V £10%, Ve = Vpp —42 V, Ta = —-40 to +85°C, unless otherwise specified)

Parameter Symbol | Applied pin Condition Min. Max. Unit
. CS, CP,
High Level Input Voltage ViH DA, RESET — 0.8 Vpp — \%
CS, CP,
Low Level Input Voltage Vi DA, RESET — — 0.2 Vbp \%
. Ts, CP, ~
High Level Input Current lin DA, RESET Vi = Vbbp -1.0 1.0 HA
TS, TP, ~
Low Level Input Current I DA RESET ViL=0.0V -1.0 1.0 MA
Vorn1 | COM1to 16 lon1 = =30 mA Vpp -1.5| — Y
V, AD1, AD2 lonz = =15 mA Vpp-1.5| — \Y
High Level Output Voltage o2 oz oo
Vouz | SEG1to 35 lons = —6 MA Vpp-1.5| — \%
VOH4 Pl, P2 IOH4 =-1mA VDD -1.0 — \V
COM1to 16
Vo1 | AD1, AD2 — — Ve +1.0 \%
Low Level Output Voltage SEGL1 to 35
VoL P1, P2 lot1 =1 mMA — 1.0 \Y
Duty = 15/16
lob1 Dlglt =1to 16 — 3 mA
Fosc = .
. All output lights ON
Current Consumption Vobp 2 MHz,
Duty = 8/16
no load
lop2 Digit=1t0 9 — 2 mA
All output lights OFF
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AC Characteristics-1

(Vob = 5.0 V £10%, Ve = Vpp —42 V, Ta = —-40 to +85°C, unless otherwise specified)

Parameter Symbol Condition Min. Max. Unit
CP Frequency fc — — 2.0 MHz
CP Pulse Width tew — 250 — ns
DA Setup Time tos — 250 — ns
DA Hold Time toH — 250 — ns
CS Setup Time tess — 250 — ns
CS Hold Time tcsh R; =3.3kQ, C; = 47 pF 16 — us
CS Wait Time tesw — 250 — ns
Data Processing Time toorr R1 =3.3kQ, C; =47 pF 8 — us
RESET Pulse Width fres Whgn RESET signal is input from 250 - ns
microcontroller etc. externally
When RESET signal is input from 250 . ns
RESET Time trsoN microcontroller etc. externally
R, =1.0kQ, C,=0.1pF — 200 us
DA Wait Time trsorFF — 250 —_ ns
tr tr = 20 to 80% — 2.0 us
All Output Slew Rate C, =100 pF
te tr = 80 to 20% — 2.0 us
Vop Rise Time trrz When mounted in the unit — 100 us
Vpp Off Time tror When mounted in the unit, Vpp = 0.0 V 5.0 — ms

AC Characteristics-2

(Vop = 3.3V £10%, Ve = Vpp —42 V, Ta = —40 to +85°C, unless otherwise specified)

Parameter Symbol Condition Min. Max. Unit
CP Frequency fc — — 2.0 MHz
CP Pulse Width tew — 250 — ns
DA Setup Time tos — 250 — ns
DA Hold Time toH — 250 — ns
CS Setup Time tess — 250 — ns
CS Hold Time tcsh R; = 3.3kQ, C; = 39 pF 16 — us
CS Wait Time tesw — 250 — ns
Data Processing Time toorr R; =3.3kQ, C; =39 pF 8 — us
RESET Pulse Width fres Whgn RESET signal is input from 250 o ns
microcontroller etc. externally
Wh(_en RESET signal is input from 250 . ns
RESET Time trsoN microcontroller etc. externally
R, =1.0kQ, C,=0.1 uF — 200 us
DA Wait Time trsorFF — 250 — ns
tr tr = 20 to 80% — 2.0 us
All Output Slew Rate C, =100 pF
te te = 80 to 20% — 2.0 us
Vop Rise Time trrz When mounted in the unit — 100 us
Vpp Off Time troF When mounted in the unit, Vpp = 0.0 V 5.0 — ms
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TIMING DIAGRAM

