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(HCS-12SS59T,Rev1,22-Apr-2009)
Pin Description

Pin Name 110 Description

F+F- - Filament Voltage
Voo Voo-GND are Power Supplies for Internal logic
GND - Vee-GND are Power Supplies for driving CIG VFD.
Vee (Note: Apply Vee after Vpp is applied)

0Ssco I[e] Oscillator

N Reset Input
RST |

: When RST is set to "LOW", all functions are initialized.

Chip Select Input

CS |
- When CS is set to "HIGH", the serial data transfer is disabled.
Shift Clock Input

CLK |
: The serial data is shifted at the rising edge of CLK

DIN | Serial Data Input

Oscillation Circuit
An oscillation circuit may be constructed by connecting external Resistor (R1) and Capacitor (C1) between the

oscillator pin -- OSCO. The RC time constant depends on the value of Vy, voltage used.

The target oscillation frequency is 2MHz. Please refer to the diagram below.



(HCS-12SS59T,Rev1,22-Apr-2009)
Application Circuit

F+

Controller
Segments Segments
(SG1~SG16) ‘ (SG1~SG16)
Segments
CPU
GR1~GR12 Grid(Digit) -
Output TS 12 Digits 16-126
»
port CLK
L
DIN_
L
RST
-
0SCo
Voo GND Ve
u
[ J R4 Voo
Voo == ——ll—>
LLFTT -
® ® ®
R3
— Vee o T
X
"Note,

Passive components relating oscillation and reset are required to be located as close as possible to VFD.

B R4 : Current Limiting Resistor (470Q)

W L1 : Bead(Inductor) for improving ESD ... CIC21J601NE(Maker:SEM) equivalent

M C4 : Bypass Capacitor for High Voltage (0.1uF, 60V)

M C5 : Bypass Capacitor for Logic Voltage (0.1uF)
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Absolute Maximum Ratings

Parameter Symbol Condition Rating Unit
Supply Voltage_1 Voo - -0.3t06.5 Voc
Supply Voltage_2 Vee - -0.3~+45.0 Voe
Input Voltage Vin - -0.3to Vpp+0.3 Voc
Storage Temperature Tste - -55 to +85 c
Recommended Operating Conditions
Parameter Symbol Condition Min. Typ. Max. | Unit
Filament Voltage Ef - 3.24 38 3.96 Ve
Supply Voltage_1 Voo - 4.5 5.0 55 Voc
Supply Voltage_2 Ve - 306 340 374 Voe
High Level Input Voltage Viy All Input pins except OSCO0 0.7 Voo - - Voc
Low Level Input Voltage Vi All Input pins except OSCO0 - - 0.3 Voo | Voc
Cut-off Voltage Ek - 20 - - Voc
CLK Frequency fe - - - 20 Mz
Oscillation Frequency fosc R1=8.2kQ, C1=82F 14 2.0 26 Mt
Frame Frequency fer R1=8.2kQ, C1=82pF 170 244 318 Hz
Operating Temperature Toer - -20 - +70 c
DC Electrical Characteristics
Parameter Symbol | Applied Pin Condition Min. Typ. Max. | Unit
High Level Input Voltage Vi Ny - 0.7 Voo - - Voe
DIN, RST
Low Level Input Voltage Vi S s - - - 0.3 Voo | Voc
DIN, RST
High Level Input Current Iy SR CE Vi=Vop -1.0 - 1.0 #A
DIN, RST
Low Level Input Current I C8, cLK, V, =0.0V 1.0 - 1.0 A
DIN, RST
Voui COM1~16 low=-30mA Vpise-1.5 - - Voc
High Level Output Voltage Vonz AD1~2 low=-15mA Vpise-1.5 - - Ve
Vo SEG1~16 loy=-BmA Vpise-1.5 - - Ve
Low Level Output Voltage Voo - - - - 1.0 Voc
Filament Current If F+and F- Vpo=Vee=0Open 113 125 138 mA
Current Consumption loo(Peak) - - ~ 113t <8
lpo(AVE) - 111} 22|
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Optical Characteristics
ITEMS Test Conditions Color Min. | Typ. [ Max. Unit
Ef = 360 Vdc GREEN 102 204 —
Vop = 5.0 Vdc
Brightness Vm= 340 Vao ft-L
EK = 2.0 Vdc
fosc = 2.0 W
Tp = 240 s
Brightness Ratio Tb = 16 us L(Max)
Between Digits Tp, m i ) . )
Color Coordinate H On IGREEN (G. :x=0.250,y=0.439)
NOTE 1)
VE
Eftevel| || | —TTE
Ef
- Off
NOTE 1. All phosphor is Cd-free phosphor.
AC Electrical Characteristics
Parameter Symbol Condition Min. | Max. Unit
CLK Cycle Time fe - - 2.0 Mz
CLK Pulse Width tew - 250 - ns
DIN Setup Time tos - 250 - ns
DIN Hold Time ton - 250 - ns
CS Setup Time tess - 250 - ns
CS Hold Time tesn R1=8.2kQ, C1=82pF 16 - s
CS Wait Time tesw - 250 - ns
Data Processing Time toorr R1=8.2k2, C1=82pF 8 - s
orruewian | wee | eieSemsmann  w | | .
RST Time trson - 250 - ns
Dy Wait Time trsoFF - 250 - ns
tr CI=100pF, tR=20% to 80% - 20 s
AOWPIEEtes Fiats t CI=100pF, tF=80% to 20% ; 20 s

