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Pin Description
Pin Name o Description
F+.F- s 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 Vi is applied)
osco 1o Oscillator
s | Reset Input
:When RST is set to "LOW", all functions are initialized.
= | Chip Select Input
- When CS is set to "HIGH", the serial data transfer is disabled.
ik | Shift Clock Input
: The serial data is shifted at the rising edge of CLK
DIN | Serial Data Input
Oscillation Circuit

An ascillation circuit may be constructed by connecting external Resistor (R1) and Capacitor (C1) between the
oscillator pin -- 0SCO. The RC time constant depends on the value of Vpo voltage used.
The target oscillation frequency is 2MHz, Please refer to the diagram below.

___JMF_ 1

Ci R:
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Application Circuit

Controller
Segments Segments F+
(SG1~SG16 S5G1=5G1
CPU
oa-onr —
Output _c's’ 12 Digits 1G~12G
port CcLE
ey
DI
EL
OSCol——
Voo GND Ve
Voo

"Note,

C:Lim Ri
1
)

Et

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

B R4 : Current Limiting Resistor (4702)

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

B C4 : Bypass Capacitor for High Voltage (0.1uF, 60V)
B C5 : Bypass Capacitor for Logic Voltage (0.1uF)
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Absolute Maximum Ratings
Parameter Symbol Condition Rating Unit
Supply Voltage_1 Voo - 0.3t065 Voc
Supply Voltage_2 Ve - -0.3~+45.0 Voc
Input Voltage Vi . 0.3 10 Vpo+0.3 Ve
Storage Temperature Tsre . -55 to +85 T
Recommended Operating Conditions
Parameter Symbol Condition Min. | Typ. | Max. | Unit
Filament Voltage Ef - 324 36 3.96 Ve
Supply Voltage_1 Voo 45 5.0 55 Vo
Supply Voltage_2 Vee 5 30.6 34.0 374 | Ve
High Level Input Voltage Viu All Input pins except 0SCO 0.7 Vo - - Vee
Low Level Input Voltage Vi All Input pins except 0SCO - - 0.3 Voo | Voc
Cut-off Voltage Ek - 20 - - Voc
CLK Frequency fc - - - 20 L3
Oscillation Frequency fosc R1=8.2iQ, C1=82/F 14 2.0 26 [}
Frame Frequency fen 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 o, . 0.7 Voo - . Vie
DIN, RST
Low Level Input Voitage Vi ety - - 0.3 Voo | Voc
DIN, RST
High Level Input Gurrent ™ UK Vii=Vio -1.0 - 1.0 wh
DIN, RST
Low Level Input Current he SLes Vi=0.0v -1.0 - 1.0 #h
DIN, RST
Vout COM1~16 low=-30mA Voise-1.5 - - Vi
High Level Output Voltage | Vo, AD1~2 low=-15al Voise-1.5 = . Ve
Vors SEG1~18 low=-8mnA Voise=1.5 - - Vo
Low Level Output Voltage Voo - - - - 1.0 Vee
Filament Current If F+and F- Vpo=Vee=0pen 113 125 138 wh
Current Consumption oipesi) - - - 113l Ll mA
Ipo(AVE) [11] |22|
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Optical Characteristics
ITEMS Test Conditions Color Min. | Typ. | Max. Unit
Ef = 360 Vdc GREEN 102 204 —
Voo = 5.0 Vde
) Vee = 340 Vdc
Erigrieren EK = 20 Vde L
fosc = 20 w
TP = 240 g
Brightness Ratio Tb= 16 us LiMax)
Between Digits i L(Min) ) ’ : i
Color Coordinate On |GREEN (G. :x=0.250,y=0.439)
NOTE 1)
VE
Eftevel| || | —TTEF
J L off
NOTE 1. All phosphor is Cd-free phosphor.
AC Electrical Characteristics
Parameter Symbol Condition Min. | Max. Unit
CLK Cycle Time fe - - 20 [
CLK Pulse Width tew - 250 . ns
DIN Setup Time tos - 250 - s
DIN Hold Time tou B 250 ns
CS Setup Time ess o 250 - ns
CS Hold Time tesm R1=8,2i0, C1=82pF 16 ™
CS Wait Time tesw - 250 - ns
Data Processing Time |  tooer R1=8.2k0, C1=82[F 8 - .
RST Puise Width Mo W o s %0 | - -
RST Time tason - 250 - ns
Dy Wait Time: tasorr - 250 - ns
Al Output Siew Rate tr CI=100pF , tR=20% to 80% - 20 ™
te CI=100¢F , tF=80% to 20% - 2.0 s

(%) ]
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Data Transfer Method and Command Write Method

Dusplay coatrol command and data are written by an S-bit serial transfer.
Write timung 15 shown wa 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, whach is input
into the CI” pin. If 8-but data is input. intemal load signals are antomatically generated and data is written to each
register and RAM.

