TOSHIBA TC9297F/FB

TC9297F, TC9297FB

LCD Driver with On-Chip Key Input

TC9297F/FB are an LCD driver IC with on-chip key input,
which is serial data controlled.

TC9297F
Features

e Supports switching between 1/2 and 1/3 duty, and between 1/2
and 1/3 bias.

e Displays up to 80 segments in 1/2-duty mode and up to 117
segments in 1/3-duty mode.

e All display segments can be either off or on. Outputs of pins
S36-S39 can be switched between segment output and LED
driver output. TC9297FB

e Supports key input from up to 30 keys.

QFP60-P-1414-0.80D

e 3-wire configuratoin for controller connection.

QFP64-P-1212-0.65

Weight
QFP60-P-1414-0.80D: 1.10 g (typ.)
QFP64-P-1212-0.65: 0.45 g (typ.)
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TC9297F/FB

Block Diagram
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Pin Functions (data in parenthesizes are for TC9297FB)
Pin No. Symbol Pin Name Function and Operation Remarks
55 (58) |V Power supply input | Power supply input pin. Normally supplied with
pD pin VRST-5.5 V. Power-on reset function resets system o
when powered up and when Vpp drops below 3 V
53 (56) | GND Ground pin (typ.).
Key-scan input pins. Data from up to 6 x 5 = 30 keys Voo
60 (63) | Ko can be input by a key matrix with key scan output pins -
1@~ |Ki~Kq Key-scan input pin To-Ts.
4 (5) When high is input to pins, key scan begins. These are RIN L
1/O pins with built-in pull-down resistors.
Voo
Key scan timing output pins. Due to key matrix
~ o configured using load resistor RON on the N-channel,
150(?1)1) To~Ts Ejty sz;:ainntlmmg no diodes are required. Output is normally high. When
put p high is input to key scan input pins Kg-K4, key scan Ron
begins.
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TC9297F/FB

Pin No. Symbol Pin Name Function and Operation Remarks
11(12) |COM1 LCD common output VDD
pin LCD segment output/common output pins. When set to
12(13) | COM2 1/2-duty, can display up to 80 segments in a matrix of =
pins COM1, 2 and Sp-S3g; when set to 1/3-duty, up to
117 segments in a matrix of COM1-3 and S1-S3g. In
LCD segment 1/3-duty mode, pin So is used as COM3 .
13 (14) | So/COM3 | output/common uty moce. pin So's '
output pin
15~ Vop
14| 31 —
LCD segment output
~ S1~S35 pin 9 P
48 34~ LCD segment output/LED driver output pins. When set —
51 to 1/2-duty, can display up to 80 segments in a matrix
of pins COM1, 2 and Sp-S3g; when set to 1/3-duty, up
to 117 segments in a matrix of COM1-3 and S1-S3g.
Pins S36-S3g also serve as LED driver pins. The LED
driver output becomes N-ch open driver output, and Vop
large-current drive allows direct LED display. —
e LCD segment output
49 (52)~ 1536/ OT3~ | ) Ep river output
52 (55) | S39/OTO -
pin — —
Oscillates when connected to an external crystal.
Vbb
The oscillation frequency is expressed by the
. frequency expression :
54 (57) |osc Crystal oscillator
output pin fosc = 1.5/(C.R) [Hz]
For instance, when C = 0.01 uF, R = 30 kQ: ’Ic R
fosc = 5 kHz
Vobp
System reset input pin. While RST input is low, the
) oscillator stops, all internal data are reset, and the LCD
56 (59) | RST ;&;}Stem resetinput [ output and key scan output pins are fixed to high.
There is a built-in power-on reset circuit, so this pin
should normally be connected to Vpp.
57 (60) |CK Clock input pin ( )———b—
Serial interface pins that send to and receive from the
controller display data and key input data, and the data
to control these. Vpp
58 (61) | DATA Data I/O pin Data send/receive is not performed while pin CE is low,
but when CE goes high, begins at the DATA pins in
sync with the clock input of the CK input pin.
All these pins have built-in Schmitt input circuits.
59 (62) | CE ‘C)Iiglp enable input O B
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TOSHIBA TC9297F/FB
Content of Address Data
Duty | A3 [ A2 | A1 | AO Address (HEX) Do D1 Do D3 Dy Ds Dg D7 Dg~D32 D33~D3g D4o~Ds5g9
So~S19 Display Data
R I N 1,3,57 So S1 S2 S3 S4~S19 B
COM2 COM1 COM2 COM1 COM2 COoM1 COM2 COM1 COM?2. 1 Svstem
" System System System System System System System System 19V
S20~S3g Display Data
o | * | 1| = 2.3.6.7 S20 S21 S22 S23 S24~S39 o
COM2 COM1 COM2 COM1 COM2 COM1 COM2 COM1
System System System System System System System System COM2, 1 System
So~S1g Display Data
o | * | = | 1 1,3.5,7 So S1 S2~S19
COM3 COM2 COM1
3 o System System System COMS3, 2, 1 System
S20~S3g Display Data
o | = 1 % 23,67 S20 S21 S22~S3g
COM3 COM2 COM1 COM3 COM2 COM1
System System System System System System COM3, 2, 1 System
ol . SET SEGMENT OUTPUT/LED DRIVER LCD CONTROL o o
S39/0T0 | S3g/OT1 | S37/0T2 | S3/0T3 |  Duty | Bias
LED DRIVER CONTROL DISPLAY CONTROL
* 1 0 0 1 9 “0” —
oro | ot | o2 | or3 op | BL | T
KEY DATA (output)
1 0 1 0 A “0”
Kon | Kwk | Ko1 | Koz Kos | Ko | Kos Kos Ko7~K3o
*: Don’t care
—: Invalid data
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TOSHIBA TC9297F/FB

