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4 Product Selection

Part No. Cor?r:?eurr]!;%%tion Drive lattice Ca&%gemDorr]ive Aﬁg(;grg??ve Key press | Packaging
VK1640 CLK/DIN 128 8/ 16 16/8 - SOP28
VK1640A CLK/DIN 128 8/ 16 16 /8 - SSOP28
VK1640B CLK/DIN 96 8/ 12 12/8 --- SSOP24
VKIQ60 | CLK/DIN 32 8/ 4 4/8 Tx4 8513}1#1%
VK1650 CLK/DAT 32 8/4 4/8 Tx4 SOP16

VK1651 CLK/DIO 28 4/7 7/ 4 7x1 SOP16

Note: Except for VK1651, for all other common cathode/common anode digital tubes, SEG is
connected to the anode and GRID to the cathode.
The SEG of VK1651 is connected to the cathode and the GRID to the anode.

5 Ordering Information

Part No. Packaging | Tube Qty | Tray(reel) Qty | Box Qty Total Qty Notes
VK1640 SOP28 26/tube 2080/box 20800 PCS
VK1640A SSOP28 50/tube 5000/box 50000 PCS
VK1640B SSOP24 50/tube 10000/box 100000 PCS
vKiQeo | JERIS 3000/reel | 30000/box | 120000 PCS
VK1650 SOP16 4000/reel 16000/box 96000 PCS
VK1651 SOP16 50/tube 10000/box
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6 Package Pinout Information(SOP16)

TOP VIEW
©)

GND[ |1 16 Kl
SEGI/KS1 [ |2 15[ JCLK
SEG2/KS2 [ |3 14| | DIO
SEG3/KS3 [ | 4 131 ] VDD
SEG4/KS4 [ |5 121 | GRIDI
SEGS/KS5[ | 6 11| | GRID2
SEG6/KS6 | 7 10| GRID3
SEG7/KS7 [ | 8 9| | GRID4

SOP16

For more information: Page 14
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6.1 VK1651/SOP16 Pin Description

No. Name /0 Function
1 GND GND | Negative power supply
)8 SEG1/KS1- o LED SEG driver output, high level effective, also used as key
SEG7/KS7 scan input, high level effective, built-in pull-down

9-12 | GRID1-GRID4 O LED GRID output (N-tube leakage open); Key scan output

13 VDD VDD | Positive power supply
14 DIO I/O | Serial data input/output
15 CLK I Input/output data at the rising edge

The data input to this pin is latched after the display period ends,

16 Kl 0 and K1 has a 10K pull-up resistor inside
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7  Functional Description

7.1 Block Diagram

<:> Display RAM
Control @
CLK @Q—* and % GRIDI
timing circuits . .
DIO O] <:> LED driver ! GRID4
output circuit
/
Yobo Key scamning |5 spGriks7
GND output circuit |
o—> —0 SEG1/KSI
Kl Key scanning

circuit T

8-level brightness
adjustment
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7.2 Display RAM- Storage Structure

The static display memory (RAM) has an 8% 4-bit structure and stores the displayed
data. The content of RAM is directly mapped to the display content of the LED
driver, with display addresses ranging from 0xCO to 0xC3, and there are a total of 4
display units. If you want to turn on or off a certain LED, simply set the
corresponding display RAM position 1 or clear 0. For example, to control the on/off
of LEDI1 driven by pins SEG1 and GRID1, simply set the bit0 position of the
corresponding display RAM (address 0xCO) to 1 or clear 0. When powered on, the
default address is 0xC0.

The process of mapping the contents in RAM to leds is shown in the following table:

SEG| x| 2|2 |v|v «alv »
S B(BI8| 38|38 Add

GRID J |G| K|~
GRIDI 32 0xCo
GRID2 0xC1
GRID3 0xC2
GRID4 0xC3

D7|D6 | D5 |D4|D3| D2 | D1 |DO

Note:

1. The value stored inside the chip display RAM at the moment of power-on may be
random. It is recommended that the customer perform a power-on reset of the
display RAM, that is, write all the data 0x00 to the 4-byte display RAM(address
0xC0-0xC3) after power-on

2. The SEG pin can only be connected to the anode of the LED, and the GRID pin
can only be connected to the cathode of the LED. They must not be reversed.

7.3 Keyboard Scanning

The key scan matrix is 7%1 bits, as shown below:
— [9\] o < LAl O [
< < < g g g g
— — — e — —-3 il
7 1 1 | | 1 1 oxi

After the key is pressed, the read key values of VK1651 are shown in the following table:
column|

line KSI1 KS2 KS3 KS4 KS5 | KSé KS7

Kl OXxEF | Ox6F | OxAF | 0x2F | OxCF | 0x4F | 0x8F
Key value

Note: Combination keys are not supported. When no key is pressed, the read key data
is OXFF(11111111).

