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Casichip AD16315

T
1/4- to 1/12 Duty VFD Controller/Driver (Preliminary)
B Features B General Description
- Multiple display modes The AD16315 is a VFD (Vacuum Fluorescent
(16-segment & 12-digit to 24-segment & 4-digit) Display or fluorescent Indicator Panel) driver that is
- Key scanning (16 x 2 matrix) driven on a 1/4- to 1/12- duty factor. It consists of 16
- Dimming circuit (eight steps) segments and 4 grids output lines, 8 segments / grid
- High-voltage output ( Veg (maxy = Vop — 35V) output driving lines, a display memory, a control
- LED ports (4 channel, 20 mA max.) circuit, and a key scan circuit. Serial data is input to
- No external resistors necessary for driver outputs the AD16315 through a 3-wire serial interface. This
(P-ch open-drain + pull-down resistor output) VFD driver is ideal as a peripheral device for a
- Serial interface (CLK, STB, Dy, Doyr) single-chip microcomputer.

- Package: 44-pin plastic QFP and LQFP

B Pin Assignments

S 5 ® o o RSN Tolle &R0

S & ¢ E UfgeiN 2Ty ¢

(2] O ~ o wn < [sed o ~— o

2 » » w  » » D D D B

0] (] 0] L (0] ] (0] ] ) ] )

n on 0 > O n n O D D D

[92] N ~ o [e)] [ee] N~ © Yo} < [

p [sp] [sp] [sp} [sp} N N N N N N N
Seg20/Gride o— & N F—©0 SegoKSe
Seg21/Grids o— 8 N O Segs/KSs
Seg22/Grid7 0—— 8 & O Seg7/KS7
Seg23/Gride O— & 2 [—oO Sege/KSs
Seg24/Grids 0— & ® |—o0 Segs/KSs
Grida 00— & ~ —o0 Seg4/KSs
Grids o— © |—o0 Segs/KS3
Grid2 o— % © |—o0 Seg2/KS2
Grid1 o— ¢ I |—o SegiKst

Voo o0— 2 @ ® b—o VoD
Vss o— I N b—o0 Vss
o ~—

LED, O—
LED2 O— 2
LED3 o— 3
LED4 O— 4
0osc 0— 5
Dour O— 6
DN O— 7
CLK 0— 8
STB o— 9
KEY1 O—
KEY2 O—

’// 'y \J
14 g gb/

> ~ Tl .
Zﬁ% datasheet contains new product information. Anachip Corp. reserves the rights to modify the product specification without notice. No liability is assumed as a result of the use of
=

- Lé this product-No,rights under any patent accompany the sale of the product.
[« Rev. 0.1 Aug 10, 2002

1/15


http://www.dzsc.com/icstock/108/AD16315.html
http://www.jdbpcb.com/J/
http://pdf.dzsc.com/

T

AD16315

1/4- to 1/12 Duty VFD Controller/Driver (Preliminary)
B Pin Descriptions
Symbol Name No. Description
. Input serial data at rising edge of shift clock,
Diy Data input ! starting from the low order bit.
Output serial data at the falling edge of the
Dour Data output 6 shift clock, starting from low order bit. This is
N-ch open-drain output pin.
Initializes serial interface at the rising or falling
edge of the AD16315. It then waits for
reception of a command. Data input after STB
STB Strobe 9 has fallen is processgd 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.
. Reads serial data at the rising edge, and
CLK Clock input 8 outputs data at the falling edge.
Connect resistor to this pin to determine the
0osC Oscillator pin 5 oscillation frequency to this pin. Connect
resistor between this pin and GND (V).
Seg,/KS; to - Segment output pins (Dual function as key
Seq,/KS,. High-voltage output (Segment) | 14 to 29 source)
Grid, to Grid, High-voltage output (Grid) 39 to 42 |Grid output pins
Seg,,/Grid,, to High-voltage output 3110 38 These pins are selectable for segment or grid
Seg,./Grids (Segment/grid) driving.
LED, to LED, LED output 1to4 |CMOS output, +20mA MAX.
KEY,, KEY, Key data input 10, 11 Data mput to these pins is latched at the end
of the display cycle.
Voo Logic power 13,43 |5V +10%
Vgs Logic ground 12,44 |Connect this pin to system GND.
Vee Pull-down level 30 (Vpp — 35V) MAX.
B Ordering Information
AD16315X X