[ ]
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Data Transfer Method and Command Write Method

Dusplay control command and data are written by an 8-bit serial transfer.
Write timung 15 shown 1n the figure below.

Setting the S pin to “Low” level enables a data transfer.
Data is 8 bits and is sequentially input into the DA pin from LSB (LSB first).
As shown 1n the figure below, data is read by the shift register at the rising edge of the shift clock, which is input

into the CI” pin. If 8-bit data is input. intemal load signals are automatically generated and data is written to each
register and RAM.

Therefore it 15 not necessary to input load signals from the outside.

Setting the CS pin to “High” disables data transfer. Data input from the point when the CS pin changes from
“High” to “Low” is recognized in 8-bit units.

- “1 toorrl tean|

{ * “

“ UUUUUUT U

B B1,BZIBZIB4IB B5|B7 BO|B1F B IBS B7] B(iBiBZIB:i BA‘BE B6{B7
DA
LSB MsSB  |LSB MSB! S8 MSB
1st byte 2nd byte 3rd byte
When datais written | Command and address Character code data Character code data of
o DCRAM{(*1) data the next acdress

*1 When data is vritten to RAM (DCRAM. CGRAM. ADRAM) coatinucusly. addresses are mternally

incremented automatically. Therefore it is not necessary to specify the 1st byte to write RAM data for the
2nd and subsequent bytes.

Reset Function

Reset is executed when the RESET pin is set to “L”, (when turning power on. for example) and initializes all
fanctions.
Instial status is as follows.

* Address of each RAM..................... Address 00H
* Data of each RAM ..........
* Number of display digits .
* Brightness adjustment............ -
*« All display lights ON or OFF ..........
* Segment output.................. .. All segment outputs go “Low.”
*ADoutput...........ooiiiceeeeo.. AILAD outputs go “Low.”

Be sure to execute the reset operatica when turning power on and set again according to “Setting Flowchart”
after reset.
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Timing

Characteristics
Parameter Symbol Voo = 5.0 10%
High Level Input Voltage|  Viy 0.7 Vop
Low Level Input Voltage Vi 0.3 Vpp

- Data TIMING

S tcss
[oF] —\j;—’ £ losw —Vi
| /| —Vit
fc tesH
CLK [_\i_/ toore Yo low |J{W(\_/F‘\—~:/’IH
\ ;E ) —ViL
o5 ™ i pa—1lpy
-V
DIN [VALID VAuoi( XVALIDXVAUD X X _V::‘
- Reset Timing
Voo tpRz 0.8 Voo
When input externally e
. teor 1 . . Vi
: ", [IWRES, /
- y \ / —05V
RST m&x’t&mm ....... _V". "
Rand C are
r connected gy
A A X
DIN —ViL
- Output Timing

—0.8 Voise
All Outputs tr it
WO.Z Voisp
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Note: 14 SEG Mode was initially fixed,so SEG2 and SEG5 will not be connected.
For 16, 14, 7 SEG MODE,please find the detailed FONT-MAP in page 19.

