Ordering number : EN5951

CMOS IC

LC/75757E, 75757TW
SA////WYO 1/3 Duty VFD Driver with Key Input Function

[“[<i3

Overview Package Dimensions

The LC75757E and LC75757W are 1/3 duty VFD drivers  unit: mm

that can be used for electronic tuning frequency display ~ 3151-QFP64E

and other applications under the control of a micro- [LC75757E]
controller. These products can directly drive VFDs with 12
up to 123 segments. It also includes a key scan circuit and
can support input from up to 25 keys and can thus reduce
the number of lines to the front panel in application
systems.

Features
» Key input from up to 25 keys
(Key scans are only performed when keys are pressed.)
e 123 segment outputs.
 Noise reduction circuits are built into the output drivers.
 Serial data I/O supports CCB format communication
with the system controller.
Dimmer and sleep mode can be controlled by serial data ~ Unit: mm

SANYO: QFP64E (QIP64E)

» High generality since display data is displayed without [LC75757W]
the intervention of a decoder. - 124
¢ All segments can be turned off with the BLK pin. 125 | l
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SANYO: SQFP64

¢ CCBis atrademark of SANYO ELECTRIC CO., LTD.

¢ CCB is SANYO's original bus format and all the bus
addresses are controlled by SANYO.

B Any and all SANYO products described or contained herein do not have specifications that can handle
applications that require extremely high levels of reliability, such as life-support systems, aircraft's
control systems, or other applications whose failure can be reasonably expected to result in serious
physical and/or material damage. Consult with your SANYO representative nearest you before using
any SANYO products described or contained herein in such applications.

B SANYO assumes no responsibility for equipment failures that result from using products at values that
exceed, even momentarily, rated values (such as maximum ratings, operating condition ranges, or other
parameters) listed in products specifications of any and all SANYO products described or contained
herein.

SANYO Electric Co.,Ltd. Semiconductor Bussiness Headquarters

TOKYO OFFICE Tokyo Bldg., 1-10, 1 Chome, Ueno, Taito-ku, TOKYO, 110-8534 JAPAN
N2598RM (OT) No. 5951-1/18



LC75757E, LC75757W

Specifications

Absolute Maximum Ratings at Ta=25°C,Vgg=0V

Parameter Symbol Conditions Ratings Unit
Vpp max | Vpp -0.3t0 +6.5 \Y
Maximum Supply voltage Ve max | Ver 03104210 v
Vinl DI, CL, CE, BLK —-0.3t0 +6.5 \%
Input voltage VN2 | OSCl, KI1 to KI5 ~0.310 Vpp +0.3 v
Voutl S1to S41, G1lto G3 -0.3to Vg +0.3 \Y
Output voltage Vout2 OSCO, KS1 to KS5 —0.3to Vpp +0.3 \%
Vout3 DO -0.3t0 +6.5 \Y
loutl S1to S41 6 mA
Output current lout2 Glto G3 60 mA
lout3 KS1 to KS5 1 mA
Ta =85°C (LC75757E) 400 mw
Allowable power dissipation Pd max Ta = 85°C (LCT5757W) 300 oYy
Operating temperature Topr —40 to +85 °C
Storage temperature Tstg -50 to +150 °C
Allowable Operating Ranges at Ta=-40t0 +85°C, Vpp =4.5t055V,Vgg=0V
Parameter Symbol Conditions - Ratings Unit
min typ max
Vop Vop 45 5.0 55 \%
Supply voltage
VEL /= 8 12 18 \%
Vil DI, CL, CE, BLK 0.8 Vpp 55 v
High-level input voltage Vin2 OSClI 0.8 Vpp Vpp \Y
Vi3 KI1 to KI5 0.6 Vpp Vpp \%
Low-level input voltage Vi DI, CL, CE, BLK, OSCI, K1 to KI5 0 0.2 Vpp \Y
Guaranteed oscillator frequency range fosc OSCI, OScCO 0.9 2.4 3.7 MHz
Recommended external resistor value Rosc OSCI, OScCO 2.2 12 a7 kQ
Recommended external capacitor value Cosc OSCI, OScCO 15 33 100 pF
Clock low-level pulse width toL CL : See figure 1. 160 ns
Clock high-level pulse width toH CL : See figure 1. 160 ns
Data setup time tgs DI, CL : See figure 1. 160 ns
Data hold time tah DI, CL : See figure 1. 160 ns
CE wait time tep CE, CL : See figure 1. 160 ns
CE setup time tes CE, CL : See figure 1. 160 ns
CE hold time teh CE, CL : See figure 1. 160 ns
DO output delay time tgc DO: Rpy = 4.7 kQ, C_ = 10 pF*: See figure 1. 15 us
DO rise time tar DO: Rpy = 4.7 kQ, C__ = 10 pF*: See figure 1. 15 us
BLK switching time te m, CE : See figure 4. 10 us

