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LCD PRODUCT
SPECIFICATION

PART NUMBER:

USMPC-TQ1602B-TBYBH

16x2 Character LCD; STN Blue Display

DESCRIPTION: Mode; Transflective, Positive
with Yellow-Green LED Backlight
and 6 O'Clock Viewing Direction.

ISSUE DATE APPROVED BY CHECKED BY PREPARED BY

(Customer Use Only)

PROPRIETARY
NOTE:

THIS SPECIFICATION IS THE PROPERTY OF US MICRO PRODUCTS AND SHALL NOT BE REPRODUCED OR
COPIED WITHOUT THE WRITTEN PERMISSION OF US MICRO PRODUCTS AND MUST BE RETURNED TO

US MICRO PRODUCTS UPON ITS REQUEST.
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Features
5x8 dots

+5.0V power supply
1/16 duty cycle

Viewing angle: 6:00 O’clock

LED Backlight (yellow-green)
Backlight to be driven by pini5, pinl6
ROHS Compliance

©WoNoOA~WNE

Outlinedimension

STN (Yellow-green) mode, Transflective

Built-in controller (ST7066U-0A or equival ent)

USMPC-TQ1602B-TBYBH
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Absolute maximum ratings
Item Symbol Sandard Unit
Power voltage Vbp-Vss 0 - 7.0 Vv
Input voltage VIN VSS - VDD
Operating temperature range VOP -20 - +70 e
Storage temperature range VST -25 - +80
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Block diagram

USMPC-TQ1602B-TBYBH

VDD —
VSS CoM LCD PANEL
vo —— LCD
RS CONTROLLER
RIW AND SEC
E |
] DRIVER SEG LCD
DBO-DB7
DRIVER
Ji
R 22 A
PIN 15 3 33 LED BKL
PIN 16 M <
Interface pin description
, External .
Pin no. Symbol . Function
1 Vss Signal ground for LCM (GND)
2 Vop Power supply Power supply for logic (+5V) for LCM
3 Vo Contrast adjust
4 RS MPU Register select signal
5 R/W MPU Read/write select signal
6 E MPU Operation (data read/write) enable signal
Four low order bi-directional three-state data buslines.
7~10 DB0~DB3 MPU Used for data transfer between the MPU and the LCM.
These four are not used during 4-bit operation.
N N Four high order bi-directional three-state data bus lines.
114 DB4-DBY MPU Used for data transfer between the MPU
15 LED- LED BKL power Power supply for BKL (GND)
16 LED+ supply Power supply for BKL (+5.0V)

Contrast adjust
A) For Single Source

LCM v %Dvp

VDD

VSS

For Module with Normal Temperature Range Fluid

Voo-Vo: LCD Driving voltage
VR: 10k~20k

www.usmicroproducts.com
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Optical characteristics

STN type display module (Te=25°C, VDD=5.0V)

USMPC-TQ1602B-TBYBH

ltem Symbol Condition Min. Typ. Max. Unit
Viewing angle 0 C=o -60 - 35 deg
D -40 - 40
Contrast ratio C - 6 - -
Response time (rise) T: - - 150 250 ms
Response time (fall) T: - - 150 250
Electrical characteristics
DC characteristics
Parameter Symbol Conditions Min. Typ. Max. Unit
Supply voltage for LCD Vop-Vo Ta=25C - 4.6 -
Input voltage Vb 4.7 5.0 55 v
Backlight supply voltage | Ve - 4.2 4.6
Supply current loo Ta=25C, Voo=5.0V - 15 25
Backlight supply current I V1ep=5.0V R=6.8() - 120 mA
Input |eakage current lLke - - 1.0 UA
“H” level input voltage Viu 2.2 - Vb
“L” level input voltage VL Twiceinitia value or less 0 - 0.6 Y
“H” level output voltage Vou LOH=-0.25mA 2.4 - -
“L” level output voltage VoL LOH=1.6mA - - 0.4
Read cycle (Ta=25'C, VDD=5.0V)
Parameter Symbol Test pin Min. Typ. Max. Unit
Enable cycletime tc 1200 - -
Enable pulse width tow E 140 - -
Enable rise/fall time tr, t - - 25
Address setup time tas RS, RIW,E 0 - - ns
Address hold time tan RS, RIW,E 10 - -
Daa setup delay {aar - - 100
Daahold time th DBO-DB? 10 - -

