
 
 

Futaba Corporation of America      Schaumburg, IL 

DRAWING TITLE: 

PRODUCT SPECIFICATION 
PART NUMBER: 

NAELW2106AA & NAELW2106BA 
  CUSTOMER NAME / PART NUMBER: 

  STANDARD PRODUCT 
  FILE NAME: 

  NAELW2106AA_BA_revA_02Apr2020.docx 
CUSTOMER APPROVAL:  DATE PRINTED: SHEET: 

N/A  02Apr20 1 OF 37 
 

  



 
 

Futaba Corporation of America      Schaumburg, IL 

PART NUMBER: REVISION: 

NAELW2106AA/BA A 
DATE PRINTED: SHEET: 

02Apr20 2 OF 37 

 

1.0  GENERAL DESCRIPTION 

This graphical 256 x 64 dot matrix organic light emitting diode (OLED) module is capable of displaying 
both graphics and text using built-in font tables. The module contains the OLED, driver circuitry, 
microcontroller, DC-DC converter and a USB 2.0 interface. The connector provides USB 
communication and power connections. 
 
 
2.0  APPLICABLE DOCUMENTS 

 Futaba OLED Specification ELW2106AA 
 Futaba America Engineering Standard FAES 801, Printed Circuit Board Markings 
 Hirose connector drawing ZX62-B-5PA(33) 
 FCI connector drawing 10114830-11105LF 
 Kinetis Flash Tool User’s Guide, NXP document number KFLASHTOOLUG 

 
 
3.0  SYSTEM BLOCK DIAGRAM 
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4.0  MECHANICAL DRAWING 

4.1  NAELW2106AA (HIROSE CONNECTOR) 
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4.2  NAELW2106BA (FCI CONNECTOR) 
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5.0  SPECIFICATIONS 

5.1  ENVIRONMENTAL SPECIFICATIONS 

Item Symbol Min. Max. Unit Comment 

Operating Temperature Topr -20 +75 oC  
Storage Temperature Tstg -40 +85 oC  
Operating Humidity Hopr – 60 %RH without condensation 
Storage Humidity Hstg – 60 %RH without condensation 

Vibration 
(non-operating) 

– – 4 G 

total amplitude: 1.5mm 
freq: 10 ~ 55 Hz sine wave 
sweep time: 1 min / cycle 
duration: 2 hrs / axis (X, Y, Z) 

Shock 
(non-operating) 

– – 40 G 
duration: 11ms 
waveform: half sine wave 
3 times / axis (X, Y, Z, -X, -Y, -Z) 

 
 
5.2  ABSOLUTE MAXIMUM ELECTRICAL SPECIFICATIONS 

Item Symbol Min. Max. Unit 
Supply Voltage VBUS -0.3 6.0 V 
Input Signal Voltage VIS -0.3 6.0 V 

 
 
5.3  NORMAL ELECTRICAL SPECIFICATIONS 

VBUS = 5.0V, -20 to +75C 
Item Symbol Min. Typ. Max. Unit 
Supply Voltage VBUS 4.75 5.0 5.25 V 
Supply Current IBUS - 120 210 mA 
Supply Current (Power Saver Mode) IBUS - 8 - mA 
Supply Current (USB Suspend Sate) IBUS - 600 - uA 
High Level Input (USB) VIH 2.0 - 3.6 V 
Low Level Input (USB) VIL -0.3 - 0.8 V 
Differential Input Sensitivity (D+)–( D-) VDI 0.2 - - V 
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5.4  GENERAL OLED DISPLAY SPECIFICATIONS 

Item Value Unit 
Number of pixels 256 columns x 64 rows - 
Active Area 50.664 x 12.392 mm 
Pixel Size 0.174 x 0.170 mm 
Pixel Pitch 0.198 x 0.194 mm 
Chromaticity x x = 0.26 – 0.34 - 
Chromaticity y y = 0.29 – 0.37 - 
Contrast Ratio 10,000 : 1 - 
Luminance (all pixels on) 200 (min.), 250 (typ.), --- (max.) Cd/m2 

 
 
5.5  RESET TIMING SPECIFICATIONS 

Item Symbol Min. Max. Unit 

Delay time after power-up reset tWAIT - 10 ms 

Notes: 
1) All timing is specified using 20% and 80% of VCC as the reference points. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
The module resets automatically at power-up and initializes to the same conditions as after the Reset 
Command. 
 
 
5.6  NON-VOLATILE FLASH ENDURANCE 

The non-volatile Flash is capable of 100,000 erase-write cycles with 20 year retention. 
  