Note: Since DO is an open-drain output, these values will vary with the pull-up resistance Rpy and the load capacitance C, .
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LC75757E, LC75757W

Electrical Characteristics in the Allowable Operating Ranges

i Ratings .
Parameter Symbol Conditions - Unit
min typ max
) ) (I DI, CL, CE, BLK: Vjy =55V PA
High-level input current
42 OSCI: Vin = VoD HA
Low-level input current I DI, CL, CE, BLK, OSCI: Vi =0V -5 HA
Input floating voltage Vg KI1 to KI5 0.05 Vpp V
Pull-down resistance Rpp KI1 to KI5: Vpp =5.0 V 50 100 250 kQ
Output off leakage current loFFH DO:Vp =55V 5 HA
Vopl S1to S41:lg=-2mA Ve —0.6 \%
) Von2 G1to G3:lg=-50 mA Ve - 1.3 \%
High-level output voltage
Vou3 0OSCO: Ip =-0.5 mA Vpp — 2.0 \%
Vopd KS1 to KS5: Ig = —500 pA Vpp—-1.2 | Vpp-0.5 | Vpp—0.2 \%
Vol S1to S41, G1to G3: Ip = 50 pA 0.5 \%
Vo2 0OSCO: Ip = 0.5 mA 2.0 \%
Low-level output voltage
Vo3 KS1 to KS5: Ig = 25 pA 0.2 0.5 15 \%
Vo4 DO: lp=1mA 0.1 0.5 \%
Oscillator frequency fosc Rosc =12 kQ, Cosc = 33 pF 2.4 MHz
Hysteresis voltage VH DI, CL, CE, BLK, KI1 to KI5 0.1 Vpp \%
. Ippl Sleep mode 5 HA
Current drain
Ibp2 Outputs open: fogc = 2.4 MHz 10 mA
» When stopped with CL at the low level
CE N / LViL
A8
téH tglL
Vitgt ¢ 4 ’ )
CL 50% R | BN 3 Koo y, 2 5
ViL ————T | e — :-—-—-e b——————
“tep” tes tch
. X &
ViH1
pi ™ X )( )<
i A . t &
tds tdh " X .
ASY o
DO X oo D1 1
31 )
N tade —> ) — 1dr
. . A11016
* When stopped with CL at the high level
3%
V|H1 143
CE 7 \c\’n_
&
tol téH
Vil \
CL 50% ‘( ------------- A N / \
VIL | e 4 ]
tep™ T tes tch
45 45
VW1 ’
o . A . A X
ViL ia 7
tds tdh
s e ——— )
DO Do :X . D1 X 7
{ [
’ — e tdc tdr —>i

Figure 1

A11017
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LC75757E, LC75757W

Pin Assignment

KS4 [49]
Kss 50|
ki1 [51]
K2 [52]
ki3 [53]
KI4 [54]
ki [55]
Vss [56,
0sco |57
0scl 58]
VDD @
BLK |60
Do [61]
CE [62|
cL (3]
D [64]

o
2
4

M N v
2 ¢s5
BlEmEE

[} n O M~ K
w nm w N n ou
4

=4
-
[72]

o) el ][ o] e][7 ]

- N ™
5 o o
[35][a4]33]

LC75757E
LC75757W

32| 514
311815

[30] s6
[29] 517

28| 518
27|819
%SZO
25] 821
241822

23] s23
122] 524
21] s25
[20] s26
[19] s27
18] s28

17| 829

s40[o]
s39 [~]
538 [ |
537 |
s36[3 |
§35[=|
s34 [ |
5333 |

$32 E
S31 E
s30(a |

A11018

Top view
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LC75757E, LC75757W

Block Diagram

a% [
vrL [ ]

vop [}
vss [

oscl [}
osco [}

- f=)
8 8 © 3 3 8 5
DIGIT
DRIVER SEGMENT DRIVER
ToT
MPX
T
LATCH
fo—>
By CONTROL .
GENERATOR I’ REGISTER
” ToT
SHIFT REGISTER
TIMING
GENERATOR e
DIVIDER
T
CLOCK
GENERATOR CCB INTERFACE KEY SCAN