Symbol Vpp = 3.3V £10% Vb =5.0V £10%
Viy 0.8 Vpp 0.7 Vpp
VIL 0.2 VDD 0.3 VDD
e Data Timing
o tess : Vi
N =
fc tesh
— 1 toorrF tew, /lc — Vi
CP Jy _ Vi
to . ton
_ VK
DA VALID><VALID ><VALI D><VALI D>< >< VL
e Reset Timing
tPRZ \ 0.8 VDD
V
oo trsoN When input externally —00V
tror
= N \ twres) *glg v
7 tWhen externaI\Jf % BRY/ bb

' "Rand C are —— —ViL

connected

< x —Vi
—Vi

e Output Timing

_0.8Vpp
All outputs tr tr
P ﬁ/ ﬁ i XE / 0.2Va
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e Digit Output Timing (for 16-digit display, at a duty of 15/16)

T = 8/fosc Frame cycle t1 =1024T (t;= 4.096 ms when fosc = 2.0 MHz)

Display timingt, = 60T  (t2 = 240 us when fosc = 2.0 MHz)

cout . h Blank timing t, = 4T (t3 = 16 pus when fosc = 2.0 MHz) Voo
— VEL

COmM2

COM3 1

CcCOom4 1

COM5 1

COM6 1

com7 1

CcOomM8 1

COM9 1

COM10 1

COM11 1

COM12 1

COM13 1

COM14 T

COM15 1

COM16 1 1

——

—-

ADL2r—r— U U U U U U U U U U U U U U U
SEG1-35 VrL
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FUNCTIONAL DESCRIPTION
CommandsList
Command LSB 1st byte MSB|LSB 2nd byte MSB
BO|B1|{B2|B3|B4|B5|B6|B7|B0|B1|B2|B3|B4|B5|B6|B7
1 | DCRAM data write XO[X1|X2(X3|1|0|]0]|0j|COo|CrL|C2|C3|Cc4|C5|C6|C7
CO | C5 |C10|C15|C20|C25|C30| * 2nd byte
C1l|C6 [Cl1|Cl6|C21|C26|C31| * 3rd byte
2 | CGRAM data write X0 X1|X2|* | 0| 1] 0| 0 |C2|C7|C1l2/C17|C22|C27|C32| * A4th byte
C3| C8 |C13|C18|C23|C28|C33| * b5th byte
C4 | C9 [C14|C19|C24|C29|C34| * 6th byte
3 | ADRAM data write XOIX1L|X2|X3| 1|1 |0 |0 |CO|CL| * | * | *|*|*|*
4 | General output portset [P1|P2| * | * | 0 |0 | 1|0 * Dontcare
5 | Display duty set polpiloz2l * |1 1o 1| o Xn:Address specificatior_] _for _each RAM
— Cn: Character code specification for each
6 | Number of digits set KOIKL|K2| *| 01|10 RAM
7 | All lights ON/OFF Li{H|*|*|1]1|1]0 Pn:Generaloutputportstatus
Test mode specification

Dn:
Kn:

Display duty specification
Number of digits specification
All lights ON instruction

All lights OFF instruction

When dataiswritten to RAM (DCRAM, CGRAM, ADRAM) continuoudly, addresses are internally incremented

automatically.

Therefore it is not necessary to specify the 1st byte to write RAM data for the 2nd and later bytes.

Note: The test mode is used for inspection before shipment. It is not a user function.
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Positional Relationship Between SEGn and ADn (one digit)

CO0 AD1
| | ADRAM written data.

| C1 AD2 | Corresponds to 2nd byte
Co ||l c1 |||l c2 ||| C3 ||| C4
SEG1||||SE SEG3| ||SEG4|||SEG5
56 5622 |5 o2 lss
|56 s |[sede) |58 |55
e S [
C25]||I[C26]||| C27]/|[C28 ||| C29
|SEGZG| |SEGZ7| |SEGZB| SE(329| SEG30|
£9)||e3) |€3%) | |4
CGRAM written data. Corresponds to 2nd byte —f CGRAM written data. Corresponds to 6th byte
CGRAM written data. Corresponds to 3rd byte CGRAM written data. Corresponds to 5th byte

CGRAM written data. Corresponds to 4th byte
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Data Transfer Method and Command Write Method

Display control command and data are written by an 8-bit serial transfer.
Write timing is shown in the figure below.

