: Crystalfontz  This controller datasheet was downloaded from http://lwww.crystalfontz.com/controllers/
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Features

W Single-chip LCD controller / driver
- 26 common outputs
- 80 segment outputs
B Applicable display panel
- 2-line x 16 characters + 80 icons (1/17 duty)
- 3-line x 16 characters + 80 icons (1/25 duty)
W5 x 7 character format plus cursor; 5 x 8 for user defined symbols
B Character Generator ROM (CGROM)
- 10,240 bits (256 characters x 5 x 8 dots)
- Custom CGROM is also available
W Character Generator RAM (CGRAM): 320 bits (8 characters x 5 x 8 dots)
W Display Data RAM (DDRAM): 512 bits (16 characters x 4 lines x 8)
B Segment Icon Ram (ICONRAM): 80 bits (80 icons)
M Versatile functions provided on chip: Return home, Display control, Power save, Power control, etc.
B COM / SEG bi-directional (4-type LCD application available)
B On-chip oscillator requires no external components (external clock also possible)
W 2X / 3X DC-DC converter generation of LCD supply voltage
W Voltage regulator with electronic volume for contrast control (32 steps)
W \Voltage follower & bias circuit
B Very low current consumption (VDD = 3.0 V):
- Sleep mode: <5 pA
- Normal mode: < 80 pA
B Power supply voltage: VDD = 2.4~3.3V
M Display supply voltage range (VLCD =V0 - VSS): VLCD =4.0t0 6.0 V
B No busy check or no execution waiting time
W 4-bit or 8-bit parallel bus: 6800 and 8080
M Serial interface
B CMOS process
B Available in COG form

General Description

The NT7606 is a low power CMOS LCD controller and driver designed to drive a dot matrix LCD
display of 2-line or 3-line by 16 characters with 5 x 8-dot format. All necessary functions for the display
are provided in a single chip, including on-chip generation of LCD bias voltages, resulting in a
minimum of external components and lower system current consumption. The NT7606 interfaces to
most micro-controllers via a 4-bit / 8-bit parallel bus or via the serial interface. The chip contains a
character generator and displays alphanumeric character.

4 Ver 1.0
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Block Diagram
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Pad Descriptions

Power Supply

Pad No. | Designation | 1/O Description
15-21 VDD P 2.4 -3.3V power supply input
22 — 28 VSS P |Ground
4,61, 65, 69 VDD O 2.4 -3.3V power supply output for pad option
2, 58’8%3’ 67, VSS O |Ground output for pad option
LCD driver supply voltages. The voltage determined by LCD cell
is impedance-converted by a resistive driver or an operation
amplifier for application. Voltages should be the following
i ip:VO>V1>V2>V3>V4>
37 - 40 VO relationship: VO > V1 >V2>V3>V4 >VSS
35 36 V1 When the on-chip operating power circulit is on, the following
' voltages are given to V1 to V4 by the on-chip power circuit.
33,34 V2 P |Voltage selection is performed by the Set LCD Bias instruction.
31,32 V3 LCD bias V1 V2 V3 V4
29, 30 V4
1/4 bias 3/4 V0 2/4 V0 1/4 VO
1/5 bias 4/5 VO 3/5V0 2/5 V0 1/5VO0
LCD Driver Supply
Pad No. | Designation | 1/O Description
51 -53 CAP1- O |Capacitor 1- pad for internal DC/DC voltage converter
54 - 56 CAP1+ O |[Capacitor 1+ pad for internal DC/DC voltage converter
45 - 47 CAP2- O |Capacitor 2- pad for internal DC/DC voltage converter
48 — 50 CAP2+ O |Capacitor 2+ pad for internal DC/DC voltage converter
43, 44 VOUT I/0 |DC/DC voltage converter output.
Voltage adjustment pad. Applies voltage between VO and VSS
41, 42 VR I . e !
using a resistive divider.
This is the external input reference voltage (VREF) instead of
57 VEXT | the mte_rnal voltage regulator, 2 V. It is valid only when external
VREF is used.
When using internal VREF, this pad must be NC.
Select the internal voltage regulator or external voltage
59 VRS | regulator,

VRS = “L": using the internal VREF (2 V).
VRS = “H": using the external VREF, through VEXT pad input.

7 Ver 1.0
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System Bus Connection Pads

Pad No. Designation | 1/O Description
External clock input.

62 cL | It must be fixed to “H” or “L” when the internal oscillation circuit
is used. In case of the external clock mode, CL is used as the
clock and OS bit should be OFF.

Interface data length selection pin for parallel data input
66 Pl I Pl ="L": 4-bit data input mode.
Pl = “H": 8-bit data input mode.
This is the MPU interface switch terminal.
68 C86 I |C86 ="L": 8080 Series MPU interface.
C86 = “H": 6800 Series MPU interface.
This is the parallel data input/serial data input switch terminal.
P/S =*“L": Serial data input.

64 P/S | P/S = “H": Parallel 4-bit / 8-bit data input.

When P/S =“L”, DO to D5 are HZ. DO to D5 may be “H”, “L" or
Open. /RD (E) and /WR (R/W) are fixed to either “H” or “L”. With
serial data input, RAM display data reading is not supported.
SEG direction selection input

60 DIRS | |DIRS =“L": SEG1-> SEG2->------- > SEG79-> SEG80
DIRS = “H": SEG80-> SEG79->---:--- > SEG2-> SEG1
This is the chip select signal.

6 ICS I |When /CS ="“L", then the chip select becomes active, and
data/instruction 1/O is enabled

70 IRES | When /RES is set to “L”, the settings are initialized.

The reset operation is performed by the /RES signal level.
When connected to an 8080 Series MPU, it is low active. This
/ pad is connected to the /RD signal of the 8080 MPU, and the

5 (RI’E? | INT7606 data bus is in an output status when this signal is “L".
When connected to a 6800 Series MPU, this is active HIGH.
This is used as an enable clock input of the 6800 series MPU.
When connected to an 8080 Series MPU, this is low active. This
terminal connects to the 8080 Series MPU /WR signal. The
signals on the data bus are latched at the rising edge of the /WR

3 /WR | signal.

(R/W) When connected to a 6800 Series MPU: This is the read/write

control signal input terminal.
R/W = “L": Write.
R/W = “H": Read.

8 Ver 1.0
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System Bus Connection Pads (continue)

Register selects signal input.

1 RS | |RS ="L": selects the instruction register
RS = “H": selects the data register
When 8-bit bus mode (P/S = “H” and PI = “H"), DO — D7 are
used as bi-directional data bus that connects to an 8-bit MPU
data bus.

11-14 DO - D3 When 4-bit bus mode (P/S = “H” and Pl = “L"), D4 — D7 are used
9-10 D4 — D5 o 8s bi-directional data bus that connects to a 4bit MPU data bus.

8 D6 (SCL) And in this case DO — D3 pins are not used and set to HZ.

7 D7 (SI) When the serial interface is selected (P/S = “L"), then D7 serves
as the serial data input terminal (SI) and D6 serves as the serial
clock input terminal (SCL). At this time, DO to D5 are set to HZ.
When the chip select is inactive, DO to D7 are set to HZ.

System Bus Connection
Pad No. Designation /0 Description
99-178 SEG1-80 O |Segment signal output for LCD display
82 — 89,
133 : El)gl COM1-24 O |Common signal output for LCD display.
180 — 183
81 179 COMS1, o Common signal output for icon display
! COMS2 COMS1 and COMS2 are the same signal, but name is different.
Test Pads
Pad No. | Designation | 1/O Description
TESTO, .
71,73 TEST? | |Test pads, no connection for user.
72 TEST1 | |Test pad, must connected to VDD.
94 — 98 TESTDO - 4 O |Test data output, no connection for user.
No Connected Pads
Pad No. | Designation | 1/O Description
74-179 NC I |No connection.

9 Ver 1.0
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Functional Descriptions

Microprocessor Interface

NT7606 has two kinds of interface type with MPU: parallel mode, serial mode. Parallel or serial mode
is selected by P/S pad. In parallel mode, 4-bit data bus or 8-bit data bus is selected by Pl pad, and
6800 or 8080 MPU mode is selected by C86 pad.

Interface type selection

The NT7606 can transfer data via 4-bit bi-directional data bus (D7 to D4) / 8-bit bi-directional data bus
(D7 to DO) or via serial data input (SI).

When high or low is selected for the parity of P/S pad, either 4-bit/ 8-bit parallel data input or serial
data input can be selected. When serial data input is selected, the RAM data cannot be read out.

Table 1. Parallel or Serial MPU Interface according to P/S

/RD | IWR
P/S Type ICS | RS E) | (RW) C86 PI D7 D6 |D5,D4|D0to D3
IRD | /WR H (8-bit)| D7 | D6 [D5, D4|DO0 to D3
H |Parallel Input| /CS RS E) | (RW) C86 L (4-bit)| D7 D6 |D5.D4| (HZ)
L Serial Input | /CS | RS - - - - S| SCL (HZ)

Note: “-“ must always be fixed “H” or “L".
Parallel Input (P/S is high)
When the NT7606 selects parallel input (P/S = high), the 4-bit or 8-bit parallel input mode can be
selected by causing the PI pad to go high or low.

When the NT7606 selects parallel input (P/S = high), the 8080 series microprocessor or 6800 series
microprocessor can be selected by causing the C86 pad to go high or low.
The NT7606 identifies the data bus signal according to RS, /RD (E) and /WR (R/W) signals.