Command List

Command LSB First byte MSB [LSB Second byte MSB
B0|B1|B2|B3|B4|B5|B6|B7|B0{B1|B2 (B3| B4 |B5| 86| B7
1| DCRAMdata write | X0[X1[X2|X3| 1|0 [0 | 0 |colci|c2|c3|cs|cs| sy
2| CGRAMdatawrite |[XO[X1[X2|X3|(0|1]0] 0 C0jC11C21C3|C4 1C51CH|CT 2ndbyte
C8{C3|C10{C11|C12(C13|C14{C15 3rd byte
3 | ADRAM datawrite | X0|X1|Xx2|x3| 1|1 (0| o [colct| * | <[ * | * M
4 | Display duty set DO|D1|D2{D3|(1 |0 |10
>y *  :Don't care
5 Num.berofftgﬂsset KO|K1|K2[K3|0|1])1]|0 Xn : Address setting for each RAM
6 All display lights Liul*]11l1l1]0 Cn : Character code setting for each RAM
ON/OFF Dn : Display duty setting
Kn : Setting of the number of display digits
Others (test mode) H - Al display lights ON sett
L :Al display lights OFF setting

When data is written to RAM (DCRAM, CGRAM, and ADRAM) continuously, addresses are internally

incremented

Theref:

ically.
and subsequent bytes.

it is not necessary to specify the 1st byte to write RAM data for the 2nd

Note: The test mode is used for inspection before shipment. It is not a user function.

Positional Relationship Between SEGn and ADn (one digit)

Note

CO0-7: Corresponds to the 2nd byte of the CGRAM data write
command.

C8-15: Comesponds to the 3rd byte of the CGRAM data write command.

SEG1 SEG2 | SEG3 | SEG4 | SEG5 | SEG6 | SEG7 | SEGS
co c1 c2 Cc3 Cca4 cs ce c7
SEG8 | SEG10 | SEG11 | SEG12 | SEG13 | SEG14 | SEG15 | SEG16
cs Co c10 C11 Cc12 C13 C14 C15

Note: SEG2 and SEGS5 herein are suspended with no connection,
therefore both "0" or "1" level in bit C1 and C4 could be acceptable.



Description of Commands and Functions

1. “DCRAM data write” command

(Specifies the address of DCRAM and writes the character code of CGROM and CGRAM)

DCRAM (Data Control RAM) has a 4-bit address to store character codes of CGROM and CGRAM.

A character code specified by DCRAM is converted to an alphanumeric character pattern via CGROM or

CGRAM.

The DCRAM can store 16 characters worth of character codes.

[Command format]

LSB MSB
BO B1 B2 B3 B4 B5 BS B7

[xo]xie]x] 1ToTo o] :
LsB MSB

B0 B1 B2 B3 B4 BS B6 B7
(cojc1]c2[ca]cacs[ce]cT] -

1st byte
(1st)

2nd byte
(2nd)

To specify the character code of CGROM and CGRAM to the next address continuousty. specify only character

code as follows.

Since the address of DCRAM is 1y mer

Setup and DCRAM address in the write mode
of DCRAM data are specified
{Example: Specify DCRAM address 0H.)

Specify character code of CGROM and CGRAM.
(it is written into DCRAM address 00H )

LSB M3B
BO B1 B2 B3 B4 BS B6 B7

[co[ci]c2]ca]ca[cs]cs]er] -
LSB MSB
B0 B1 B2 B3 B4 B5 B6 B7

[co[c1]c2]ca[ca[cs]cs]c7] -

LSB MSB
B0 B1 B2 B3 B4 B5 Bs B7

{co[c1]c2]ca]ca]es]cs]cr] -
LSB MSB
B0 B1 B2 B3 B4 B5 B6 B7

{co[c1]|c2]ca]ca]cs]cs]cr] -

2nd byte
(3rd)

2nd byte
(4th)

2nd byte
{17th)

2nd byte
(16th)

d. address specification is unnecessary.

