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B Features

¢ 4-pin serial interface
¢ Key scanning (6x 4 matrices)

¢ Programming display modes (11-digit & 11-segment to

16-digit & 4-segment)
¢ Programming Dimming step
¢ High-voltage output (Vpp-35V max).
¢ LED ports (4 channels., 20 mA max).
¢ 4-pin General-purpose input port
¢ Built in oscillator
* No external resistor necessary for driver outputs

B Pin Assignment (Top View)

B General Description

The AD16312 is a VFD (Vacuum Fluorescent Display)
controller/driver that is driven on a 1/5- to 1/12 duty
factor(include key scan). It consists of 5 segment output
lines, 6 segment/key scan output lines, 6 grid output lines,
5 segment/grid output drive lines, a display memory, a
control circuit, and a key scan circuit. Serial data is input
to the AD16312 through a four-line serial interface.
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Segr

Segs / KSe
Segs / KSs
Seg4 / KS4
Segs / KS3
Seg2 / KS2
Seg1/ KS1
Vop

Key4

Keys

This datasheet contains new product information. Analog Technology reserves the rights to modify the product specification without notice. No liability is assumed as a result of the use of this product.

No rights under any patent accompany the sale of the product.
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B Pin Descriptions

Data input (Dyy) (Pin #6)
Input serial data at rising edge of shift clock, starting from the LSB.

Data output (Doyt) Pin #5
Output serial data at falling edge of shift clock, starting from the LSB. This is an N-ch open-drain output pin.

Strobe (STB) (Pin #9)

Initializes serial interface at the rising or falling edge of the AD16312. It then waits for reception of a command.
Data input after STB has fallen is processed as a command. While command data is processed, current
processing is stopped, and the serial interface is initialized. While STB is high, CLK is ignored.

Clock input (CLK) (Pin #8)
Reads serial data at the rising edge, and outputs data at the falling edge.

Oscillator pin (OSC) (Pin #44)
Connect resistor to this pin to determine the oscillation frequency to this pin.

High-voltage output (Seg/KS; to Seg¢/KS¢) (Pin #15 to 20)
Multi-function pins. Segment output pins (Dual function as key scan source)

High-voltage output(Segment) (Seg, to Seg;;) (Pin #21 to 25)
Segment output pins

High-voltage output(grid) (Grid, to Gridg) (Pin #37 to 32)
Grid output pins

High-voltage output(segment/grid) (Seg,/Grid;; to Seg;s/Grid,) (Pin #26,28 to 31)
These pins are selectable for segment or grid driving.

LED output (LED, to LED,) (Pin #42 to 39)
CMOS output.

Key data input (Key, to Key,) (Pin #10 to 13)
Data input to these pins is latched at the end of the display cycle.

Switch input (SW; to SW,) (Pin #1 to 4)
These pins constitute a 4-bit general-purpose input port.

Logic power (Vpp) (Pin #14,38)
5V+10%

Logic ground (Vss) (Pin #7,43)
Connect this pin to system GND.

Pull-down level (Vgg) (Pin#27)
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m  Absolute Maximum Ratings (T,=25°C, V=0V )

PARAMETER SYMBOL RATINGS UNIT
Logic Supply Voltage Vop -0.5to +7.0 \Y
Driver Supply Voltage Vg Vpp 0.5 to Vpp -40 \Y
Logic Input Voltage Vi -0.5to Vpp +0.5 \%
VED Driver Output Voltage Vo Vgg-0.5 to Vpp +0.5 \Y
LED Driver Output Current Iot +25 mA
VFD Driver Output Current Tos _1;12(552121 ) mA
Operating Ambient Temperature T opt 0to +85 °C
Storage Temperature Tge -20 to +125 °C
B Operating Conditions (T,=0 TO +70°C,Vs~0V)
PARAMETER SYMBOL MIN. TYP. | MAX. | UNIT |[TEST CONDITIONS

Logic Supply Voltage Vbp 4.5 5 5.5 \Y

High-Level Input Voltage Vi 0.7"Vpp Vob \%

Low-Level Input Voltage Vi 0 0.3‘Vpp \%

Driver Supply Voltage VEE 0 Vpp-35 \Y

m DC Characteristics (T,=0 to 70 °C, Vpp=4.5 t0 5.5V, Vss=0V, VEe=Vpp-35V)

PARAMETER SYMBOL | MIN. |TYP.| MAX. |UNIT TEST CONDITIONS
High-Level Output Voltage Voui 0.9Vpp V |LED;-LEDgIog=-1mA
Low-Level Output Voltage VoLi 1 V |LED;-LED,,Io=20mA
Low-Level Output Voltage Vorz 0.4 V  [Dourlorz=4mA
High-Level Output Current Tom: -3 wA |Vo=Vpp-2V,Seg; to Seg;;
High-Level Output Current Tomos -15 mA ;/:glzg}])r_iczil\f,tGorIS(ilng/ ((}}rrllg:
Driver Leakage Current ToLEak -10 U“A |Vo=Vpp-35V, driver off
Output Pull-Down Resistor Ry 50 100 | 150 | kQ |Driver output
High-Level Input Voltage Vi 0.7Vpp \%