Pin Descriptions

HINNEEE
0553

Kis [}

]

ki3 [ ]
K2 [ ]

L O

ksa [}
ks3 [}
ks2 [}
kst [}

A11019

Pin No. Pin Function 110 Handling when unused
4 VEL Driver block power supply. Applications must provide a voltage in the range 8.0 to 18.0 V. — —
59 Vpp Logic block power supply. Applications must provide a voltage in the range 4.5t0 5.5 V. — —
56 Vss Power supply ground. This pin must be connected to the system ground. — —
58 OSClI Oscillator circuit connections. An oscillator circuit is formed by connecting a resistor and a | GND
57 0Sco capacitor externally to these pins. o OPEN

Reset signal input used to initialize the IC internal state. During a reset,
=~y the display is turned off forcibly regardless of the internal display data.
60 BLK . : . . | GND
Also note that the internal key data is all reset to 0 and key scan operations are disabled.
However, serial data input is possible in this state.
63 CL Serial data interface. These pins must be connected to the system microcontroller.
64 DI Note that since DO is an open-drain output, a pull-up resistor is required. | GND
62 CE CL: Synchronization clock DI: Transfer data
61 DO CE: Chip enable DO: Output data o OPEN
1to3 G1to G3 | Digit outputs. The frame frequency fg is (fosc/6144) Hz. (o] OPEN
45t05 S1to S41 | Segment outputs that display the display data transferred over the serial interface. (0] OPEN
Key scan outputs. Normally, when a key matrix is formed, diodes are inserted in the key

46t0 50 | KS1to KS5 | scan timing lines to prevent shorts. However, since this IC uses unbalanced CMOS outputs o OPEN

in the output transistor circuit, the IC will not be damaged if these outputs are shorted.

51to 55 KI1 to KI5 | Key scan inputs. Pull-down resistors are built into the IC internal pin circuits. | GND

No. 5951-5/18



LC75757E, LC75757W

Serial Data Input
» When stopped with CL at the low level

on Yol 1111 Jododolt1 o Jo2]  Joawfosrf o {sofstJomgomiomaomaomaonsomeorioudond o 1o ¥
B0 BI B2 B3 AO Al A2 A3 g
CCB Address ‘l— Display data—s+—————— Control data —=|»— DD —+ .

CE f L

| L
IDD000DDDTEICe00008080000D00E
K.BD B %%gidz?e;‘—l—m ) Display data—4 LDDJ .
; L

! L
IO0D0000DEDEEZZOOS000000000000)

‘|80 B1 B2 B3 AD A1 A2 A3

F——— CCB Address ———+——Display data—~| L—DD—J

\ I L

Note: don’t care
DD: Direction data

FYRLC

* When stopped with CL at the high level

ce 1 L
o UL UYL, JUuUduUUynuUunUuI g —

ot oY 1 111J0)ojol 1 Jorioe]  Yoaofoa] o ¥sof st omgomiomalomsfondonJomgomomgong o ¥ o
B0 Bi B2 B3 AO Al AZ A3 '
CCB Address 4-|——Display data———  Control data —— DD -

0o | L>

\ | =
Tl YoXolol ' Jowefos] . B0 DOaeDant I

0 8 %2CE?3Ad?i?esAs1ML—Dlsplay data—-l |-—DD—-| ;
L

Yol L Jolo]o] o Toeafoed] oo
B0 B! B2 B3 AD A1 A2 A3
CCB Address —-I—Display data— |-—DD—-|
) 1 L
Note: don't care
DD: Direction data

Figure 2
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LC75757E, LC75757W

« CCB address: Applications must send the value 01110001g (8Ey) as shown in figure 2.

« D1 to D41: Segment display data for the G1 digit output pin
Dn (n=1to 41) = 1: Segment on
Dn (n = 1 to 41) = 0: Segment off

* D42 to D82: Segment display data for the G2 digit output pin

Dn (n =42 to 82) = 1: Segment on
Dn (n = 42 to 82) = 0: Segment off
Segment display data for the G3 digit output pin
Dn (n = 83 to 123) = 1: Segment on
Dn (n = 83 to 123) = 0: Segment off
Sleep control data
Dimmer data

» D83 to D123:

* S0, S1:
* DMO to DM9:

Control Data

* S0, S1: Sleep control data
This control data controls switching between sleep mode and norma mode, and also sets the states of the KS1 to KS5
key scan output pinsin key scan standby mode.