Therefore it 15 not necessary to mput load signals from the outside,

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

o S toore| tes]

| " =

B 000

15431 E%B*Atiﬁ%ﬁ# B3 BiHB!H B7] 94818433 B4{BG B#B]
DA
LSB MSB LSB
1st byte 2nd byte MSBl 1B byte -
When data s written | Command and address Character code data Character code data of
1o DCRAM(* 1) data the nest address

*1 When data 15 wniten to RAM (DCRAM. CGRAM. ADRAM) coatinucusly. addresses are wmternally
incremented automatically. Therefore it is not necessary to specify the 1st byte to write RAM data for the

2nd and subsequeat bytes.

Reset Function

Reset is executed when the RESET pin is set to “L". (whea twaing p on, for ple) and initinlizes all
faactions.
Instial stams is as follows.

+ Address of each RAM ... ........... Address 00H

* Data of each RAM ....... .. All contents are nndefined.
* Number of display digats . .. 16 dagits

* Brightness adjustment ... L0166

* All display lights ON or OFF ..........
* Segment CUIPUL..............oc... .- All segment outputs go “Low."”
*ADoutput.......oociceiiiiciiiiccnceeee. Al AD outpurs ge “Low.”

Be sure to execute the reset operation when turming power on and set agmin according 1o “Setting Flowchart”
after reset.
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Timing Characteristics

Parameter Symbol|  Vpo= 5.0 210%
High Level Input Voltage Vi 0.7 Vpp
Low Level Input Voltage Vi 0.3 Vep

- Data TIMING

tg: -

fesu
orr ¥ fow —Vi
S \4ﬁ\l_/ % ;l Y 1—%
- ol pa—IDH

{ h
DIN ){ wmnX VALID (

-V,
Xw«uanaun X

; When input externally

T

= Reset Timing

Vio PRz \

IRson Toor
(5 e \
FE are

y A )
= Output Timing

Al Outputs || » w N

—0.8 Viugs
—0.2 Vouge
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Note: 14 SEG Mode was initially fixed,so SEG2 and SEG5 will not be connected.
For 18, 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 |BO(B1|B2 | B3| B4 | BS | BS | BY
1 | DCRAM data write XO[X1|X2|X3/ 10|00 |cojci|c2|c3|ca|cs|ce|er
2 | CGRAM data write :ut'.l:liluxzx:il:l1unm""‘c'z':':’""M':;“-’C&mzmmrle
C8|CY[C10|{C11|C12|C13|C14|C15 3rd hyte
J[ADRAM datawrite |XO|X1|X2[X3|1 |1 |0 o |cojc1| * | « | = | | |+
4 | Display duty set DOjD1|D2|D3| 1|0 |1 |0
: *  :Den'tcare
5 Nunﬂmdmw KO|K1|K2|K3[0]|1|1]0 X - setting for each RAM
g | All display lights LlH|*|+|1]1]1] g Cn:Charmcter code setting for each RaM
ON/OFF Dn : Display duty setting
Kn : Setting of the number of display digi
Others (test mode) H - Al dispiay lights ON setting v
L :Al display lights OFF setting

Whea data is wnitten to RAM (DCRAM, CGRAM, and ADRAM) continuously. addresses are internally
incremented automatically. Therefore it is not necessary to specify the 15t byte to write RAM data for the 20d
and subsequent bytes.

Note: The test mode 1s used for mspection before shipment. It is not a user function.

Pesitional Relationship Between SEGn and ADn (one digit)

Note

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

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

SEGY | SEG2 | SEG2 | SEG4 | SEGS | SEGS | SEG7 | SEGe
Co (] c2 c3 Ca cs ce c7

SEGS | SEG10 | SEG11 | SEG12 | SEG13 | SEG14 | SEG15 | SEG18
cs ce c1o cn ciz 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-bat address to store character codes of CGROM and CGRAM.
A character code specified by DCRAM is converted to an alphanumenc character pattern via CGROM or

CGRAM.

The DCRAM can store 16 characters worth of character codes.

[Command format]

Lse MSB
B0 B1 B2 B3 B4 BS B8 B7

[x]xi32[xa] 1]0 0 o0] :

LsB MEB
BO B1 B2 B3 B4 B5 B& B7
{co]c1jc2[c3][calcs[ce]cT] :

1st byte
(1st)

2nd byte
(2nd)

Setup and DCRAM address in the write mode
of DCRAM data are specified
(Example: Specify DCRAM address 0OH j

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

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

code as follows

Since the address of DCRAM is automatically wcremented, address specification is unnecessary.