Q: QFP-44L
L : LQFP-44L

Blank : Tray
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AD16315
(Preliminary)
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1/4- to 1/12 Duty VFD Controller/Driver

B Block Diagram
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Casichip AD16315

‘h__,_-
1/4- to 1/12 Duty VFD Controller/Driver (Preliminary)

B Absolute Maximum Ratings (1, = 25°C,v, = 0v)

Parameter Symbol Rating Unit
Logic supply voltage Voo -0.5t0 +6.0 \%
Driver supply voltage Vee Vpp + 0.5 to Vpp — 40 \%
Logic input voltage \' -05t0Vpp +0.5 Vv
VFD driver output voltage Voo Vee-0.51t0 Vo, +0.5 \%
LED driver output current loq +20 mA
VFD driver output current lo2 1 5-4(2e(g:ri1de)nt) mA
Power dissipation Ps 800 (Note) mw
Operating ambient temperature Th -25 to +85 °C
Storage temperature T -50 to +150 °C

Note : Derate at —-6.4W/°C at T, = 25°C or higher.
Caution : If the absolute maximum rating of even one of the above parameters is exceeded even momentarily, the quality of the product

may be degraded. Absolute maximum ratings, therefore, specify the values exceeding which the product may be physically
damaged. Be sure to use the product within the range of the absolute maximum ratings.

B Recommended Operating Range (1, =-20 to 70°C, V¢ = 0V)

Parameter Symbol Min. Typ. Max. Unit
Logic supply voltage Voo 4.5 5 5.5 Vv
High-level input voltage Vi 0.7 Vpp Voo V
Low-level input voltage V. 0 0.3 Vpp V
Driver supply voltage Vee 0 Vpp-35 \%

Remark :
Maximum power consumption
Pmax = VFD driver dissipation + R, dissipation + LED driver dissipation + dynamic power consumption
Where
segment current = 3mA, grid current = 15mA, and LED current = 20mA
VFD driver dissipation = number of segments x 6 + number of grids/(number of grids + 1) x 30(mW)
R, dissipation O(Vpp - Vee)?/ 50 x (number of segments + 1) (mW)
LED driver dissipation = number of LEDs x 20 (mW)
Dynamic power consumption = Vpp x 5 (mW)

Anachip Corp.
www.anachip.com.tw Rev. 0.1 Aug 10, 2002
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Casichip AD16315
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1/4- to 1/12 Duty VFD Controller/Driver (Preliminary)

B Electrical Characteristics (T,=-20 to +70°C, V5= 4.5 t0 5.5V, Vg = OV, Ve = Vpp —35V)

Parameter Symbol Conditions Min. | Typ. | Max. | Unit
High-level output voltage Vour LED, —LED,, logy =-15 mA | Vp -1 \%
Low-level output voltage Vous LED, —LED,, lg; s = +15 mA 1 Vv
Low-level output voltage Voo Dours lorz =4 mA 04 \%
High-level output current lon Vo= Vop =2V, -0.3 mA

Seg,/KS, to Seg,s/KS,4
Vo= VDD —2V,Gl'|d1 tO GI"Id4

High-level output current lomo2 Seg,,/Grid,, to Seg,./Grid. -15 mA
Driver leakage current loLeak Vo= Vpp =35V, driver off -10 A
Output pull-down resistor R, Driver output 40 65 120 kQ
Input current I, V|=Vpp Or Vg +1 A
High-level input voltage Vg 0.7Vpp V
Low-level input voltage V. 03Vp| V
Hysteresis voltage Vy CLK, Dy, STB 0.35 \%
Dynamic current consumption Iopayn Under no load, display off 5 mA

