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Modified the Format of Dout at Transmission (Data Read) on page 20.
Updated the Serial Communication Example on page 21.

VERSION 1.10 (2008. 09. 24)
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DESCRIPTION

MC3501 are Vacuum Fluorescent Display (VFD) Controller driven on a 1/8 to 1/16 duty factor housed in
52 plastic LQFP. 24 segment output lines, 16 grid output lines, one display memory, control circuit, key
scan circuit are all incorporated into a single chip to build a highly reliable peripheral device for a single

chip micro computer. Serial data is fed to MC3501 via a three-line serial interface.

MC3501 52 LQFP

FEATURES

e CMOS Technol ogy

e Low Power Consumption

e Wide oper adp¥2i¥¢-5.501 t age V

e Key Scanning (16 x 2 matri x)

e Display Modes : (24 segments, 8digits t o 2
e -SBep Dimming Circuitry
e Seri al |l nterface for Cl ock, Data I nput, Dat a
e No External Resi sottpmtiss needed for driver
e Avail apmL@FP.i n 52

52 LQFP

VDD : 2EA, VSS : 2EA, VEE : 1EA
I:6EA,O: 1EA

40 EA
APPLICATION
» Microcomputer Peripheral Devices
« Digital Audio/Video system : CD/MD/VCD/DVD players
» Car Audio
* VCR
* Electric scale meter
 P.O.S.
« Electronic equipment with instructional display
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MC3501 NABON
PIN DESCRIPTION
MC3501
CLK Clock Input Pin
(Schmitt Trigger) This pin reads serial data at the rising edge and outputs data at 1
99 the falling edge of the shift clock
DIN Data Input Pin
(Schmitt Trigger) This pin inputs serial data at the rising edge of the shift clock 2
99 (starting from the lower bit)
STB Serial Interface Strobe Pin
(Schmitt Trigger) The data input after the STB has fallen is processed as a 3
99 command. When this in is *“HI GH” CLK
Data Output Pin (N-Channel, Open-Drain)
This pin outputs serial data at the falling edge of the shift clock.
DOUT " . 4
(starting from the lower bit)
Enable push-pull type output via setting b5,b4 of command 4.
Key Data Input Pins
K1 to K2 The data inputted to these pins is latched at the end of the display 5,6
cycle.
Oscillator Input Pin
osC A resistor is connected to this pin to determine the oscillation 7
Frequency.
VSS Logic Ground Pin 8,52
VDD Logic Power Pin 9,51
SG1/KS1to High-Voltage Segment Output Pins 10 t0 25
SG16/KS16 Also acts as the Key Source.
SG17to SG24 High-Voltage Segment Output Pins 26 to 33
GR1 to GR16 High-Voltage Grid Output Pins 341to0 49
VEE Pull-Down Level 50
July 15, 2010 Ver.2.1 5/24
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BLOCK DIAGRAM
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PIN CONFIGURATION

MC3501

Lo |
LI
649 |
otuo [ |
T |
AxII
eTdO [ |
vTaO [ |
STYO[ |
9THO [ |
3an[ |
aan|__|
SSA[ |

39 lcrs
38| | GR5
37]__| GR4
36[ ] GR3
35| ] GR2
34| __|GR1
33| ] SG24
32| ]sSG23
31| ]sG22

MC3501

/ 52 51 50 49 48 47 46 45 44 43 42 41 40

30 SG21

29 SG20

28] ] sG19

271 ] sci1s

14 15 16 17 18 19 20 21 22 23 24 25 26

LTOS

9TSH /9TOS
STSH /STOS

| YTISY IFTOS

| ] e1sM/eT9S
| ] esveros
[ ] TISM/TTOS
[ ] o1sM/0T9S

| ] 6SM/69S
| ] 8sM/89s
| ] zsM19s
[ ] 9sM/99s
| ] ssM/gos

ck[ ]2

DIN[__ |2

st |3

pouT[ |4

Ki[ |5

k2|6

osc[_|7

vss[__ |8

vbD[ |9
sG1/Kks1[ |10
sG2/ks2[__ |11
SG3/ks3[___ |12
sGa/ksal[___|13

7124
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MC3501

INPUT/OUTPUT PINS SCHEMATIC DIAGRAM

Input pins : CLK,STB, DIN

Input pins : K1,K2

Output pin : DOUT
VDD

L Enable signal
(refer to command 4)