Table 2. Various Kinds of Parallel MPU interface according to Pl and C86

PI C86 Type ICS RS ’(Ffz')j (QYVF\QI) DO to D3 | D4 to D7
H H 8-bit 6800 MCU bus | /CS RS E RIW DO to D7
L 4-bit 6800 MCU bus | /CS RS E RIW (HZ) | D4toD7
H ] 8-bit 8080 MCU bus | /CS RS /RD /WR DO to D7
L 4-bit 8080 MCU bus | /CS RS /RD /WR (HZ) | D4toD7

10 Ver 1.0
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Serial Interface (P/S is low)

When the serial interface has been selected (P/S = “L”) then when the chip is in active state (/CS ="L")
the serial data input (SI) and the serial clock input (SCL) can be received. The serial data is read from
the serial data input pin in the rising edge of the serial clocks D7, D6 through DO, in this order.

At the rising edge fo the 8the serial clock, the serial data (D7 — DO) is converted into 8 bit bus mode
data. The RS input of the DR/IR selection is latched in the rising edge of eighth serial clock (SCL) for
the processing.

Figure 1 is serial interface signal diagram.

ICS \
siory /////X b7 Xpe X psX pbaX p3X b2 X p1X poX b7 X D6 X D5><:
e EaEaRakaEnEaRaEnkakalnl

RS

Figure 1. Diagram of Serial Data Transfer

Chip Select Inputs

The NT7606 has one chip select pads. /CS can interface to a microprocessor when /CS is low . When
this pads are set to high, DO to D7 are high impedance and RS, /RD (E), /IWR (R/W) inputs are
disabled.

Registers

The NT7606 has three 8-bit registers, an Instruction Register (IR), and Data Register (DR) and an
output data register (OR).

During writing operation, the Register Select signal (RS) determines which register will be accessed.
The instruction register stores instruction codes and address information for the Display Data RAM
(DDRAM), Character Generator RAM (CGRAM) and Segment Icon RAM (ICONRAM).

During reading operation, output data register (OR) is used. The output data register temporarily
stores data to be read from the DDRAM, CGRAM and ICONRAM and one of these RAM are selected
by RAM address setting instruction. After RAM address setting, first reading is a dummy cycle in 8-bit
bus mode. The valid data comes from second reading. In 4-bit bus mode, after RAM address setting,
first and second reading is dummy cycles. The valid data comes from third reading. The dummy read
make the address counter (AC) increased by 1.So it is recommended to set address again before
writing, The instruction read cycle is not supported and it is regarded as a no operation cycle.

In 4-bit bus mode, it is needed to transfer 4-bit data (through D7~ D4) by two times .The high order
bits (for 8-bit mode D7~D4) are written before the low order bits (for 8-bit mode D3~DO0) in write and
low order bits (for 8-bit mode D3~DO0) are read before the high order bits (8-bit mode D3~D0) in read
transaction. The DO~D3 pins are floated in this 4-bits bus mode. After /RES resets, NT7606 considers
first 4-bit data from MPU as high order bits.

11 Ver 1.0
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PI

cee  /
s\
RS /

RIW / \
E w—
o7-00_///////X X////X///T//////X T)(///)(Bi'i;‘TX/////X TX///

Instruction Write NOP Dummy Read RAM Read Data Write
Figure 2. Diagram of 8-bit Parallel Bus Mode Data Transfer (6800 MPU Mode)

npn
Pl

cgs  \
s\
RS /

we T\ \__/

IRD /S
o7~-00_///////IX___ XL/LIXL/ L[/ /11 /X TX///X¥f;'iiTX/////X TX///

Instruction Write NOP Dummy Read RAM Read Data Write
Figure 3. Diagram of 8-bit Parallel Bus Mode Data Transfer (8080 MPU Mode)

Instruction Write NOP Dummy Read RAM Read Data Write
Figure 4. Diagram of 4-bit Parallel Bus Mode Data Transfer (6800 MPU Mode)
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Instruction Write NOP Dummy Read RAM Read Data Write
Figure 5. Diagram of 4-bit Parallel Bus Mode Data Transfer (8080 MPU Mode)

Address Counter (AC)

The address counter assigns addresses to the DDRAM CGRAM and ICONRAM for reading and
writing and is set by the instructions ‘CGRAM address set’, ‘' DDRAM address set’ and ‘ICONRAM
address set'. After a read/write operation, the address counter is automatically incremented by 1.
The address counter content are only one and stores the address among DDRAM / CGRAM /
ICONRAM.

13 Ver 1.0
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Display Data RAM (DDRAM)

The DDRAM stores up to 64 characters of display data represented by 8-bit character codes. DDRAM
address is set in the address counter (AC) as a hexadecimal number.

1st Character 16tH Character

comi~coms |00 ] 01|02 |03]04|05]06][07|08]|09]|0A]0B]o0C]|o0D]O0E]|OF]|

COM9~COM16|10|11|12|13|14|15|16|17|18|19|1A|1B|1C|1D|1E|1F|

Hidden Line 2021|2223 |24 2526|2728 |29 |2a[2B|2c|2D | 2E | 2F |
Hidden Line 30 [31[32[33|34]35[36|37]38|39|3a[3B|3c|3D|3E]|3F
SEG1 SEG80

(1) 2-Line mode DDRAM Address

1st Character 16tH Character

comi ~coms [00] 01|02 [03]04|05]06[07|08][09]|0A]0B]o0C]|o0D]O0E]|OF]|

COM9 ~COM16|10|11|12|13|14|15|16|17|18|19|1A|1B|1C|1D|1E|1F|

COM17~COM24|20|21|22|23|24|25|26|27|28|29|2A|ZB|ZC|2D|2E|2F|

Hidden Line 30 [31[32[33|34]35[36|37]38|39|3a[38|3c|3D|3E]|3F

SEG1 ) SEG80
(2) 3-Line mode DDRAM Address

Figure 6. DDRAM Address

Character Generator ROM (CGROM)

The Character Generator ROM generates 256 character patterns in a 5 x 8-dot format from 8-bit
character codes. The CG bit of the instruction table selects the 8 characters (O0OH ~ 07H) of CGROM
or CGRAM. Table 3 shows the character set that is currently implemented.

User can define self-CGROM through changing MASK ROM.

14 Ver 1.0
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Character Generator RAM (CGRAM)

CGRAM has up to 5 x 8 dot 8 characters. By writing font data to CGRAM, use defined character can
be used. CGRAM can be written regardless of CG bit.

Table 4. Relationship between CGRAM addresses data and display patterns

Character codes
(DDRAM data)

DD / CGRAM address

CGRAM data (example)

Pattern
Higher Orpler Lower | Higher Or_der Lower Character Character No.
bits bits patterns code
D7 D6 D5 D4 D3 D2 DL DO|A6 A5 A4 A3 A2 Al A0 4 3 2 1 0]4 3 2 1 0
o o 0 0 0 0 0O O]J]1 o O O O 0 o0 0 1 0 1 0
o o0 1 1 0 1 0 1
0o 1 o 01 0 1 0
(00H) o 1 1 1 0 1 o 1 |Pattern
1 0 o0 01 0 1 0 0
1 0 1 1 0 1 0 1
1 1 o0 0 1 0 1 0
11 1 1.0 1 0 1
o o 0 0 0 0 O 1|1 o 0 1 0 0 o0 0 0 0 0 O
o o0 1 11 1 1 1
0o 1 o 0 0 0 0 O
(01H) o 1 1 1 1 1 1 1 |Pattern
1 0 0 0 0 0 0 O 1
1 0 1 11 1 1 1
1 1 o0 0 0 0 0 O
11 1 1.1 1 1 1
o o 0 0 0 0 1 0]J]1 0o 1 0 O0 0 0 0 1 0 1 0
o o0 1 01 0 1 0
0o 1 o0 01 0 1 0
(02H) 0o 1 1 o 1 o 1 o |Pattern
1 0 0 01 0 1 0 2
1 0 1 01 0 1 0
1 1 o0 01 0 1 0
11 1 01 0 1 0
o o 0 0 0 0 1 1|1 o0 1 1 0 0 o0 0 1 1 1 0
o o0 1 1.0 1 0 1
0o 1 o0 11 0 1 1
(03H) 0o 1 1 1 0o 1 o 1 |Pattern
1 0 0 0 1 1 1 0 3
1 0 1 11 1 1 1
1 1 o0 11 1 1 1
11 1 11 1 1 1
o o 0 0 0 I 0 o0]J]1 1 0 0 0 0 o© 1 1 0 1 1
o o0 1 1.0 0 0 1
o 1 o0 0 0 0 0 O
(04H) 0o 1 1 1 0 o o 1 |Pattern
1 0 0 11 0 1 1 4
1 0 1 11 1 1 1
1 1 o0 11 1 1 1
11 1 11 1 1 1
o o o0 0 0 I 0 1|1 1 0 1 0 0 o0 1 1 1 1 1
o o0 1 11 1 1 1
o 1 o0 0 0 0 0 O
(05H) 0 1 1 o o o o o |Pattern
1 0 0 11 1 1 1 5
1 0 1 11 1 1 1
1 1 o0 0 0 0 0 O
11 1 00 0 0 0

16
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Table 4. Relationship between CGRAM addresses data and display patterns (Continued)

Character codes (DDRAM

DD / CGRAM address

CGRAM data (example)