B Switching Characteristics (T,=-20to +70°C, Vo, = 4.5 to 5.5V, Vg = -30V)

Parameter Symbol Conditions Min. | Typ. | Max. | Unit
Oscillation frequency fosc R=82 kQ 350 500 650 kHz
torz CLK—D 300 ns
Propagation delay time our
pag y ton C.=15pF,R =10 kQ 100 ns
tron Seg,/KS; to Segs/KS:s 2 uS
Rise time C,=300pF Grid, to Grid,,
trzie Seg,//Grids, t0 Seg,y/Grids 05 | uS
Fall time tryz C,=300pF, Seg,, Grid, 160 uS
Maximum clock frequency Fuax Duty=50% 1 MHz
Input capacitance C 15 pF
Anachip Corp.
www.anachip.com.tw Rev. 0.1 Aug 10, 2002
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AD16315

1/4- to 1/12 Duty VFD Controller/Driver (Preliminary)
B Timing Characteristics (1,=-20to +70°C, Vy, = 4.5t0 5.5V)
Parameter Symbol Conditions Min. Typ.- | Max. Unit
Clock pulse width PW¢ « 400 ns
Strobe pulse width PWgrg 1 uS
Data setup time teem 100 ns
Data hold time thoLo 100 ns
Clock-strobe time toiksts CLK!?— sTB* 1 Hs
Wait time twar CLK!—STB| (Note) 1 us

Note : Refer to the Serial communication format.

B Function Descriptions

(1) Display RAM Address and Display Mode
The display RAM stores the data transmitted to the AD16315 through the serial communication. The

addresses are allocated in 8-bit units.

Seg, Seg, Segs Segy, Segis Segz Segz
00H, 00H, 01H, 01H, 02H, 02H, DIG,
03Hy 03Hy 04H, 04H, 05H, 05H, DIG,
06H, 06H, 07H, 07Hy, 08H, 08H, DIG,
09H, 09H, 0AH, 0AH, 0BH, 0BH, DIG,
OCH, 0CH, ODH, ODH, OEH, OEH, DIG;
OFH, OFH, 10H, 10H, 11H, 11H, DIG,
12H, 12H, 13H, 13H, 14H, 14H, DIG,
15H, 15H, 16H, 16H, 17H, 17H, DIG,
18H, 18H, 19H, 19H, 1AH, 1AH, DIG,
1BH, 1BH, 1CH, 1CHy 1DH, 1DH, DIG,,
1EH, 1EH, 1FH, 1FH, 20H, 20H, DIG,,
21H, 21H, 22H, 22H, 23H, 23H, DIG,,

b0 b3 b4 b7

IXXH, [XXH,, |

Lower 4 bits Higher 4 bits

Anachip Corp.
www.anachip.com.tw Rev. 0.1 Aug 10, 2002
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o ; AD16315
1/4- to 1/12 Duty VFD Controller/Driver (Preliminary)

(2) Key Matrix and Key-input Data Storage RAM
The key matrix is made up of a 16 X 2 matrix, as shown below.
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Seg,/KS,
Seg,/KS,
Seg,/KS,
Seg,/KS,
Seg,/KS,
Seg/KS,
Seg,/KS,
Seg,/KS,
Segy/KS,
Seg,/KS,,
Seg,,/KS,,
Seg,,/KS,,
Seg,,/KS,,
Seg, ,/KS,,
Seg,/KS, 5
Seg,/KS,q

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

significant bit.

KEY, KEY, KEY, KEY. KEY, KEY, KEY, KEY,
Seg, / KS;, Seg, / KS, Seg; / KS; Seq. / KS, )
Segs / KS, Segs / KSq Seg, / KS, Segs / KS, Reading
Seg, / KS,q Segq / KSyo Seg: / KS; Segq, / KSy, Sequence
Segis / KSy; Segi, / KSy4 Segis / KSys Segis / KSig
b0 b1 b2 b3 b4 b5 b6 b7

(3) LED Port

Data is written to the LED port with the write command, starting from the least significant bit. “L” output
when the bit of this port is 0, and “H” output when the bit is 1. The data of bits after the 5" bit are ignored.