[l
I R Eaanl
}—l_,—-o—gl—l
I T

Output pins : SGn, GRn
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MC3501 NABON
ABSOLUTE MAXIMUM RATINGS
(Unless otherwise stated, Ta=25 , GND=0V)
Parameter Symbol Ratings Unit

Logic Supply Voltage VDD -0.3to +7 \%
Driver Supply Voltage VEE VDD+0.3 to VDD-45 \%
Logic Input Voltage \! -0.3to VDD+0.3 \Y,
VFD Driver Output Voltage VO VEE-0.3 to VDD+0.3 \%
VFD Drive Output Current IOVFD _g‘égg:fgm) mA
Operating Temperature Topr -40 to +85
Storage Temperature Tstg -65 to +150

RECOMMENDED OPERATING RANGE

(Unless otherwise stated, Ta=25 , GND=0V)

Parameter Symbol AEUIEE Unit
Min. Typ. Max.
Logic Supply Voltage VDD 2.7 5 55 \Y,
High-Level Input Voltage (VDD=5V) VIH 0.75vVDD - VDD \%
Low-Level Input Voltage (VDD=5V) VIL 0 - 0.2vDD \%
High-Level Input Voltage (VDD=3.3V) VIH 0.8vDD - VDD \%
Low-Level Input Voltage (VDD=3.3V) VIL 0 - 0.2vDD \%
Driver Supply Voltage VEE VDD-35 - 0 \%
July 15, 2010 Ver.2.1 9/24
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ELECTRICAL CHARACTERISTICS

(Unless otherwise stated, VDD=5V, GND=0V, VEE=VDD-35V, Ta=25 )

Parameter Symbol Test Condition Min. Typ. Max. Unit
IOLDOUT =4mA
Low-Level Output Voltage VOLDOUT DOUT, DIO - - 0.4 \%
VO =VDD -2V
High-Level Output Current IOHSG |SG1/KS1to SG16/KS16, -3 - - mA
SG17 to SG24
. VO = VDD -2V
High-Level Output Current IOHGR GR1 to GR16 -15 - - mA
High-Level Input Voltage VIH - 0.75VDD - VDD \%
Low-Level Input Voltage VIL - 0 - 0.2vDD \%
Input Current Il VI =VDD or VSS - - 61 UA
Dynamic Current Under no load
Consumption DDdyn Display Off i i 5 mA
(Unless otherwise stated, VDD=3.3V, GND=0V, VEE=VDD-35V, Ta=25 )
Parameter Symbol Test Condition Min. Typ. Max. Unit
IOLDOUT =4mA
Low-Level Output Voltage VOLDOUT DOUT, DIO - - 0.4 \%
VO =VDD -2V
High-Level Output Current IOHSG |SG1/KS1to SG16/KS16, -1.5 - - mA
SG17 to SG24
. VO =VDD -2V
High-Level Output Current IOHGR GR1 to GR16 -6 - - mA
High-Level Input Voltage VIH - 0.8vDD - VDD \%
Low-Level Input Voltage VIL - 0 - 0.2vDD \%
Input Current 1] VI =VDD or VSS - - 01 uA
Dynamic Current Under no load
Consumption IDDdyn Display Off i i 3 mA
July 15, 2010 Ver.2.1 10/24
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SWITCHING CHARACTERISTICS

(Unless otherwise stated, VDD=5V, GND=0V, VEE=VDD-35V, Ta=25 )