Segment ICON RAM (ICONRAM)

data)
Pattern
. Order . Order Character Character
Higher . Lower | Higher . Lower No.
bits bits patterns code
D7 D6 D5 D4 D3 D2 DI DO|A6 A5 A4 A3 A2 Al AD |4 3 2 1 04 3 2 1 0O
o o 0 0 0O 1 1 O]1 1 1 ©O0 0 0 O 0 0 1 1 O
0 o0 1 0 0 1 1 0
0 1 0 0 0 1 1 0
(06H) 0 1 1 o o 1 1 o |Pattern
1 0 0 0 0 1 1 0 6
1 0 1 0 0 1 1 0
1 1 0 0 0 1 1 0
11 1 0 0 1 1 0
o o o o o 1 1 1]1 1 1 1 0 o0 O 0 0 0 0 O
0 0 1 10 0 0 1
0 1 0 11 0 1 1
(O7H) 0 1 1 1 0o o o 1 |Pattern
1 0 0 00 0 0 O 7
1 0 1 1 0 0 0 1
1 1 0 11 0 1 1
11 1 11 1 1 1

The ICONRAM has segment control data and segment pattern data. COMS1 and COMS2 are the
same signals, but the name is different. The number of icons is 80.
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Figure 7. Relationship between ICONRAM and Icon Display
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Table 5. Relationship between ICONRAM addresses data and display patterns

ICONRAM address ICONRAM Bits
D7 D6 D5 D4 D3 D2 D1 DO
OOH - - - Si1 S2 S3 S4 S5
01H - - - S6 S7 S8 S9 S10
OEH - - - S71 S72 S73 S74 S75
OFH - - - S76 S77 S78 S79 S80
Note: *“-” Don't care.
Oscillator

The on-chip oscillator provides the clock signal for the display system. No external components are
required and the CL pad must be connected to “H” or “L” when the internal oscillation circuit is used.
In case of the external clock mode, CL is used as the clock and OS bit should be OFF.

Frame frequency
® 1/17 Duty (2-line mode)

l«— 1-line selection period
12| helazlala| - helazla 2] - li6lazla 2] - |16]27]
"
com1
V4
Vss

I: 1 Frame + 1 Frame =I

Figure 8. 2-Line Mode Frame Frequency
1-line Selection Period= 16 clocks

One Frame =16 x 17 x 46.0 us=12.5 ms (1 Clock = 46.0us at Fosc = 21.76 KHz)
Frame Frequency =1/12.5 ms =80 Hz
® 1/25 Duty (3-line mode)
l«— 1-line selection period
) Py 1P R Y 1P Y
VO
V1
comM1
va
Vss
l¢ 1 Frame Jle 1 Frame N

N T ol
Figure 9. 3-Line Mode Frame Frequency

1-line Selection Period = 16 clocks
One Frame =16 x 25x 31.25 us=12.5 ms (1 Clock = 31.25us at Fosc = 32 KHz)
Frame Frequency =1/12.5 ms = 80 Hz
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Sleep mode (Power Save Bit ON, Oscillation Bit OFF)

NT7606 provides with sleep mode for saving power consumption during standby period.

To enter the sleep mode, the power circuit and oscillation circuit should be turned off by using the
power save instruction and the power control instruction. This mode helps to save power consumption
by reducing current to reset level.

| 1. Display control: D = OFF | | 1. Power save: PS = OFF; OS = ON |
v v

| 2. Power save: PS = ON; OS = OFF | | 2. Power control: VC & VR & VF = ON |
v

| 3. Power control: VC & VR & VF = OFF | | Waiting for 20ms or more |
v v

| Enter the Sleep Mode | 3. Display control: D = ON |

v

| Sleep Mode Released |

Figure 10. Sleep Mode Set or Release by Instructions

1. Liquid Crystal Display Output
COM1 ~ COM24, COMS1, COMS2: VSS level. SEG1 ~ SEG80: VSS level
2. Data written in DDRAM, CGRAM, ICONRAM and registers are remained as previous value.
3. Operation mode is retained the same as it was prior to execution of the sleep mode.
All internal circuits are stopped.
4. Power Circuit and Oscillation Circuit.

The build-in power supply circuit and oscillation circuit are turned off by power save instruction and
power control instruction.

LCD common and segment drivers

The NT7606 contains 26 common and 80 segment drivers, which connect the appropriate LCD bias
voltages in sequence to the display in accordance with the data to be displayed. COMS1 and COMS2
drive the icon common. The bias voltages and the timing are selected automatically when the number
of lines in the display is selected.

Table 6. SEG Data Shift Direction

DIRS pad SEG data shift direction
L SEG1 -> SEG2 -> SEG3 ->:weeeeeeeeee- > SEG78 -> SEG79 -> SEG80
H SEGS80 -> SEG79 -> SEG78 ->-----euueee- > SEG3 -> SEG2 -> SEG1
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Table 7. COM Data Shift Direction
Line mode S COM data shift direction
2-Line 0 (left) COML -> COM2 ->-eveeenenene. -> COM16 -> COMS1 (COMS2)
mode 1(ight) | COMSL (COMS2) -> COMLE ->---srsmeeeee > COM2 -> COM1
3-Line 0 (left) COM1 -> COM2 ->--eevnrenenss -> COM24 -> COMS1 (COMS2)
mode 1 (right) COMS1 (COMS2) -> COM24 ->+vrvrvenens > COM2 -> COM1

LCD supply voltage generator

The power supply circuits are low-power consumption power supply circuits that generate the voltage
levels required for the liquid crystal drivers. They comprise DC-DC converter circuits, voltage regulator
circuits, and voltage follower circuits. The power supply circuits can turn the Booster circuits, the
voltage regulator circuits, and the voltage follower circuits ON or OFF independently through the use
of the Power Control Set instruction. Consequently, it is possible to make an external power supply
and the internal power supply function somewhat in parallel. Table 8 shows the Power Control Set
Instruction 3-bit data control function, and Table 9 shows reference combinations.

Table 8. The Control Details of Each Bit of the Power Control Set Instruction

Status
Iltem “qr “gr
\VC. DC-DC converter (V/C) circuit control bit ON OFF
VR: Voltage regulator circuit (V/R) control bit ON OFF
VF: Voltage follower circuit (V/F) control bit ON OFF

20

Ver 1.0



=
Q N@VATEK

NT7606
Table 9. LCD Power Supply Combinations
Voltage
Use Settings VC VR VF St_ep-gp regulator .V/F. VOUT pin| VR pin Vo N va
circuit .~ .. Circuit pin
circuit
Only the internal power Internal | Used for Internal
) 1 1 1 ON ON ON voltage voltage voltage
supply is used . .
input  |adjustment| output
Only the V regulator External | Used for Internal
circuit and the V/F circuitf 0 1 1 | OFF ON ON voltage voltage voltage
are used input  |adjustment| output
VO:
external
voltage
Only the V/F circuit is input
used 0 0 1| OFF OFF ON Open Open V1-Va:
Internal
voltage
output
VO~V4:
Only thg external power 0 0 ol OFE OFEE OFF Open Open Internal
supply is used voltage
output

*The “step-up system terminals” refer CAP1+, CAP1-, CAP2+ and CAP2-.

*While other combinations, not shown above, are also possible, these combinations are not
recommended because they have no practical use.

The Voltage DC-DC Converter Circuits

Using the step-up voltage circuits equipped within the NT7606 chips it is possible to product 2X, 3X
Step-up of the VDD - VSS voltage levels. Vourtis generated from the voltage converter. And this

conversion voltage is used in the build-in Voltage Regulator circuit. Figure 11 shows the application
circuit of 2-time and 3-time DC-DC converter.
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Vbbp Vob
T NT7606 T NT7606
Vbb Vbbp
ﬁ CAP1+ ﬁ CAP1+
--- . --- .
] [ ]
+ Tt leapr + T leapt
CAP2+ F CAP2+
CAP2- T lcarz
Vour Vourt
2-time DC-DC convert 3-time DC-DC convert
voltage circuit voltage circuit

Vout=3 X Vbop=9V .

Vout=2 X Vbb=6V -

Vob=3V —“— Vob=3V —“—
Vss=0V Vss=0V
2-time DC-DC convert voltage 3-time DC-DC convert voltage
relationships relationships

Figure 11. Voltage DC-DC Converter Circuit and Output
The Voltage regulator circuit

The step-up voltage generated at Vour outputs the liquid crystal driver voltage VO through the voltage

regulator circuit. Because the NT7606 chips have an internal high-accuracy fixed voltage power supply

with a 32-level electronic volume function and external resistors for the VO voltage regulator.

Moreover, in the NT7606, two types of selections have been prepared as VREF options:

(1) When VRS is “L": internal VREF (2 V).The internal VREF of voltage regulator has the
temperature compensation function, and the temperature coefficient is about 0.0%/

(2) When VRS is “H”, VREF external input (supplied to the VEXT terminal).

Using External Resistors to Adjust VO Voltage Regulator

Through the use of the VO voltage regulator external resistors and the electronic volume function the
liquid crystal power supply voltage VO can be controlled (with adding two external resistors: Ra and
Rb), making it possible to adjust the liquid crystal display brightness. The VO voltage can be calculated
using equation A-1 over the range where VO < VOUT.