VALID DATA 

VBUS 

USB 

tWAIT
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6.0  FUNCTIONAL DESCRIPTION 

The module’s OLED contains an array of 256 x 64 pixels that displays graphics and/or multiple lines of 
internal font table characters. The number of character lines and number of characters per line depends 
on the font size selected. Additionally, memory is provided for the user to create 16 user-defined 
characters that are stored in volatile RAM and an entire 224 character font table for each character size 
in non-volatile Flash. 
 
The user sends character and graphical data to the module via its USB interface using simple command 
and data instructions. The display supports sixteen greyscale levels.  
 
 
6.1  IMAGE MEMORY VS. OLED MEMORY 

Image Memory consists of 256 x 32 (8192) bytes of RAM stored in the module’s microcontroller which 
mirrors 8192 bytes of OLED Memory stored in the OLED driver IC. Data written to Image Memory 
transfers to OLED Memory using the Update OLED command. Each OLED display pixel requires 4-
bits of data to set it to 1 of 16 greyscale levels (0 thru 15). Image Memory is addressed using either the 
Graphical Cursor or the Character Cursor. 
 
The Graphical Cursor addresses each greyscale nibble using a (column, row) scheme starting from the 
upper leftmost pixel of the 256 x 64 array. 
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Likewise, the 13 x 29 Character Cursor addresses for each of the 18 x 2 characters use a (column, row) 
scheme starting from the upper leftmost character. The addresses vary depending on font size selected. 
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The number of characters in the character array differs depending on Font Size as follows: 
 

Font 
Size 

Character 
Array 

Columns 
Between 

Characters 

Starting 
Column 

5 x 8 42 x 8 1 2 
10 x 16 23 x 4 1 2 
13 x 29 18 x 2 1 2 
16 x 16 16 x 4 0 0 
32 x 32 8 x 2 0 0 

 
 
6.2  COMMANDS AND CHARACTERS 

The user sends commands to the module as single-byte or multi-byte commands and characters are sent 
to the module as single or double bytes. All data is sent to the display via USB. Command codes range 
from 00h to 0Fh, UDF character codes from 10h to 1Fh and character codes from 20h to FFh. An ‘x’ 
indicates a “don’t care” bit in all commands. 
 

Command Byte 1 Command Byte 2 - - - Command Byte N 
8-bit 

Command 
8-bit 

Command Data 
8-bit 

Command Data 
8-bit 

Command Data 
C7 C6 C5 C4 C3 C2 C1 C0 D7 D6 D5 D4 D3 D2 D1 D0 D7 D6 D5 D4 D3 D2 D1 D0 D7 D6 D5 D4 D3 D2 D1 D0

 
 

CMD Code Description 
00h Reset / Initialize 
01h Clear Image Memory and/or Update OLED Memory 
02h Set Cursor Position 
03h Select Font 
04h Define UDF Character 
05h Graphical Image Memory Write – Greyscale 
06h Graphical Image Memory Write – Monochrome 
07h Select Greyscale Level 
08h Select Power Saver Mode 
09h Image Memory Storage 
0Ah Select Fade Mode 
0Bh  
0Ch  
0Dh  
0Eh  
0Fh Reserved for factory use 

10h~1Fh Write UDF Character to Image Memory 
20h~FFh Write Font Table Character to Image Memory 
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6.2.1  RESET / INITIALIZE 

This three-byte command resets the module to the conditions listed below which are the same as at 
power-up. This command is also used to erase non-volatile Flash memory and select display orientation. 
 

Command Byte 1 Command Byte 2 Command Byte 3 
8-bit 

Command 
00h 

8-bit 
Command Validation Byte 

8-bit 
Command Validation Byte 

0 0 0 0 0 0 0 0 V15 V14 V13 V12 V11 V10 V9 V8 V7 V6 V5 V4 V3 V2 V1 V0 

 
Reset / Initialize (V15:V8) = A5h, (V7:V0) = 5Ah: 

Image Memory and OLED Memory cleared 
Graphical Cursor Position and Character Cursor Position set to location 0,0 
Font set to CP437 / 13 x 29 font size 
User Defined Font characters stored in volatile RAM cleared 
Sets Character Grayscale Level to 100% 
OLED driver set to Normal Display Mode 
Power Saver Mode set to “on” (module’s switching power supply is on) 
Display Orientation set to Normal 
Disable Fade Mode 

 
Erase Non-Volatile Flash Memory (V15:V8) = EEh: 

Erase Font Table from non-volatile Flash. 
Valid (V7:V4) Font Size, (V3:V0) Font Table values are: (0,0), (1,0), (2,0), (3,0), (4,0) 

 
Display Orientation Normal (V15:V8) = D0h, (V7:V0) = 2Fh: 

Display Orientation set so that USB connector is at left end of module when image right-side up. 
 