Parameter Symbol Conditions Min. Typ. Max. Unit
Grid rise time tGLH - - 0.5 us
Segment rise time tSLH - - 2.0 us
Grid fall time tGHL CL- = 300pF - - 150 us
Segment fall time tSHL - - 150 us
Oscillation frequency fosc R=82KQ 250 350 450 KHz
(Unless otherwise stated, VDD=3.3V, GND=0V, VEE=VDD-35V, Ta=25 )
Parameter Symbol Conditions Min. Typ. Max. Unit
Grid rise time tTzH2 - - 1.2 us
Segment rise time tTzH1 - - 4.0 us
Grid fall time tGHL CL- = 300pF - - 150 us
Segment fall time tSHL - - 150 us
Oscillation frequency fosc R=100KQ 250 350 450 KHz
TIMING CHARACTERISTICS
(Unless otherwise stated, VDD=5V, GND=0V, VEE=VDD-35V, Ta=25 )
Parameter Symbol Conditions Min. Typ. Max. Unit
Clock pulse width PWcLk 400 ns
Strobe pulse width PWSTB 1000 ns
Data setup time tsetup 100 ns
Data hold time thold 100 ns
Clock-strobe time tg#g' CLKYA STBY 1000 ns
tPZL 100 ns
Propagation delay time RL=1 0 K @515pE
tPLZ 400 ns
(Unless otherwise stated, VDD=3.3V, GND=0V, VEE=VDD-35V, Ta=25 )
Parameter Symbol Conditions Min. Typ. Max. Unit
Clock pulse width PWcLk 400 ns
Strobe pulse width PWSTB 1000 ns
Data setup time tsetup 100 ns
Data hold time thold 100 ns
Clock-strobe time tCS:_Il__Ié CLKYA STBY 1000 ns
] ) tPZL _ _ 100 ns
Propagation delay time Lz RL=1 0 K @515pE 500 -
July 15, 2010 Ver.2.1 11/24
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SWITCHING CHARACTERISTIC WAVEFORM

MC3501 Switching Characteristics Waveform is given below.

fosc

50% —]
STB \ /

{CLK-STB

PWsTB

PWcLk PWcLk

| tsetup thold
o : : > < ><
tPzL tPLZ
—> [ ——>|

DOUT

tTHZ tTzH2 4_.|
GRn 90%
- 10%
tTZH1
tTHZ
-+ 90%
10%

SEGnh
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FUNCTIONAL DESCRIPTION

COMMANDS

Commands determine the display mode and status of MC3501. A command is the first byte (b0 to b7) inputted to
MC3501viathe DINPin af t er STB Pin has changed from “HI GH” to “LOW
set to “HIGH” while data or commands are being transmitt
data/commands being transmitted are considered invalid.

COMMAND 1 : DISPLAY MODE SETTING COMMAND

MC3501 provides 8 display mode settings as shown in the diagram below: As stated earlier a command is the first
one byte (b0 to b7) transmitted to MC3501 via the DIN Pin when STB is “LOW'. However, fo
bits 5 to 6 (b4 to bb5) are ignored, bits 7 & 8 (b6 to b7

The Display Mode Setting Commands determine the number of segments and grids to be used (1/8 to 1/16 duty,

24 segments). When these commands are executed, the display is forcibly turned off, the key scanning stops. A

di splay command “ON” must be executed in order to resume
command execution is take place, therefore, nothing happens.

When Power i s t u-digite@4-segnm@m inqdestisisedectdd6

MSB LSB

l A l J\ l J
00:COMMAND 1 Don’'t Car e Display Mode Settings :
0000 : 8 Grid, 24 Segments
1000 : 9 Grid, 24 Segments
1001 : 10 Grid, 24 Segments
1010: 11 Grid, 24 Segments
1011 : 12 Grid, 24 Segments
1100 : 13 Grid, 24 Segments
1101 : 14 Grid, 24 Segments
1110: 15 Grid, 24 Segments
1111 : 16 Grid, 24 Segments

July 15, 2010 Ver.2.1 13/24
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Display Mode and RAM Address

Data transmitted from an external device to MC3501 via the serial interface are stored in the Display RAM and are

assigned addresses. The RAM Addresses of MC3501 are given below in 8bits unit.