Control data Clock generator Segment outputs Output pin states during key scan standby
) S1 Mode (oscillator circuit) Digit output KS1 KS2 KS3 KS4 KS5
0 0 Normal Oscillator operating Operating H H H H H
0 1 Sleep Stopped L L L L L H
1 0 Sleep Stopped L L L L H H
1 1 Sleep Stopped L H H H H H

« DMO to DM9: Dimmer data

This data controls the duty of the G1 to G3 digit output pins. This data forms a 10-bit binary value in which DO is the
L SB. The brightness of the display can be controlled by adjusting the duty of the G1 to G3 digit output pins. The table
lists the relationship between the dimmer data and the dimmer value.

DM9 DM8 DM7 DM6 DM5 DM4 DM3 DM2 DM1 DMO Dimmer value (t4/t3)

0 0 0 0 0 0/1024

0 0 0 0 0 1/1024

0 0 0 0 0 0 0 0 1 0 2/1024

to to

1 1 1 1 1 1 1 1 0 0 1020/1024

1 1 1 1 1 1 1 1 0 1 1021/1024

1 1 1 1 1 1 1 1 1 0 1022/1024

1 1 1 1 1 1 1 1 1 1 lllegal setting

t3 and t4: See figure 5.

Relationship between the Display Data (D1 to D123) and the Segment Output Pins

;‘ig[ﬂ?:} 6l | 62 | 63 (ijetgmepr:; Gl | 62 | &3 (iig:ﬁ:; 6t | 62 | &3
S1 DI | D42 | D83 S15 D15 | D56 | D97 S29 D29 | D70 | D111
s2 D2 | D43 | Dsa S16 D16 | D57 | Dos S30 D30 | D71 | D112
s3 D3 | D44 | D85 s17 D17 | D58 | D99 s31 D31 | D72 | D113
S4 D4 | D45 | D86 s18 D18 | D59 | D100 S32 D32 | D73 | D114
S5 D5 | D46 | D87 s19 D19 | D60 | D101 s33 D33 | D74 | D115
S6 D6 | D47 | Dss S20 D20 | D61 | D102 s34 D34 | D75 | D116
s7 D7 | D48 | D89 s21 D21 | D62 | D103 S35 D35 | D76 | D117
S8 D8 | D49 | D9O S22 D22 | D63 | D104 S36 D36 | D77 | D118
) D9 | D50 | Dot s23 D23 | D64 | D105 s37 D37 | D78 | D119
S10 D10 | D51 | D92 s24 D24 | D65 | D106 s38 D38 | D79 | D120
s11 D11 | D52 | D3 S25 D25 | D66 | D107 S39 D39 | D80 | D121
S12 D12 | D53 | Do9a S26 D26 | D67 | D108 S40 D40 | D8l | D122
s13 D13 | D54 | D95 s27 D27 | D68 | D109 sa1 D4l | D82 | D123
s14 D14 | D55 | D96 S28 D28 | D69 | D110

No. 5951-7/18



LC75757E, LC75757W

As an example, the table below lists the operation of the S11 segment output pin.

Display data .
Segment output pin (S11) state
D11 D52 D93
0 0 0 The segments corresponding to the G1 to G3 digit output pins are off
0 0 1 The segment corresponding to the G3 digit output pin is turned on
0 1 0 The segment corresponding to the G2 digit output pin is on
0 1 1 The segments corresponding to the G2 and G3 digit output pins are on
1 0 0 The segment corresponding to the G1 digit output pin is on
1 0 1 The segments corresponding to the G1 and G3 digit output pins are on
1 1 0 The segments corresponding to the G1 and G2 digit output pins are on
1 1 1 The segments corresponding to the G1 to G3 digit output pins are on

Serial Data Output
» When stopped with CL at the low level

CE | L

bl Y1J1J111J0Jo) o)1

BO B1 B2 B3 A0 A1 A2 A3
J&————— CCB address —>

Do [+ Ykokoz] " Ykoodfkoesf SAT # L Y Lk [ # ]
jg———— Output data ————>| % : don't care
' A11022