Setting the CS pinto “Low” level enables a data transfer.

Datais 8 bits and is sequentially input into the DA pin from LSB (LSB first).

Asshown in the figure below, datais read by the shift register at the rising edge of the shift clock, which isinput
into the CP pin. If 8-bit dataisinput, internal load signals are automatically generated and data is written to each
register and RAM.

Therefore it is not necessary to input load signals from the outside.

Setting the CS pin to “High” disables data transfer. Data input from the point when the CS pin changes from
“High” to “Low” isrecognized in 8-bit units.

Ccs toorr tesh
= [IUUOOUT vouuuuy Uubuuo
DA BO|BlBZ 83‘84‘858687 BOBlBZBS|B4‘BSBGB7 BOB1B2 BS|BA|B5 B6|B7|
LSB ILSB MSB ILSB MSB
1st byte I 2nd byte I 2nd byte

When data is written

i
i
]
i
to DCRAM* i

[} [}
[} [}
[} [}
L .
' : Character code data : : Character code data of
[} [} [} [}

I I I I

the next address

*  When data is written to RAM (DCRAM, ADRAM, CGRAM) continuously, addresses are internally
incremented automatically.
Therefore it is not necessary to specify the 1st byte to write RAM datafor the 2nd and later bytes.

Reset Function

Reset is executed when the RESET pin is set to “L”, (when turning power on, for example) and initializes all
functions.
Initial statusis asfollows.

e Address of each RAM ---eeoveeeee address “00"H

o Dataof each RAM «eveevvevniinenn All contents are undefined

o General output POrt «-eveeeeemeeneene All general output ports go “Low”
° D|Sp|ay d|g|t .............................. 16 d|g|ts

e Contrast adj USEMENE -+vvvvererernneenns 8/16

e All display lights ON or OFF ---- OFF mode

o Segment QUEPUL -««--c-veeveemvenneneennes All segment outputs go “Low”

e AD Output .................................. All AD outputs go “Low”

Please set again according to “ Setting Flowchart” after reset.
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Description of Commands and Functions

1. DCRAM datawrite
(Specifies the address of DCRAM and writes the character code of CGROM and CGRAM.)

DCRAM (Data Control RAM) has a 4-bit address to store character code of CGROM and CGRAM.

The character code specified by DCRAM is converted to a5 x 7 dot matrix character pattern via CGROM or
CGRAM.

(The DCRAM can store 16 characters.)

[Command format]

LSB MSB
BO B1 B2 B3 B4 B5 B6 B7

1st byte |X0 | X1 | X2 | X3| 1 | 0 | 0 | 0 | . selects DCRAM data write mode and specifies DCRAM
(1st) address
(Ex: Specifies DCRAM address OH)

LSB MSB

BO B1 B2 B3 B4 B5 B6 B7

2nd byte |co | c1 | c2 | c3 | ca | c5 | c6 | c7| . specifies character code of CGROM and CGRAM
(2nd) (written into DCRAM address OH)

To specify the character code of CGROM and CGRAM continuoudly to the next address, specify only character
code asfollows.
The addresses of DCRAM are automatically incremented. Specification of an address is unnecessary.
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2nd byte
(3rd)

2nd byte
(4th)

2nd byte
(17th)

2nd byte
(18th)

LSB

MSB

BO B1 B2 B3 B4 B5 B6 B7

lcolc1|c2|c3|ca|cs|cs|c7]

LSB

MSB

BO B1 B2 B3 B4 B5 B6 B7

lcolci|cz|cs|ca|cs|cs|c7]