SG1 SG4 SG5 SG8 SG9  SG12 SG13 SG16 SG17 SG20 SG21  SG24
00H, 00H,, 01H, 01H, 02H, 02H,, DIG1
03H, 03H, 04H, 04H,, 05H, 05H,, DIG2
06H, 06H,, 07H, 07H, 08H, 08H,, DIG3
09H, 09H,, OAH, 0AH,, OBH, 0BH,, DIG4
OCH, OCHy, ODH, ODHy, OEH, OEH, DIG5
OFH, OFH, 10H, 10H,, 11H, 11H, DIG6
12H, 12H, 13H, 13H, 14H, 14H, DIG7
15H, 15H, 16H, 16H, 17H, 17H, DIG8
18H, 18H,, 19H, 19H,, 1AH, 1AH,, DIG9
1BH, 1BH, 1CH, 1CH,, 1DH, 1DH,, DIG10
1EH, 1EH, 1FH, 1FH, 20H, 20H,, DIG11
21H, 21H, 22H, 22H, 23H, 23H, DIG12
24H, 24H,, 25H, 25H,, 26H, 26H,, DIG13
27H, 27H, 28H, 28H,, 29H, 29H,, DIG14
2AH, 2AH,, 2BH, 2BH,, 2CH, 2CH,, DIG15
2DH, 2DH,, 2EH, 2EH, 2FH, 2FH, DIG16
b0 b3 b4 b7
XXH, XXHy
Lower 4bits Higher 4bits
July 15, 2010 Ver.2.1 14/24
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COMMAND 2 : DATA SETTING COMMAND

The Data Setting Commands executes the Data Write or Data Read Modes for MC3501. The data Setting

Command, the bits 5 and 6 (b4, b5) are ignored, bit7 (b6) is given the valwue of “1"
of “0". Pl ease refer to the diagram bel ow.

When power is turned ON, the bit 4 to bit 1 (b3 to b0) a

MSB LSB
0 1 - - b3 b2 bl b0
\ l A l ) \ l )
01:COMMAND2 Don’'t C4gr e Data Write Mode Settings :

00 : Write data to display mode

01 : Reset function (one time reset)
10 : Read key scan data

11 : Don’'t <care
4
Address Increment Mode Settings (Display Mode):
0 : Increment Address after data has been Written
1: Fixes Address

v

Mode Settings :
0 : Normal Operation Mode
1 : Test mode ( User don’t wuse )

July 15, 2010 Ver.2.1 15/24
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MC3501Key Matrix & Key Input Data Storage RAM

MC3501 key matrix consists of 16& 2 array as shown belows.

K1 MDD NI DD DYDY DYDY DYDY
NZZRN V2N VAN VAN VAN VAN VAN VAN VAN VARN VAN VAN VAN VAN VARNY/

K2 M DI DN DN DYDY DYDY DYDY DYDY DY
N2 VZRNVERN VAR VAN VAN VAN VAR VAN VAN VAN VAN VAN VAN VAN V/

3 % 8 3 8 8 5 % 3 2 3§ 2 3oaq
¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ O 0O 0 u u u v
mmmwwmmwwa‘a‘a‘a‘a‘a‘a‘
n o o o »u u o

Each data inputted by each key are stored as follows. They are read by a READ Command, starting from the last
significant bit. When the most significant bit of the data (SG1, b0) has been read, the least significant bit of the next

data (SG16, b7) is read.