Read mode timing diagram

><§\;111;
RS L VILI

DEO-DBT

Valid data

www.usmicroproducts.com 3
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Write cycle (Ta=25'C, VDD=5.0V)

USMPC-TQ1602B-TBYBH

Parameter Symbol Test pin Min. Typ. Max. Unit

Enable cycletime tc 1200 - -

Enable pulse width tow E 140 - -

Enable rise/fall time tr, It - - 25

Address setup time tas RS, RI'W,E 0 - - ns
Address hold time tan RS, RI'W,E 10 - -

Daa setup delay tdsw 40 - -

Daahold time th DBO-DBY 10 - -

Write modetiming diagram
VIHI .
RS >< VILI —><
f — le— LEw 1 i

DBO-DBT

Valid data

Instruction description

Outline

To overcome the speed difference between the internal clock of ST7066U and the MPU clock, ST7066U performs
internal operations by storing control in formations to IR or DR. The internd operation is determined according to the
signa from MPU, composed of read/write and data bus (Refer to Table7).

Instructions can be divided largely into four groups:

1) ST7066U function set instructions (set display methods, set datalength, etc.)
2) Addresssetinstructionsto internal RAM
3) Datatransfer instructions with internal RAM

4) Others

The address of the internal RAM is automatically increased or decreased by 1.

Note: during internal operation, busy flag (DB7) isread “High”.
Busy flag check must be preceded by the next i nstruction.

Instruction Table

Instruction code Execution
Instruction Description time (fosc=
RS | R/W| DB7| DB6| DB5| DB4| DB3| DB2| DB1| DBO 270 KHZ
Clear Write “20H” to DDRA and set
. 0 0 0 0 0 0 0 0 0 1 | DDRAM address to “00H” from 1.53ms
Display AC
Set DDRAM addressto “00H”
Return From_AC and r_e@urn_curs_or to
0 0 0 0 0 0 0 0 1 - | Itsoriginal positionif shifted. 1.53ms
Home The contents of DDRAM are not
changed.
www.usmicroproducts.com 4 (800) 741-7755
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Entry mode Assign cursor moving direction
Set y 0 0 0 0 0 0 1 |I/D|SH| ang blinking of entire display 39us
; Set display (D), cursor (C), and
g'Splay ON|/ 0 o|lo|lo]o|1|D]| c| B |Blinkingof cursor (B) ooff
FF contro Cortrol bit.
Set cursor moving and display
Cursor or Shift control bit, and the
Display shift 0 0 0 0 0 1| SCRL - " | Direction, without changing of 3%us
DDRAM data.
Set interface data length (DL: 8
. ) ) Bit/4-bit), numbers of display
Function set 0 0 0 0 1 (DL| N F Line (N: =2-line/1-line) and, 39us
Display font type (F: 5x11/5x8)
Set CGRAM add inadd
SACSRAM | 0 | 0 | 0| 1 |ACS|ACA |AC3|AC2|ACL|ACD| Coprer S 30us
Set DDRAM add inadd
SADORAM | o0 | 0 | 1 |ACE|ACS|ACA|AC3| AC2|ACL|ACO| Coter ressinaddress 30us
Read busy Whether during internal
Operation or not can be known
Flag and 0 1 | BF |AC6|AC5| AC4|AC3|AC2 |ACL1|ACO By reading BF. The cortents of Ous
Address Address counter can also be read.
i Write datainto internal RAM
Xv(;ggsaato 1| 0 |D7|D6|D5|D4|D3|D2|DL| DO | BORAMCRAM) 43us
Read dataf internal RAM
Eﬁ‘;‘; (lj?a;‘aM 1| 1|D7|D6|D5|D4|D3|D2|D1| DO | DDRAMICCRAM) 43us
NOTE:

When an MPU program with checking the busy flag (DB7) is made, it must be necessary 1/2fosc is
necessary for executing the next instruction by the falling edge of the “E” signal after the busy flag (DB7)
goesto “Low”.