VO = ( 1+Rb/Ra)*Vev = ( 1+Rb/Ra )* (1-0/150)*VREF (Equation A-1)
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Rb

VEXT

Ra

777777~ GND
Figure 12. Voltage Regulator and Electronic Contrast Control Circuit

VREF is the IC internal fixed voltage supply, and its voltage at Ta =25 is as shown in Table 10.
Table 10. Voltage VREF Selection

Equipment Type VRS g;?ae(;?;ilt Units VREF
Internal power Supply 0 -0.0 %/ 2.0
External input 1 - - VEXT

o is set to 1 level of 32 possible levels by the electronic volume function depending on the data set in
the 5-bit electronic volume register. Table 11 shows the value for o depending on the electronic
volume register settings

Table 11. Electronic Contrast Control

C7 C6 C5 C4 C3 C2 C1 cCo (v} Vo Contrast
0 . .
- - - 0 0 0 0 0 (default) Maximum High
- - - 0 0 0 0 1 1
- - - 0 0 0 1 0 2
- - - 1 1 1 1 0 30 ; ;
- - - 1 1 1 1 1 31 Minimum Low

Note: “-” Don’t care.
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The VO voltage as a function of the VO voltage regulator external resistor ratio register and the
electronic volume register.

Setup example: When selecting Ta=25 and VO = 5V for an NT7606 model on which internal VREF
is used. The equation A-1, the following setup is enabled.

Table 12. Example of VO Voltage Adjust

NT7606

Contents Adjust

External Rb/Ra resistor is Rb/Ra = 1.5
adjusted

D7 D6 D5 D4 D3 D2 D1 DO
- - - 0 0 0 0 0

Electronic Volume

The Liquid Crystal Voltage Generator circuit (Volatage Follower & Bias)

The VO voltage is produced by a resistive voltage divider within the IC, and can be produced at the V1,
V2, V3, and V4 voltage levels required for liquid crystal driving. Moreover, when the voltage follower

changes the impedance, it provides V1, V2, V3, and V4 to the liquid crystal drive circuit. 1/4 bias or 1/5
bias for NT7606 can be selected by instruction.
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Reference power supply circuit for driving LCD panel

VoD

NT7606

Cle—
cy =]

o
< _

Figure 13. When using all LCD power circuits

Vbbp

Vbb
CAP1+
CAP1-
CAP2+
CAP2-

Vourt

VR

VO

V1
V2
V3
V4
Vss

Value Of External Capacitor

Item

Value

Unit

C1

0.1~47

c2

0.1~47

uF

(VC, VR, VF =1, 1, 1)

NT7606

I

External
Power |

Supply

Vbbp

CAP1+
CAP1-
CAP2+
CAP2-
Vourt

VO

V1
V2
V3
V4
Vss

Value Of External Capacitor

Iltem

Value

Unit

C2

0.1~47

uF

Figure 14. When not using voltage booster

circuits (VC, VR, VF =0, 1, 1)

25

Vobp

—|: NT7606
Vop Value Of External Capacitor
CAP1+ -
CAP1- Item Value Unit
CAP2+ Cc2 0.1~47 uF
CAP2-
Vourt

External Vr

Power

Supply

+HIEZ+ vo

(ov

'>—||—C2 Vil

'>—||—C2 V2

'>—||—C2 V3

HE—] v4
Vss

Vv

Figure 15. When only using voltage follower
(VC,VR,VF=0,0,1)

VoD

NT7606

J I

External
Power

Supply

Vbbp

CAP1+
CAP1-
CAP2+
CAP2-

Vourt

VR

VO
V1
V2
V3
V4

Vss

\%

Figure 16. When not using internal LCD
power supply circuits (VC, VR, VF =0, 0, 0)
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Power-on reset and Initial State

The NT7606 must be reset externally by /RES pin when power is turned on. The external reset is low
active. After the reset the chip has the state shown in Table 13.

Table 13. State after reset

Function Control bit Remarks
state
D=0 Display off
Display control set C=0 Cursor off
B=0 Cursor character blink off
0sS=0 Oscillator off
Power save set
PS=0 Power save off
VC=0 Voltage DC-DC converter OFF
Power control set VR =0 Voltage regulator OFF
VF=0 Voltage follower OFF
N=0 2-line display
Function set S=0 COM left shift
CG=0 CGRAM is not used. CGROM is used.

Return home

Address counter (AC) = 00H

Electronic contrast control
register

10H = (0,0,0,0,0)

In case of 4-bit mode

NT7606 considers the first 4-bit data
from MPU as the high order bits.

Note: If initialization is not done by /RES pin at application, unknown condition might result.
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INSTRUCTIONS

Only the Instruction Register (IR), the Data Register (DR) and output Data Register (OR) can be
directly controlled by the MPU. Before internal operation, control information is stored temporarily in
these registers, to allow interfacing to various types of MPU that operates at different speeds or to
allow interface to peripheral control ICs.

Instruction set
1. Return home

RS D7 D6 D5 D4 D3 D2 D1 DO Hex
0 0 0 0 0 0 0 1 - 02h to 03h

Return home instruction field makes cursor return home.
DDRAM address is set to O0H from AC and the cursor returns to O0H position. The contents of
DDRAM are not changed

2. Double height mode

RS D7 D6 D5 D4 D3 D2 D1 DO Hex
0 0 0 0 0 1 0 DH2 DH1 | 08h to OBh

Double height mode instruction field selects double height line type.
When DH2 DH1 = 00: normal display (default)
01: COM1 ~ COM16 is a double height, COM17 ~ COM24 is normal
10:1) 2-line mode: normal display
2) 3-line mode:COM1 ~ COMS is normal, COM9 ~ COM24 is a double
height.
11: normal display
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Figure 18. COM1 ~ COM16 is a Double Height Line, COM17 ~ COM24 is Normal (DH2, DH1 = 01)
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Figure 20. 2-Line Normal Mode Display (DH2, DH1 = 00)

Figure 19. COM1 ~ COM8 is Normal, COM9 ~ COM24 is a Double Height Line (DH2, DH1

o
oo
oo
od
O
O
O
O

oood

000000000
0000000000

000oooooooo
0000000oooo
00000000000
0000000000
000000000

OOOCONENERRREROOO0

1000000000000
10000000000
100000000
OONEEEEECD
0000000000

0
0
0
000oooooooo
mDDDDDDDDDD
0
0

0000000000
0000000000

[{ITTTT 11 Inim
0000OmEO00000
00OmE00000000
0oooooooon
ENEEENEEROO

000000000000
000000000000
000000000000
000000000000
0000000000000

0ooo00ooomEoo
minl | Inininiuininf | {n{6/n(n]
O000RRCOEROO0000
goooooRRooooooon
INEEENEEROO

0
0
0
0

ERERROO00
od

({1110 0] [mm
OOmE000000
BR00000000
0oooooooon
({117 1]][un]

Ver 1.0

Hex
OCh to OFh

Power save instruction field is used to control the oscillator and set or to reset the power save

mode.

= 01)
DO
PS

D1
(ON)

D2

D3
28

turned OFF (default).
turned ON.

D4
[

turned ON.

IS

. power save Is

IS

D5

“L”, oscillator is turned OFF (default)

“L”: power save

D6
= “H", oscillator
HH”

Figure 21. COM1 ~ COM16 is a Double Height Line (DH2, DH1
D7

Power save set
oscillator ON/OFF control bi

When OS
When PS
When PS

When OS
power save ON/OFF control b

RS
(ON)
PS

3.
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4. Function Set
RS D7 D6 D5 D4 D3 D2 D1 DO Hex
0 0 0 0 1 0 N S CG 10h to 17h

N: display line mode instruction field selects 2-line or 3-line display mode

When N =“L": 2-line display mode (default)
When N = “H": 3-line display mode

S: data shift direction of common, S sets the shift direction of common display data

CG:

When S = “L”, COM left shift (default)

When S = “H”, COM right shift (Refer to Table 7)

CGRAM enable bit

When CG = “L”, CGRAM is disable. CGROM (00H~07H) can be accessed and additional
current consumption is saved by using this mode (default). (OOH~07H = CGROM font

display)

When CG = “H”, CGRAM can be accessed and you can use this RAM for eight special
character area. (OOH~07H = CGRAM font display)

5. Line shift mode

RS

D7 D

»

D5 D4

D3

D2

D1

DO Hex

0 0

o

0 1

1

0

LS2

LS1 |18hto 1Bh

Line shift mode instruction field selects the DDRAM to be displayed in the first line.
When LS2, LS1 = 00: DDRAM line 1 shows at the first line of LCD (default).

01: DDRAM line 2 shows at the first line of LCD.
10: DDRAM line 3 shows at the first line of LCD.
11: DDRAM line 4 shows at the first line of LCD.

LCD LCD LCD LCD
DDRAM Linel DDRAM Line2 DDRAM Line3 DDRAM Line4
( 0OH~OFH) ( 10H~1FH) ( 20H~2FH) ( 30H~3FH)
DDRAM Line2 DDRAM Line3 DDRAM Line4 DDRAM Linel
( 10H~1FH) ( 20H~2FH) ( 30H~3FH) ( 00H~OFH)
DDRAM Line3 DDRAM Line4 DDRAM Linel DDRAM Line2
( 20H~2FH) ( 30H~3FH) ( 00H~OFH) ( 10H~1FH)
DDRAM Line4 DDRAM Linel DDRAM Line2 DDRAM Line3
( 30H~3FH) ( 00H~OFH) ( 10H~1FH) ( 20H~2FH)
LS2,LS1=00 LS2,LS1=01 LS2,LS1=10 LS2,LS1=11
Figure 22. 2-Line Shift Mode Display at 2 Line LCD
LCD LCD LCD LCD
DDRAM Linel DDRAM Line2 DDRAM Line3 DDRAM Line4
( 00H~OFH) ( 10H~1FH) ( 20H~2FH) ( 30H~3FH)
DDRAM Line2 DDRAM Line3 DDRAM Line4 DDRAM Linel
( 10H~1FH) ( 20H~2FH) ( 30H~3FH) ( 0OH~OFH)
DDRAM Line3 DDRAM Line4 DDRAM Linel DDRAM Line2
( 20H~2FH) ( 30H~3FH) ( 00H~OFH) ( 10H~1FH)
DDRAM Line4 DDRAM Linel DDRAM Line2 DDRAM Line3
( 30H~3FH) ( 00H~OFH) ( 10H~1FH) ( 20H~2FH)
LS2,LS1=00 LS2,LS1=01 LS2,LS1=10 LS2,LS1=11

Figure 23. 3-Line Shift Mode Display at 3 Line LCD
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6. Line shift mode

RS D7 D6 D5 D4 D3 D2 D1 DO Hex
0 0 0 0 1 1 1 - BS |1Chto 1Fh

Bias Control instruction field sets LCD bias voltages generated internally.
BS: The bit is used when the internal voltage follower is ON

When BS = “L": 1/5 bias (default)

When BS = “H™: 1/4 bias (V2 = V3)

7. Power Control Set

RS D7 D6 D5 D4 D3 D2 D1 DO Hex
0 0 0 1 0 0 VvC VR VF | 20hto 27h

Power Control instruction field sets voltage converter / regulator / follower ON / OFF.