Operating Instructions

1. Input Format for Display Data and Mode Data

¢ Display data input timing is as shown below (when set to 1/3-duty):

« J L

(1) (2) (55) (56) (57) (58) (59) (60) (61) (62) (63) (64)

MSB LsB
) :
oara —ADsaXPssNe K Pa X 03 X0z X 01 R 2o X243 X 22 KA1 X 20\ |
L L J
I Display data T Address data L
Display (©oLD) X vew)

For rise and fall times, see Electrical Characteristics.

e The last 4 bits of data are the address data.

e For segment data and control data corresponding to the segment data output being used, set all bits
used.

e Segment data corresponding to the unused segment outputs of the MSB may be omitted.
e Segment data may be set to either address 1H or 2H.

e Do not set segment data until the data at address 8H have been set.
Otherwise, it may be impossible to set segment data correctly.

e Data input is synchronized with the clock rising edge.

(1)  1/2-duty (80-segment) data format
The format for display data in 1/2-duty mode is as shown below:

MsB LSB

Data address
D39 D3g D37 D3¢ D35 D34 g D3 D2 Dq Do A3 A2 A1 A0
Adf:sslsmﬁ lS19CZIS1aC1|S18C2 l517C1 |S17C2| % | 51 G I 51.C3 I 5o C1 I So C2 |0|:|a|1|

Address
2H

I 539 C1 | 539 C2 | S38 C1 I 538 C2 I S37 C1 | 537 C2 I 2 | $21 Cy I S21 Q2 l S20 C1 I 520 C2 IO | * | 1 | '|
*: Don’t care

e In this case, segment data controlled by COM3 are invalid, and data need not be set.

e Pins Sp-S39 can be used for segment output.
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(2) 1/3-duty (80-segment) data format

The format for display data in 1/3-duty mode is as shown below:

MSB LSB
Data address
Dsg Dsg Ds7 Dg Da D3 Dy D1 Dg A3 A2 A1 A0
Address

1H IS19C1 | S19 C2 l S19 €3 I

I S1 ¢4 I S1 C2 I S1C3 I

- - f - Jol-f-]1]

Ad::ssl 539 C1 I 539 ©2 I S39 C3 I

R TR ER 2]

1521C1 |521C2 l 521 C3 [520C1 |520C2|520C3 |0|*|1|'|

* Don’t care

e In this case, the pin is used as COMS3, but set data as for the So pin.

(note that the set data are non-functional.)

e Pins S1-S39 can be used for segment output.

These data bits control on/off switching of the display corresponding to the common outputs. A
waveform corresponding to display on/off is output to the segment output corresponding to
common/segment data. Set “1” for display on and “0” for off.

To set data for pins So-S19 and S20-S39 independently, specify the address to 1H and 2H

respectively.