LSB

MSB

BO B1 B2 B3 B4 B5 B6 B7

|co|c1|c2|c3|calcs|cs|c7|

LSB

MSB

BO B1 B2 B3 B4 B5 B6 B7

lcolci|cz|cs|ca|cs|cs|c7]

. specifies character code of CGROM and CGRAM

(written into DCRAM address 1H)

. specifies character code of CGROM and CGRAM

(written into DCRAM address 2H)

. specifies character code of CGROM and CGRAM

(written into DCRAM address FH)

. specifies character code of CGROM and CGRAM

(DCRAM address OH is rewritten)

X0 (LSB) to X3 (MSB) : DCRAM addresses (4 bits: 16 characters)
CO (LSB) to C7 (MSB) : Character code of CGROM and CGRAM (8 bits: 256 characters)

[COM positions and set DCRAM addresses)

I
m
X

x
o

X
[

COM
position

x
N
x
w

CcoM1

COM2

COM3

COM4

COM5

COM6

COM7

COMS8

COM9

COM10

CcoM11

COM12

COM13

COM14

COM15

MM OO|m|([>|lo|o|(N|loja|ld|jw [Nk |O

RO |O(RP|O|FRP|O|FRP|O(RP|O|FR|O|F|O

PP IO|O(RP|[FP|O|CO|FRP|FPIO|O|F | |O|OC

R|lRr|kr|kr|lojlojlo|Oo|kRr|kR|R|R|kR|lo|jOo|O
R|lRr|Rr|kRr|PR|[kr|kr|+r|lO|lO|O|lOo|lo|o|o|O

COM16
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2. CGRAM datawrite
(Specifies the addresses of CGRAM and writes character pattern data.)

CGRAM (Character Generator RAM) has a 3-bit address to store 5 x 7 dot matrix character patterns.

A character pattern stored in CGRAM can be displayed by specifying the character code (address) by
DCRAM.

The address of CGRAM is assigned to 00H to 07H. (All the other addresses are the CGROM addresses.)
(The CGRAM can store 8 types of character patterns.)

[Command format]

LSB MSB
BO B1 B2 B3 B4 B5 B6 B7
1st byte |XO | X1 | x| = | o ‘ 1 ‘ 0 ‘ 0 | . selects CGRAM data write mode and specifies
(1st) CGRAM address.
(Ex: specifies CGRAM address 00H)

LSB MSB
BO B1 B2 B3 B4 B5 B6 B7

2nd byte |co|cs|cidcisicaocascaol * | ¢ specifies Lst column data
(2nd) (rewritten into CGRAM address 00H)

LSB MSB
BO B1 B2 B3 B4 B5 B6 B7

3rd byte |c1|ce|cualcielcailcaelcal] + | @ specifies 2nd column data
(3rd) (rewritten into CGRAM address 00H)

LSB MSB
BO B1 B2 B3 B4 B5 B6 B7

4thbyte |c2|c7c1dciricadcaread + | ¢ specifies 3rd column data
(4th) (rewritten into CGRAM address 00H)

LSB MSB
BO B1 B2 B3 B4 B5 B6 B7

5th byte |CS | cs |C13|018|023|(328|C33| * | . specifies 4th column data
(5th) (rewritten into CGRAM address 00H)

LSB MSB
BO B1 B2 B3 B4 B5 B6 B7

6th byte |ca|colcidcidcadcagcad » | ¢ specifies 5th column data
(6th) (rewritten into CGRAM address 00H)

To specify character pattern data continuously to the next address, specify only character pattern data as
follows.

The addresses of CGRAM are automatically incremented. Specification of an address is therefore
unnecessary.