Rev.1.3
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&  Serial Communication Commands
8.1 Communication Interface

The VK1651 has two communication pins. Two-wire serial communication is
adopted.

The CLK pin is the clock input pin. Data is written to the display RAM at the rising
edge, and DIO pin data is read out at the rising edge.

The DIO pin is a serial data input pin. Input data changes at the low level of the
CLK and is transmitted at the high level of the CLK.

The starting condition for data input is that when CLK is at a high level, DAT
decreases from high to low. The termination condition is that when CLK is high,

DAT changes from a low level to a high level.

ACK signal: If the communication is normal, at the 8th clock falling edge of the
serial communication, the VK1651 pulls down the DAT. DAT is released as input
until the 9th rising edge of the clock is detected.

8.2 Command Format

Commands are used to set the display mode, write display data and read key values.

The first byte input by DIO after the falling edge of CLK is taken as the command.
After decoding, the highest two bits, 7 and 6, are selected to distinguish different

commands, as shown in the following table:

Bit7 Bit6 Command function
0 1 Data read and write setting command
1 0 Display control command
1 1 Address setting command

Rev.1.3 24-September-2024 7/16
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9  Command Description

9.1 Data Read And Write Setting Commands

This instruction is used to set data writing and reading. Bits B1 and BO are not
allowed to be set to 01 or 11.

MSB LSB
B7|B6 | B5|B4 B3| B2|Bl|B0 Function Note
01 o | o | Datareadand rite the data to the display register
write mode
0|1 For 110 Settings Read keys scan data
1 0 _Address Automatic address increase
0 irrelevant increase mode -
0| 1| Hems, 1 Settings Fixed address
o [ 1| fillin0 5 Test mode Normal mode
Settings
01 1 (for internal use) Test mode

9.2 Address Setting Command

Set the address of the displayed RAM (0xC0-0xC3). When powered on, the address is
set to OxCO by default.

Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0 |Display RAM address
1 1 For 0 0 0 0 0xCO0
1 1 irrelevant 0 0 0 1 0xCl1
1 1 i_ter_ns, 0 0 1 0 0xC2
1 1 fillinO 0 0 1 1 0xC3

9.3 Display Control Commands
Set the display switch and select the display brightness (8 levels).

MSB LSB
B7 | B6|Bs | B4 |B3|[B2|BI[Bo| Function Note

1 0 0[01]O0 Set the pulse width to 1/16
1 0 0| O 1 Set the pulse width to 2/16
1 0 0 1 0 Set the pulse width to 4/16
1 0 _ For 0 1 1 Grayscale Set the pulse width to 10/16
1 | o |irrelevant 110l o setting Set the pulse width to 11/16
1o f'itﬁ?:fb 1 1o |1 Set the pulse width to 12/16
1 0 1 1 0 Set the pulse width to 13/16
1 0 1 1 1 Set the pulse width to 14/16
110 0 Display switch Show off

1 0 1 Settings Display on

Rev.1.3 24-September-2024 8/16
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10 Command Timing

10.1 Send Display Data (address automatically adds 1)

To transfer display data using the address auto-increment mode, first set the starting
address of the data to be transferred (corresponding to the display RAM address).
After the starting address command word is sent, the display data is directly
transmitted, with a maximum of 4 bytes. After the data is transmitted, the
corresponding display control command is sent.

ULy

Cmd1: Data Read and Write Settings Command - Set Address Auto-increment Mode
(0x40)
Cmd2: Address Setting Command - Set the display RAM address (0xC0-0xC3)
Datal: Send display data to the display RAM address set by Cmd2
Datal-Datan: Send the display data to the starting address set by Cmd2 and the
subsequent display RAM (up to 4 bytes)
Cmd3: Display Control Command - Display on and set the display brightness level
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10.2 Send Display Data (fixed address)

To transmit display data using the fixed address mode, first set the address for the
data to be transmitted (corresponding to the display RAM address). After the address
is sent, directly transmit 1 byte of display data through an ACK signal. Once the data
transmission is completed, send a stop signal. Then start transmitting the address of
the next display data. Directly transmit 1 byte of display data through an ACK signal.
After the data transmission is completed, send a stop signal. ... Display the data until
the last byte is transmitted, with a maximum of 4 bytes.

