FEDL 9205-03
Thisversion: Jan. 2001

OK1I Semiconductor Previousversion Sep. 2000
ML 9205-01

5 x 7 Dot Character x 24-Digit Display Controller/Driver with Character RAM

GENERAL DESCRIPTION

The ML9205-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 system is easily realized by internal ROM and RAM for character display.

The ML9205-xx has low power consumption since it is made by CMOS process technology.

-0l isavailable as a general-purpose code.

Custom codes are provided on customer's request.

FEATURES

* Logic power supply (Vpp) :3.3V £10% or 5.0V +10%
» Fluorescent display tube drive power supply (Vo) : 3.3V £10% or 5.0 V £10%
» Fluorescent display tube drive power supply (Vg) :—20to-60V

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) :-5.0mA (Vg =—60V)

» Segment driver (AD1 to AD4) :=10.0mA (Vg =—60V)

* Grid driver (COM1 to COM24) :-50.0 mA (Vg =-60V)
« General output port output current

* Output driver (P1 to P4) :+1.0mA (Vpp = 3.3V10%)

+2.0 mA (Vpp = 5.0 V£10%)
e Content of display
* CGROM 5 x 7 dots ;240 types (character data)
« CGRAM 5 x 7 dots . 16 types (character data)
« ADRAM 24 (display digit) x 4 bits (symbol data)
« DCRAM 24 (display digit) x 8 bits (register for character data display)

» General output port 4 bits (static operation)
« Display control function
* Digplay digit : 9to 24 digits

« Digplay duty (brightness adjustment)  : 8 stages

* All lights ON/OFF
+ 3interfaces with microcontroller : DA, CS, CP (4 interfaces when RESET is added)
« 1-byteinstruction execution (excluding data write to RAM)
« Built-in oscillation circuit (external R and C)
» Package options:

80-pin QFP package (QFP80-P-1414-0.65-K)  (Product name : ML9205-xxGP)

80-pin QFP package (QFP80-P-1420-0.80-BK) (Product name : ML9205-xxGA)

xx indicates the code number.
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BLOCK DIAGRAM
VDISP
VDD
GND
Ve -C
DCRAM CGROM SFGl
24w x 8b 240w x 35b '
Segment |
Driver l
CGRAM i
RESET & » 4 16w x 35b —=O SEG35
DA -
P gkglftt 4 ADRAM ] AD1
TS Register ~| 24w > 4b AD |
Driver !
— —O AD4
< | Address
Selector
Command f f
Decoder | | Write Read
¥ Address Address [« Q P1
| Counter | | Counter Port :
Control . 1
Circuit - Driver !
:I P4
N -
Digit C(,)Ml
= Control ] '
Grid :
Driver :
| Duty !
~| Control —=O COM24
Timing > Timing
Generatorl »Generator2|
OSCo
Oscillator
OSCli:
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INPUT AND OUTPUT CONFIGURATION

Schematic Diagrams of Logic Portion Input and Output Circuits

Input Pin
VDD VDD
N
INPUT F O
O—WA— W\ L --

GND 777 GND

Output Pin
VDD VDD
AN

N
F ] OUTPUT
O

GND7/7 777 GND

Schematic Diagram of Driver Output Circuit

VDISP VDISP

BN JAN

F ] OUTPUT
-- O
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PIN CONFIGURATION (TOP VIEW)

RESET
66| OSC1

69| CP

62| COM24

ﬁ AD2
179] AD1
| 78] Vpisp2
(61] COM23

77] NC

76| Ve

75| P4

74] P3

73| P2

72| P1

71| Voo

70| DA

168] CS
[65] OSCO
(64] GND
E VIZI1

N~
(o)

J

60] cCOM22
[59] com21
58] COM20
57] com19
56 ] COM18
55] com17
[54] COM16
53] COM15
[52] cOM14
[51] COM13
50] com12
[49] coM11
48] cOM10
[47] cOM9
[46] COM8
145] com7
[44] COM6
143] cOM5
[42] coM4
[41] cOM3

o

O

[21]
22
23]
24]

SEG24 [26]
27

SEG26 28

30

SEG29 (31

SEG32 [34]

SEG33 [35

36|
Vpisp1 g

39

COM2 @

SEG19
SEG20 |2
SEG21
SEG22
SEG23 [25
SEG25
SEG27 [29
SEG28
SEG30 [32]
SEG31 [33
SEG34
SEG35 [37
comi

NC: No connection

80-Pin Plastic QFP
(QFP80-P-1414-0.65-K)

4/34



OKI Semiconductor

FEDL9205-03

M L 9205-01

AD1 [1]
AD2 2]
AD3 [3]
ADA4 [4]
SEG1 [5]
SEG2 [€]
SEG3 [7]
SEG4 [8]
SEGS5 [9]
SEG6 [10]
SEG7 [1I]
SEGS [12]
SEG9 [13]
SEG10 [14]
SEG11 [15]
SEG12 [1§
SEG13 [17]
SEG14 [18]
SEG15 [19]
SEG16 [20
SEG17 [2]]
SEG18 [22]
SEG19 [23]
SEG20 [24]

m VDISPZ

[79] NC

78] Veio

77) P4

69] RESET

75] P2
74] P1
73] Voo
[72] DA
711 CP
701 TS

76] P3

68] OsSc1

671 0SCo
66] GND

65] Vi1

O

64] COM24
63] COM23
62] COM22
61] com21
[60] COM20
59] COM19
58] COM18
57] COM17
[56] COM16
55] COM15
54] COM14
53] COM13
52] COM12
511 COM11
501 COM10
[49] com9
48] COM8
47] coMm7
[46] COM6
[45] COM5
44] cCOM4
43] coM3
42] cComM2
41] com1