» When stopped with CL at the high level

CE | L

c MU U UUUL UUUL. Uy UL L
Db Y1 1J111lofoJo] ¢

B0 B1 B2 B3 AD At A2 A3
[&——— CCB address —————>

DO [xofkokos] T Jroeffkoas sA o Lk L [ x Y * [+
< Output data ————>1 % © don't care
A11023
Figure 3

« CCB address: Applications must send the value 11110001g (8Fy) as shown in figure 3.
« KD1 to KD25: Key data
* SA: Sleep acknowledge data

Note: The key data (KD1 to KD25) and the sleep acknowledge data (SA) will beinvalid if the key datais read when DO

ishigh.

No. 5951-8/18



LC75757E, LC75757W

Output Data

» KD1to KD25: Key data
These hits represent the key output states when a key matrix with up to 25 keys is formed using the KS1 to KS5 key
scan output pins and the K11 to KI5 key scan input pins. When a key is pressed, the bit corresponding to that key will
be set to 1. The correspondenceis listed in the following table.

Item KI1 KI2 KI3 Kl4 KI5

KS1 KD1 KD2 KD3 KD4 KD5
KS2 KD6 KD7 KD8 KD9 | KD10
KS3 KD11 | KD12 | KD13 | KD14 | KD15
KS4 KD16 | KD17 | KD18 | KD19 | KD20
KS5 KD21 | KD22 | KD23 | KD24 | KD25

* SA: Sleep acknowledge data
This output data is set to the state when the key was pressed. In that case DO will go to the low level. If serial datais
input during this period and the mode is set (norma mode or sleep mode), the IC will be set to that mode. SA is set to
1in the sleep mode and to 0 in the normal mode.

Sleep Mode

The IC is set to sleep mode by setting either SO or S1 in the control datato 1. The segment outputs and the digit outputs
are all set low, and the clock generator (oscillator circuit) is stopped (although it is restarted when a key is pressed), and
thus power dissipation is reduced. Thismode s cleared by setting SO and Sl in the control datato O.

Key Scan Operation

* Key scan timing
The scan period is 18000T [s]. A key scan is performed twice to reliably recognize the key on/off states by verifying
that the key data for the two scans agrees. If the data agrees, the IC recognizes a key press and 38400T [s] after the
start of key scan execution issues a key scan data read request by outputting alow level from DO. If the key data does
not agree and a key was pressed at the later scan, the |C executes another key scan operation. Note that this means that
this 1C cannot recognize a key press shorter than 38400T [9].

KS1 * 1 1 *
KS2 * 2 2 *
KS3 * 3 3 *
KS4 * 4 4 *
KS5 5 5
36000T[s] ~
Key on 1
“Tosc [s]
A11024

Note *: The high-level and low-level states in sleep mode are set according to the control data SO and S1. Key scan output signals are not output from pins
set to the “L” state.

No. 5951-9/18



LC75757E, LC75757W

* In norma mode

— The pins KS1 to KS5 are set high.

— A key scan is started when any of the keys is pressed, and the keys are kept scanning until al keys are released.
The controller can recognize simultaneous multiple key presses by checking the key data for multiple bits being set.

— If akey is pressed for over 38400T [s] (where T = L/fase), the IC outputs a key data read request to the controller
by setting DO low. The controller acknowledges this state and reads the key data. However, note that DO will go
high when CE is set high during the serial datatransfer.

— After the controller key data readout completes, the key data read request will be cleared (DO will be set high), and
the IC performs another key scan. Note that since DO is an open-drain output, a pull-up resistor (between 1 and
10 kQ) isrequired.

Key input 1 : : I
Key input 2 [ . |
Key scan [ L L
<-38400T [s] - . <-38400T [s] > . -38400T [s]-
e _ [ [ 1 [ ] T
Serial data transfer Serial data transfer Key address (8FH)  Serial data transfer Key address . Key address
: 10 I I
Do J . ‘ |
T Key data read 'T‘ Key data read T‘ Key data read
Key data read request Key data read request Key data read request
=]
A11025
* In sleep mode

— The pins KS1 to KS5 are set to high or low according to the values of SO and Sl in the control data. (See the
description of the control data elsewhere in this document.)

— If akey connected to one of the KS1 to KS5 lines that was set high is pressed, the clock generator (oscillator circuit)
is started and a key scan is performed, and the keys are kept scanning until all keys are released.
The controller can recognize simultaneous multiple key presses by checking the key data for multiple bits being set.