DIO_|

start

stop stop
Ly
Cmdl I |  Datal | cma3 |  Dam2 | Cmd4
o ‘Etart o o o o start
ACK ACK ACK stop start ACK ACK

Cmd1: Data Read and Write Settings Command - Set Fixed Address Mode (0x44)
Cmd2: Address Setting Command - Set the display RAM address (0xC0-0xC3)
Datal: Send display data to the display RAM address set by Cmd2

Cmd3: Address Setting Command - Set Display RAM Address (0xC0-0xC3)

Data2: Send display data to the display RAM address.... set by Cmd3 A maximum of
4 bytes of data can be transmitted

Cmad4: Display Control Commands - Display on and set the display brightness level

10.3 Read The Key Timing Sequence

CLK
ACK ACK
DAT
Cmd D7 |D6 | D5 | D4| D3| D2 | D1|D0
START STOP
Cmd: Send read key scan command (0x42)
Data: Read key value, 1 byte represents one key code, only supports single keys, does
not support multiple keys.

Rev.1.3 24-September-2024 10/16
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11 Application Circuits

When the surrounding interference is relatively large, a 10R to 10k
resistor and a PF-level small capacitor to ground can be connected in

series on the communication pin. When the power supply of the single- Ul
chip microcomputer (3.3V) and the driver chip (5V) is inconsistent, it is 1 6 Kl
recommended to add a level conversion circuit on the communication pin SEGL__ 2 | SND KI5 Cix
SEG2 31 EG1/KS1 CLK 14 DIo
VDD=3V-55V VDD VDD — SEG3 4| SEG2KS2  DIO —3—pp
GND SEG4 5| SEG3KS3 VDD —p—F7Ryn,
<rac—1 SEG4/KS4 GRIDI1
1 SEG5 6 1 _GRID2
<5 SEGS5/KS5 GRID2
SEG6 7 0 GRID3
1 ===—— SEG6/KS6 GRID3
GND + SEG7___8 GRID4
2 — — 100uf ==L % 0 SEG7/KS7 GRID4 ————=
: IOOnfT
3 CLK | CLK VK1651_SOP16
DIO DIO
6
MCU_CONNECT 1
GND
The filter capacitor between VDD and GND should be placed as close to the chip as
possible on the PCB board to enhance the filtering effect.
— o [aal < wv o o~
) ) o) O o} ] ]
m 53} [S3] s3] s3] 0 m
" " wn wn 72} wn "
keyl key2 key3 key4 key5 key6 key7
e e e il e ] el
7 | | 7 | ° ° K1
— N (a2} <
= =) = =
I~ I~ I~ I~
<} G} ] )
D1 D2 D3 D4 SEG1
D5 D6 D7 D8 SEG2
D9 D10 D11 DI2 SEG3
DI3 D14 D15 D16 SEG4
D17 DI8 D19 D20 SEGS
D21 D22 D23 D24 SEG6
D25 D26 D27 D28 SEG7
The SEG pin can only be connected to the cathode of the LED,
and the GRID pin can only be connected to the anode of the LED
Rev.1.3 24-September-2024 11/16
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12 Electrical Characteristics

12.1 Absolute Maximum Ratings

Parameter Symbol Ratings Unit
Supply voltage VDD -0.5~7.0 Vv
Input Voltage VIN V§S-0.5~VpD+0.5 Vv
SEG output current Io1 -500 mA
GRID output current I01 200 mA
Power loss PD 400 mW
Storage Temperature TSTG -65~+150 °C
Operating Temperature TOTG -40~+85 °C

12.2 DC Electrical Characteristics

. . Test Conditions
Parameter Symbol| Min. | Typ. | Max. | Unit —
VDD Conditions
Operating voltage VDD 3.0 5.0 5.5 v — —
Static current Ipp — 5.0 mA 5V | No load /LED off
VO=VDD-2V
- -25 -40
Low-level fou 20 SEGI~SEG7
input current mA vV
I 20 30 50 VO=VDD-3V
oL SEG1~SEG7
High-level VO=VDD-0.3V
output current Tou 80 140 - mA Vv GRIDI- GRID4
High-level output I VO=VDD-3V
— 5 9 VDD
current tolerance TOLSEG & SEGI- SEG7
Low-level Input Vi 0 0.3 VDD
- VDD
High-level Input Vi 0.7 1.0 VDD | CLK, DIO
Hysteresis voltage Vi — 0.35 — VDD
Pull-up resistor Ry — 10 — kQ 5V Kl
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15 Jj SRR
No. | Ak H 1t BTN e
1 1.0 2018-08-10 JRAEB R A YES
2 1.1 2018-10-11 WIS g YES
3 1.2 | 2019-03-21 ¥ 25 BUE F it YES
4 1.3 | 2024-09-24 N A YES

[1] FETT SR e e R BETE 2 1T, 17 7 Bl B3 A AT A ST

[2] BEASCRAAT LR, ASCR il (1 e a7 RS T e e ik A4 T A2 4K,
FFHAZMER T RES AR S i oR S5 B TR L2,
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