Low-Level Input Voltage Vi 03Vpp| V
m  AC Characteristics (T,=0 to +70 °C,Vpp=4.5 t0 5.5 V, Vge=-30V)

PARAMETER SYMBOL | MIN. | TYP.| MAX. |UNIT TEST CONDITIONS
Oscillation Frequency fosc 350 500 650 KH; |R=51 kQ
Maximum Clock Frequency finax. 1 MH; |Duty=50%

Clock Pulse Width PWcik 500 ns

Strobe Pulse Width PWgrp 1 us

Data Setup Time tsETUP 100 ns

Data Hold Time tHoLD 100 ns

Clock-Strobe Time teLK-STB 1 pus [CLK ? —STB ?
Wait Time twarr 1 us |CLK t —CLK | *@

*(2):Refer to page 8.

3/11

Rev. A2 Mar.04, 2002



ha
'I...:i
III|>

AD16312 <
1/4- To 1/11-Duty VFD Controller/Driver

A

B Block Diagram

_,| Command Dimming 6 |25 [7 Sealkst
decoder circuit o 28
D >
2 | b Segb/KS6
DiNo-» S Seg7
. S ~ ¢ Seg
DouT «+qq . Display memory 20116 11 5 |35
Serially g | 16 bitsx — 3 5 » g
CLKo»| IF 11 Words 2 .Cgl . &5 |4 seg1
STBo-»| g
Lyl ©
VoD T T % 5|2 [ Seg12/Grid1
D
0SsC [Timing generator| ™ g g §
key scan — a E5
¢ g S /Grid
N o |—© Seg16/Grid7
Key data memory 2
KEY [ ‘% 5
1 4 = .
Y F E . —o Grid1
KEy4 2 M ° B
- » T
SV 4 |4 bit| L] 4-bit laton z 13
bit| ] 4- - 5
S'\:;\)/ O‘f"|4at2|rt‘ It latc ~— I I I o —o6 Gride
4
....... VDD Vss VEE
LED1 LED4 (+5V) (OV)(-30V)

Key data memory (4x 6)

B Function Description

1.0 Commands
Commands set the display mode and status of the VFD driver.
The first 1 byte input to the AD16312 through the Dy pin after the STB pin has fallen is
regarded as a command.
If STB is set high while a commands/data are transmitted, serial communication is
Initialized , and the commands/data being transmitted are invalid (however, the
commands/data previously transmitted remain valid ).

1.1 Display mode setting commands
These commands initialize the AD16312 and select the number of segments and the number of grids (4 grids
& 16 segments to 11 grids & 11 segments to). When these commands are executed, the display is forcibly
turned off, and key scanning is also stopped. To resume display, the display command “ON” must be
executed. If the same mode is selected, however, nothing happens.

MSB LSB
E - {b2{ b1{b0]

\_l_‘—Display mode settings

Irrelevant 000: 4 digits, 16 segments
001: 5 digits, 16 segments
010: 6 digits, 16 segments
011: 7 digits, 15 segments
100: 8 digits, 14 segments
101: 9 digits, 13 segments
110: 10 digits, 12 segments
111: 11 digits, 11 segments

o

On power application, the 11-digit, 11-segment mode is selected.

Rev. A2 Mar.04, 2002
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1.2 Data setting commands
These commands set data write and data read modes.

MSB LSB
| 0 b3ib2] b1§bo|

Ll—l— Data write and read mode settings.

00: Write data to display memory.
01: Write data to LED port.

10: Read key data.

11: Read SW data.

-
'
'

Irrelevant

Address increment mode settings (display memory).
0: Incremenets address after data has been written.
1: Fixes address.

Test mode settings
0: Normal operation
1: Test mode

On power application, the normal operation and address increment modes are set.

1.3 Address setting commands
These commands set an address of the display memory.

MSB__ ___ isB
1 - {b4{b3{b2{b1i{b0

| |
L Address (00H-15H)

N

If address 16H or higher is set, data is ignored, until a valid address is set.
On power application, the address is set to 00H.

1.4 Display control commands

M LsB
| 14104 -1 - §b3§b2§b1§bo|
Ll—l I_|_,— Dimming quantity settings
Irrelevant 000: Sets pulse width to 1/16.

001: Sets pulse width to 2/16.

010: Sets pulse width to 4/16.

011: Sets pulse width to 10/16.
100: Sets pulse width to 11/16.
101: Sets pulse width to 12/16.
110: Sets pulse width to 13/16.
111: Sets pulse width to 14/16.

Tums on/off display.
0: Display off (key scan continues)
1: Display on

On power application, the 1/16-pulse width is set, the display is turned off and key scanning is stopped.