Display Orientation Upside Down (V15:V8) = D1h, (V7:V0) = 2Eh: 

Display Orientation set so that USB connector is at right end of module when image is right-side up. 
 
Note: If Command Byte 2 is invalid the command is terminated, if Command Byte 3 is invalid the 
command is ignored. 
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6.2.2  CLEAR IMAGE MEMORY AND/OR UPDATE OLED MEMORY 

This two-byte command clears the Image Memory (stored in the microcontroller’s RAM) and/or copies 
it to the OLED Memory (stored in the OLED’s driver). This command is also used to access a few 
internal OLED driver functions. A typical sequence would be to clear Image Memory, send character 
and/or graphical data to Image Memory, then update OLED Memory with the Image Memory data. 
 

Command Byte 1 Command Byte 2 
8-bit 

Command 
01h 

8-bit 
Command Data 

0 0 0 0 0 0 0 1 D7 D6 D5 D4 D3 D2 D1 D0

 
8-bit Command Data (D7:D0): 

0: Clear Image Memory without updating OLED Memory and set both cursors to 0,0 
1: Clear OLED Memory without affecting Image Memory 
2: Copy Image Memory to OLED Memory without affecting Image Memory 
3: Clear both Image Memory and OLED Memory and set both cursors to 0,0 
4: Set OLED driver to Normal Display Mode (does not affect Image or OLED Memory) 
5: Set OLED driver to All On Display Mode (does not affect Image or OLED Memory) 
6: Set OLED driver to All Off Display Mode (does not affect Image or OLED Memory) 
7: Set OLED driver to Inverse Mode (does not affect Image or OLED Memory) 

 
Note: If Command Byte 2 is invalid the command is ignored. 
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6.2.3  SET CURSOR POSITION 

This three-byte command sets either the Graphical Cursor Position or the Character Cursor Position 
depending on the GC bit. Graphical Cursor Position 0,0 is the upper left corner of the 256 x 64 display 
and Character Cursor Position 0,0 is in the upper left character of the display. 
 

Command Byte 1 Command Byte 2 Command Byte 3 
8-bit 

Command 
02h 

8-bit 
Cursor Column 

1-bit
GC

 
6-bit 

Cursor Row 

0 0 0 0 0 0 1 0 C7 C6 C5 C4 C3 C2 C1 C0 GC x R5 R4 R3 R2 R1 R0 

 
8-bit Cursor Column (C7:C0): 

Valid Graphical Cursor Position columns are: 0 <= (C7:C0) value <= 255 
Valid Character Cursor Position columns depend on current Font Size setting: 
 Font Size 5 x 8: 0 <= (C7:C0) value <= 41 
 Font Size 10 x 16: 0 <= (C7:C0) value <= 22 
 Font Size 13 x 29: 0 <= (C7:C0) value <= 17 
 Font Size 16 x 16: 0 <= (C7:C0) value <= 15 
 Font Size 32 x 32: 0 <= (C7:C0) value <= 7 

 
6-bit Cursor Row (R5:R0): 

Valid Graphical Cursor Position rows are: 0 <= (R5:R0) value <= 63 
Valid Character Cursor Position columns depend on current Font Size setting:  
 Font Size 5 x 8: 0 <= (R5:R0) value <= 7 
 Font Size 10 x 16: 0 <= (R5:R0) value <= 3 
 Font Size 13 x 29: 0 <= (R5:R0) value <= 1 
 Font Size 16 x 16: 0 <= (R5:R0) value <= 3 
 Font Size 32 x 32: 0 <= (R5:R0) value <= 1 

 
1-bit Graphical / Character Select (GC) : 

GC = 0: Character Cursor Position is selected 
GC = 1: Graphical Cursor Position is selected 

 
Note: After Command Bytes 2 and 3 are both received, invalid values cause the command to be ignored. 
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6.2.4  SELECT FONT 

This two-byte command selects the Font Size and Font Table. The Character Cursor Position is set to 
0,0 when the Font Size is changed. 
 

Command Byte 1 Command Byte 2 
8-bit 

Command 
03h 

4-bit 
Font Size 

4-bit 
Font Table 

0 0 0 0 0 0 1 1 S3 S2 S1 S0 T3 T2 T1 T0

 
4-bit Font Size (S3:S0), 4-bit Font Table (T3:T0): 

0,0: 5 x 8 UDF 1,0: 10 x 16 UDF 2,0: 13 x 29 UDF 3,0: 16 x 16 UDF 4,0: 32 x 32 UDF 
0,1: 5 x 8 CP437 1,1: 10 x 16 CP437 2,1: 13 x 29 CP437 3,1: 16 x 16 Kanji 4,1: 32 x 32 Kanji 
0,2: 5 x 8 CP852 1,2: 10 x 16 CP852 2,2: 13 x 29 CP852 
0,3: 5 x 8 CP858 1,3: 10 x 16 CP858 2,3: 13 x 29 CP858 
0,4: 5 x 8 CP866 1,4: 10 x 16 CP866 2,4: 13 x 29 CP866 
0,5: 5 x 8 CP932 1,5: 10 x 16 CP932 2,5: 13 x 29 Katakana 

 
Note: If Command Byte 2 is invalid the command is ignored. 
 