SEG21 [25]

SEG22 [26]

SEG23 [27]
SEG24 (28]

SEG25 [29]
SEG26 [30]
SEG27 [31]
SEG28 [32]
SEG29 [33]
SEG30 [34]
SEG31 [35]
SEG32 [36]

NC: No connection

80-Pin Plastic QFP
(QFP80-P-1420-0.80-BK)

SEG33 [37]
SEG34 [38]

SEG35 [39
VDISPl @
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PIN DESCRIPTION

Pin
Symbol Type Connects to Description
QFP-1* | QFP-2*
Fluorescent display tube anode electrode drive
31037 | 51039 | SEG11035| © Fluorescent tube | output. Directly connecteq to flgorescent display
anode electrode | tube and a pull-down resistor is not necessary.
loy > -5.0 mMA
Fluorescent display tube grid electrode drive
391062 | 41 to 64 COML1 to o Flugrescent tube | output. Directly connecteo! to flgorescent display
24 grid electrode tube and a pull-down resistor is not necessary.
loy >—50.0 mA
Fluorescent display tube anode electrode drive
1,2,79, 1t04 | AD1toAD4 | © Fluorescent tube | output. Directly connecteq to flgorescent display
80 anode electrode | tube and a pull-down resistor is not necessary.
loy >—10.0 mA
LED anode General port output. Output of these pins in
72t075 | 74t0 77 P1lto P4 (0] static operation, so these pins can drive the
electrode
LED. lgy >-2.0 mA
e 3 Voo Vpp-GND are power supplies for internal logic.
38, 78 40, 80 Voisp1 to 2 . Power supply Vpse-Ve,  are power supplies for driving
64 66 GND fluorescent tubes. Use the same power supply
63,76 | 65,78 Veiitos for Vip and Vpsp.
70 72 DA | Microcontroller | Serial data input (positive logic). Input from LSB.
69 71 P | Microcontroller S.h-lft clock input. Serial data is shifted on the
rising edge of CP.
68 70 TS | Microcontroller Chip se_lec.t |r?pllJIt. "Serlal 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
« Display digit ..........ccce..... 24 digits
SEEET Microcontroller | « Brightness adjusment ....8/16
o7 69 RESET ! orC, R, * All lights ON or OFF ....... OFF mode
e All outputs .......ccceevveeeenen. "Low" level
\
Cz R2
(Circuit when R and C are connected externally)
See Application Circuit.
External RC pin for RC oscillation.
Connect R and C externally. The RC time
65 67 0SCO : constant depends on the V voltage used. Set
C. R the target oscillation frequency to 2 MHz.
v
R1 C
66 68 osc1 o) g
(RC oscillation circuit) See Application Circuit.

* QFP1 : QFP80-P-1414-0.65-K
QFP2 : QFP80-P-1420-0.80-BK
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ABSOLUTE MAXIMUM RATINGS
Parameter Symbol Condition Rating Unit
Voo *1 -0.3t0 +6.5 \Y,
Supply Voltage (1)
Voisp *1 -0.3t0 +6.5 \Y,
Supply Voltage (2) Ve — —80 to Vp,gp+0.3 \Y,
Input Voltage Vi — —0.3to Vppt0.3 \Y
L QFP80-P-1414-0.65-K 637
Power Dissipation Po Ta=25°C mw
QFP80-P-1420-0.80-BK 764
Storage Temperature Tsro — —-55 to +150 °C
lo1 COM1 to COM24 —60 to 0.0
loz AD1 to AD4 -2010 0.0
Output Current mA
los SEG1 to SEG35 -101t0 0.0
los P1to P4 -4.0to +4.0
*1: Usethe same power supply for Vpp and Ve
RECOMMENDED OPERATING CONDITIONS
When the power supply voltageis 5V (typ.)
Parameter Symbol Condition Min Typ. Max. Unit
Supply Voltage (1) Voos Voise — 4.5 5.0 5.5 \%
Supply Voltage (2) Ve — -60 — -20 \%
High Level Input Voltage \ All input pins excluding OSCO pin | 0.7 Vpp — — \%
Low Level Input Voltage V. All input pins excluding OSCO pin — — 0.3 Vpp \%
CP Frequency fo — — — 2.0 MHz
Oscillation Frequency fosc R,=3.3kQ, C,=47 pF 15 2.0 25 MHz
Frame Frequency fer DIGIT = 1Ctlo:2:f7, ::'1:: 3.3k, 122 163 204 Hz
Operating Temperature Top — -40 — +85 °C
When the power supply voltage is 3.3V (typ.)
Parameter Symbol Condition Min. Typ . Max. Unit
Supply Voltage (1) Vops Voise — 3.0 3.3 3.6 \%
Supply Voltage (2) Ve — -60 — -20 \%
High Level Input Voltage \ All input pins excluding OSCO pin | 0.8 Vpp — — \%
Low Level Input Voltage V. All input pins excluding OSCO pin — — 0.2 Vpp \%
CP Frequency fe — — — 2.0 MHz
Oscillation Frequency fosc R, =3.3kQ, C, =39 pF 15 2.0 25 MHz
Frame Frequency fer DIGIT = 1(;th:2;§ E::z 3.3k, 122 163 204 Hz
Operating Temperature Top — -40 — +85 °C
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ELECTRICAL CHARACTERISTICS

DC Characteristics-1

(Mpps Vpisp = 5.0 V £10%, V¢ = —60V, Ta = —-40 to +85°C, unless otherwise specified)