K1 K1 K1 K1
SG1/KS1 SG2/KS2 SG3/KS3 SG4/KS4
SG5/KS5 SG6/KS6 SG7/KS7 SG8/KS8
SGI/KS9 SG10/KS10 SG11/KS11 SG12/KS12

SG13/KS13 SG14/KS14 SG15/KS15 SG16/KS16
bo ... b2 b4 b6 ...

July 15, 2010 Ver.2.1
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COMMAND 3 : ADDRESS SETTING COMMAND

The display memory is addressed by Address Setting Comma
address is set to 30H or higher, the data is ignored until a valid address is set. When power is turned ON, the

address is set at “00H".

Please refer to the diagram below.

MSB LSB
1 1 b5 b4 b3 b2 bl b0
\ l A l )
11 : COMMAND 3 Address : 00H to 2FH

July 15, 2010 Ver.2.1 17/24
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COMMAND 4 : DISPLAY CONTROL COMMANDS

The Display Control Commands are used to turn ON or OFF a display. It is also used to set the pulse width. Please
refer to the diagram below. When the power is turned ON, a 1/16 pulse width is selected and the display is turned

OFF (the key scanning is stopped) and DOUT is selected N-channel Open drain type.

MSB

LSB

b4 b3 b2 bl

b0

10 : COMMAND 4

}

000 :
001:
010:
011:
100:
101:
110:
111:

v

Display Settings:

1: Display ON

v

DOUT output type Settings :
00 : N-channel Open drain type
01 : N-channel Open drain type

Dimming Quantity Settings :

Pulse width = 1/16
Pulse width = 2/16
Pulse width = 4/16
Pulse width = 10/16
Pulse width = 11/16
Pulse width = 12/16
Pulse width = 13/16
Pulse width = 14/16

0 : Display OFF (Key Scan Continues)

10:Push-Pul | type ( don’-upresitoefdr DOWETyt er nal pulfl I
11 : N-channel Open drain type
July 15, 2010 Ver.2.1 18/24
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SCANNING AND DISPLAY TIMING

The Key Scanning and display timing diagram is given below. One cycle of key scanning consists of 2 frames. The
data of the 16 x 2 matrix is stored in the RAM.
Operating Frequency (fosc) = 224/T

Key Scan Data

ToispLay = 500us /
|
112).---18
T
SGn J I_H I_H I_H 9 |10|....]16
Gl ‘

G2

G3

Gn

1 Frame = TpgpLay € (N+1)

Note : T is the width of segment only

July 15, 2010 Ver.2.1 19/24
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SERIAL COMMUMICATION FORMAT
The following diagram shows the MC3501serial communication format. The DOUT Pin is selected output type (N-

channel open-drain type or Push-pull type) via command 4. If DOUT is selected open-drain type output , it is highly
recommended thatan externalpullu p resi stor (1KQ tolOHKQYT. must be connect

RECEPTION (Data/Command Write)

If data continues.

STB
X Y X N
(DIO)

F'y V'Y 'y y'y y'y
CLK 1 2 I I 7 )

Transmission (Data Read)

STB —|
(DD”I\IO) Jbo Y b1 [ b2 b3 Jb4 Jos | b6 | b7 ]
0O 1 0 0 O 0O 1 o

B e g = R R R AR AR AR R SR SR R AR SR
CLK tWal(
pouT \bo] b1} b2 b3 b4 Jb5 Jb6 Y b7 | b0 J b1 b2 b3 ] b4 Jo5
(DIO) | | |

r Data Read Command is set ! ) Data Reading Starts

where: t,;( wai ting time) = 1lps

It must be noted that when the data is read, the waiting time (twait) between the rising of the eighth clock that
has set the command and the falling of the first clock that has read the data is greater or equal to 1ps.
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SERIAL COMMUNICATION EXAMPLES

Serial communication timing diagram for initialization setting.