 
6.2.5  DEFINE UDF CHARACTER 

This multi-byte command defines a User Defined Font (UDF) character. Up to 16 UDF characters, of 
various Font Sizes, can be stored in volatile RAM and up to 224 UDF characters of each Font Size can 
be stored in non-volatile Flash. After erasing an entire UDF Table from Flash, up to 224 UDF characters 
can be defined, re-defining any one UDF within a table requires first erasing the entire UDF Table. 
 

Command Byte 1 Command Byte 2 Command Byte 3 Command Byte 4 
8-bit 

Command 
04h 

8-bit 
UDF Number 

4-bit 
Font Size 

4-bit 
Font Table 

8-bit 
UDF Pixel Data Byte 1 

0 0 0 0 0 1 0 0 U7 U6 U5 U4 U3 U2 U1 U0 S3 S2 S1 S0 T3 T2 T1 T0 P7 P6 P5 P4 P3 P2 P1 P0

 
--- Command Byte N+3 

8-bit 
UDF Pixel Data Byte 

8-bit 
UDF Pixel Data Byte N 

P7 P6 P5 P4 P3 P2 P1 P0 P7 P6 P5 P4 P3 P2 P1 P0
 
 

8-bit UDF Number (U7:U0): 
10h <= (U7:U0) value <= 1Fh: UDF Character stored in volatile RAM ((T3:T0) = don’t care) 
20h <= (U7:U0) value <= FFh: UDF Character stored in non-volatile Flash 

 
4-bit Font Size (S3:S0): 

0 <= (S3:S0) value <= 4: Same Font Sizes as defined in Select Font command 
 
4-bit Font Table (T3:T0): 

(T3:T0) value = 0: Select UDF Table in non-volatile Flash 
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8-bit UDF Pixel Data Bytes (P7:P0): 
The LSB of each pixel byte represents the upper pixel. The first byte sent represents the upper left 
most character pixels followed by the pixel bytes for the remainder of the column (unless 5 x 8) and 
then byte(s) for each additional column. 
The number of bytes required depends on Font Size (S3:S0) value: 
 Font Size 5 x 8: 5 bytes required per UDF character 
 Font Size 10 x 16: 20 bytes 
 Font Size 13 x 29: 52 bytes (The MSBs of Pixel Bytes 4, 8, 12,… and 52 are don’t care) 
 Font Size 16 x 16: 32 bytes 
 Font Size 32 x 32: 128 bytes 

 
Example for 13 x 29 UDF Character: 
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To define all 224 UDF characters of the 13 x 29 UDF Font Table in non-volatile Flash, send the 
following 12,323 bytes to erase then re-program: 
 

00h, EEh, 2Fh, 
04h, 20h, 2Fh, Pixel Byte 1, Pixel Byte 2,… Pixel byte 52, 
04h, 21h, 2Fh, Pixel Byte 1, Pixel Byte 2,… Pixel byte 52, 
……. 
04h, FFh, 2Fh, Pixel Byte 1, Pixel Byte 2,… Pixel byte 52 

 
Note: If Command Byte 2 is invalid the command is terminated, if Command Byte 3 is invalid the 
command is ignored. 
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6.2.6  GRAPHICAL IMAGE MEMORY WRITE - GREYSCALE 

This multi-byte command writes graphical data to Image Memory. Each pixel is represented by a nibble 
that determines its greyscale level from 0h to Fh. Since one nibble represents one pixel, each byte sent to 
the display represents two pixels (last byte may only contain a meaningful lower nibble). 
 

Command Byte 1 Command Byte 2 --- Command Byte N+2 
8-bit 

Command 
05h 

8-bit 
Number of Nibbles - 1 

8-bit 
Pixel Greyscale Data 

8-bit 
Pixel Greyscale Data N 

0 0 0 0 0 1 0 1 N7 N6 N5 N4 N3 N2 N1 N0 G7 G6 G5 G4 G3 G2 G1 G0 G7 G6 G5 G4 G3 G2 G1 G0

 
Nibbles are stored in Image Memory, lower nibble first, starting at the Graphical Cursor Position as they 
are received. The Graphical Cursor Position column is incremented after each nibble is written by 1. If 
the rightmost end of a row is reached the Graphical Cursor Position row is incremented by 1 and the 
column set to 0. The Graphical Cursor Position is set to 0,0 after the lower rightmost pixel is written. 
 