Contents
1) Clear display

RS RIW DB7Y DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 0 0 0 0 0 0 0 1

Clear all the display data by writing “20H” (space code) to all DDRAM address, and set DDRAM
addressto “O0H” into AC (address counter).

Return cursor to the original status, namely, bring the cursor to the left edge on the fist line of the
display.

Make the entry mode increment (I/D="High”).

2) Return home

RS RIW DB7Y DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 0 0 0 0 0 0 1 -

Return home is cursor return home instruction.

Set DDRAM address to “00H” into the address counte.

Return cursor to its original site and return display to its original status, if shifted.
Contents of DDRAM does not change.

www.usmicroproducts.com 5 (800) 741-7755
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USMPC-TQ1602B-TBYBH

3) Entry mode set

RS R/IW DB7Y DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 0 0 0 0 0 1 I/D SH

Set the moving direction of cursor and display.

I/D: increment / decrement of DDRAM address (cursor or blink)
When I/D=high”, cursor/blink movesto right and DDRAM addressisincreased by 1.
When 1/D=“Low”, cursor/blink movesto left and DDRAM addressisincreased by 1.
*CGRAM operates the same way as DDRAM, when reading from or writing to CGRAM.

SH: shift of entiredisplay
When DDRAM read (CGRAM read/write) operation or SH=“Low”, shifting of entire display is not
performed. If SH =“High” and DDRAM write operation, shift of entire display is performed according to
I/D value. (I/D=high”. shift |eft, I/D=“Low”. Shift right).

4) Display ON/OFF control

RS RIW DB7Y DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 0 0 0 0 1 D C B

Control display/cursor/blink ON/OFF 1 bit register.

D: Display ON/OFF control bit
When D="High”, entire display is turned on.
When D="“Low”, display is turned off, but display dataremainsin DDRAM.

C: cursor ON/OFF control bit
When D="High”, cursor is turned on.
When D="“Low”, cursor is disappeared in current display, but I/D register preservesits data

B: Cursor blink ON/OFF control bit
When B="“High”, cursor blink is on, which performs aternately between all the “High” data and display
characters at the cursor position.
When B=“Low”, blink is off.

5) Cursor or display shift

RS RIW DB7Y DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 0 0 0 1 SIC R/L - -

Shifting of right/left cursor position or display without writing or reading of display data.
Thisinstruction is used to correct or search display data.

During 2-line mode display, cursor moves to the 2nd line after the 40th digit of the 1< line.
Note that display shift is performed smultaneously in al the lines.

When display data is shifted repeatedly, each line is shifted individually.

When display shift is performed, the contents of the address counter are not changed.

Shift patterns according to S/C and R/L bits

| sc | RL | Operation

www.usmicroproducts.com 6 (800) 741-7755
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USMPC-TQ1602B-TBYBH

Shift cursor to the left, AC isdecreased by 1

Shift cursor to theright, AC isincreased by 1

Shift all the display to the left, cursor moves according to the display
Shift all the display to the right, cursor moves according to the display

Rk OO
RO O

6) Function set

RS R/IW DB7Y DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 0 0 1 DL N F - -

DL: Interface data length control bit
When DL=“High”, it means 8-bit bus mode with MPU.
When DL=“Low”, it means 4-bit bus mode with MPU. Hence, DL isa signal to select 8-bit or 4-bit bus
mode.
When 4-but bus mode, it needs to transfer 4-bit data twice.
N: Display line number control bit
When N=“Low”, 1-line display mode is set.
When N=“High”, 2-line display mode is s&t.
F: Display linenumber control bit
When F=“Low”, 5x8 dots format display mode is set.
When F=“High”, 5x11 dots format display mode.

7) Set CGRAM address

RS RIW DB7Y DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 0 1 AC5 AC4 AC3 AC2 AC1 ACO

Set CGRAM addressto AC.
The instruction makes CGRAM data available from MPU.