Parameter Symbol Applied pin Condition Min. Max. Unit
High Level Input v CS, CP, DA, 0.7 v
Voltage i RESET Voo
Low Level Input CS, CP, DA,

Voltage Vi RESET - — |03V |V
High Level Input CS, CP, DA,
— = -1. +1.
Current i RESET Vin = Voo 1O | +10 1 wA
Low Level Input CS, CP, DA,
S =0. -1 +1.
Current he RESET Vi=00V 1.0 1.0 WA
Vot COM1 to 24 lors = —50.0 mA \_/;'55’ — \%
V AD1 to AD4 lopge =—10.0 mA Vorse — \%
High Level Output o o2 -1.5
Voltage V,
g Vous SEG1 to 35 lons = —5.0 MA _3'55" — \%
VDD
Vous P1to P4 lons = —2.0 MA 1o — v
COML1l to 24
Low Level Output Vour AD1 to AD4 — —  |[Vg+10 v
Voltage SEG1to 35
Vois P1to P4 loiy = 2 MA — 1.0 v
Duty = 15/16
Digit=1to 24
o1 All output lights o 4 mA
fosc= ON
Supply Current Voos Voise 2 MHz, —
no load BUt); B f/t169
oo git =2 1o — 3 mA

All output lights
OFF
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DC Characteristics-2

(Vpps Vpisp = 3.3V £10%, V= —-60 V, Ta = —40 to +85°C, unless otherwise specified)

Parameter Symbol Applied pin Condition Min. Max. Unit
High Level Input v CS, CP, DA, 0.8 v
Voltage i RESET Voo
Low Level Input CS, CP, DA,

Voltage Vi RESET - — |02V V
High Level Input CS, CP, DA, B
Current b RESET Vin = Voo -10) +10 WA
Low Level Input CS, CP, DA,
S =0. -1. +1.
Current e RESET Vi=00V 10 10 WA
Vons COM1 to 24 loms = =50.0 mA \_/;'55’ — \%
V AD1 to AD4 lop =—10.0 mA Vorse — \%
High Level Output o2 o -1.5
Voltage
g Vons SEG1 to 35 lons = —=5.0 MA \_/TS; — \%
VDD
Vora P1to P4 lons = —=1.0 MA 1o — Y%
COML1l to 24
Low Level Output Vorr AD1 to AD4 — — Ve, +1.0 Vv
Voltage SEG1to 35
Vois P1to P4 loiy = 1 MA — 1.0 v
Duty = 15/16
Digit=1to 24
lob2 All output lights o 3 mA
fosc = ON
Supply Current Voos Voise 2 MHz, —
no load gunt’ - f/tmg
igit=1to
ooz All output lights 2 mA
OFF
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AC Characteristics-1

(Vops Vpisp = 5.0 V £10%, V= —-60 V, Ta = —40 to +85°C, unless otherwise specified)

Parameter Symbol Condition Min. Max. Unit
CP Frequency fo — — 2.0 MHz
CP Pulse Width tew — 250 — ns
DA Setup Time tos — 250 — ns
DA Hold Time ton — 250 — ns
CS Setup Time tess — 250 — ns
CS Hold Time tesn R,=3.3kQ, C, = 47 pF 16 — s
CS Wait Time tesw — 250 — ns
Data Processing Time toorr R, =3.3kQ, C, =47 pF 8 — us
RESET Pulse Width fumce When RESET signal is input from 250 . s
microcontroller, etc. externally
L When RESET signal is input from 250 . ns
RESET Time trson microcontroller, etc. externally
R,=1.0kQ,C,=0.1pF — 200 ps
DA Wait Time trsore — 250 — ns
tr tz = 20% to 80% — 2.0 ps
All Output Slew Rate C, =100 pF
te t- = 80% to 20% — 2.0 ys
Vpp Rise Time torz When mounted in the unit — 100 us
Vpp Off Time toor When mounted in the unit, Vp, = 0.0 V 5.0 — ms

AC Characteristics-2

(Vops Vpisp = 3.3V £10%, V= —-60 V, Ta = —40 to +85°C, unless otherwise specified)

Parameter Symbol Condition Min. Max. Unit
CP Frequency fo — — 2.0 MHz
CP Pulse Width tew — 250 — ns
DA Setup Time tos — 250 — ns
DA Hold Time ton — 250 — ns
CS Setup Time tess — 250 — ns
CS Hold Time tesn R, =3.3kQ, C, =39 pF 16 — s
CS Wait Time tesw — 250 — ns
Data Processing Time toore R, =3.3kQ, C, =39 pF 8 — us
RESET Pulse Width e Wh_en RESET signal is input from 250 . s
microcontroller, etc. externally
L When RESET signal is input from 250 . ns
RESET Time trson microcontroller, etc. externally
R,=1.0kQ, C,=0.1 pyF — 200 ys
DA Wait Time trsore — 250 — ns
tr tz = 20% to 80% — 2.0 ps
All Output Slew Rate C, =100 pF
te t- = 80% to 20% — 2.0 ys
Vpp Rise Time torz When mounted in the unit — 100 us
Vpp Off Time toor When mounted in the unit, Vp, = 0.0 V 5.0 — ms
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TIMING DIAGRAM