VC: voltage converter circuit control bit
When VC = “L": voltage booster is turned OFF (default)
When VC = “H": voltage booster is turned ON

VR: voltage regulator circuit control bit
When VR = “L"; voltage regulator is turned OFF (default)
When VR = “H": voltage regulator is turned ON
VF: voltage follower circuit control bit
When VF = “L": voltage follower is turned OFF (default)
When VF = “H": voltage follower ON
Note: The oscillation circuit must be turned on for the voltage converter circuit to be active.
8. Display control

RS D7 D6 D5 D4 D3 D2 D1 DO Hex
0 0 0 1 0 1 C B D 28h to 2Fh

Display control instruction field controls cursor /blink/display ON/OFF.

C: cursor ON /OFF control bit
When C = “L", cursor is disappeared in current display (default).
When C = “H", cursor is turned ON.

B: cursor blink ON/OFF control bit
When C = “H” and B = “H”, NT7606 make LCD alternate between inverting display character
and normal display character at the cursor position with about a half
second.
On the contrary, if C = “L”, only a normal character is displayed regardless of “B” flag.
When B = “L”, blink is OFF (default).

D: display ON/OFF control bit
When D ="“L", Display is turned OFF. But display data are remained in DDRAM (default).
When D = “H", Entire display in turned ON.
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Table 14. Cursor Attributes

C B Display State
0
OmmmC] CmmEC EEEEE EEEEE
EOOOm EOCOOm 1 o o 1
WO mOOOD EEEEN EEEEE
oooom —>  Ooeba mmmss — > mm===
mOOOm mOOOm o [ [ I o [
OEmEET] OmmE EEEEN EEEEE
[ [ A EEEEE EOECOm OmOmC]
1 1
Blinking || Cmmm— mOOOm EEEEE 8
Mode || mooom CmmEm mnmnm SEEEE
oOotm > mama mmmEm > oo
mOOOm OmmED o [ EEEEE
OmmEED mOOOm EEEEE I
EEEEE o OmOm0] EOmOE
0 O
0 1
OmmmC] CmmEC EEEEE EEEEE
EOOOE EOOOm 1 1 o o
WO mOOOD EEEEE EEEEE
oooom —»  SEEED maams — > mmea=
| (mmm] | EOOOm o [ [ 0 [
OEmET] OmmE EEEEE EEEEE
[ [ A 5 EOECOE EOECOE
9. DD/CG RAM Address set
RS D7 D6 D5 D4 D3 D2 D1 DO Hex
0 1 AC6 AC5 AC4 AC3 AC2 AC1 ACO |80hto FFh

DD/CG RAM Address set instruction fields DDRAM/CGRAM address
Before writing / reading data into /from RAM, set address by RAM Address Set Instruction. Next
when data are written / read in succession. The address is automatically increased by 1. For
accessing DD/ CGRAM, the DD/CGRAM Address Set Instruction should be set before. After
accessing 7FH, the address of AC is O0H.
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The address range are O0H ~ 7FH.

Address| 0 |1 [ 2[3]4[5]6[7[8]9[A[B[C|IDJE]F
00H DDRAM line 1(00H ~ OFH)
10H DDRAM line 2(10H ~ 1FH)
20H DDRAM line 3(20H ~ 2FH)
30H DDRAM line 4(30H ~ 3FH)
40H CGRAM (pattern 0) CGRAM (pattern 1)
50H CGRAM (pattern 2) CGRAM (pattern 3)
60H CGRAM (pattern 4) CGRAM (pattern 5)
70H CGRAM (pattern 6) CGRAM (pattern 7)
10. ICONRAM Address Set
RS D7 D6 D5 D4 D3 D2 D1 DO Hex
0 0 1 0 IA4 IA3 IA2 A1 IAO | 40h to 5Fh

ICONRAM Address Set instruction fields ICONRAM / Registers address.

Before writing / reading data into /from ICON RAM, set the address by ICONRAM Address Set

Instruction. Next when data are written / read in succession. The address is automatically

increased by 1. For accessing ICONRAM, the ICONRAM Address Set Instruction should be set

before. After accessing OFH, the address of ICONRAM address is 00H.The ICONRAM address

range are OOH ~ 1FH.

The 5 icons at a time can blink, if C and B bits of the display instructions are enabled. The blink

attributes of ICON are same as the cursor blink.

Address| 0 |1 |2 |3 |4|5]|6|7|8]9]|A|B|[C|D|E]|F
O0H ICONRAM (00H ~ OFH)

10H EV|TE Reserved

EV: electronic volume register (10H) ~ default (00000)
TE: test register (Do not use)(11H)
When the EV and TE registers are written, the address counter (AC) is not increased.

11. Write Data
RS D7 D6 D5 D4 D3 D2 D1 DO Hex

1 D7 D6 D5 D4 D3 D2 D1 DO XX

The instruction field makes NT7606 write binary 8-bit data to DDRAM/CGRAM/ICONRAM or
register. The RAM address to be written into is determined by previous DD/CGRAM Address Set
instruction. After writing operation, the address is automatically increased by 1.

12. Read Data
RS D7 D6 D5 D4 D3 D2 D1 DO Hex
1 D7 D6 D5 D4 D3 D2 D1 DO XX

DDRAM/CGRAM/ICONRAM data read instruction.

Each RAM is selected by address set instruction. And then you can read the RAM data. You can
get correct RAM data from second read transaction. The first read data after setting RAM address
is dummy data; so the correct RAM data come from the second read transaction. After reading
operation, the address is increase by 1 automatically.
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13. NOP
RS D7 D6 D5 D4 D3 D2 D1 DO Hex
0 0 0 0 0 0 0 0 0 00h
Non-Operation Instruction
14. Test Instruction
RS D7 D6 D5 D4 D3 D2 D1 DO Hex
0 0 0 1 1 * * * * 30h to 3Fh
This is the dedicate IC chip test instruction. It must not be used for normal operation.
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Table 15. Instruction Table

Code
Instruction Function
RS |D7 D6 D5 D4 D3 D2 D1 DO | Hex

02h | DDRAM address is set to 00h from AC and
Return home 0 0 0 0 0 0 0 1 - to | the cursor returns to 00h position.
03h | The contents of DDRAM are not changed

Double height mode

DH2 DH1 =

00: normal display (default)

01: COM1 ~ COM16 is a double height.

. 08h .
Double height 0 0 0 0 0 1 0 DH2 DH1l to . COM17 ~ CQM24 is nqrmal
Mode 0Bh 10: 1) 2-line mode: normal display

2) 3-line mode:
COM1 ~ COM8 is normal and
COM9 ~ COM24 is a double height.
11:  normal display

Power save/oscillation circuit ON/OFF
och | OS = 0: oscillator OFF (default)
Power save 0 0 0 0O O 1 1 OS PS| to |OS=1: oscilator ON

OFh | PS = 0: power save OFF (default)

PS = 1: power save ON

Display line mode

N = 0: 2-line display mode (default)

N = 1: 3-line display mode

Shifting direction of COM

S =0: 1) 2-line mode: COM1 -> COM16

100 1 etaulr)
Function set 0 0 0 0 1 0 N S CG 1t$h 2) 3-line mode: COM1 -> COM24
S =1:1) 2-line mode: COM16 -> COM1
2) 3-line mode: COM24 -> COM1
Select CGRAM or CGROM
CG = 0: CGROM (default)
CG =1: CGRAM
Determination of the DDRAM line, which is
displayed at the first line at LCD.
LS2, LS1 = 00: DDRAM line 1 shows at
18h (default) the first line of LCD.
Line shift mode 0olo o 0 1 1 0 Ls2LS1| to |-S%LS1=01:DDRAMIine 2 shows atthe
1Bh first line of LCD.

LS2, LS1 =10: DDRAM line 3 shows at the
first line of LCD.

LS2, LS1 = 11: DDRAM line 4 shows at the
first line of LCD.