When data for pins Sp-S19 and S20-S39 overlap, identical data can be transferred simultaneously
with a single serial data transfer by specifying 3H as the address.

When there are unused segments of the MSB, the data setting for unused segments of the MSB
omit and it can possible to set from used segment data of the MSB.

(example) ~ When up to 24 segments are used in 1/3-duty mode.

cs_l %

| -

D1g D13 D2 6 Dg Dg D3 >3] Dy Do A0 A2 A1 AD
DATA I 524 C1 I 524 C2 I S24 C3 I ” I 521 (4 I S21 C2 I S21 C3 I S20 Ct l S20 C2 I S20 C3 I 0 I *+ l 1 I 0 I(Address 2H)
Dsg Dsg Ds7 ﬁ Ds Da D3 D3 D4 Do A0 AZ A1 A0
pata [ sigci | siec | siocs | « | sia [ sice | sia ] « | « ] « Jo]«lo]1]«ddesn
*: Don’t care
(3) Duty and bias bits
D7 Dg Ds Dg D3 Dy D1 Do A3 A2 A1 A0
address8i | o | o | sias | puy | | | [1]ofo]of
BIAS | DUTY || BIAS | DUTY
(Note 1) 0 0 172 1/2
0 1 1/3
1 0 1/2
1 1 1/3 1/3
Note 1: These data are reset to “0” at reset.
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(4) BL and LT bits

(5)

Dy Dg Dg Dg D3 D3 Dy Dg A3 A2 At A0
AddressSHI 0 I LT I BL l I I I I |1|0l0|1|
I I
LT BL DISPLAY
(Note 2) 0 0 Normal display
1 All on
0 1 All off
1 (Note 3)

Even when the display is set to all on or all off, the display data prior to setting is retained and no
resetting of display data is required.

It is also possible to set new data while all on or all off.
Note 2: These data are reset to “0” at reset.

Note 3: When both BL and LT are “1”, BL takes priority.

OP bit
Dy Dg Ds Da D3 D) D1 Do A3 A2 A1 AO
AddressQH[ 0 l I I oP I I l I |1IOI0|1I
|
OP
(Note 4)] 0 | Functions stop

1 | All functions operate

The OP bit controls the operating and stopping of the LCD driver, key scan and other functions.

When it is reset to “0”, all operations stop, the LCD driver output and key scan output pins are fixed
to high, and the oscillator stops.

The data of control bits prior to setting is retained, and new data can be set.
When this pin is set to “1”, the oscillator, LCD driver and key scan operate.
At reset, this bit is reset to “0”. Initialize control data and display data in this state.

Note 4: These data are reset to “0” at reset.
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TOSHIBA TC9297F/FB

(6) Segment output/LED driver switching bits and LED driver control bits

Dy Dg Dsg Dg D3 D3 D4 Do A3 A2 A1 A0
Address8H[ 0 l 0 | | | S36/0T3 | S37/0T2 | S3g/0T1 | S3g/0T0 |1|o | 0 I 0|

(Note 5) | 0 [ Segment output

1 [LED driver
D7 D¢ Ds Dg D3 D3 D1 Do A3 A2 A1 A0
Address 9H| 0 | | I | oT3 | 012 | 011 | oTo | 1 | ] l 0 l 1 ]

(Note 5)] 0 | N-ch open drain output off
1| N-ch open drain output on

The segment output/LED driver switching bits switch between segment output and the LED driver
output. Resetting these bits to “0” selects segment output; setting to “1” selects LED driver output.
When set to segment output, display data are output and the LCD display is turned on and off; when
set to LED driver output, output is turned on and off by the LED driver control bit.

The LED driver is of N-ch open-drain structure. Setting the LED driver control bit to “0” turns off
N-ch open output; setting to “1” turns off N-ch open output.

When set to segment output, the corresponding LED driver control data are invalid; conversely,
when set to LED driver, the corresponding segment output display data are invalid.

When S36-S39 are used for LED driver output, data must not be set to address 9H until the
segment/LED switching bit of the corresponding address 8H has been set to “1”.

Note 5: These data are reset to “0” at reset.