Rev. A2 Mar.04, 2002
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2.0 Display RAM Address and Display Mode

The display RAM stores the data transmitted from an external device to the AD16312 through the serial
interface, and is assigned addresses as follows, in 8 bits unit:

Seg; Segy . Segg Segin Segie
00 HL , 00 HU 01 HL 01 HU
02 Hy 02 Hy 03 Hp 03 Hy
04 Hy 04 Hy 05 Hy 05 Hy
06 Hy 06 Hy 07 Hy 07 Hy
08 Hy 08 Hy 09 Hy 09 Hy
0 AH; 0 AHy 0 BH, 0 BHy
0 CH, 0 CHy 0 DHp 0 DHy
0 EH; 0 EHy 0 FH, 0 FHy
10 Hy 10 Hy 11 Hy 11 Hy
12 Hy 12 Hy 13 Hy 13 Hy
14 Hy 14 Hy 15 Hy 15 Hy
b0 b3 b4
| XXH, | XXHy
Lower 4 bits Higher 4 bits

3.0 LED Port

DIG,
DIG,
DIG;
DIG4
DIGs
DIG¢
DIG,
DIGg
DIGy
DIG[()
DIG11

Data is written to the LED port with the write command , starting from the least port’s least significant bit. When a
bit of this port is 0, the corresponding LED lights; when the bit is 1, the LED turns off . The data of bits 5 through 8

are ignored.

LSB

-Eb3§b2§b1§bo|

On power application, all LEDs are unlit.

—

Don't care

|—LED1
LED2

LED3
LED4
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4.0 Key Matrix and Key-Input data Storage RAM
The key matrix is made up of a 6x 4 matrix, as shown below.

FAA N VAR VALY VARY JanY
KEY1 TP — 9P
KEY2 Fa N2 L s . W W W4
oo
Fa Y yan) VR VR V4R Fan)
KEYs o—p—p— <P
DA N N N DA
KEY4 AN AN YA UV AN VAN ANV

Seg1/KS1
Seg2/KS2
Segs/KS3
Seg4/KSa
Segs/KSs
Sege/KSe

The data of each key is stored as illustrated below, and is read with the read command, starting from the least

significant bit.
KEY1...KEY4 KEY1...KEY4

Seg1/KS1 Seg2/KS2

Seg3/KS3 Seg4/KS4

Segs/KSs | Segs/KSs Reading sequence

5.0 SW Data
SW data is read with the read command, starting from the least significant bit. Bits 5 through 8 of the SW
data are 0.
MSB LSB
0 E OE 0505b35b25b15b0|
I— SW1
Sw2
SW3
Sw4

Rev. A2 Mar.04, 2002
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B Timing Diagram

(1)Serial Communication Format
Reception (command/write data)

If data continues

sTB

o [EEDEDED X w X o
'y i Y _| P c

CLK 1 2 ) . .

Transmission (read data)

STB

A

X b0 X b1 X b2 X b3 X b4 X b5 X b6 X b7 X
i i i i i i ~E

DIN
CLK 1 2 3 4 5 6 7 8

Dout

|4
|‘

A data read command is set.

Data is read.

Because the Dgyr pin is an N-ch, open-drain output pin, be sure to connect an external pull-up resistor to this pin (1k Q

to 10 kQ2).
*(1): When data is read, a wait time tyarof 1 ¢ s is necessary since the rising of the eighth clock

that has set the command, until the falling of the first clock that has read the data.
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(2)Key Scanning and Display Timing
LDlSP‘:‘SOO “é Key scan data
SEG Output DIG1 DIG2 DIG3 | - DIGn 1 |2|3|4|5|6 DIG1
Grid1
Gidz '} 116
Toisp
Grid3
Gridn
1 frame = ToisPx (n+1)

On cycle of key scanning consists of one frame, and data in a 6x 4 matrix is stored in RAM.

Switching Characteristic Waveforms

OSC
50%
PWsTB
STB \ -
|, PWcik |, PWclk o tCLK-STB —
CLK —¥—7 4/—\
L tseTupP P tHOLD R
DN * N 7<
tPzL tPLz
4—{] »ﬁ
ttzn

Dout

90%

Sn/Gn
10%
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B Applications

Updating display memory by incrementing address

st | [ | [ [
SN 11 A (LA A

DN |Command1| |Command 2| |Command 3| | Data 1 | ----------- | Data n | |Command 4|

Command 1: sets display mode

Command 2: sets data(write data to display memory)
Command 3: sets address

Data 1 to n: transfers display data (22bytes max.)
Command 4: controls display

Updating specific display memory

S i i ’7
S 10 A R R

DN |Command1| |Command 2| | Data | |Command 2| | Data | |

Command 1: sets data
Command 2: sets address
Data: display data

Rev. A2 Mar.04, 2002
10/11



AD16312 AE
1/4- To 1/11-Duty VFD Controller/Driver ‘

B Package Dimension
(1) Package Type : QFP-44L

13.2

L 10.0 N

1

AD16312

10.0113.2

A
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QL R—

0.35 Max

_ 4"L
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0.3 TYP. 0.8 TYP. 0.88 TYP.
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