The 2nd to 6th byte (character pattern data) are regarded as one dataitem, so 250 nsis sufficient for tporr time
between bytes.
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LSB MSB
BO B1 B2 B3 B4 B5 B6 B7

2nd byte |C0|C5 [c10[C15(C20C25C30] * | @ specifies 1st column data
(7th) (rewritten into CGRAM address 01H)

LSB ; MSB

BO Bl B2 B3 B4 B5 B6 B7

6th byte |C4|co|c14c19C24C29C34 * | @ specifies 5th column data

(11th) (rewritten into CGRAM address 01H)

X0 (LSB) to X2 (MSB) : CGRAM addresses (3 bits: 8 characters)
CO (LSB) to C34 (MSB) : Character pattern data (35 bits: 35 outputs per digit)
* :Don't care

[CGROM addresses and set CGRAM addresses)

Refer to ROMCODE table
HEX X0 X1 X2 CGROM address
00 0 0 0 RAMOO0(00000000B)
01 1 0 0 RAMO01(00000001B)
02 0 1 0 RAMO02(00000010B)
03 1 1 0 RAMO03(00000011B)
04 0 0 1 RAMO04(00000100B)
05 1 0 1 RAMO05(00000101B)
06 0 1 1 RAMO06(00000110B)
07 1 1 1 RAMO07(00000111B)
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Positional relationship between the output area of CGROM and that of CGRAM

[collc1fca]lcs]lca]
s Jllcs 7] ca ]l co]
c10]|[c11]ca2]|c13]|[c14]
c15]|c16]|[c17][cs]|[c19]
c20]|[c21][c22]|c23]|[c24]
c2s]|[c26][ca7]|c28]|[c29]
c30]|ca1|[c32]|c33]|[c34]

area that corresponds to 2nd byte (1st column) J L area that corresponds to 6th byte (5th column)

area that corresponds to 3rd byte (2nd column) area that corresponds to 5th byte (4th column)
area that corresponds to 4th byte (3rd column)

Note: CGROM (Character Generator ROM) has an 8-bit address to generate 5 x 7 dot matrix character patterns.
CGRAM can store 248 types of character patterns.
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3. ADRAM datawrite
(specifies address of ADRAM and writes symbol data)

ADRAM (Additional Data RAM) has a 2-bit address to store symbol data.

Symbol data specified by ADRAM isdirectly output without CGROM and CGRAM.
(The ADRAM can store 2 types of symbol patterns for each digit.)

The terminal to which the contents of ADRAM are output can be used as a cursor.

[Command format]

LSB MSB
BO B1 B2 B3 B4 B5 B6 B7
1st byte |XO | X1 |X2 |X3 | 1 | 1 | 0 | 0 | . selects ADRAM data write mode and specifies ADRAM
(1st) address
LSB MSB (Ex: specifies ADRAM address OH)
BO B1 B2 B3 B4 B5 B6 B7
2nd byte |CO | c1 x | + | : sets symbol data
(2nd) (written into ADRAM address OH)

* * * *

To specify symbol data continuously to the next address, specify only symbol data as follows.
The address of ADRAM is automatically incremented. Specification of addresses is therefore unnecessary.

LSB MSB
BO B1 B2 B3 B4 B5 B6 B7
2nd byte |CO | C1l % | % | « | % | » | « | : setssymbol data

(3rd) (written into ADRAM address 1H)
LsB MSB

BO B1 B2 B3 B4 B5 B6 B7
(4th)

. sets symbol data

(written into ADRAM address 2H)

* * * * * *

|
LSB ! MSB

BO B1 B2 B3 B4 B5 B6 B7
2nd byte |C0|C1| R | R | R | R | e | % | : sets symbol data

(17th) (written into ADRAM address FH)
LSB MSB

BO B1 B2 B3 B4 B5 B6 B7
2nd byte |C0 | Cll % | % | x| % | » | « | : setssymbol data
(18th) (ADRAM address OH is rewritten.)