2. Key Data Output Format

(1) Key data output timing is as shown below:

« I g . —

CK

e
Input output T Input

h
X

Address data Key data

For rise and fall times, see Electrical Characteristics.
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TOSHIBA TC9297F/FB

(2)  Structure of key matrix

Kg Top Ty T2 T3 Tq Tg

(Structure of key matrix)

e At key input, KON = “1”; when multiple strikes occur, KWK = “1”.

e After address input, the data pin is set to output at CE = “L”, and key requests (KON = “1”) can be
accepted.

e Setting the CE pin from high to low returns the data pin to input; key data detection can be
suspended.

(3) Key scan timing is as shown below:

Key input
: ‘ P : 48ms ! :
- ;A.Bms (max) w————————— i 9:6ms(max)

To I “i-i—o.sms I I 55 é I I l

| '
T I o B B
)
X

F

—

KoN l

Key data K X

Note 6: When fpgc is 5 kHz.

When high is input to the key input pin, key scanning begins within not more than one cycle (4.8
ms when fogc is 5 kHz), and the key data corresponding to the key timing is input. After one more
cycle of key scanning, KON is set to “1” and key data are entered and upgraded every cycle. When the
key is released, key scanning stops within not more than two cycles (9.6 ms when fosc is 5 kHz), and
all key data are reset to “0”.

Thus, key data must be accessed during key scanning.

To access key data, pin CE may be held low after input of address data.

The result is standby until key input occurs. In this state, the KON bit is output to the data pin
as-is, so that it is “1” when there is key input and “0” when there is not.

If key data are continuously accessed based on the state of KON, key data can be effectively fetched.
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3. The Output Waveforms of the LCD Driver are as Shown Below.

e 1/2 duty, 1/2 bias (COM1 system off, COM2 system on)
fr=fosc /40 [Hz] (When fogc = 5kHz, f1=125Hz)

opP

LT

Vop
CcOM1 1/2 Vpp

Vbp

SEG.

e 1/3 duty, 1/3 bias (COM1 system on, COM2 system off, COM3 system on)

f1=fosc/ 60 [Hz] (When fosc = 5kHz, fr=83.3Hz)

OP

8L

VbD
2/3 Vpp
COM1 1/3 Vpp
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TOSHIBA TC9297F/FB

Maximum Ratings (Ta = 25°C)

Characteristics Symbol Rating Unit
Supply voltage Vbp -0.3~7.0 \%
Input voltage VIN -0.3~Vpp + 0.3 \%
Power dissipation Pp 300 mw
Operating temperature Topr -40~85 °C
Storage temperature Tstg —-65~150 °C

Electrical Characteristics (unless otherwise specified, Vpp = 4.5~5.5 V, Ta = -40~85°C)

Characteristics Symbol C-Ii-ri:s:it Test Condition Min Typ. Max Unit
Operating supply voltage Vpbp — — VRsT 5.0 5.5 \%
Power on reset voltage VRST — — 25 3.0 3.5 \%
Operating supply current IpD1 — \N/g?o:ads V. fose =5 kHz, — 0.4 1.0 mA
Stand-by current IDD2 — |oP="0",Vpp=5V - 120 | 250 uA
“H” level ViH — |Ko~Ks, CE, DATA, CK, RST Vg%x ~ Vbp
Input voltage : \%
 » RaT Vpp
L” level ViL — | Kg~Ks, CE, DATA, CK, RST 0 ~ 0.2
SCHMITT voltage width VsCH — |Vbp=5V, CE, DATA, CK — 1.0 — v
VN = VDD, CE, DATA, CK,
“H” level " — R'SLT DD — ~ | +10
Input leak current pA
ViN=0V, CE, DATA, CK,
“L” level mn — |INE — ~ | +10
RST
112 level v Vop =5V voe_ | a0
A 12 — DD — DD +
COM1, COM2 0.5 VoD 0.5
Vpp =5V 1/3 13 1/3
Output voltage 1/3 level Vi3 — Voo- | y Vpp+ | V
COM1~COM3, Sg~S3g 05 DD 05
Vpp=5V 2/3 213 2/3
2/3 level Vo3 — Vpp - v Vpp +
COM1~COM3, Sg~S39 0.5 DD 0.5
Vpp=5V,Voy=4.5V, To~Ts
“H” level loH1 — 05 | -30 | —
COM1~COMS3, Sg~S39, DATA
Vpp=5V,VoL=05V
Output current “L” level 1 loL1 _ DD oL 05 3.0 _ mA
COM1~COMS3, Sg~S39, DATA
Vpp=5V,VoL=1.0V,
“L” level 2 loL2 | Dbb=2 T VoL 10 20 —
OT0~OT3
OFF-LEAK current ILo — OT0~0OT3 — ~ +1.0 pA
N-ch output load resistor Ron — | Ta=25°C, To~Ts kQ
75 150 300
Pull-down resistor RN — |Ta=25°C, Ko~K3 kQ
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TOSHIBA TC9297F/FB