Specify character code of CGROM and CGRAM.
(It is written into DCRAM address 1H.)

Specify character code of CGROM and CGRAM.
(It is written into DCRAM address 2H.)

Specify character code of CGROM and CGRAM
(It is written into DCRAM address FH.)

Specify character code of CGROM and CGRAM.
(It is rewntten into DCRAM address 0H.)

X0 (LSB) to X3 (MSB): DCRAM address (4 bits: 16 characters worth)
C0 (LSB) to C7 (MSB): Character code of CGROM and CGRAM (8 bits: 236 characters worth)

9



[Positional relationship between CGRAM addresses setup and CGROM addresses)

HEX | X0 | X1 | X2 | X3 OO HEX | X0 | X1 | X2 | X3 HISHOM
address address

0 0 0 0 0 RAMOO 8 0 0 0 1 RAM08

1 1 0 0 0 RAMO1 9 1 0 0 1 RAMO0S

2 0 1 0 0 RAMO02 A 0 1 0 1 RAMOA
3 1 1 0 0 RAMO3 B 1 1 0 1 RAMOB
4 0 0 1 0 RAMO04 C 0 0 1 1 RAMOC
5 1 0 1 0 RAMOS D 1 0 1 1 RAMOD
6 0 1 1 0 RAMO6 E 0 1 1 1 RAMOE
7 1 1 1 0 RAMO7 F 1 1 1 1 RAMOF

2. "CGRAM data write” command
(Specifies the address of CGRAM and writes character pattern data.)

CGRAM (Character Generator RAM) has a 4-bit address to store alphagumeric character patterns.

A character pattern stored in CGRAM can be displayed by specifying the character code (address) by DCRAM.
The addresses of CGRAM are assigned to 00H to OFH (All the other addresses are the CGROM addresses).
The CGRAM can store 16 types of character patterns.

[Command format]
LS8 MSB
B0 B1 B2 B3 B4 B5 B6 B7

tstovte [yoTxi[x2bal o] 1 ] 0 [ o] : Setup and CGRAM address in the write-in
(1st) mode of CGRAM data are specified.

LSB MSB  (Example: Specify CGRAM address 00H.)
BO B B2 B3 B4 B5 B6 BY
Note 2nd byte [coTciTca[ca[calcs[ce|c7] ¢ Specify Tstcolumn data.

{2nd) {lt is written into CGRAM address 00H.)

LsB MSB

B0 B1 B2 B3 B4 B5 B6 B7
3rdbyte [caTcolciokicizeiscideng ¢ Specify 2nd-column data.

(3rd) {It is written into CGRAM address 00H.)

To specify character pattern data continuously to the next address, specify only character pattern data as follows.
Since the address of CGRAM is automatically incremented, address specification is unnecessary.

Data from the 2nd to 6th byte (character pattern) is regarded as one data item taken together, so 3j1s s
sufficient for tDaFF time between bytes.

LSB MSB
B0 B1 B2 B3 B4 BS B6 BY
Note  2ndbyte [c0Tc4[c2[calcalcs]ce] c7) - Specity 1st-column data.
(4th) (It is written into CGRAM address 01H.)

LSB MsSB
B0 B1 B2 B3 B4 B5 B6 B7

3|'d5 g'vte [calcalcideticideiacidctd - Specify 2nd-column data.
(5th) (Itis written into CGRAM address 01H.)

X0 (LSB) to X3 (MSB): CGRAM address (4 bits: 16 characters worth)
CO (LSB) to C15 (MSB): Character data of CGRAM (16 bits: 16 outputs per digit)

Note: Bit C1 and C4 in 2nd byte means suspended terminal SEG2 and SEG5.
Therefore both "0" or "1" level in bit C1 and C4 could be acceptable.