MSB LSB

— — | b3 | b2 | b1 | bO

pH L e,

LED
Don't care

2

LED,

LED,

Note: On power application, all the LED ports are “L” output.

(4) Commands
Commands set the display mode and status of the VFD driver.
The first 1 byte input to the AD16315 through the DIN pin after the STB pin has fallen is regarded as a
command. If STB is set high while commands/data are transmitted, serial communication is initialized,

and the commands/data being transmitted are invalid (however, the commands/data previously
transmitted remain valid).

Anachip Corp.
www.anachip.com.tw Rev. 0.1 Aug 10, 2002
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AD16315

1/4- to 1/12 Duty VFD Controller/Driver

(Preliminary)

( I) Display mode setting commands
These commands initialize the AD16315 and select the number of segments and the number of grids
(1/4- to 1/12- duty, 16 segments to 24 segments).
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

b2 | b1 | b0

Don't care

\— Display mode settings

0000: 4digits 24segments
0001: 5digits 23segments
0010: 6digits 22segments
0011: 7digits 21segments
0100: 8digits 20segments
0101: 9digits 19segments
0110: 10digits 18segments
0111: 11digits 17segments
Ixxx : 12digits 16segments

Note: On power application, the 12-digit, 16-segment mode is selected.

(1) Data setting commands
These commands set data write and data read modes.

MSB LSB
0 1| —| — b3 b2| b1 b0
—_—

Don't care

—— Daat write and read mode settings

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

10: Read key data

11: Don't card

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

Test mode settings
0: Normal operation
1: Test mode

Note: For power application, the normal operation and address increment modes are set.

Anachip Corp.
www.anachip.com.tw
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1/4- to 1/12 Duty VFD Controller/Driver (Preliminary)

Casichip AD16315

(I) Address setting command
These commands set an address of the display memory.

MSB LSB

1 1 b5 | b4 | b3 | b2 | b1 | b0

\— Address (00H to 23H)

Don't care

Note : (a) If address 24H or higher is set, data is ignored, until a valid address is set.
(b) On power application, the address is set to 00H.

(IV) Display control commands

MSB LSB

— b3 | b2 | b1 | b0
\—li Dimming quantity settings
000: Set pulse width to 1/16.
Don't care 001: Set pulse width to 2/16.
010: Set pulse width to 4/16.
011: Set pulse width to 10/16.
100: Set pulse width to 11/16.
101: Set pulse width to 12/16.
110: Set pulse width to 13/16.
111: Set pulse width to 14/16.

Turns on/off display.
0: Display off (Key scan continues (No®))
1: Display on

Note : (a) On power application, key scanning is stopped.
(b) 1/16 pulse width is set and the display is turned off.

Anachip Corp.

www.anachip.com.tw Rev. 0.1 Aug 10, 2002
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(asichip AD16315
1/4- to 1/12 Duty VFD Controller/Driver (Preliminary)

(5) Key Scanning And Display Timing

Toise 0500ps
Key scan data
K]
SEG output DIG, DIG, DIG, DIG, DIG,
. il
e

1/16Tp5p
G

o i

1frame=Tyge X (n+1)

Note : One cycle of key scanning consists of two frame, and data in 1 16 X 2 matrix is stored in RAM.

(6) Key Scan Expansion

1st frame 112|134 |5|6]|7]|8
DIG,

2nd frame 9 110111213 14| 15|16 DIG,

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

If data continues

STB ——

A A A A A
CLK 1 2 3| | 7 8

Anachip Corp.

www.anachip.com.tw

Rev. 0.1 Aug 10, 2002
10/15



(f“-...":._“:_&*‘r AD16315

1/4- to 1/12 Duty VFD Controller/Driver (Preliminary)
STB —|
Dy X0 X b1 X b2 X b3 X b4 X b5 X b6 X b7 X
CLK 1§ 2§ 3§ 4§ 5i 6i 7i g — [ 2] Bf 1 5] e
Dour \bo)%(b1)%(b2)%(b3)%(b4)%(b5
< Y <
< »ooo«

A data read command is set. Data is read.