Symbol Vpp = 3.3V £10% Vpp = 5.0V £10%
Viu 0.8 Vpp 0.7 Vpp
V. 0.2 Vpp 0.3 Vpp
« Data Timing
tCSS
E + tCSW *V|H
/ ‘j\ Vi
1/t fesn
o —\—7L Tooer tew | flow ‘\\* xm
Vi
tDS tDH
_V
DA VALID>< VALID ><VALID><VALID>< >< - v:f
* Reset Timing
Vs tors \ —0.8 Vpp
trson " ; When input externally 00V
------- <« POF oY T . —V,,
RESET rsore a3 N RER —0.5Vpp
¢  “When external T.____ 7 —Vy
RSOFF R and C are
r connected v
DA AN A A KV
X - VIL

* Qutput Timing

t t —0.8V
All outputs R F pISP
P J{ SL / \ 02V,
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« Digit Output Timing (for 24-digit display, at aduty of 15/16)

T =8/fosc

Framecycle t; =1536T (t,=6.144 ms when fogc = 2.0 MHZ) —»
j_T Display timing ;= 60T (1. = 240 is when fue, = 2.0 MH2)
CcoM1

=+ Blanktiming  t;=4T  (t, = 16 ps when fosc = 2.0 MHZ) _ Vosp

com2
COM3 1

COM4 1

COM5 1
COM6 1

COM19 1
COM20 1

Ccom21 1
COoM22 1

COM23 1
COM2471 |

AD1-4 o e e e e 1Y s 1Y Y e Y ¥ i V4
SEG1-35 RV

Ve
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FUNCTIONAL DESCRIPTION

Commands List

LSB 1st byte MSB | LSB 2nd byte MSB

Command
BO | BL | B2 | B3 | B4 | B5 | B6 | B7 BO B1 B2 B3 B4 B5 B6 B7

1 | DCRAM data write X0 X1 X2 X3 X4 1 0 0 [&0] C1 Cc2 C3 C4 C5 C6 Cc7

Co | c5 |c10 | c15|c20|c25|c30 | * 2ndbyte

c1 | ce |cii|cie|c1|cee|c3t| * 3rdbyte

2 | CGRAM datawrite | X0 | X1 | X2 | x3 | * 0 1 0 | c2 | c7|ciz|cir|ce2|cer|c3| * A4thbyte

c3 | c8 | c13|ci8|ce3|cos|c3s| * 5thbyte

ca | co|cra|cro|coa|coo|caa| * 6thbyte

3 | ADRAM data write X0 | X1 | X2 | X3 | X4 1 1 0 co C1 Cc2 C3 * * * *

General output port

4 PL | P2 | P3| P4 | * 0 0 1 . '

set * : Don't care
5 | Display duty set oo | b1 | o2 | * * 1 0 1 Xn : Address specification for each RAM

Number of digits . Cn : Character code specification for each RAM
1 et KO | KL K2 K3 0 1 ! Pn : General output port status specification

7| Allights ONOFF | L | H | * [ * | * | 1 [ 1|1 Dn : Display duty specification
Kn : Number of digits specification

. All lights ON instruction
L . All lights OFF instruction

Test mode

When datais written to RAM (DCRAM, CGRAM, ADRAM) continuously, addresses are internally incremented
automatically. Thereforeit 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 isnot a user function.
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Positional Relationship Between SEGn and ADn (one digit)

CO AD1
C1AD2
ADRAM written data.
C2 AD3 Corresponds to 2nd byte
C3 AD4
Co Cl Cc2 C4
SEG5
C5 || C6 ||| C7 C9
C10 C12 C14
SEG11 SEG13 |SEG15
C1l7 | C19
SEG16 SEG20
[
SEG21 SEG25
C25 C29
| C34
SEG35

CGRAM written data. Corresponds to 3rd byte
CGRAM written data. Corresponds to 4th byte

CGRAM written data. Corresponds to 2nd byte —1 L CGRAM written data. Corresponds to 6th byte
CGRAM written data. Corresponds to 5th byte
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Data Transfer M ethod and Command Write M ethod

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 (L SB 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.

E tDOFF tCSH

ST TR

BO|B1|B2|B3|B4|B5|B6|B7 B0O|B1|B2|B3|B4|B5|B6|B7 BO(B1|B2|B3|B4|B5|B6|B7

DA
'LSB 'i ILSB MSB, ILSB MSB!
! 1st byte ! U 2nd byte b 2nd byte !
1 [N . I |
When data is written | A ' i | Character code data of the |
to DCRAM* ! Command and address data! ; | Charactercodedata | | nextaddress !

* 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 data for 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 as follows:

» Address of each RAM .......ccceovivinininencnnes address "00"H

e Dataof eaCh RAM ..o All contents are undefined

e General OULPUL POt ........covvereererieniereeenee e All general output ports go "Low"
e Digplay digit .....ooeeeeieeeee e 24 digits

* Brightness adjustment.............ccoceevreeeieneneneenn 8/16

 All display lights ON or OFF ..........ccccceeenienenne OFF mode

* Segment OULPUL .........ccveeererere e All segment outputs go "Low"
LAY B I o 14 o 11 | O All AD outputsgo "Low"

Please set the functions again according to " Setting Flowchart" after reset.
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Description of Commands and Functions

1. DCRAM datawrite
(Specifies the addresses 00H to 1FH of DCRAM and writes the character codes of CGROM and CGRAM..)

DCRAM (Data Control RAM) has a 5-bit address to store the character codes of CGROM and CGRAM.

The character code specified by DCRAM is converted to a 5 x 7 dot matrix character pattern via CGROM or
CGRAM.

(The DCRAM can store 24 characters.)

[Command format]

LSB MSB
BO Bl B2 B3 B4 BS B6 BY
Istbyte |x0|x1|x2|x3[x4] 1[0 0] : selects DCRAM data write mode and specifies DCRAM
(1st) address
(Ex: Specifies DCRAM address 00H.)