1Ch | Determination of Bias
Bias control 0 0 0 0 1 1 1 - BS| to | BS=0:1/5 bias (default)
1Fh | BS = 1: 1/4 bias
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Table 15. Instruction Table (continued)

) Code .
Instruction Function
RS D7 D6 D5 D4 D3 D2 D1 DO | Hex
LCD power control
VC = 0: voltage converter OFF (default)
20h | VC = 1: voltage converter ON
Power control 0 0 0 1 0 0 VC VR VF| to | VR =0:voltage regulator OFF (default)
27h | VR = 1: voltage regulator ON
VF = 0: voltage follower OFF (default)
VF = 1: voltage follower ON
>8h Cursor/ blink /display ON/OFF
. C = 0: cursor OFF (default) 1: cursor ON
Display control oo 0o 1t 01 C B DI | B=0: blink OFF (defaul) Liblink ON
D = 0: display OFF (default) 1:display ON
80h | DDRAM/CGRAM Range:
E(Ijjd/rc(:acs;‘sl,:{?e,\t/l 0 1 AC6 AC5 AC4 AC3 AC2 AC1 ACO| to DDRAM 00h~3FH
FFh | CGRAM 40h~7FH
ICONRAM address, electronic volume and
40h | test byte address
'S(;tONRAM address| o | o 1 0 A4 IA3 IA2 IAL IAO| to | Range: ICONRAM OOH~OFH
5Fh | EV 10H (Electronic volume byte)
TE 11H (Test byte)
Write Data 1 D7 D6 D5 D4 D3 D2 D1 DO | XX | Write DDRAM/CGRAM/ICONRAM
Read Data 1 |D7 D6 D5 D4 D3 D2 D1 DO| xx | Réad DDRAM/CGRAM/ICONRAM or
register data
NOP 0 0 0 0 0 0 0 0 0 | 00h | Non-operation Instruction
30h
Test Instruction 0 0 0 1 1 * * * * to Don't use this Instruction
3Fh

Note:

1. “” Don't care.

2. “*"Don’t use.

3. Instruction execution time depends on the internal process time of NT7606; therefore it is
necessary to provide a time larger than one MPU interface cycle time (Tcyc) between executions
of two successive instructions.
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Instruction Description (for reference only)

1. Initialization

| Vop-Vss Power On |

v

| Keep/RES Pin="L" |

v

When the power is stable,

v

Waiting for 10 us or more. |

v

Instruction Input

[EnY

. Function set: N, S, CG

2. Electronic volume register setup:
ICONRAM 10H

3. Power save: PS = OFF; OS = ON

4. Power control: VC & VR & VF = ON

v

Waiting for 20 ms or more.

v

Instrucion Input

5. RAM address set

v

Instrucion Input

6. Data writing ( RAM clear ):
DDRAM = 20H,
CG/ICONRAM = 00H

A

Instrucion Input

5. Display control: D = ON

v

End of Initialization

36

Note:

At command 5 and 6, the internal RAM should
be cleared.

To clear DDRAM, set address at O0H (first
DDRAM) and then write 20H (space character
code) 64 times.

To clear CGRAM, set address at 40H (first
CGRAM) and then write O0H (NULL data) 64
times.

To clear ICONRAM, set address at O0H (first
ICONRAM) and then write 00H (NULL data) 16
times.
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2. Recommendation of Power On/Off Sequence
Power On Sequence Power Off Sequence
( Power On ) Operation Command Input )
Voltage Converter On Display Off |

[VC,VR,VF=1,0,0]

v Waiting for >1ms

Voltage Regulator On
[VC,VR,VF=1,1,0]

vy Waiting for >1ms

Voltage Follower On
[VC,VR,VF=1,1,1]

v

( Operation Command Input )

37

v

Voltage Regulator Off
[VC,VR,VF=1,0,1]

vy Waiting for >50ms

Voltage Follower Off
[VC,VR,VF=1,0,0]

* Waiting for =1ms

Voltage Converter Off
[VC,VR,VF=0,0,0]

vy  Waiting for >1ms

Operation Command Input )
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Absolute Maximum Rating
DC Supply Voltage (VDD, VDD2).. ... i i i e e e e e e e e aaes -0.3V to +3.6V
DC Supply Voltage (VLCD, VOUT) ...iuiiitiit et e et e e et e e e e en e -0.3V to +11.0V
1T o] 1 V0 = Vo L= (Y o) -0.3V to +3.6V

Operating Ambient Temperature
Storage Temperature
*Comments

Stresses above those listed under "Absolute Maximum Ratings” may cause permanent damage to this device. These are
stress ratings only. Functional operation of this device under these or any other conditions above those indicated in the

operational sections of this specification is not implied or intended. Exposure to the absolute maximum rating conditions for
extended periods may affect device reliability.

..................................................................... -40°C to +85°C
................................................................................. -55°C to +125°C
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Electrical Characteristics

DC Characteristics

(VSS =0V, VDD =2.4 ~ 3.3V, Ta = -40 ~ 85°C unless otherwise specified)

Symbol Parameter Min. Typ. Max. Unit Condition
VDD |Operating Voltage 2.4 - 3.3 vV
Converter output Ao _
VOUT voltage 6.0 - 10.0 V | Ta=25°C, C=1uF
vLcp | Voltage regulator 4.0 - 6.0 V | VLCD = V0 - VSS
operation voltage
VREF |Reference voltage 1.94 2.00 2.06 V | Ta=25°C
. Display operation, Ra = 500K,
IDD1 Dynamic c_:urrent - - 80 HA | VLCD = 6V, without load. No access
consumption 1
from MPU.
IDD2 | Pynamic current - - 500 WA | Access operation from MPU.
consumption 2 (Fcyc = 200KHz)
Sleep mode
ISP |current - - 5 MA | During power save mode, Ta = 25°C
consumption
VIHC1 \'jéﬁg"g"e' nput 19 7xvDD | - VDD | V | RS, DO - D7, /RD (E), WR (R/W),
L ? ¥ n ICS, CL, C86, P/S, PI, VRS and
viLcy |-2wrlevetinpu VSS - | 0.3xvDD | V | DIRS.
voltage
VIHC2 \'jéﬁg"g"e' mput 16 gxvDD | - VDD | V
o —?e e~ /RES pin is schmitt input.
viLc2 |-2W-levelinpu VSS - | 0.2xvDD | V
voltage
voHc |High-leveloutput |\ \ny g 4| . i V | VDD = 2.4V, IOH = -1mA (DO — D7)
voltage
voLc |-ow -level output i ~ |vss+0.4| Vv | vDD = 2.4V, 0L = 1mA (DO — D7)
voltage
Inout leakage VIN = VDD or VSS (RS, /RD (E),
ILI Cu‘;rem 9 -1.0 - 1.0 | pA | WR (R/W), /CS, CL, C86, PIS,VRS,
DIRS and /RES)
IHZ |HZ leakage current -3.0 - 3.0 HA When the DO - D7 are in high
impedance.
COM driver ON _
RON1 resistance - - 5 KQ [ 10 =450 pA
SEG driver ON _
RONZ2 resistance - - 10 KQ [ 10 =450 pA
LCD Frame oo
FFR frequency 70 80 90 Hz | TA=25°C

Notes: Voltages VO V1 V2 V3 V4 VSS must always be satisfied.
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AC Characteristics

1. System Buses Read/Write Characteristics (for 8080 Series MPU)
B Write timing

RS, /CS X 4

| Tsui Tt
mo /) " o
< Twi > | Twr >
— Tr
IWR
T ol e Tsuz TH2
DO ~ D7 ><‘ Valid Data<_’}><
; Tcye .
(VDD = 2.4 ~ 3.3V, Ta =-40 ~ 85°C
Symbol Parameter Min. | Typ. | Max. | Unit Condition
Teve | /WR cycle time 650 - - ns
Tr, TF | Pulse rise / fall time - - 25 ns
TwH /WR high pulse width 150 - - ns
Twi /WR low pulse width 450 - - ns
Tsu1 RS and /CS setup time | 60 - - ns
TH1 RS and /CS hold time 30 - - ns
Tsu2 Data setup time 100 - - ns
Th2 Data hold time 50 - - ns
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B Read timing

RS, /CS X 4
<Tsu1 N TH1
/WR /
5 TwL o e TwH R
—» [— TR
IRD
To ToH
Te —» [—
DO ~ D7 >4 Valid Data }X
B Teyc |
(VDD =2.4 ~3.3V, Ta=-40 ~ 85°C
Symbol Parameter Min. | Typ. | Max. | Unit Condition

Teve | /RD cycle time 650 - - ns
Tr, TF | Pulse rise / fall time - - 25 ns
TwH /RD high pulse width 150 - - ns
TwL /RD low pulse width 450 - - ns
Tsu RS and /CS setup time | 60 - - ns
TH RS and /CS hold time 30 - - ns
To Data output delay time | 100 - - ns
Ton Data output hold time 50 - - ns

41
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2. System Buses Read/Write Characteristics (for 6800 Series MPU)

B Write timing

RS, /CS P 4
Tsu1 Th1,
R/W o -

¢ Tw > (¢ Twe >
— | TF
E

Tn —l b Tsuz TH?