Characteristics Symbol C-Ii-s:slltit Test Condition Min Typ. Max Unit
Oscillation frequency fosc — — — 5 20 kHz
Operating clock frequency range fck — ~ 2.0 MHz
Clock pulse width tckw 250 ~ — ns
Data set time tset — | Refer to timing chart as below 250 ~ — ns
Data hold time tHoLD 250 ~ — ns
CE pulse width tcEw 250 ~ — ns
CE, CK, DATA-IN Timing
/ % :
a — A __
%
DATA 7( X 4 )(
K
CEW
. Test - . .
Characteristics Symbol Circuit Test Condition Min Typ. Max Unit
Operating clock frequency range fck — ~ 2.0 MHz
Clock pulse width tokw 250 ~ — ns
Data delay time tpd1 — ~ 250 ns
CE pulse width tpd2 — ~ 250 ns
— | Refer to timing chart as below
Data set time tpd3 — ~ 250 ns
tcEw 250 ~ —
Data hold time tset 250 ~ — ns
tHoLD 250 ~ —_
CE, CK, DATA-OUT Timing
CE - / — )
—
Do (Kon) D '
DATA 9 ON ) ( ! £5 A

K ' 7
tpd1 tckw
o

tCEW  tset 111k tpd2 tHOLD

tpd3
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TOSHIBA TC9297F/FB

Package Dimensions

QFP60-P-1414-0.80D Unit : mm
18.9+0.3
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E 7
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—— i —
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— I o =
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Weight: 1.10 g (typ.)
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Package Dimensions

QFP64-P-1212-0.65 Unit : mm

14.0£0.2
12.04+0.2
48 33
> AFHHEEEAAEREEARE ]
5-—49 -
64 O 11
R EEEEECEREE
1
1.125Tvp| |, 3201 ¢

A
0.125 05

0.5%0.2

Weight: 0.45 g (typ.)
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RESTRICTIONS ON PRODUCT USE

030619EBA

o The information contained herein is subject to change without notice.

o The information contained herein is presented only as a guide for the applications of our products. No
responsibility is assumed by TOSHIBA for any infringements of patents or other rights of the third parties which
may result from its use. No license is granted by implication or otherwise under any patent or patent rights of
TOSHIBA or others.

o TOSHIBA is continually working to improve the quality and reliability of its products. Nevertheless, semiconductor

devices in general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical
stress. It is the responsibility of the buyer, when utilizing TOSHIBA products, to comply with the standards of
safety in making a safe design for the entire system, and to avoid situations in which a malfunction or failure of
such TOSHIBA products could cause loss of human life, bodily injury or damage to property.
In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as
set forth in the most recent TOSHIBA products specifications. Also, please keep in mind the precautions and
conditions set forth in the “Handling Guide for Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability
Handbook” etc..

e The TOSHIBA products listed in this document are intended for usage in general electronics applications
(computer, personal equipment, office equipment, measuring equipment, industrial robotics, domestic appliances,
etc.). These TOSHIBA products are neither intended nor warranted for usage in equipment that requires
extraordinarily high quality and/or reliability or a malfunction or failure of which may cause loss of human life or
bodily injury (“Unintended Usage”). Unintended Usage include atomic energy control instruments, airplane or
spaceship instruments, transportation instruments, traffic signal instruments, combustion control instruments,
medical instruments, all types of safety devices, etc.. Unintended Usage of TOSHIBA products listed in this
document shall be made at the customer’s own risk.

e The products described in this document are subject to the foreign exchange and foreign trade laws.

o TOSHIBA products should not be embedded to the downstream products which are prohibited to be produced
and sold, under any law and regulations.
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