8-bit Number of Nibbles - 1 (N7:N0): 

00h <= (N7:N0) value <= FFh: Number of nibbles minus 1 to follow (00h = 1 nibble, FFh = 256 
nibbles). 

 
8-bit Pixel Greyscale Data (G7:G0): 

(G3:G0): The greyscale level of the first pixel written per byte. 
(G7:G4): The greyscale level of the second pixel written per byte. This nibble is ignored in the last 
byte if the Number of Nibbles is odd (i.e. (N7-N0) value even). 
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6.2.7  GRAPHICAL IMAGE MEMORY WRITE - MONOCHROME 

This multi-byte command writes graphical data to Image Memory. Each pixel is represented by a bit that 
determines its greyscale level based on the current Greyscale Level setting. Since one bit represents one 
pixel, each byte sent to the display represents eight pixels (last byte may contain fewer meaningful bits). 
 

Command Byte 1 Command Byte 2 --- Command Byte N+2 
8-bit 

Command 
06h 

8-bit 
Number of Pixels - 1 

8-bit 
Pixel Monochrome Data 

8-bit 
Pixel Monochrome Data N 

0 0 0 0 0 1 1 0 N7 N6 N5 N4 N3 N2 N1 N0 M7 M6 M5 M4 M3 M2 M1 M0 M7 M6 M5 M4 M3 M2 M1 M0

 
Bits are stored in Image Memory, lower bit first, starting at the Graphical Cursor Position as they are 
received. The Graphical Cursor Position column is incremented after each bit is written by 1. If the 
rightmost end of a row is reached the Graphical Cursor Position row is incremented by 1 and the column 
set to 0. The Graphical Cursor Position is set to 0,0 after the lower rightmost pixel is written. 
 
8-bit Number of Bits - 1 (N7:N0): 

00h <= (N7:N0) value <= FFh: Number of bits minus 1 to follow (00h = 1 bit, FFh = 256 bits). 
 
8-bit Pixel Monochrome Data (M7:M0): 

(M7:M0): Mx = 0; pixel off, Mx = 1; pixel on at current Greyscale Level setting. Extra bits are 
ignored. 

 
 
6.2.8  SELECT GREYSCALE LEVEL 

This two-byte command sets the greyscale level of subsequent characters written to Image Memory to 
one of 15 levels. The greyscale level of characters already in Image Memory is not affected. 
 

Command Byte 1 Command Byte 2 
8-bit 

Command 
07h 

 
4-bit 

Luminance 
Level 

0 0 0 0 0 1 1 1 x x x x L3 L2 L1 L0

 
4-bit Luminance Level (L3:L0): 

0000: 0% 0001: 0% 0010: 13.3% 0011: 20% 
0100: 26.7% 0101: 33.3% 0110: 40% 0111: 46.7% 
1000: 53.3% 1001: 60% 1010: 66.7% 1011: 73.3% 
1100: 75% 1101: 86.7% 1110: 93.3% 1111: 100% 
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6.2.9  SELECT POWER SAVER MODE 

This two-byte command selects the Power Saver Mode. 
 

Command Byte 1 Command Byte 2 

8-bit 
Command 

08h 
 

M
od

e 

0 0 0 0 1 0 0 0 x x x x x x x M0

 
1-bit Mode (M0): 

0: Turns off the module’s switching power supply (OLED Display will go blank) 
1: Turns on the module’s switching power supply (OLED will display previous image) 

 
 
6.2.10  IMAGE MEMORY STORAGE 

This two-byte command copies Image Memory to non-volatile Flash or vice versa. Up to 16 images can 
be stored and retrieved. 
 

Command Byte 1 Command Byte 2 
8-bit 

Command 
09h 

4-bit 
Image Number 

2-bit 
Sub-Command 

0 0 0 0 1 0 0 1 I3 I2 I1 I0 x x S1 S0

 
4-bit Image Number (I3:I0): 

0h <= (I3:I0) value <= Fh: Image Number to be stored/restored 
 
2-bit Sub-Command (S1:S0): 

0: Copy Image Memory to non-volatile Flash location specified by Image Number I3:I0 
(neither Image Memory nor OLED Memory are affected) 

1: Copy non-volatile Flash location specified by Image Number I3:I0 to Image Memory 
 (OLED Memory is not affected) 
2: See Demo Mode Section 
3: See Demo Mode Section 
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6.2.10.1  DEMO MODE 

This two-byte/multi-byte command sets the timing values for the Demo Mode sequence. When the 
Demo Mode is enabled, the module will sequentially display each stored image that has a non-default 
timing value associated with it for the appropriate amount of time. If all of the timing values are set to 
the default value, the Demo Mode is disabled. The Demo Mode is terminated by either removing power 
or by receipt of the first USB byte. 
 