10



[Positional relationship between CGRAM addresses setup and CGROM addresses)

CGROM CGROM

HEX | X0 [ X1 [ X2 [ X3 address HEX [ X0 | X1 | X2 | X3 address
0 0 0 0 0 RAMOO 8 0 0 0 1 RAMO8

1 1 0 0 0 RAMO1 9 1 0 0 1 RAMO09
2 0 1 0 0 RAM02 A 0 1 0 1 RAMOA
3 1 1 1 0 RAM03 B 1 1 0 1 RAMOB
4 0 0 1 0 RAMO4 C 0 0 1 1 RAMOC
5 1 0 1 0 RAMO0S D 1 0 1 1 RAMOD
6 0 1 1 0 RAMO6 E 0 1 1 1 RAMOE
7 1 1 1 0 RAMO7 F 1 1 1 1 RAMOF

Refer to the ROM Code Tables attached later in this document.

Positional Relationship Between CGROM and CGRAM outpats

Note

COD-7: Comesponds to the 2nd byte of the CGRAM data write
command.

C8-15: Comresponds to the 3rd byte of the CGRAM data write commnad.

*On CGROM
A CGROM (Character Generator ROM) has an 8-bit address to generate alphanumeric type matrix
character patteras.
It has a capacity of 240 x 16 bits and can store 240 types of character patterns.

SEG1 SEG2 | SEG3 | SEG4 | SEGS | SEG6 | SEG7 | SEGS
co c1 c2 c3 Cca cs ce c7
SEGS | SEG10 | SEG11 | SEG12 | SEG13 | SEG14 | SEG15 | SEG16
cs Cco c10 c11 c12 C13 C14 C15

Note: Bit C1(SEG2) and C4(SEGS5) would be required in data process even in
fixed 14-Seg Mode. However, both "0" or "1" would be acceptalbe.

11
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3. “ADRAM data wiite” command
(Specifies the address of ADRAM and writes symbol data)

ADRAM (Additional Data RAM) has a 2-bit address to store symbol data.

Symbol data specified by ADRAM is directly cutput without C: GROM and CGRAM.
(The ADRAM can store two types of svmbel patterns for each digit.)

The terminal to which the conteats of ADRAM are output can be used as a curscr.

[Command format]
LS8 MSB
‘7‘1%‘9 X0[X1]{X2|X3|1[1]0] 0] : Setup and DCRAM address in the writen mode of
DCRAM data are specified
LSB MSB  (Example: Specify ADRAM address OH.)

2nd) Co(C1 * | ~ |+ |+ | : Specify symbol data.

(Example: Specify ADRAM address 0OH.)

To specify symbol data continuously to the next address. specify only symbol data as follows.
Since the address of ADRAM is amemaucally incremented. address. specification is unnecessary.

LSB
B0 B1 B2 B3 B4 BS5 B6
2nd byte .
colct I | - Specify symbol data.
{3rd) l . ] (It is written into ADRAM address 1H.)

LsB MSB
B0 4 BS B6 B7
2nd byte Tcolci N { » |« | « | : Specify symbol data.
(4th} ) (Itis written into ADRAM address 2H.)
LSB l MSB
B2 B3 B4 BS B6 87
2nd byle [y c1| IBRE I + | Specify symbol data.
(17th) * {Itis written into ADRAM address FH.)
BO Bl &2'8“3‘ 84 B5
2nd byte{co c1 3E . Specify symbol data
(18th) {Itis rewritten into ADRAM address OH )

X0 (LSB)to X3 (MSB): ADRAM address (4 bits: 16 characters worth)
CO(LSB)to C1 (MSB): Symbol data (2 bits: 2 symbols per digit)
* . Don'tcare

[Relaticaship between ADRAM addresses setup and COM positions]

coM COM
HEX | X0 | X1 | X2 | X3 positions HEX | X0 | X1 | X2 | X3 positions
0 0 0 0 0 COM1 8 0 0 0 1 COMg
1 1 0 0 0 COM2 9 1 0 0 1 COM10
2 0 1 0 0 COM3 A 0 1 0 1 COM11
3 1 1 1 0 COM4 B 1 1 0 1 COM12
4 0 0 1 0 COMS C 0 0 1 1 COM13
5 1 0 1 0 COM6 D 1 0 1 1 COM14
€ 0 1 1 0 Com7 E 0 1 1 1 COM15
7 1 1 1 0 Come F 1 1 1 1 COM16
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4. “Display duty set” command
(Writes display duty value mto the duty cycle register.)