DIN

Command?2

Command3

Data 1

Data 2

Commandl

Command4

Where : Command 1 :
Command 2 :
Command 3 :
Datalton
Command 4 :

Display Mode Setting
Data Setting Command

Address Setting Command

Display Control Command

Memory updating timing diagram.

STB

|

|

: Transfer Display Data (36 Bytes max.)

DIN

command?2

command3

Data

command3

Data

Where : Command 2 -- Data Setting Command

Command 3 -- Address Setting Command

Data -- Display Data

July 15, 2010 Ver.2.1
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RECOMMENDED SOFTWARE PROGRAMMING FLOW CHART

START

Delay 200ms

v

SET
COMMAND 2
(Write Data)

!

SET
COMMAND 3
Clear Display RAM
(see Note 5)

v

SET
COMMAND 1

!

SET
COMMAND 4
(88H~8FH : Display ON)

!

MAIN
PROGRAM

v

SET
COMMAND 2
(Read key & Write
Data Included)

!

SET
COMMAND 3

!

SET
COMMAND 1

v

SET
COMMAND 4

* Note : 1. Command 1 : Display Mode Setting
2. Command 2 : Data Setting Commands
3. Command 3 : Address Setting Commands
4. Command 4 : Display Control Commands

INITIAL
SETTING

MAIN
LOOP

5. When IC power is applied for the first time, the contents of the Display RAM are not defined : thus,
it is strongly suggested that the contents of the Display RAM must be cleared during the initial setting.

July 15, 2010 Ver.2.1
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APPLICATION CIRCUIT

VDD
0.1uF

MCU ;I/;
100pF

0.1uF;

VEE

O

[

7 G8 G9 G10 G11 G12 G13 G14 G15 G16

16-Grid € 24-Segment VFD

G6 --G1  SG24 ----SGI17 KSI6 - - --===-==-=-=-~-~---~--- KS1
52 51 50 49 48 47 46 45 44 43 42 41 40
1K
! — |1 39 :I—/
i 1 ' P s ¢
10K 100pF .
;;L; 3 k74 I
. s
5 s ¢
VDD L0 ; -
du 1
—_ 7
RiRe MC3501 o =
_T_ 8 321
9 i1
— |10 01
— _Ju 291
—L 12 281
13 271
14 15 16 17 18 19 20 21 22 23 24 25 26 :
100K }: :$> 100K
S
1N4148 é 16

(note 1) don’ t -upeesidorfor®QUTérefer ta COMMAND 4 on page 20)
- in this case, VDD have to be same level or higher than power of MCU

July 15, 2010 Ver.2.1
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PACKAGE INFORMATION

52-PIN LQFP
4 | ; z ) | |
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i | = B[ 130 [ 140 [ 150
_ — } “\[[ T A | 059 | 064088 | |-
| , b 036 | - | 049
] 0P E‘ W - ol | 035 | 040 | 045
.y 160 1 013 | - 0.18
= -9 .8OtO.10)(0.10t0.05[}]]:I 21 o T T (5
‘ D 16.40 | 1660 | 16.80
=F | L D1 | 1390 | 1400 | 1410
= | i 3 1640 | 1660 | 1680 | |C
T | T B | 1390 1400 | 1440
cr]  BTM-E-MARK = e
70| 085 | 1.
o U o Y
) T / | um| W 0.25B5¢ ¢
0N WX | DO o RN R
i ’ $120+0.10X0.20:0.10 - S 015 | - |-
: G ] 0 3 | 7
100eeraonnnt B N
B . 07 [ | 7 | 13 B
L h{{} 00 __M__ 1} 03 [ [ 12 [ 13
&
01
_IBASE METAL b n

L2

=

% NOTES:
\ b, ALL DIMENSIONS REFER TO JEDEC STANDARD
MS-026 BEA DO NOT INCLUDE MOLD )
L P

\
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T N DR
- > NANTONG FUJITSU MICROELECTRONICS CO.,LTD
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