X0 (LSB) to X3 (MSB) : ADRAM addresses (4 bits: 16 characters)
CO (LSB) to C1 (MSB) : Symbol data (2 bits: 2-symbol data per digit)
*: Don't care
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[COM positions and ADRAM addresses]

T
m
x
x
o
x
[
x
N
x
w

COM position
COM1
COM2
COM3
COmM4
COM5
COM6
Com7
COM8
COM9
COM10
COM11
COM12
COM13
COM14
COM15
COM16

MM{O|O|W|>|lo|o|N|oja|dlw| N |O
Rrlo|lr|lOo|r|O|Rr|O|R|O|R|O|R|O|R]|O
Rrlr|lo|lo|rRr|kRr|O|O|R|R|lO|lO|R|R|O|O
RrlRr|(FP|[kP|lO|lO|O|O|FR|[FR|FR|FrR|RP|O|O|O
RliRr|[PR|PR|P|PR|PR|P|lO|lO|lOo|lOo|Oo|Oo|O|O

4. Genera output port set
(specifies the general output port status)

The general output port is an output for 2-bit static operation.

It is used to control other I/O devices and turn on LED. (static operation)

When at the “High” level, this output becomes the Vpp voltage, and when at the “Low” level, it becomes the
ground potential. Therefore, the fluorescent display tube cannot be driven.

[Command format]

LSB MSB

BO B1 B2 B3 B4 B5 B6 B7Y
1st byte |p1|p2| * | % | 0 | 0 | 1 | 0 | . selects a general output port and specifies
the output status

P1, P2 : general output port
* . don’t care

[Set data and set state of general output port]

P1 P2 Display state of general output port

Sets P1 and P2 to low « (The state when power is applied or when RESET is
Sets P1 to high and P2 to low input.)

Sets P1 to low and P2 to high

Sets P1 and P2 to high

RO+ |O
Rk |O|O

21/33



FEDL9208-01

OKI Semiconductor ML 9208

5. Display duty set
(writes display duty value to duty cycle register)

Display duty adjusts contrast in 8 stages using 3-bit data.
When power is turned on or when the RESET signal is input, the duty cycle register value is “0”. Always
execute thisinstruction before turning the display on, then set a desired duty value.

[Command format]

LSB MSB
BO B1 B2 B3 B4 B5 B6 B7

1st byte |DO|D1|D2‘ * | 1 | 0 | 1 ‘ 0 | . selects display duty set mode and sets duty value

DO (LSB) to D2 (MSB) : display duty data (3 bits: 8 stages)
* 1 don’t care

[Relation between setup data and controlled COM duty]

T
m
X
v}
o
O
fard
O
N

COM duty

8/16 « (The state when power is turned on or when RESET signal
9/16 is input.)

10/16

11/16

12/16

13/16

14/16

15/16

~N~|lo|lo|lr|w| Nk |o
Rlo|lkr|lo|r|olr]|o
Pl |lolo|r|r|lo|o
PRk |lo|lo|lo]|o
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6. Number of digits set
(writes the number of display digitsto the display digit register)

The number of digits set can display 9 to 16 digits using 3-bit data.
When power is turned on or when a RESET signal is input, the number of digit register valueis“0”. Always
execute thisinstruction to change the number of digits before turning the dispaly on.

[Command format]

LSB MSB
BO B1 B2 B3 B4 B5 B6 B7

1st byte |K0|K1|K2 0 | 1 | 1 | 0 | . selects the number of digit set mode and specifies
the number of digit value

*

KO (LSB) to K2 (MSB) : number of digit data (3 bits: 8 digits)
*: don't care

[Relation between setup data and controlled COM]

Number of digits of
HEX | KO | K1 | K2 o g

0 0 0 0 COM1to 16 « (The state when power is turned on or when RESET
1 1 0 0 COM1to9 signal is input.)

2 0 1 0 COM1to 10

3 1 1 0 COMlto 11

4 0 0 1 COM1to 12

5 1 0 1 COM1to 13

6 0 1 1 COM1to 14

7 1 1 1 COM1 to 15
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7. All display lights ON/OFF set
(turns al dispaly lights ON or OFF)

All display lights ON is used primarily for display testing.
All display lights OFF is primarily used for display blink and to prevent malfunction when power is turned on.
This command cannot control the general output port.