For display duty. brightness can be adjusted in 16 stages using 4-bit data
When power is turned on or when the RESET signal is mput. the duty cycle register value is “0".  Always
execute this command before turning the display on. then set a desired duty value.

[Command format]

LSB MSB
BO B1 B2 B3 B4 B5 B6 B7

Istbyte |DO|DI|D2|DBI 1 I 0 l 1 Iﬂ : setup and duty value in display duty specification mode are
specified.

DO (LSB) to D3 (MSB) :  Display duty data (4 bits: 16 stages worth)

[Relation between setup data and controlled COM duty]

HEX | DO | D1 D2 | D3 COMduty |HEX | DO | D1 [ D2 | D3 | COMduty
—» 0 0 0 0 0 0/16 8 0 0 0 1 8/16
1 1 0 0 0 1116 9 1 0 0 1 916
2 0 1 0 0 2/16 A 0 1 0 1 10/16
3 1 1 0 0 316 B 1 1 0 1 11/16
4 0 0 1 0 4/18 C 0 0 1 1 1216 4—
& 1 0 1 0 5/16 &) 1 0 1 1 13416
B 0 1 1 0 6/16 E 0 1 1 1 14116
7 1 1 1 0 7716 F 1 1 1 1 15116

* The state when power is tumed on or when the RESET signal is input.

13



5. “Number of display digits set” command
(Writes the number of display digits into the number-of-display-digits register )

For the number of display digits. 1 to 16 digits can be specified using 4-bit data.
When power is turned on or when a RESET signal is input, the number-of-display-digits register value is 0"
Always execute this command before turning the display on, then set a desired value.

[Command format]

LSB MSB
B0 B1 B2 B3 B4 B5 B6 B7

1stoyte [ko[k1[k2[ka[o[1]1] 0] : setupin display digits specification mode and digits value
is specified.

KO (LSB) to K3 (MSB) : Data of the number of display digits (4 bits: 16 digits worth)

[Relation between data to be set and the number of digits of COM to be controlled]

No. of digits No. of digits
HEX | KO | K1 | K2 | K3 of COM HEX | KO | Kt | K2 | K3 of COM

—» 0 0 0 0 0 COM1-16 8 0 0 0 1 COM1-8
1 1 0 0 0 COM1 9 1 0 0 1 COM1-9

2 0 1 0 0 COM1-2 A 0 1 0 1 COM1-10

3 1 1 0 0 COM1-3 B 1 1 0 1 COM1-11

4 0 0 1 0 COom1-+4 C 0 0 1 1 COM1-12 —

5 1 0 1 0 COM1-5 D 1 0 1 1 COM1-13

6 0 1 1 0 COM1-6 E 0 1 1 1 COM1-14

7 1 1 1 0 COM1-7 F 1 1 1 1 COM1-15

* The state when power is tumed on or when the RESET signal is input.

14
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6. “All display lights ON™ and “All display lights OFF " commands
(Turas the eatire display ON and OFF, respectively.)

All display hghts ON is used primarily for display testing.
All display hights OFF s primarily used for display blink and 1o prevent false display upon power-on.

[Command format]

LSB MSB
BO B1 B2 B3 B4 B5 B6 B7

tstite [L]H]*[*11]1]10] : Selectal display lihts ON or OFF and specity
L: All display lights OFF Thalr operation.

H: All display lights ON
*: Don't Care

[Data to be setup and display state of SEG and AD]

L | K | Display state of SEG and AD
Normal display

* The state when power is turned on or when RESET
Sets all outputs to Low signal is input

o
L=

-
(=]

|1 Sets all outputs to High
1[0 1 Sets all outputs to High * Priority is given to the All display lights ON command.
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7 Segment design
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