— If akey is pressed for over 38400T [g] (where T = L/fggc), the IC outputs a key data read request to the controller
by setting DO low. The controller acknowledges this state and reads the key data. However, note that DO will go
high when CE is set high during the serial datatransfer.

— After the controller key data readout compl etes, the key data read request will be cleared (DO will be set high), and
the IC performs another key scan. However, sleep mode will not be cleared. Note that since DO is an open-drain
output, a pull-up resistor (between 1 and 10 kQ) is required.

— Example of akey scan operation in sleep mode

Example: Sleep mode with S1 =0, S1 =1 (Only KS5 is set high)

Ll kst =2—HHHHD
“—J KS2 [ () (y CJ () C) If one of these keys is pressed, clock
L} KS3 [ s (D () & (D generator (oscillator circuit) is started and
|-LJ KS4 [ (3 ('} C') C) (_} ey a key scan is performed.
[H] KS5 [ SPASPASPASPRSY
¥ YYYYVY

K1 =3 .

K2 =

KI3 —

Kl4 [

KI5 =

A11028

Note *: These diodes are required to reliably recognize multiple key presses on the KS5 line when the IC is set to sleep mode with only KS5 set to high as in
the example above. That is, they prevent incorrect recognition of key presses due to sneak currents arising from simultaneous presses of keys on
the KS1 through KS4 lines.

No. 5951-10/18
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Key input v v |
(KS5 line) : :
Key scan LT LT
<-38400T[s] €-38400T [s] -
CE | | ; | | | [ |
Serial data transfer ~ Serial data transfer Key addfess (8FH) Serial data transfer Key address
DI |l Il
¥ _ 1
Do Ll _ T=Tosc [s]
4 Key data read 6\ Key data read
Key data read request Key data read request

A11027

Multiple Key Presses

The LC75757E/W, even without diodes in the key scan lines, can scan for any combination of dua key presses, any
combination of triple key presses on any of the K11 to KI5 key scan input pin lines, or any combination of multiple key
presses on any of the KS1 to KS5 key scan output lines. However, keys that are not pressed may be seen as having been
pressed for any other multiple key press combination. Accordingly, applications must insert diodes at each key. Also, to
reject any triple and higher multiple key presses, if three or more data readout are 1 ignore the data by the software or in
other ways.

Notes on the BLK Pin and Display Control

Since the states of the IC internal data (D1 to D123, and the control data) are undefined when power is first applied,
applications should turn off the display (i.e. set S1 to $41, and G1 to G3 low) by setting the BLK pin low at the same
time as power is applied. Applications should transfer all 192 bits of the seria datawhile BLK is held low, and only then
set BLK high. Thiswill prevent random meaningless display at power on. (Seefigure 4.)

Note on the Power on Sequence

Applications must observe the foll owing sequences when turning the power on or off.

» At power on: First turn on the logic system power (Vpp), and then turn on the driver power (V)
* At power off: First turn off the driver power (Vg ), and then turn off the logic system power (Vpp).

toif1

toff2
ton « e
)J
VDD /
{
P2
VFL
BLK _kv"_
Se b
CE f \ / \ / ViL (
— TV = 5
«— Display and control data transfer — t
Internal data { )
D1 to D41 Undefined X Defined ( ( Undefined
Control data P
:
Internal data ) . )
D42 to D82 Undefined Defined 5«5 Undefined
Internal d )
nternal data ) : ) )
D83 to D123 Undefined Defined « Undefined
W
ton >0
toff1 >0
toffl2>0 (toff1 >toff2)
. te: -+ +10 us min
Figure 4 Al1028
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Output Waveforms (S1to S41)

Gl

G2

G3

S1 to S41 waveform when the segment
corresponding to G1 is on.

S1 to S41 waveform when the segment
corresponding to G2 is on.

S1 to S41 waveform when the segment
corresponding to G3 is on.

S1 to S41 waveform when the segments
corresponding to G1 and G2 are on.

S1 to S41 waveform when the segments
corresponding to G1 and G3 are on.

S1 to S41 waveform when the segments
corresponding to G2 and G3 are on.

S1 to S41 waveform when the segments
corresponding to G1, G2, and G3 are on.

S1 to S41 waveform when the segments
corresponding to G1, G2, and G3 are off.