[Command format]

LSB MSB
BO B1 B2 B3 B4 B5 B6 B7

1st byte | L | H | * | * | 1 | 1 | 1 | 0 | . selects all display lights ON or OFF mode

L: sets all lights OFF
H: sets all lights ON
* Don't care

[Set data and display state of SEG and AD]

Display state of SEG and AD
Normal display
Sets all outputs to Low <« (The state when power is applied or when RESET is input.)

Sets all outputs to High
Sets all outputs to High <« (All lights ON mode has priority.)

Rr|lO|rRr|O|F
|k |O|lO|X
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Setting Flowchart
(Power applying included)

< Apply Voo
< Apply VrL

.

! . .
1 All display lights OFF

i Status of all outputs by RESET
+ signal input

General output port setting

Number of digits setting

Display duty setting

Select a RAM to be used

:

i

DCRAM
Data write mode
(with address setting)

CGRAM
Data write mode
(with address setting)

ADRAM
Data write mode
(with address setting)

Address is automatically
incremented

Address is automatically
incremented

Address is automatically
incremented

DCRAM
Character code

CGRAM
Character code

ADRAM
Character code

DCRAM
Is character code
write ended?

CGRAM
Is character code
write ended?

Is character code
write ended?

YES Another RAM to

be set?

Releases all display lights

Display operation mode

End

OFF mode

)
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Power -off Flowchart

1
E Display operation mode |
1

e e e e e - l __________
( Turn off VL >

< Turn off Vpop >
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APPLICATION CIRCUIT

Heater Transformer
5 x 7-dot matrix fluorescent display tube |
e EHEHEEEHEEEEE S ] el A

SEAESLER Lo

ANODE  ANODE GRID
(SEGMENT) (SEGMENT) (DIGIT)
Vobp
Y,
1 D e G |
' Voo RESET Voo ADL, 2 SEGLto 35 COML1o 16
Cz;l/; R4
Voo = ——C,| Micro- ML9208-01 LED
controller CS 2
Output Port g/'z P1,2 NPN Tr
GND GND Ve 0SCO 0SC1 :j_,GND
L]
C:1
R3
777
VEL == _——Ca GND ? ;l/;GND
I 75

Notes: 1. TheVpp vaue depends on the power supply voltage of the microcontroller used. Adjust the values of
the constants Ry, R,, R4, C4, and C, to the power supply voltage used.
2. The Vg vaue depends on the fluorescent display tube used. Adjust the values of the constants R; and
ZD to the power supply voltage used.
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Reference data

The figure below shows the relationship between the Vi voltage and the output current of each driver.
Take care that the total power consumption to be used does not exceed the power dissipation.

VL Voltage-Output Current of Each Driver

(mA)
-30 COML1 to 16
(Condition: Von= Vpp—1.5V)
-25
T 20
=
o
5 -15 /
© 2 AD1 and AD2
E_ _10 (Condition: Von = Vpp — 1.5 V)
>
o Bl
/ i SEG1 to 35
-5 T (Condition: Von = Vpp — 1.5 V)
0

-17 22 27 =32 37 -42(V)
Ve Voltage (Voo -n)

28/33



o e T e e e Ll e
- EHHEHHE = R T &
R R T L R
- | EE s e s D = B
T EHE R A S EE D
- S R G T S e e B e
| RS R L E R RS R A E
| T R A R R s T e =
e [ e e A e e e i o e 11
D E N
. FEEEAAEHE D s e
- EEE A R T
- S Bl e A e e
LN REAE AN AN RN RN R e o) e




FEDL9208-01

OKI Semiconductor ML 9208

PACKAGE DIMENSIONS

(Unit: mm)
QFP64-P-1414-0.80-BK \
7 @
AAAAAAAARARAAARD e
@ ;
(= a
[==— -
o~ — [==—
S| @ =
+ i
83 =
ol B =
[==—
i
i
[==—
(@ES @
N +0.
(R ELLERRLN %[ o 0
INDEX_MARK © 2|3
- — RN
Mirror finish . 5 rve, 0328 @ow® ¢ | \ | 010
0.1740.05 Q T K
_______________ S =} 0.6TYP.
© 0.67:0.15
Package material Epoxy resin
Lead frame material 42 alloy
Pin treatment Solder plating (=5pm)
Oki Electric Industry Co.,Ltd. Package weight () 0.87 TYP.
Rev. No./Last Revised 6/Feb. 23, 2001