LSB MSB
BO B1 B2 B3 B4 B5 B6 B7

2nd byte [co|c1|c2|ca|ca|cs|ce|c7]| : specifies the character codes of CGROM and CGRAM
(2nd) (written into DCRAM address 00H)

To specify the character code of CGROM and CGRAM continuoudly to the next address, specify only character
codes as follows.
The addresses of DCRAM are automatically incremented. Specification of an address is unnecessary.

LSB MSB

BO Bl B2 B3 B4 B5 B6 BY

2nd byte |co|c1|c2|c3|c4|cs|ce|c7|
(3rd)

. specifies the character codes of CGROM and CGRAM
(written into DCRAM address 01H)

LSB MSB
BO B1 B2 B3 B4 B5 B6 B7

2nd byte |C0 ‘ c1 | c2 | C3 | 64‘05 | C6 | C7| : specifies the character codes of CGROM and CGRAM
(4th) , (written into DCRAM address 02H)
LSB ' MSB
BO B1 B2 B3 B4 B5 B6 B7

2nd byte |co|c1|c2|c3|c4|cs|ce|c7|
(25th)

. specifies the character codes of CGROM and CGRAM

(written into DCRAM address 17H)
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The character code setting of CGROM and CGRAM up to 24 digitsis completed.
To set acharacter code from DCRAM address 00H continuously.

Specify adummy charactor code between DCRAM addresses 18H and 1FH.

(To increment the DCRAM address automatically and set it to O0H)

LSB MSB
BO B1 B2 B3 B4 B5 B6 B7

2nd byte |C0 ‘ C1 | c2 ‘ C3 | 04‘05 ‘ C6 | c7 | : specifies the character codes of dummy CGROM
(26th) 1 (Operated 8 times) and CGRAM

| (Not written into DCRAM address)
LsB MSB

BO B1 B2 B3 B4 B5 B6 B7
2nd byte |CO‘C1|C2‘C3|C4‘CS‘CG|C7| : specifies the character codes of dummy CGROM
(33th) and CGRAM
(Not written into DCRAM address)

LSB MSB
BO B1 B2 B3 B4 B5 B6 B7

2nd byte |C0 ‘ C1 | c2 ‘ C3 | 04‘05 ‘ C6 | c7 | : specifies the character codes of CGROM and CGRAM
(34th) (DCRAM address 00H is rewritten)

X0 (LSB) to X4 (MSB): DCRAM addresses (5 bits: 24 characters)
CO (LSB) to C7 (MSB): Character codes of CGROM and CGRAM (8 bits: 256 characters)

[COM positions and set DCRAM addresses]

HEX | X0 | X1 | X2 | X3 | X4 | COM position HEX | X0 | X1 | X2 | X3 | X4 | COM position
00 0 0 0 0 0 COoM1 10 0 0 0 0 1 COomM17
01 1 0 0 0 0 COM2 11 1 0 0 0 1 com18
02 0 1 0 0 0 COM3 12 0 1 0 0 1 COM19
03 1 1 0 0 0 COM4 13 1 1 0 0 1 COM20
04 0 0 1 0 0 COM5 14 0 0 1 0 1 Ccom21
05 1 0 1 0 0 COM6 15 1 0 1 0 1 COomM22
06 0 1 1 0 0 Ccom7 16 0 1 1 0 1 CcomM23
07 1 1 1 0 0 COMS8 17 1 1 1 0 1 COom24
08 0 0 0 1 0 COM9 18 0 0 0 1 1 Not fixed
09 1 0 0 1 0 COM10 19 1 0 0 1 1 Not fixed
0A 0 1 0 1 0 COoM11 1A 0 1 0 1 1 Not fixed
0B 1 1 0 1 0 COomM12 1B 1 1 0 1 1 Not fixed
oC 0 0 1 1 0 COM13 1C 0 0 1 1 1 Not fixed
oD 1 0 1 1 0 COM14 1D 1 0 1 1 1 Not fixed
OE 0 1 1 1 0 COM15 1E 0 1 1 1 1 Not fixed
OF 1 1 1 1 0 COM16 1F 1 1 1 1 1 Not fixed
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2. CGRAM datawrite
(Specifies the addresses of CGRAM and writes character pattern data.)

CGRAM (Character Generator RAM) has a 4-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 O0H to OFH. (All the other addresses are the CGROM addresses.)
(The CGRAM can store 16 types of character patterns.)

[Command format]

1st byte
(1st)

2nd byte
(2nd)

3rd byte
(3rd)

4th byte
(4th)

5th byte
(5th)

6th byte
(6th)

LSB MSB
BO B1 B2 B3 B4 B5 B6 B7Y

Ixo|xa|x2|x3| *[o]1]0]:

LSB MSB
BO B1 B2 B3 B4 B5 B6 B7

|co|cs c10cisiczoczsicaq * | -

LSB MSB
BO B1 B2 B3 B4 B5 B6 B7

|c1|ce|citcascaiicagcanl * | -

LSB MSB
BO B1 B2 B3 B4 B5 B6 B7

|c2|c7c12c17icaacericad * | -

LSB MSB
BO B1 B2 B3 B4 B5 B6 B7

|c3|cslc13cigcagcegcss * | -

LSB MSB
BO B1 B2 B3 B4 B5 B6 B7

|ca|colc14ci9c24c29cad * | -

selects CGRAM data write mode and specifies
CGRAM address.
(Ex: Specifies CGRAM address 00H.)