2

— VFL

[

—Vss

— VFL

-

—Vss

fosc
5144 (M2

— VFL

—Vss

— VFL

— Vsgg

— VFL

—Vss

— VFL

—Vss
— VFL

—Vss

— VFL

—Vss

— VFL

—Vss

— VFL

- Vss
— VFL

—Vss

A11029
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Relationship between the Segment and Digit Outputs

S1lto S41 M t3
a6l e 5

|_|——< — VFL
! : 1 —Vss

— VFL

— Vss

|—L—__4 — VFL
; : 1 —Vss

Example 1 G2 t2—>§ t4 §<—t1 :
I T = A N e s
Gt ?(—tzem(—“ | I_l E :ng
Example 2 G2 :e 12 e ta3] i':—“ ; I 1 : : x;:,
R S N o B
o — o e | | ML Ve
Example 3 G2 '*_ L _ﬁ i(_“ : : [ — z;;
@ e | I
A11030
Figure 5

* Figure 5 shows the case where the display data is set up so that the segment outputs S1 to $41 output the Vg level
with the same timing as the G1 and G3 digit outputs, and output the Vg level with the same timing as the G2 digit
output. Here, the segments corresponding to G2 will be turned on. The relationship between t3 and the oscillator

frequency fogc in this caseist3 = 2048/fosc.

» The G1 to G3 digit output waveforms in example 1 correspond to a dimmer data (DMO to DM9) set to 3FEy. The
relationship between t1 and the oscillator frequency fosc istl = 2/fogc. Note that t1 and t2 in example 1 are identical

times.

» The G1to G3 digit output waveforms in example 2 correspond to adimmer data (DMO to DM9) set to a smaller value.
Although t1 does not change, t2 becomes longer. Here, if the dimmer data (DMO to DM9) is set to 1FFy and the

oscillator frequency fosc is 2.4 MHz, then t2 can be calculated as follows.

12 =t3—t1 x (1FFy +1)

1024
fosc

=0.43[mg]

o If the dimmer data (DMO to DM9) is set to an even smaller value, t2 will become even longer as shown in example 3.

Note that t1 does not change in this case as well.

No. 5951-13/18



LC75757E, LC75757W

Block States during the Reset Period (when BLK is low)
« Divider and timing generator
These circuits are reset and their base clock is stopped.
e Dimmer timing generator
Thecircuit is reset and its operation is stopped.
* Digit and segment drivers
These circuits are reset and the display isturned off (S1 to $41 and G1 to G3 are set low.)
» Key scan
Thecircuit isreset, itsinternal circuits are set to the initial state, and key scanning is disabled.
» Key buffer
Thecircuit isreset and all datais set to 0.
* Clock generator
The state (normal or sleep mode) of this block (the clock oscillator circuit) is determined after the sleep control data
(SO and S1) istransferred.
» CCB interface, shift register, control register, latch, and multiplexer
These circuits are not reset so that serial data can be input during the reset period.
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: Blocks that are reset.
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Output Pin States during the Reset Period (when BLK is low)

Output pin State during reset
Slto S4 L
G1lto G3 L
KS1 to KS4 X*1
KS5 H
DO H*2

Notes: 1. The state of this pin is undefined after power has been applied until the sleep control data (SO and S1) are transferred.
2. Since this pin is an open-drain output, a pull-up resistor (between 1 and 10 kQ) is required. It remains high during the reset period even if the
controller attempts to read the key data.

Sample Application Circuit
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From the controller CE S40 @
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power supply * 54321 54321
:; :; E; E« Z: Key matrix with
S-DPPS- up to 25 keys 4 — o
D-P-D-p-B
SO H-P-P
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Note *: Since DO is an open-drain output, a pull-up resistor is required. Select a value in the range 1 to 10 kQ that is most appropriate for the capacitance
of the external lines so that the waveform is not distorted.

Notes on the Segment and Digit Waveforms

Segment waveform

Digit waveform 1

Digit waveform 2
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Figure 6

The segment waveform is somewhat deformed due to the VFD panel itself and the circuit wiring. Furthermore, if a digit
waveform such as digit waveform 1 in which no dimming is applied is used, the display will glow dimly. Therefore,
applications must take this waveform deformation into account and apply adequate dimming such as that shown in digit
waveform 2 so that this phenomenon does not occur.