DO ~ D7 4 Valid DataHL<

) Teve R
(VDD = 2.4 ~ 3.3V, Ta =-40 ~ 85°C
Symbol Parameter Min. | Typ. | Max. | Unit Condition

Teve | E cycle time 650 - - ns
Tr, TF | Pulse rise / fall time - - 25 ns
TwH E high pulse width 450 - - ns
TwL E low pulse width 150 - - ns
Tsu1 RS and /CS setup time | 60 - - ns
ThH1 RS and /CS hold time 30 - - ns
Tsu2 Data setup time 100 - - ns
Th2 Data hold time 50 - - ns
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B Read timing

RS, ICS P 4

:TSU > :TH >
R/W
< Twh > [« Twe >
—> [— T
E
Ta —l T2y Jon,
DO ~ D7 N validpata X
. Tcve .
(VDD = 2.4 ~ 3.3V, Ta =-40 ~ 85°C
Symbol Parameter Min. | Typ. | Max. | Unit Condition
Teve E cycle time 650 - - ns
Tr, TF | Pulse rise / fall time - - 25 ns
TwH E high pulse width 450 - - ns
Twi E low pulse width 150 - - ns
Tsu RS and /CS setup time | 60 - - ns
TH RS and /CS hold time 30 - - ns
To Data output delay time | 100 - - ns
Th2 Data output hold time 50 - - ns
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3. Serial Interface Timing

ICS

SCL \

TR —> «ﬂ E
Tr Tsuz

Tsu1

Tcye

TH1

A

A

Tw

Tw

< THe P
RS
Tsus| [Tha
Sl -
(VDD = 2.4 ~ 3.3V, Ta = -40 ~ 85°C)
Symbol Parameter Min. | Typ. | Max. | Unit Condition

Teve SCL clock cycle time 1000 - - ns
Tr, TF | Pulse rise / fall time - - 25 ns
Tw g]ngLth'gfé‘V:/")”dth 300 | - - | ns
Tsu1 /CS setup time 150 - - ns
TH1 /CS hold time 700 - - ns
Tsu2 RS data setup time 50 - - ns
Th2 RS data hold time 300 - - ns
Tsus Sl data setup time 50 - - ns
Ths3 Sl data hold time 50 - - ns
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4. Reset Timing

Vop
TrRES
. Trw |
IRES
(VDD =2.4 ~ 3.3V, Ta = -40 ~ 85°C)
Symbol Parameter Min. | Typ. | Max. | Unit Condition

TrES Reset start time 50 - - ns
Trw Reset low pulse width 1 - - Hs
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Microprocessor Interface (for reference only)
1. 8080-series microprocessors

VoD
Vce
AO p| RS Voo
Alto A7 |—Pp
| /CS
/IORQ |——p Decoder C86
MPU NT7606
TITTT
Vss
DO to D7 |« p| DO to D7
/RD »| /RD Veo
/WR p /WR
P/S
IRES |« T p| /RES -
GND Vss
/RESET
V
T
Figure 24
2. 6800-series microprocessors
Vbb
v
e AO p| Rs Voo
Alto Al5—p» Voo
0
L »| /CS
wma || Decoder 086_—|_
MPU NT7606
DO to D7 |« p| DO to D7
E » E VoD
RIW p| R/W
P/S
/RES |« T »| /RES -
GND Vss
/IRESET
Vss
TITTT
Figure 25
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Application Information for LCD panel (for reference only)
1. IC Bumper Face Down and Lower View (S bit ='0", DIRS ='0")

——— com20 S S S S S s S s s S s S s s Ccoms2
CoM19 E EEE EEE E E E E E E E E Com24
comig G GGGGGGGG 6 GG G G comz3
v 123456789 77778 Ve
com7 67890 COM16
COM6 COM15
COMS Ccom14
o IC Bumper s
COM2 COM11
com1 Face Down CoM10
COoms1 Ccom9

2. 1C Bumper Face Down and Upper View (S bit = '1’, DIRS ="1")
coM9 ‘coms1
COM10 coML
CcoM1L IC Bumper comz
COom12 com3
Ccom13 Face Down Coma
Com14 COoMs
COM15 COMé6
COM16 com?
CoM21 S S S S SsS s s s s s coms
com22 E E E E E E E E EE S 8§ s s s COoM17
CoM3 GG GGGGGGGG EEEEE comi8
com24 8 7 7 7 7 7 7 7 7 7 U G G G G G CcOoM19
Ccoms2 0 9 8 7 6 5 4 3 2 1 5 4 3 2 1 Ccom20

$4é4d 44l POV

:r” == == HEF
| oacg 0 o
EE ok
Eaamam W - - - - - -------- e
= =3

|

[um]

mn}
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3. IC Bumper Face Up and Lower View (S bit ='0’, DIRS ='1")

ik
[ o

CoMs2 SSSsSsssssss Ssss s COM20
COM24 EEEEEEEEEE EEEEE com19
Com23 GG GGGGGGG G G G G G G ggmg
CoM22 8 7771717171717 5 4 3 2 1
comz21 0987 654321 Soms
Comie com?
. CoMis come
| CoM14 covs i
| com13
I v IC Bumper s i
j CoM1L
i COM10 Face UD COM1
Coms COMS1
4. 1C Bumper Face Up and Upper View (S bit ="1", DIRS ='0")
cowi couio
. |<m IC Bumper com11
coma comi2
Coms Face Up Com1s
Coms com1a
CoMe COM15
com16
Cona S ssss comz1
Comi7 Sssssssss EEEEE Comzz
Comis EEEEEEEEEG GG GGG Comzs
com1e GGGGGGGGG 77778 CoMz4
COM20 123456789 6 7 8 9 0 CoMs2

I
| ————oromn

$46464 44440

SEEEEEEEE BB B

I

Annnnin o

MemEr

HEEOE0RH
HESEHH
HEHEH
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Application Information for Pin Connection to MPU (for reference only)
1. 8-bit 8080 MPU Mode:

VRS=VSS: Internal Reference Voltage

DIRS=VSS: SEG DIR from SEG1 to SEG80

§ § __________ é é SEG80
s 5 R 8 secro
SEG78
A0 RS SEG77
JWR WR SEG76
VDD SEGT75
IRD RD SEG74
Ics s SEGT73
D7 b7 SEGT72
D6 D6 SEG71
D5 s SEG70
b4 b4 SEG69
D3 D3 SEG68
D2 D2
D1 D1
DO Do
VDD VDD
vss vss
vss < va
vss [ v3
vss = v2
vss 4 vi
vss ——C2 Vo
vss 53 55 VR
VDD = vouT
|:|C1 —— cap2-
CAP2+
|:|C1 —— capP1-
CAP1+
VEXT
vss
VRS 3
DIRS
VDD
@ — |
vss
PIS — SEG8
vbb ———o SEG7
L — SEG6
Vvss :l SEGS5
C86 SEG4
VDD ———— SEG3
IRES IRES SEG2
TESTO SEG1
TEST1 TESTDO
TEST2 |
i
] J— 9 TESTDS
Gs S TESTD4
- o
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2. 4-bit 8080 MPU Mode:
VRS=VSS: Internal Reference Voltage
DIRS=VSS: SEG DIR from SEG1 to SEG80

00 Q9
S J—— 22 secso
85 R¥ seero
SEG78
20 RS SEG77
IWR IWR SEG76
VDD SEG75
RO "D SEG74
Ics Ics SEGT3
o7 o7 SEGT72
o6 6 SEG71
o5 o5 SEG70
o4 oa SEG69
o3 SEG68
D2
D1
DO
VDD VDD
vss vss
vss | V4
vss = v3
vss =y v2
vss £ 4 V1
vss <2 Y0
vss & & VR
VDD Cl i} VOUT
|:|Cl —— cap2-
CAP2+
|:|C1 —— cari-
CAP1+
VEXT
vss
VRS 3
DIRS
VDD
@ — |
VSS
P/S :’ SEG8
VDD SEG7
Pl SEG6
VSS 3 SEG5
C86 SEG4
VDD ———— SEG3
IRES IRES SEG2
TESTO SEG1
TESTL——— TESTDO
TEST2 i
|
<] J— 9 TESTDS
5 = S TEsTD4
= o
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3. 8-bit 6800 MPU Mode:

VRS=VSS: Internal Reference Voltage

DIRS=VSS: SEG DIR from SEG1 to SEG80

A0
R/W

Ics

IRES

C2

C2

C2

C2

6NOD
0TWOO

RS
/WR
VDD
/IRD

ICS

D7

D6

D5

D4

D3

D2

D1

DO
VDD
VSS

YZNOD

ZSWOD

0ZNOD

SEG80
SEG79
SEG78
SEG77
SEG76
SEG75
SEG74
SEG73
SEG72
SEG71
SEG70
SEG69
SEG68

SEG8
SEG7
SEG6
SEG5
SEG4
SEG3
SEG2
SEG1
TESTDO

TESTD3
TESTD4

51

Ver 1.0



=
NGVATEK NT7606

4. 4-bit 6800 MPU Mode:
VRS=VSS: Internal Reference Voltage
DIRS=VSS: SEG DIR from SEG1 to SEG80

é § __________ é é SEG80
© 5 X8 secro
SEG78
20 RS SEG77
RIW WR SEGT6
VoD SEG75
. RD SEG74
Ics ics SEGT3
o7 o7 SEGT2
o6 06 SEG71
o5 o5 SEG70
o4 o4 SEG69
03 SEG68
D2
D1
DO
VDD VDD
vss vss
&S < V4
vss e v3
vss = v2
vss 2 vi
Vss C2 Vo
vss 53, 3 VR
VDD L vouT
|:|C1 —— cape-
CAP2+
|:|C1 —— caPi-
CAP1+
VEXT
VSs
DIRS
VDD
o« — 1
VSs
P/S :’ SEG8
VDD SEG7
Pl :l SEG6
VSs SEG5
c86 —— SEG4
VDD ———@ SEG3
IRES IRES SEG2
TESTO SEG1
TESTI———— TESTDO
TEST2 i
i
S J— 9 TESTD3
5 = S TesTD4
- o
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5. Serial Mode:

VRS=VSS: Internal Reference Voltage

DIRS=VSS: SEG DIR from SEG1 to SEG80

A0

Ics
Sl
SCL

VDD
VSS
VSS
VSsS
VSS
VSS
VSsS
VSS
VDD

IRES

C2

C2

C2

I}
]
1}
]
C2 1,
]
1}
]