specifies 1st column data
(written into CGRAM address 00H)

specifies 2nd column data
(written into CGRAM address 00H)

specifies 3rd column data
(written into CGRAM address 00H)

specifies 4th column data
(written into CGRAM address 00H)

specifies 5th column data
(written 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 addressis therefore unnecessary.
The 2nd to 6th byte (character pattern data) are regarded as one data item, so 300 ns is sufficient for tyoe time
between bytes.
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LSB MSB
BO Bl B2 B3 B4 B5 B6 B7

2nd byte | co | cs |c10|c15|c20|c2s|cao] * | :
(7th) i
LSB : MSB
BO Bl B2 B3 B4 B5 B6 B7
6th byte | ca | co [c14|c19|coa|coolcas] * | -
(11th)
LSB MSB
BO Bl B2 B3 B4 B5 B6 B7
2nd byte |co|cs ‘C10|015|CZO|025|030| * | ;
(12th) )
LSB : MSB
BO Bl B2 B3 B4 B5 B6 B7
6th byte | ca | co |c14|c19|coa|caolcad| * |
(16th) ,
I
LSB : MSB
BO Bl B2 B3 B4 B5 B6 B7
2nd byte | co | cs |c10|cis|c2o|c2s|cao] * |
(77th) ,
LSB : MSB
BO Bl B2 B3 B4 B5 B6 B7
6th byte | c4 | co [c14|c1e|ca4|coe|cad] * |
(81th)
LSB MSB
BO Bl B2 B3 B4 B5 B6 B7
2nd byte | co | cs |c10|c1s|c2o|c2s|c3o] * | :
(82th) ,
I
LSB : MSB
BO Bl B2 B3 B4 B5 B6 B7
6th byte | c4 | co [c14|c1e|ca4|cog|cas| * | :
(86th)
X0 (LSB) to X3 (MSB)
CO (LSB) to C34 (MSB)

* . Don't care

specifies 1st column data
(written into CGRAM address 01H)

specifies 5th column data
(written into CGRAM address 01H)

specifies 1st column data
(written into CGRAM address 02H)

specifies 5th column data
(written into CGRAM address 02H)

specifies 1st column data
(written into CGRAM address 0OFH)

specifies 5th column data
(written into CGRAM address 0OFH)

specifies 1st column data
(CGRAM address 00H is written)

specifies 5th column data
(CGRAM address 00H is written)

. CGRAM addresses (4 bits: 16 characters)
. Character pattern data (35 bits: 35 outputs per digit)
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[CGROM addresses and set CGRAM addresses]

Refer to ROMCODE table
HEX | X0 | X1 | X2 | X3 CGROM address HEX | X0 | X1 | X2 | X3 CGROM address
00 0 0 0 0 RAMO00(00000000B) 08 0 0 0 1 RAMO08(00001000B)
01 1 0 0 0 | RAM01(00000001B) 09 1 0 0 1 | RAMO09(00001001B)
02 0 1 0 0 RAMO02(00000010B) 0A 0 1 0 1 RAMOA(00001010B)
03 1 1 0 0 RAMO03(00000011B) 0B 1 1 0 1 RAMOB(00001011B)
04 0 0 1 0 | RAM04(00000100B) | 0OC 0 0 1 1 | RAMOC(00001100B)
05 1 0 1 0 RAMO05(00000101B) oD 1 0 1 1 RAMOD(00001101B)
06 0 1 1 0 | RAM06(00000110B) OE 0 1 1 1 | RAMOE(00001110B)
07 1 1 1 0 RAMO07(00000111B) OF 1 1 1 1 RAMOF(00001111B)

Positional relationship between the output area of CGROM and that of CGRAM

area that corresponds to 2nd byte (1st column)
area that corresponds to 3rd byte (2nd column)

Note:

character patterns.
CGRAM can store 240 types of character patterns.
General-purpose code -01 is available and custom codes are provided on customer's request.

|colfct||cz||cs]

Lc4]

|cs||[ce || c7||cs]

co

|c10|c11|c12]cas]

[c14]

|c1s]|c16]||c17]cas]

[c19]

|c20]|[c21||c22]|c23]

c24|

|c2s|||c26||c27]|c2s]

[c29|

|c30]||c31||c32]|cas]

|c34|

i I

CGROM (Character Generator ROM) has an 8-bit address to generate 5 x 7 dot matrix

area that corresponds to 6th byte (5th column)
area that corresponds to 5th byte (4th column)
area that corresponds to 4th byte (3rd column)
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3. ADRAM datawrite
(Specifies the addresses 00H to 1FH of ADRAM and writes symbol data.)

ADRAM (Additional Data RAM) has a 5-bit address to store symbol data.

Symbol data specified by ADRAM isdirectly output without CGROM and CGRAM.
(The ADRAM can store 4 types of symbol patterns for each digit.)

Theterminal 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|X4‘ 1 | 1 | 0 | . selects ADRAM data write mode and specifies ADRAM
(1st) address
LSB MSB (Ex: Specifies ADRAM address 00H.)
BO B1 B2 B3 B4 B5 B6 B7
2nd byte |CO|Cl|C2|CS| * | * | * | * | . sets symbol data
(2nd) (written into ADRAM address 00H.)

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 |C0|C1|C2‘C3‘ * | * | *‘ *| : sets symbol data

(3rd) (written into ADRAM address 01H)
LSB MSB

BO B1 B2 B3 B4 B5 B6 B7
2nd byte |CO|C1|C2|C3| * | * | * | * | . sets symbol data
(4th) (written into ADRAM address 02H)

LSB ! MSB
BO B1 B2 B3 B4 B5 B6 B7

2nd byte |C0|C1|C2‘C3‘ * | * | * ‘ * | . sets symbol data

(25th) (written into ADRAM address 17H)
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The symbol data setting up to 24 digitsis completed.