Lse MSB
B0 B1 B2 B3 B4 BS B6 B7

[cofct][c2[calca]cs]cs]cr] -

2nd byte

(3rd)
LSB MSB

80 B1 B2 B3 B4 BS B6 B7

1’:“';3;“ [co[ct]c2]calca]cs[cs[c7]

LSB MS
B0 B1 B2 B3 B4 B5 BS B7
nd by [ooTc[czlcalcalcs]cs]cr] -

(17t
LSB MSB
B0 B1 B2 B3 B4 B5 B6 B7
3;‘;'5::‘;" [colc1][ca]ca]cal cs[es]cr] |

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 OH.)

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: 256 characters worth)



[Positional relationship between CGRAM addresses setup and CGROM addresses)

HEX | X0 | X1 | X2 | x3 o HEX | X0 | X1 | X2 | X3 S
address address

0 0 0 0 0 RAMOO 8 0 0 0 1 RAMOS

1 1 0 0 0 RAMO1 9 1 0 0 1 RAMD9
2 0 1 0 0 RAMO2 A 0 1 0 1 RAMOA
3 1 1 Q 0 RAMO3 B 1 1 0 1 RAMOB
4 0 0 1 0 RAMO4 Cc 0 0 1 1 RAMOC
5 1 0 1 0 RAMOS D 1 0 1 1 RAMOD
6 0 1 1 0 RAMODS 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 alphanumeric 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

1ﬁm|xﬂ|Xi|HiJ{3|D| 1 !ui |;|| ; WMCGWWHFMHRHN
(1st) mode of CGRAM data are specified.

LS8 MSB (Example Specify CGRAM address 00H )
BD BY B2 B3 B4 B5 B6 B7

Note 3’["2'"';\'“ [co[e1]cz[c3]cales]ce[cT] ¢

Specify 1st-column data.
(1t is written into CGRAM address 00H.)

LS8 Mss
BO B1 B2 B3 B4 B5 B& BY

3rdbe [cacalciobicizeiacaderq - Specity 2nd-coumn data.
(3rd) (Itis 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 UnDECEsSArY.

Data from the 2nd to 6th byte (character pamern) is regarded as one data item taken together, so Sus s
sufficient for tDosF nme between bytes

MSB
IE%BMBZBI!B!EHGB?

Note  2ndbyte [coTcq c2[calcalcs |6l 7] - Specity 1st-coumn data.
(@) (It is writien into CGRAM address 01H.)

LS8 MsB
BO B1 B2 B3 B4 B5 B6 B7
3rdbvte [ ca| coledetic12c13c14619 - specty 2nd-column data
(Sth) (It is written into CGRAM address 01H.)

X0 (LSB) to X3 (MSB): CGRAM address (4 bits: 16 characters worth)
CO(LSB) 1o 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 SEGS5.
Therefore both 0" or "1" level in bit C1 and C4 could be acceptable.

10



[Positional relationship berween CGRAM addresses serup and CGROM addresses]

CGROM CGROM
H

X | X0 | xt x| xa | o Hex | xo | xt | x2 | x3 i
0 JoJolo|o [ RO | 8 [0 |0 |0 1] Ramos
1 | 1] oo o] Ramt | & [ 1 o] 0] 1] RAMOS
2 JoJ 1[0 0| RAMZ [ A |0 1] 0] 1 | RAMOA
3 1t ] 1] 110 RWMB [ B | 1 [ 1] 0] 1| Ramos
4 JoJof[+ o[ Rwe [ C [0 0] 1] 1| RAMOC
5 |1 ]of[1]0o[ RS [ 0 [1 [0 1] 1| RAMOD
6 [ 0] 1 [ 1|0 RAMOGE | E [0 [ 1 [ 1| 1] RAMOE
7 [t [t [ 1o raor | F [ 1 [ 11 1] 1] rRamor

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

Positional Relationship Between CGROM and CGRAM outpats
5 i

Note

CO0-7: Comesponds io the 2nd byle of the CGRAM data write
command.

C8-15. Comespands 1o the Ird byte of the CGRAM data write commnad.

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

SEG1 | SEG2 | SEG3 | SEG4 | SEGS | SEGE | SEG7 | SEGE
co c1 c2 c3 c4 cs ce cr
SEGS | SEG10 | SEG11 | SEG12 | SEG13 | SEG14 | SEG15 | SEG18
cs co c10 c1 c12 c13 c14 c1s

Note: Bit C1(SEG2) and C4(SEGS) 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 dara 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 CGROM and CGRAM.
(The ADRAM can store two types of svmbol patterns for each digit.)

The tesmunal to which the conteats of ADRAM are output can be used as a cursor.

[Conimand format)

LsSB MSB

‘ng:)“lm]x1]x2|x3|1|1|n|o|  Setup and DCRAM address in the write<in mode of

DCRAM data are specified
LSB MSB  (Example: Specify ADRAM address OH )

Mm RN ER R = i
ki [co[ca] + [+T-T:T-] : spectysymbol data.