No. 5951-15/18



LC75757E, LC75757W

Notes on Controller Transfer of Display Data
Since the display data is transferred in three operations as shown in figure 2, we strongly recommend that applications
transfer al the data within a 30 ms period to assure display quality.

Controller Key Data Readout Procedure
When the controller uses atimer to read out the key data

» Flowchart
j CE=L
<
YES
Key data read
processing
A11034
 Timing chart
: Key on ! : Key on' !
Key input | ! ' b | i : P !
Key scan il IS (1] . [1
> 15 & | c—1t6— | > 15 i > 15 &
CE P P P i
Pl Pl 18 ke P 18
P Key P Do P
DI i Jmljddress :JH]L i P _)F]]]
: 17 J 7 : P
; data read; P e
Do :

b Key data read request

T(— 19 T 19 ¢ 19 T to :!\

Controller Controller Controller Controller Controller
determination determination determination determination determination
(Key on) (Key on) (Key off) (Key on) (Key off) 444085

| CRRIRUIE Key scan execution time (38400T [s]) when the key data for two key scan operations matches.

[(CRRIEERE Key scan execution time (76800T [s]) when the key data for the first two key scan operations
does not match. T= 1 s

17 Key address (8Fp) transfer time fosc

£ FEREIE Key data readout time

* Operation
When the controller use timer processing for key on/off determination and key data readout, it must set CE low and
check the state of DO at least once every t9 period. If DO is low, the controller must recognize that a key has been
pressed and read out the key data.
The period t9 must obey the following inequality:

t9>t7+t8+1t6

Note that if the controller reads out key data when DO is high, both the key data (KD1 to KD25) and the sleep
acknowledge datawill be invalid data.
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When the controller uses interrupt processing to read out the key data

* Flowchart
| CE=L '
3 YES
Key data read
processing
Wait period
(at least t10)
| =L |
o>
YES
| Key OFF |
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» Timing chart
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5. Key scan execution time (38400T [s]) when the key data for two key scan operations matches.

t6........ Key scan execution time (76800T [s]) when the key data for the first two key scan operations
does not match.

t7......... Key address (8Fy) transfer time T=

t8......... Key data readout time fosc

=1 g

* Operation
When the controller uses interrupt processing for key on/off determination and key data readout, it must check the state
of DO when CE is low, and perform a key data readout if DO is low. The next time the controller checks the on/off
states of the keys, it must make that determination at a time t10 after the last readout based on the state of DO when
CE islow, and then read out the key data. The time t10 must obey the following inequality:
t10> t6

Note that if the controller reads out key data when DO is high, both the key data (KD1 to KD25) and the sleep
acknowledge datawill be invalid data.
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B Specifications of any and all SANYO products described or contained herein stipulate the performance,
characteristics, and functions of the described products in the independent state, and are not guarantees
of the performance, characteristics, and functions of the described products as mounted in the customer’s
products or equipment. To verify symptoms and states that cannot be evaluated in an independent device,
the customer should always evaluate and test devices mounted in the customer’s products or equipment.

B SANYO Electric Co., Ltd. strives to supply high-quality high-reliability products. However, any and all
semiconductor products fail with some probability. It is possible that these probabilistic failures could
give rise to accidents or events that could endanger human lives, that could give rise to smoke or fire,
or that could cause damage to other property. When designing equipment, adopt safety measures so
that these kinds of accidents or events cannot occur. Such measures include but are not limited to protective
circuits and error prevention circuits for safe design, redundant design, and structural design.

H In the event that any or all SANYO products (including technical data, services) described or contained
herein are controlled under any of applicable local export control laws and regulations, such products must
not be exported without obtaining the export license from the authorities concerned in accordance with the
above law.

B No part of this publication may be reproduced or transmitted in any form or by any means, electronic or
mechanical, including photocopying and recording, or any information storage or retrieval system,
or otherwise, without the prior written permission of SANYO Electric Co., Ltd.

B Any and all information described or contained herein are subject to change without notice due to
product/technology improvement, etc. When designing equipment, refer to the “Delivery Specification”
for the SANYO product that you intend to use.

W Information (including circuit diagrams and circuit parameters) herein is for example only; it is not
guaranteed for volume production. SANYO believes information herein is accurate and reliable, but
no guarantees are made or implied regarding its use or any infringements of intellectual property rights
or other rights of third parties.

This catalog provides information as of November, 1998. Specifications and information herein are
subject to change without notice.
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