Transmission (data read)
Note : When data is read, a wait time ty,r of 1 ps 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.

Remark : Because the Doy pin is an N-ch, open-drain output pin, be sure to connect an external pull-up resistor (1 kQ to 10 kQ) to this
pin.

(8) Switching Characteristic Waveforms
Typical Characteristics (Unless otherwise specified, T,= 25°C, Vpp = 5V, Vge = Vpp —35V)
f

oscC

OSC 50%

F,WSTB

t

T\ /
.

PWCLK F,WCLK cLrsTe
CLK - T — \—/—\
tSETU P tH OoLD
toz torz
DOUT
bz trz
<,
Sn/Gn 90%
10%

Anachip Corp.
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1/4-to 1/1

AD16315

2 Duty VFD Controller/Driver (Preliminary)

(9) Applications
Updating display memory by incrementing address

STB _‘

L

CLK

Command 1 Command 2 Command 3 Data1 |- Datan Command 4

Command 1
Command 2
Command 3
Data 1ton

Command 4

: sets display mode

: sets data

: sets address

: transfers display data (36 bytes MAX.)
: controls display

Updating specific address

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

Anachip Corp.
www.anachip.com.tw
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AD16315

1/4- to 1/12 Duty VFD Controller/Driver (Preliminary)

B Application Circuit

VDD
T
Voo R3
R1 LED In the case of low-level output is display on signal.
Dour o883 0sc
. o—— Dy W W o uw %
To Microcontroller CLK e B | R2
o—— STB
AD16315 KEY .
3 T 2
VDD C VDD 5 g‘_g UJ&E _ KEY1 - R4%
oV o—4— Vss L Q & x 2
- T o Q rTmmm————— >~
U \.)
D /)
\ &—
4 8
X o—"
\ ) 4 D
A\ &—
Key Matrix Not
(16X2)
Fluorescent Indicator Panel (FIP)
(VFD)
F+ F-
[

Note :

Y

Remark :®1,R4 = 1k to 10k
R2 = 82k
R3=330 TO 1K
C=0.1uto 1.0pF

Driving voltage for FIP (VFD)

Anachip Corp.
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(asichip AD16315
1/4- to 1/12 Duty VFD Controller/Driver (Preliminary)

B Package Information
(1) Package Type: Plastic QFP-44L

Dimension in millimeter (mm.).

2.7(MAX.)

-
o
o

10.0113.2

hlaialiatlahli
sliilatlalialiR
J T\

0.35 Max

WANINBININEIEA
-

0.3 TYP. 0.8 TYP. 0.88 TYP.




T

1/4- to 1/12 Duty VFD Controller/Driver

AD16315
(Preliminary)

(2) Package Type: LQFP-44L

( Top View)
alalalalalalalililil f Ve
- 1T |
- \PIN1 INDENT 1 % :r
1] 11 o)
[T 11
[T 11
T T ol w v
o = EE
[T 11
- T %
1] 11
Y L[] =~ 12°(4x)
HHoHHHHHHHEY , 57

< D1 N >lle®

< D »
<VM€A—MMM-U—> A R0.08 MIN.
< N@E " DETAH/L A MZI:J M
L|A?
«>
PENEN
DETAIL A

 GAGE PLANE

Dimensions In Millimeters

Symbol

Min. Nom. Max.
A -- -- 1.60
A1 0.05 -- 0.15
A2 1.35 1.40 1.45
b 0.30 0.37 0.45
C 0.09 -- 0.20
E 11.80 12.00 12.20
E1 9.90 10.00 10.10
D 11.80 12.00 12.20
D1 9.90 10.00 10.10
e -- 0.80 --
L 0.45 0.60 0.75
L1 -- 1.00 --
0 0’ 3.5° 7
y 0.0 -- 0.08
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