{Example: Specity ADRAM address OH.)

To specify symbol data contmucusly to the next address. specify culy symbel data as follows.
Since the address of ADRAM is automatically incremented, address specification is unnecestary.

LSB MSB
B1 Bz,,BJT_E4. 4 BS B6 B7

szb?elug-T01l$ . I ol o_] b M”n"dm
0 MSB

L {Itis wnitten into ADRAM address 1H )

2}1:1!;19100[51|.].|.l. « ] +] : Specty symbol data.

(Itis written into ADRAM address 2H.)

LsB | MSB

7
ndbyteloolee] o [+ [ o [« [« ]+ ] : Specitysymbol data.

(17th) o {It is written into ADRAM address FH.)

LsB
mvre colei] ™ [ 1+ T+ e +] - Soeoysmoniom

(18th) {1t is rewritten into ADRAM address OH )

X0 (LSB) 1o X3 (MSB) . ADRAM address (4 buts: 16 characters worth)
C0(LSB) 10 C1 (MSB) - Symbol data (2 bits: 2 symbels per digit)
* . Don'tcare

[Relaticaship between ADRAM addresses setup and COM positions)

CcoMm COM
HEX | X0 | x1 [ x2 | x3 HEX | X0 | x1 | x2 | x3
0 |o]o]o o] com 8 [0 ]olo]| CcoMs
1 1 0 0 0 COM2 a 1 0 0 1 COM10
2 1010 0] com A o010 1] com
3 |1 11110l com B | 1 110 1] comm
4 0 0 1 0 COMS c Q 0 1 1 COoM13
5 1 0 1 0 COME ¥] 1 0 1 1 COM14
€ 101 |1 ]0]| cow E |0 [ 1] 1] 1] coms
T 1 1 1 0 COMB F 1 1 1 1 COM16
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4. “Display duty set” command
(Writes dasplay duty value mto the duty cyele register )

For display duty: brightness can be adjusted 1n 16 stages using 4-bit data
When power 15 tuned on or when the RESET signal 1s mput. the duty cycle register value is 0” Always
execute this comumand before turning the display on. then set a desired duty valve.

[Command format]

LSB MSB
BO B1 B2 B3 B4 B5 B6 B7

B
Istbyte |D'D[DI|D2|03| 1 |CI 1 1 | 0 f © 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 | D0 | D1 D2 | D3 COMaduty |HEX| DO | D1 | D2 | D3 | COMduty
—> 0 0 0 0 0 016 8 0l 0 0 1 8/18

1 1 0 0 0 1118 9 1 0 0 1 9/16

2 0 1 0 0 216 A 0 1 0 1 10/18

3 1 1 0 0 Y18 B 1 1 0 1 11/16

4 0 0 1 0 4/16 ¢ 0 0 1 1 1216 <—

5 1 0 1 0 5/16 o] 1 0 1 1 13/16

6 0 1 1 0 6/16 E 0 1 1 1 14116

[ 1 1 1 0 716 F 1 1 1 1 1516

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

13



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

For the number of display digits. 1 to 16 digits can be specified using 4-bat data.
When power is turned on or when a RFSET signal 1s 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)

LsSB MSB
B0 B1 B2 B3 B4 B5 B6 B7

1st byte |:IK1|K2]K3| D] 101 |D| - Setup In display digits specification mode and digits value

is specified.

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

[Relation berween 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 | 70 B | HEX | KO | K1 | K2 | K3 of oM

— 0 | o | oo/ o] com-16 | 8 0o o[ o[ 1| comn-s
1 |1 ]Jofo]o COM1 9 IR ERE COM1-9

2 JofJ1]o]o| com-2T A o 1] 0] 1| com-o

3 /1] 1]0] 0] comn-a B 1 [ 1] o] 1| com-11

4 lofo| 1] o] com= c ool 1 1 | COM1-12 ¢+—

5§ |1 ol 1] 0] com-s D 1 o] 1 | comi-13

6 o[ 1] 1] 0] com-s E 0o [ 1 1 | 1 | comi—14
711 o comir F 1 1| 1] 1] comi-1s

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

11
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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 hights ON 13 used primarily for display testing.
All display ights OFF 1s primanly used for display blink and to prevent false display upon power-cn.

[Command format)

LSB MSB
B0 B1 B2 B3 B4 BS B6 B7

istoye (L{H|*|"{1]1]1!0 . Select all display lights ON or OFF and specify
L: All display lights OFF Sk operafion.

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

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

L | H | Display state of SEG and AD
o0 Normal display

1]0 Sets all outputs to Low

0|1 Sets all outputs to High
111 Sets all outputs to High * Priority is given to the Al display lights ON command

* The slate when power is turned on or when BESET
signal is input




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