Command Byte 1 Command Byte 2 Command Byte 3 --- 
8-bit 

Command 
09h 

4-bit 
Don’t Care 

2-bit 
Sub-Command 

1-bit
Ori

7-bit 
Time Value of Image 0 

1-bit 
Ori 

7-bit 
Time Value of Image N 

0 0 0 0 1 0 0 1 x x x x x x S1 S0 O0 T6 T5 T4 T3 T2 T1 T0 O0 T6 T5 T4 T3 T2 T1 T0

 
Command Byte 18 

1-bit 
Ori 

7-bit 
Time Value of Image 15 

O0 T6 T5 T4 T3 T2 T1 T0 

 
2-bit Sub-Command (S1:S0): 

0: See Image Memory Storage Section 
1: See Image Memory Storage Section 
2: Erase all 16 time values from non-volatile Flash, Demo Mode disabled (2-byte command) 
3: Store all 16 time values in non-volatile Flash (18-byte command) 

 
1-bit Demo Mode Image Orientation (O0): 

0: Display associated stored image with upside down orientation during Demo Mode 
1: Display associated stored image with normal orientation during Demo Mode 

 
7-bit Demo Mode Time Value (T6:T0): 

(T6:T0) value = 7Fh: Default value, associated image is not displayed in the Demo Mode sequence 
0h <= (T6:T0) value <= 7Eh: Associated image displayed for approximately 64 ms times value+1 

 
If enabled, the Demo Mode sequence begins after a slight delay at power-up in order for enumeration 
with the USB host to complete. This delay allows the USB host to set the USB port’s maximum power 
consumption to the value in the configuration descriptor exchanged during enumeration before demo 
screens are displayed. If a 5 volt supply without USB capability or a slow USB host is used to power the 
module, the Demo Mode sequence will begin after the delay without completing enumeration. However, 
the module will continue to try to enumerate throughout the Demo Mode sequence. Because the Demo 
Mode ignores USB sleep requests (no SOF packets for 3 ms), the USB host needs to maintain the USB 
port’s maximum power consumption setting during the Demo Mode sequence. If the USB host cannot 
maintain the maximum power consumption setting, the Demo Mode should not be used in order to abide 
by the USB specification. 
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6.2.11  SELECT FADE MODE 

This two-byte command selects the Fade Mode and its associated time interval. 
 

Command Byte 1 Command Byte 2 
8-bit 

Command 
0Ah 

2-bit 
Fade Mode 

4-bit 
Time Interval 

0 0 0 0 1 0 1 0 * * F1 F0 T3 T2 T1 T0

 
2-bit Sub-Command (F1:F0): 

00: Disable Fade Mode, luminance set to current Greyscale Command level (T3:T0 ignored) 
01: Enable Fade In Mode, display luminance will gradually increase from the current level to level 

set by the Greyscale Command at the rate set by the Time Interval 
10: Enable Fade Out Mode, display luminance will gradually decrease from the current level to zero 

at the rate set by the Time Interval 
11: Enable Blinking Mode, display luminance will gradually fade in and out between zero and the 

level set by the Greyscale Command at the rate set by the Time Interval 
 
4-bit Time Interval (T3:T0): 

The number of frames per fade step equals the ((T3:T0) value plus 1) time 8 frames 
 

6.2.12  WRITE CHARACTER 

This single-byte or two-byte command writes the specified character to the Image Memory at the current 
Character Cursor Position. When the right end of a character row is reached, characters continue on the 
left side of next character row. When the bottom row is filled, characters restart at the left of the top row. 
 

Command Byte 1 
8-bit 

Single Byte Character 
10h to FFh 

C7 C6 C5 C4 C3 C2 C1 C0 

 
Writing characters from Font Tables 3,1 (16 x 16 Kanji) or 4,1 (32 x 32 Kanji) requires two bytes. 
 

Command Byte 1 Command Byte 2 
8-bit 

Two Byte Character - First Byte 
81h to 84h, 87h to 9Fh, E0 to EAh 

8-bit 
Two Byte Character - Second Byte 

40h to FFh 
F7 F6 F5 F4 F3 F2 F1 F0 S7 S6 S5 S4 S3 S2 S1 S0

 
Note: If Command Byte 2 is invalid the command is ignored. 
 