8) Set DDRAM address

RS RIW DB7Y DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 0 1 AC6 AC5 AC4 AC3 AC2 AC1 ACO

Set DDRAM addressto AC.
Thisinstruction makes DDRAM data available form MPU.
When 1-line display mode (N=LOW), DDRAM address is form “00H” to “4FH”.In 2-line display mode
(N=High), DDRAM address in the 1st line form “O0H” to “27H”, and DDRAM addressin the 2nd lineis
from “40H” to “67H”.

9) Read busy flag & address

RS R/IW DB7Y DB6 DB5 DB4 DB3 DB2 DB1 DBO
0 1 BF AC6 AC5 AC4 AC3 AC2 AC1 ACO

Thisinstruction shows whether ST7066U isin internal operation or not.

If the resultant BF is“High”, internal operation is in progress and should wait BF isto be LOW, which by
then the nest instruction can be performed. In this instruction you can also read the value of the address
counter.

10) Writedatato RAM

www.usmicroproducts.com 7 (800) 741-7755
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USMPC-TQ1602B-TBYBH

RS R/IW DB7Y DB6 DB5 DB4 DB3 DB2 DB1 DBO
1 0 D7 D6 D5 D4 D3 D2 D1 DO

Write binary 8-bit datato DDRAM/CGRAM.

The selection of RAM from DDRAM, and CGRAM, is st by the previous address set instruction
(DDRAM address set, CGRAM address s&t).

RAM set instruction can also determine the AC direction to RAM.

After write operation. The address is automatically increased/decreased by 1, according to the entry
mode.

11) Read data from RAM

RS R/IW DB7Y DB6 DB5 DB4 DB3 DB2 DB1 DBO
1 1 D7 D6 D5 D4 D3 D2 D1 DO

Read binary 8-bit datafrom DDRAM/CGRAM.

The selection of RAM s set by the previous address set instruction. If the address set instruction of
RAM is not performed before this instruction, the data that has been read first is invalid, as the direction
of AC is not yet determined. If RAM data is read several times without RAM address instructions set
before, read operation, the correct RAM data can be obtained from the second. But the first data would be
incorrect, as there is no time margin to transfer RAM data

In case of DDRAM read operation, cursor shift instruction plays the same role as DDRAM address
Set ingruction, it also transfers RAM data to output data register.

After read operation, address counter is automatically increased/decreased by 1 according to the
entry mode.

After CGRAM read operation, display shift may not be executed correctly.

NOTE: In case of RAM write operation, AC isincreased/decreased by 1 asin read operation.

At thistime, AC indicates next address position, but only the previous data can be read by the read
instruction.

Display character address code:

Displayposition | 1 | 2 | 3 | 4 | 5
DDRAM address | 00 | 01 |02 |03 |04 |05 | 06 | 07 |08 | 09 | OA| OB| OC| OD| OE| OF
DDRAM address | 40 | 41 | 42 |43 | 44 |45 | 46 | 47 | 48 | 49 | 4A| 4B | 4C| 4D| 4E| 4F

www.usmicroproducts.com 8 (800) 741-7755
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. US Micro Products is an industrial distributor specializing in engineered display solutions.
D|Sp|ays We dedicate ourselves to providing the best in displays for the medical, industrial, gaming,

automotive, aerospace, military and consumer markets.

OLEDs TFT Display Open Frame Monitors

Passive LCDs Multitouch Touch Screen

As our customer, you receive expert knowledge, support and service.
Our technical sales staff and experienced design engineers provide answers to
your questions and engineered solutions to meet your display needs.

Peri p h eral Our full line of peripheral devices includes keyboards, trackballs and printers. These rugged

industrial products are designed to meet the rigorous demands of your equipment and

DeVi ces are available in a variety of standard and custom options.
Aerospace _
Keyboards Trackballs Trackballs Printers

US MiCI"O PI"OdUCtS 6207 Bee Caves Rd., Suite 330, Austin, TX 78746
Electronic Products for the Oem  U-S-A. Tel. 800-741-7755 « International Tel. 01-512-385-9000 « Fax. 512-385-9002

www.usmicroproducts.com