To set symbol datafrom ADRAM address 00H continuously.

Specify adummy symbol data between ADRAM addresses 18H and 1FH.
(To increment the ADRAM address automatically and set it to 00H)

LSB MSB
BO B1 B2 B3 B4 B5 B6 B7
2nd byte |CO|C1|C2|C3| * | * | * | * | : sets dummy symbol data
(26th) , (Not written into ADRAM address)

LsB MSB
BO B1 B2 B3 B4 B5 B6 B7

2nd byte |C0|C1‘C2‘C3‘ * ‘ * ‘ * ‘ * | . sets dummy symbol data

(33th) (Not written into ADRAM address)

LSB MSB
BO B1 B2 B3 B4 B5 B6 B7

2ndbyte [co|ci|c2|ca] | # | * | x| : sets dummy symbol data

(34th) (ADRAM address O0H is rewritten)
X0 (LSB) to X4 (MSB) : ADRAM addresses (5 hits: 24 characters)
CO (LSB) to C3 (MSB) : Symbol data (4 bits: 4-symbol data per digit)
* : Don't care

[COM positions and ADRAM addresses]

HEX | X0 | X1 | X2 | X3 | X4 | COM position HEX | XO | X1 | X2 | X3 | X4 | COM position
00 0 0 0 0 0 COM1 10 0 0 0 0 1 COM17
01 1 0 0 0 0 COM2 11 1 0 0 0 1 COM18
02 0 1 0 0 0 COM3 12 0 1 0 0 1 COM19
03 1 1 0 0 0 COM4 13 1 1 0 0 1 COM20
04 0 0 1 0 0 COM5 14 0 0 1 0 1 CcCOM21
05 1 0 1 0 0 COM6 15 1 0 1 0 1 COM22
06 0 1 1 0 0 COM7 16 0 1 1 0 1 COM23
07 1 1 1 0 0 COM8 17 1 1 1 0 1 COM24
08 0 0 0 1 0 COM9 18 0 0 0 1 1 Not fixed
09 1 0 0 1 0 COM10 19 1 0 0 1 1 Not fixed
0A 0 1 0 1 0 COM11 1A 0 1 0 1 1 Not fixed
0B 1 1 0 1 0 COM12 1B 1 1 0 1 1 Not fixed
0C 0 0 1 1 0 COM13 1C 0 0 1 1 1 Not fixed
(0] 1 0 1 1 0 CcoM14 1D 1 0 1 1 1 Not fixed
OE 0 1 1 1 0 COM15 1E 0 1 1 1 1 Not fixed
OF 1 1 1 1 0 COM16 1F 1 1 1 1 1 Not fixed
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4. General output port set
(Specifies the general output port status.)

The general output port is an output for 4-bit static operation.

It is used to control other 1/0 devices and turn on LED. (static operation)

When at the "High" level, this output becomes the V, 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 B7
1st byte |P1| P2| P3| P4| * | 0 | 0 | 1 | . selects a general output port and specifies
the output status

P1lto P4 : general output ports
* : Don't care

[Set data and set state of general output port]

Pn Display state of general output port
Sets the output to Low (The state when power is applied or when RESET is input.)
1 Sets the output to High
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5. Display duty set
(Writes adisplay duty value to the duty cycle register.)

Display duty adjusts brightnessin 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 |D0|D1|D2| * | * | 1 | 0 | 1 | . selects display duty set mode and sets duty value

DO (LSB)toD2 (MSB) : display duty data (3 bits: 8 stages)
* : Don't care

[Relation between setup data and controlled COM duty]

T
m
X
|w)
o
O
=
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|lojlo|r|lw Nk |o
rlolr|lo|lr|lo|r]|o
Plkrlo|lo|r|kR|lo|o
Flkrlkr|kr|lo|lo|o|o
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6. Number of digits set
(Writes the number of display digits to the display digit register.)

The number of digits set can display 9 to 24 digits using 4-bit data.

When power is turned on or when a RESET signal isinput, the number of digit register valueis"0". Always
execute thisinstruction to change the number of digits before turning the display on.

[Command format]

LSB MSB
BO B1 B2 B3 B4 B5 B6 B7

1st byte |KO|K1|K2|K3| * | 0 | 1 | 1 | . selects the number of digit set mode and specifies
the number of digit value

KO (LSB) to K3 (MSB) : number of digit data (4 bits: 16 digits)
* : Don't care

[Relation between setup data and controlled COM]

Number of digits Number of digits

HEX | Ko | K1 | k2 | K3 oM 9 HEX | KO | K1 | K2 | K3 oM 9

> 0 o|lo|o]o COML to 24 8 [olo]o]1 COML to 16
1 1]o]olo COMLto 9 9 1001 COML to 17

2 ol 1|0 o0 COML to 10 A Jol1]ol1 COML to 18

3 1] 1]o0o]o COML to 11 B |1 1]0]1 COML1 to 19

4 olo|1]o0 COML to 12 c |olo|lz1]1 COML to 20

5 1]o]1]o COML to 13 b [1]lo|l1]1 COML to 21

6 ol 1|10 COML to 14 E |o|1]1]1 COML to 22

7 1] 1]1]o COML to 15 F [1]12]1]1 COML to 23

* The state when power is turned on or when RESET signal is input.
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7. All display lights ON/OFF set
(Turns all display 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 | . selects all display lights ON or OFF mode and
specifies display operation

L and H: display operation data
*: 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

RO |O|r
Pk |O|O|XI

Sets all outputs to High
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Setting Flowchart
(Power applying included)

@pply Voo and Vpsp

EA” 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

; :

DCRAM CGRAM ADRAM
Data write mode Data write mode Data write mode
(with address setting) (with address setting) (with address setting)
Address is automatically Address is automatically Address is automatically
incremented incremented incremented

DCRAM
Character code

CGRAM
Character code

ADRAM
Character code

ADRAM
Is character code
rite ended?