The 16 UDF characters between 10h and 1Fh are written to the Image Memory in the currently selected 
Font Size regardless of how they are defined. For example just the upper left 5 x 8 portion of a 32 x 32 
defined UDF is written if the current Font Size is 5 x 8, similarly, a 5 x 8 defined UDF would be written 
in the upper left portion if Font Size 32 x 32 is selected along with pseudo-random data for the 
remainder of the 32 x 32 character’s pixels. 
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7.0  FONT TABLES 

7.1  CODE PAGE 437 --- 5 X 8, 10 X 16 AND 13 X 29 
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7.2  CODE PAGE 852 --- 5 X 8, 10 X 6 AND 13 X 29 
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7.3  CODE PAGE 858 --- 5 X 8, 10 X 16 AND 13 X 29 
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7.4  CODE PAGE 866 --- 5 X 8, 10 X 16 AND 13 X 29 
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7.5  CODE PAGE 932 --- 5 X 8 AND 10 X 16 
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7.6  KATAKANA --- 13 X 29 
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7.7  KANJI --- 16 X 16 AND 32 X 32 

 

 

 



 
 

Futaba Corporation of America      Schaumburg, IL 

PART NUMBER: REVISION: 

NAELW2106AA/BA A 
DATE PRINTED: SHEET: 

02Apr20 26 OF 37 

 

 

 



 
 

Futaba Corporation of America      Schaumburg, IL 

PART NUMBER: REVISION: 

NAELW2106AA/BA A 
DATE PRINTED: SHEET: 

02Apr20 27 OF 37 

 

 

 
 

 
 



 
 

Futaba Corporation of America      Schaumburg, IL 

PART NUMBER: REVISION: 

NAELW2106AA/BA A 
DATE PRINTED: SHEET: 

02Apr20 28 OF 37 

 

 

 

 



 
 

Futaba Corporation of America      Schaumburg, IL 

PART NUMBER: REVISION: 

NAELW2106AA/BA A 
DATE PRINTED: SHEET: 

02Apr20 29 OF 37 

 

 

 

 



 
 

Futaba Corporation of America      Schaumburg, IL 

PART NUMBER: REVISION: 

NAELW2106AA/BA A 
DATE PRINTED: SHEET: 

02Apr20 30 OF 37 

 

 

 

 



 
 

Futaba Corporation of America      Schaumburg, IL 

PART NUMBER: REVISION: 

NAELW2106AA/BA A 
DATE PRINTED: SHEET: 

02Apr20 31 OF 37 

 

 

 
 

  



 
 

Futaba Corporation of America      Schaumburg, IL 

PART NUMBER: REVISION: 

NAELW2106AA/BA A 
DATE PRINTED: SHEET: 

02Apr20 32 OF 37 

 

8.0  CONNECTOR INTERFACE 

8.1  NAELW2106AA 

The hardware interface to the module is via a 5-position USB micro-B connector (J3). 
 
 

Pin Function 
1 5V 
2 USB D- 
3 USB D+ 
4 NC 
5 GND 

 
Connector: Hirose p/n ZX62-B-5PA(33) 

(shield connected to ground via ferrite bead) 
 
 
8.2  NAELW2106BA 

The hardware interface to the module is via a 5-position connector (J1). 
 

Pin Function 
1 5V 
2 GND 
3 GND 
4 USB D- 
5 USB D+ 

 
Connector: FCI p/n 10114830-11105LF 
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9.0  USB CONFIGURATION 

9.1  STANDARD DEVICE DESCRIPTOR 

Offset Field Description Size Value Comment 
0 bLength Size of descriptor in bytes 1 12h  
1 bDescriptorType Device descriptor type 1 01h  

2, 3 bcdUSB USB release number in BCD 2 0200h rev 2.0 
4 bDeviceClass Class code 1 00h  
5 bDeviceSubClass Subclass code 1 00h  
6 bDeviceProtocol Protocol code 1 00h  
7 bMaxPacketSize Max packet size for endpoints 1 40h 64 bytes 

8, 9 idVendor Vendor ID 2 1008h Futaba 
10, 11 idProduct Product ID 2 103Bh  
12, 13 bcdDevice Device release number in BCD 2 6549h FW version 

14 iManufacturer Index of string descriptor 
describing manufacturer 

1 01h Futaba 

15 iProduct Index of string descriptor 
describing product 

1 02h NAELW2106xx 

16 iSerialNumber Index of string descriptor 
describing device serial number 

1 00h  

17 bNumConfigurations Number of possible 
configurations 

1 01h  
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9.2  STANDARD CONFIGURATION DESCRIPTOR 

Offset Field Description Size Value Comment 
0 bLength Size of descriptor in bytes 1 09h  
1 bDescriptorType Configuration descriptor type 1 02h  