6NOD
0TWOO

RS
/WR

vDD —@

/IRD
ICS
D7
D6
D5
D4
D3
D2
D1
DO
VDD
VSS

YZNOD
ZSWOD

0ZNOD

SEG80
SEG79
SEG78
SEG77
SEG76
SEG75
SEG74
SEG73
SEG72
SEG71
SEG70
SEG69
SEG68

SEG8
SEG7
SEG6
SEG5
SEG4
SEG3
SEG2
SEG1
TESTDO

TESTD3
TESTD4
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Bonding Diagram

179

178

5600um

=3

—— [0

EEEn

NT 7606

Y

(0.0) ox

0o0o00oooooooooooooURo0n000NXK

ALK_R
O
=
=
=

|

|

|

93

1310um

] —
—1 [
= 000000000000000000000000000 O00000000000000000000000000 N
Pad No. |Designation X Y Pad No. |Designation X Y
1 RS -2370 -592.55 31 V3 -570 -592.55
2 VSS -2310 -592.55 32 V3 -510 -592.55
3 /WR -2250 -592.55 33 V2 -450 -592.55
4 VDD -2190 -592.55 34 V2 -390 -592.55
5 /RD -2130 -592.55 35 V1 -330 -592.55
6 ICS -2070 -592.55 36 V1 -270 -592.55
7 D7 -2010 -592.55 37 VO -210 -592.55
8 D6 -1950 -592.55 38 VO -150 -592.55
9 D5 -1890 -592.55 39 VO -90 -592.55
10 D4 -1830 -592.55 40 VO -30 -592.55
11 D3 -1770 -592.55 41 VR 30 -592.55
12 D2 -1710 -592.55 42 VR 90 -592.55
13 D1 -1650 -592.55 43 VOUT 150 -592.55
14 DO -1590 -592.55 44 VOUT 210 -592.55
15 VDD -1530 -592.55 45 CAP2- 270 -592.55
16 VDD -1470 -592.55 46 CAP2- 330 -592.55
17 VDD -1410 -592.55 47 CAP2- 390 -592.55
18 VDD -1350 -592.55 48 CAP2+ 450 -592.55
19 VDD -1290 -592.55 49 CAP2+ 510 -592.55
20 VDD -1230 -592.55 50 CAP2+ 570 -592.55
21 VDD -1170 -592.55 51 CAP1- 630 -592.55
22 VSS -1110 -592.55 52 CAP1- 690 -592.55
23 VSS -1050 -592.55 53 CAP1- 750 -592.55
24 VSS -990 -592.55 54 CAP1+ 810 -592.55
25 VSS -930 -592.55 55 CAP1+ 870 -592.55
26 VSS -870 -592.55 56 CAP1+ 930 -592.55
27 VSS -810 -592.55 57 VEXT 990 -592.55
28 VSS -750 -592.55 58 VSS 1050 -592.55
29 V4 -690 -592.55 59 VRS 1110 -592.55
30 V4 -630 -592.55 60 DIRS 1170 -592.55
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Bonding Diagram (continued)

Pad No. |Designation X Y Pad No. |Designation X Y
61 VDD 1230 -592.55 101 SEG3 2100 592.55
62 CL 1290 -592.55 102 SEG4 2040 592.55
63 VSS 1350 -592.55 103 SEG5 1980 592.55
64 P/S 1410 -592.55 104 SEG6 1920 592.55
65 VDD 1470 -592.55 105 SEG7 1860 592.55
66 Pl 1530 -592.55 106 SEGS8 1800 592.55
67 VSS 1590 -592.55 107 SEG9 1740 592.55
68 C86 1650 -592.55 108 SEG10 1680 592.55
69 VDD 1710 -592.55 109 SEG11 1620 592.55
70 IRES 1770 -592.55 110 SEG12 1560 592.55
71 TESTO 1830 -592.55 111 SEG13 1500 592.55
72 TEST1 1890 -592.55 112 SEG14 1440 592.55
73 TEST2 1950 -592.55 113 SEG15 1380 592.55
74 NC 2010 -592.55 114 SEG16 1320 592.55
75 NC 2070 -592.55 115 SEG17 1260 592.55
76 NC 2130 -592.55 116 SEG18 1200 592.55
77 NC 2190 -592.55 117 SEG19 1140 592.55
78 NC 2250 -592.55 118 SEG20 1080 592.55
79 NC 2310 -592.55 119 SEG21 1020 592.55
80 VSS 2370 -592.55 120 SEG22 960 592.55
81 COMS1 2737.5 -525.45 121 SEG23 900 592.55
82 COM1 27375 -465.45 122 SEG24 840 592.55
83 COM2 2737.5 -405.45 123 SEG25 780 592.55
84 COM3 27375 -345.45 124 SEG26 720 592.55
85 COoM4 2737.5 -285.45 125 SEG27 660 592.55
86 COM5 27375 -225.45 126 SEG28 600 592.55
87 COM6 2737.5 -165.45 127 SEG29 540 592.55
88 COM7 2737.5 -105.45 128 SEG30 480 592.55
89 COM8 27375 -45.45 129 SEG31 420 592.55
90 COM17 2737.5 14.55 130 SEG32 360 592.55
91 COmM18 2737.5 74.55 131 SEG33 300 592.55
92 COM19 2737.5 134.55 132 SEG34 240 592.55
93 COM20 27375 194.55 133 SEG35 180 592.55
94 TESTD4 2520 592.55 134 SEG36 120 592.55
95 TESTD3 2460 592.55 135 SEG37 60 592.55
96 TESTD2 2400 592.55 136 SEG38 0 592.55
97 TESTD1 2340 592.55 137 SEG39 -60 592.55
98 TESTDO 2280 592.55 139 SEG40 -120 592.55
99 SEG1 2220 592.55 139 SEG41 -180 592.55
100 SEG2 2160 592.55 140 SEG42 -240 592.55
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NT7606
Bonding Diagram (continued)

Pad No. |Designation X Y Pad No. |Designation X Y
141 SEG43 -300 592.55 168 SEG70 -1920 592.55
142 SEG44 -360 592.55 169 SEG71 -1980 592.55
143 SEG45 -420 592.55 170 SEG72 -2040 592.55
144 SEG46 -480 592.55 171 SEG73 -2100 592.55
145 SEGA47 -540 592.55 172 SEG74 -2160 592.55
146 SEG48 -600 592.55 173 SEG75 -2220 592.55
147 SEG49 -660 592.55 174 SEG76 -2280 592.55
148 SEG50 -720 592.55 175 SEG77 -2340 592.55
149 SEG51 -780 592.55 176 SEG78 -2400 592.55
150 SEG52 -840 592.55 177 SEG79 -2460 592.55
151 SEG53 -900 592.55 178 SEG80 -2520 592.55
152 SEG54 -960 592.55 179 COMS2 -2737.5 194.55
153 SEG55 -1020 592.55 180 COM24 -2737.5 134.55
154 SEG56 -1080 592.55 181 COM23 -2737.5 74.55
155 SEG57 -1140 592.55 182 COM22 -2737.5 14.55
156 SEG58 -1200 592.55 183 COoM21 -2737.5 -45.45
157 SEG59 -1260 592.55 184 COM16 -2737.5 -105.45
158 SEG60 -1320 592.55 185 COM15 -2737.5 -165.45
159 SEG61 -1380 592.55 186 COM14 -2737.5 -225.45
160 SEG62 -1440 592.55 187 COM13 -2737.5 -285.45
161 SEG63 -1500 592.55 188 COM12 -2737.5 -345.45
162 SEG64 -1560 592.55 189 COM11 -2737.5 -405.45
163 SEG65 -1620 592.55 190 COM10 -2737.5 -465.45
164 SEG66 -1680 592.55 191 COM9 -2737.5 -525.45
165 SEG67 -1740 592.55 ALK_L -2490 285.25
166 SEG68 -1800 592.55 ALK_R 2490 285.25
167 SEG69 -1860 592.55

Dummy Pad Location (Total: 16 pin)
NO X Y NO X Y NO X Y NO X Y

0 | 2737.5 | -594.45 4 | 2737.5 | 497.55 -2589 | 592.55 12 | -2737.5 | 419.55

1| 2737.5 | 263.55 5 2745 592.55 -2667 | 592.55 13| -2737.5 | 341.55

2 | 2737.5 | 341.55 6 2667 592.55 10 | -2745 | 592.55 14 | -2737.5 | 263.55

3 | 2737.5 | 419.55 7 2589 592.55 11 | -2737.5 | 497.55 15| -2737.5 | -594.45
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Package Information
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Pad Dimensions

Size
ltem Pad No. Unit

Chip size - 5600 1310 pum

1~80, 81 ~93,
94 ~178,179 ~ 191

DummyO ~ Pad81,

Pad93 ~ Dummy1,
Dummy7 ~ Pad 94,
Pad178 ~ Dummys8,
Dummyl14 ~ Pad179,
Pad191 ~ Dummy15

Dummyl ~ 4, Dummy5 ~ 7,
Dummy8 ~ 10, Dummyl1l ~ 14
1~80,94~178 42 92
_ 81~93,179~191 92 42
Bump size pm
DummyO ~ 4, Dummy11 ~ 15 92 60
Dummy5 ~ 10 60 92

Bump height All pads 15+3 pum

60

Pad pitch 69 pm

78
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Ordering Information

Part No. Packages

NT7606H-BDTO1 Gold Bump on Chip Tray
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