Notes for Mounting the Surface Mount Type Package

The surface mount type packages are very susceptible to heat in reflow mounting and humidity absorbed in storage.
Therefore, before you perform reflow mounting, contact Oki’'s responsible sales person for the product name,
package name, pin number, package code and desired mounting conditions (reflow method, temperature and
times).
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(Unit: mm)

SSOP64-P-525-0.80-K |

26.0: 0.2

ARRARRRARRARRRARRARRRARRARRAR,
O

®

=

f

i

O

14.1+ 0.3
10.7+ 0.2
2.7+ 0.2

O

®

1 1.7+ 0.2
R R e HE
INDEX MARK @ olw 0~10°
Mirror finish 0.17+ 0.05 ~ 2 | \
0.6TYP. || 0.37 4 ¥ B0 B® g 5 7
S S
é 0.7+ 0.15
‘—!ﬁm \ SEATING PLANE 0.78TYP.
Package material Epoxy resin
Lead frame material 42 alloy
Pin treatment Solder plating (=5pum)
OKki Electric Industry Co.,Ltd. Package weight (g) 1.34TYP.
Rev. No./Last Revised 3/Dec. 5, 1996

Notes for Mounting the Surface Mount Type Package

The surface mount type packages are very susceptible to heat in reflow mounting and humidity absorbed in storage.
Therefore, before you perform reflow mounting, contact Oki’s responsible sales person for the product name,
package name, pin number, package code and desired mounting conditions (reflow method, temperature and
times).

31/33



OKI Semiconductor

FEDL9208-01

ML 9208

REVISION HISTORY

Document Page
No Date Previous | Current Description
' Edition Edition
FEDL9208-02 Feb. 23, 2004 - - Final edition 1
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NOTICE
1. Theinformation contained herein can change without notice owing to product and/or technical improvements.

Before using the product, please make sure that the information being referred to is up-to-date.

. Theoutline of action and examplesfor application circuits described herein have been chosen as an explanation

for the standard action and performance of the product. When planning to use the product, please ensure that the
external conditions are reflected in the actual circuit, assembly, and program designs.

. When designing your product, please use our product below the specified maximum ratings and within the

specified operating ranges including, but not limited to, operating voltage, power dissipation, and operating
temperature.

Oki assumes no responsibility or liability whatsoever for any failure or unusua or unexpected operation
resulting from misuse, neglect, improper installation, repair, alteration or accident, improper handling, or
unusual physical or electrical stressincluding, but not limited to, exposure to parameters beyond the specified
maximum ratings or operation outside the specified operating range.

Neither indemnity against nor license of athird party’ sindustrial and intellectual property right, etc. is granted
by us in connection with the use of the product and/or the information and drawings contained herein. No
responsibility is assumed by us for any infringement of a third party’s right which may result from the use
thereof.

The products listed in this document are intended for use in general electronics equipment for commercial
applications (e.g., office automation, communication equipment, measurement equipment, consumer
electronics, etc.). These products are not, unless specifically authorized by Oki, authorized for use in any
system or application that requires special or enhanced quality and reliability characteristics nor in any system
or application where the failure of such system or application may result in the loss or damage of property, or
death or injury to humans.

Such applications include, but are not limited to, traffic and automotive equipment, safety devices, aerospace
equipment, nuclear power control, medical equipment, and life-support systems.

Certain products in this document may need government approval before they can be exported to particular
countries. The purchaser assumes the responsibility of determining the legality of export of these products and
will take appropriate and necessary steps at their own expense for these.

No part of the contents contained herein may be reprinted or reproduced without our prior permission.

Copyright 2004 Oki Electric Industry Co., Ltd.
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