2, 3 bTotalLength Total length of data returned for 
this configuration 

2 0029h 41 bytes 

4 bNumInterfaces Number of interfaces supported 
by this interface 

1 01h  

5 bConfigurationValue Value to use as an argument 1 01h  
6 bConfiguration Index of string descriptor 

describing this configuration 
1 03h OLED 

7 bmAttributes Configuration characteristics 1 80h Bus powered 
Disable 
Remove 
Wakeup 

8 bMaxPower Maximum power consumption 1 69h 210mA 
 
 
9.3  INTERFACE DESCRIPTOR 

Offset Field Description Size Value Comment 
0 bLength Size of descriptor in bytes 1 09h  
1 bDescriptorType Interface descriptor type 1 04h  
2 bInterfaceNumber Number of this interface 1 00h  
3 bAlternateSetting Value used to select this 

alternate setting 
1 00h  

4 bNumEndpoints Number of endpoints used by 
this interface 

1 02h IN, OUT 

5 bInterfaceClass Class code 1 03h HID 
6 bInterfaceSubClass Subclass code 1 00h  
7 bInterfaceProtocol Protocol code 1 00h  
8 iInterface Index of string descriptor 

describing this interface 
1 04h OLED control 
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9.4  IN ENDPOINT DESCRIPTOR 

Offset Field Description Size Value Comment 
0 bLength Size of this descriptor in bytes  1 07h  
1 bDescriptorType Endpoint descriptor type 1 05h  
2 bEndpointAddress The address of the endpoint on 

the USB device described by 
this descriptor 

1 81h EP1, IN 

3 bmAttributes The endpoint’s attributes 1 03h Interrupt transfer 
4 wMaxPacketSize Maximum packet size of this 

endpoint 
1 40h 64 Bytes 

5 bInterval Interval for polling endpoint 
data transfers 

1 FFh 255 mS 

 
 
9.5  OUT ENDPOINT DESCRIPTOR 

Offset Field Description Size Value Comment 
0 bLength Size of this descriptor in bytes  1 07h  
1 bDescriptorType Endpoint descriptor type 1 05h  
2 bEndpointAddress The address of the endpoint on 

the USB device described by 
this descriptor 

1 01h EP1, OUT 

3 bmAttributes The endpoint’s attributes 1 03h Interrupt transfer 
4 wMaxPacketSize Maximum packet size of this 

endpoint 
1 40h 64 Bytes 

5 bInterval Interval for polling endpoint 
data transfers 

1 01h 1 mS 

 
 
9.6  HID CLASS DESCRIPTOR 

Offset Field Description Size Value Comment 
0 bLength Size of HID descriptor  1 09h  
1 bDescriptorType HIDdescriptor type 1 21h  

2, 3 bcdHID HID class specification 2 0110h HID rev 1.10 
4 bCountryCode Country code of localized 

hardware 
1 00h  

5 bNumDescriptors Number of class descriptors 1 01h  
6 bDescriptorType Type of class descriptor 1 22h  

7, 8 bDescriptorLength Descriptor length 2 002Fh 47 bytes 
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9.7  HID CLASS REPORT DESCRIPTOR 

Main Item Type Value Description 
Usage Page 06h, 00h, FFh Vendor defined 
Usage 09h, 00h OLED control 
Collection A1h, 01h Application 
   
    Usage 09h, 02h Data input 
    Logical Minimum 15h, 00h 0 
    Logical Maximum 26h, FFh, 00h 255 
    Report Size 75h, 08h 8 bits 
    Report Count 95h, 40h 64 bytes 
    Input 81h, 02h Data, variable, absolute 
   
    Usage 09h, 03h Data output 
    Logical Minimum 15h, 00h 0 
    Logical Maximum 26h, FFh, 00h 255 
    Report Size 75h, 08h 8 bits 
    Report Count 95h, 40h 64 bytes 
    Output 91h, 02h Data, variable, absolute 
   
    Usage 09h, 04h Feature 
    Logical Minimum 15h, 00h 0 
    Logical Maximum 26h, FFh, 00h 255 
    Report Size 75h, 08h 8 bits 
    Report Count 95h, 40h 64 bytes 
    Feature B1h, 02h Data, variable, absolute 
   
End Collection C0h End collection 
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10.0  SOFTWARE BOOTLOADER 

The built-in bootloader allows the module’s software to be updated over USB using NXP’s Kinetis 
Flash Tool (or equivalent). The USB bootloader is enabled for 1/2 second at power up using VID 
0x15A2 and PID 0x0073, afterwards normal USB operation begins with VID 0x1008 and PID 0x103B. 
See the Kinetis Flash Tool User’s Guide for details. 
 
 

 