Is character code
write ended?

YES_~Another RAM to

be set?

Releases all display lights . .
OFF Display operation mode

O
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Power -off Flowchart

( Turn off Vg, )
<Turn off Vppand VD,SP>
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APPLICATION CIRCUIT

Heater Transformer
5 x 7-dot matrix fluorescent display tube ||

%EEEEE.%%EE%%
L9203 00 | i

Eﬁﬁgﬁﬁﬁﬁgﬁﬁﬁ

ANODE  ANODE GRID
(SEGMENT) (SEGMENT) (DIGIT)

il oz AP e el

VDD
Voo RESET Voo AD1-4 SEGI1-35 COM1-24
C Voisp1-2 R,
10 Micro- ;

)
9

Vpp == ——C,| controller ML9205 -xx LED
T 7 oS
&5 4
Output Port BPA P1-4 NPN Tr
GND GND V., 0SCO 0SC1 :j_, GND
i
7 R C
77 3
vV, = —c, GND 7} GND
[ 07

Notes: 1. The Vpp value depends on the power supply voltage of the microcontroller used. Adjust the
values of the constants R;, R,, R,, C;, and C, to the power supply voltage used.
2. The Vg value 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

Graphsillustrating the V-, versus driver output current capability relationship are shown below.
Care must be taken not to use the total power in excess of allowable power dissipation.

[Driver output current versus output drop voltage] [Driver output current versus output drop voltage]

V= —60V, COMn
[Output current (mA)]

V, =—-20V, COMn
[Output current (mA)]

o015 30 45 60 -75 (mA) o0 15 80 45 60 =75 (mA)
[Vulsp_n(v)] \ [VD\SP_n(V)]

-05 ~_ -05 \

410 \\ Ta = —40°C 0

Ta = 25°C
a \ Ta = —40°C
s Ta=85°C s
20 -2.0 —ame Ta=25°C
W) W) Ta=85°C

[Driver output current versus output drop voltage]

V., =-60V, ADn
[Output current (mA)]

[Driver output current versus output drop voltage]

V,, =20V, ADn
[Output current (mA)]

O 4 8 -2 -16 20 (mA) 4 8 12 -16 20 (mA)
[ansp_n(v)] \ [VD\SP_n(V)]
-0.5 -0.5
-1.0 \ Ta =-40°C —1.0
Ta = 25°C I Ta = —40°C
-1.5 -15
Ta =85°C
-2.0 -2.0

W)

W)

[Driver output current versus output drop voltage]

V, =60V, SEGn
[Output current (mA)]

Ta=85°C

Ta=25°C

[Driver output current versus output drop voltage]

V, =-20V, SEGn
[Output current (mA)]

0O -2 —4 —-6 -8 —10 (mA) O0 —2 -4 —6 -8 -10 (mA)
[Vulsp_n(v)] \ [VD\SP_n(V)]
0.5 \ 0.5 \
-1.0 Ta =-40°C -1.0
Ta = 25°C \
15 Ta = 85°C -15 Ta = ~40°C
-H20 —2.0

W)

V)

Ta=

85°C

Ta=25°C
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0B (O0H) to 00000111B (OFH) are the CGRAM addr
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PACKAGE DIMENSIONS

(Unit: mm)

QFP80-P-1414-0.65K |

2.4 MAX.
2.1: 0.2

@
1 AARARARAAAAAAAAARARA
g |
= OF ¢
o] =
[RREERFELRRRRREREELES
INDEX MARK )
Mirror inish, a3 vp. 0.32 3Bl 3®

0.17+ 0.05

Oki Electric Industry Co.,Ltd.

SEATING PLANE

0~0.25
[0.25]
—

I%040“

0.6 TYP.

0.67+ 0.15
Package material Epoxy resin
Lead frame material 42 alloy

Pin treatment

Solder plating (=5pm)

Package weight (g)

0.85 TYP.

Rev. No./Last Revised

3/Nov. 28, 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).

32/34



OKI Semiconductor

FEDL9205-03

M L 9205-01

(Unit: mm)

QFP80-P-1420-0.80-BK |

25.0: 0.2

20.0: 0.2

19.0+ 0.2
14.0: 0.2

1.0TYP.

INDEX MARK

@
Mirror finish 0.8TYP.

0.32:887 B 16

0

2.5MAX.
2.1

tan

0.17+ 0.05

Oki Electric Industry Co.,Ltd.

w

SEATING PLANE

Y 0
™
?' T 1.3TYP,
g .38+ 0.15
o
Package material Epoxy resin
Lead frame material 42 alloy

Pin treatment

Solder plating (=5pm)

Package weight (g)

1.27 TYP.

Rev. No./Last Revised

4/Nov. 28, 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).

33/34



FEDL9205-03

OKI Semiconductor M L 9205-01

NOTICE

1

Theinformation contai ned 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.

The outline of action and examples for 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 unusual 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 a third party’s industrial and intellectual property right, etc. is
granted by usin connection with the use of the product and/or the information and drawings contained herein.
No responsibility isassumed by usfor any infringement of athird 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 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 applicationsinclude, 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 2000 Oki Electric Industry Co., Ltd.
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