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Toshiba offers an extensive line-up of microcontrollers with LCD controller, all containing a clock 
function (RTC), a memory management unit (MMU), a communications function (UART), a keyboard 
interface, and a melody function as basic functions. 

Line-Up of Microcontrollers with LCD Controller

TMP91C025

• ROM less/RAM less
• VLD
• HVC
• LCDC
• LQFP100

• ROM less/RAM less
• 10-bit AD (4-ch)
• LCDC
• LQFP100

• Touch screen I/F• Lower pin count
• EDO DRAMC

• NANDF I/F
• SPI (SD card)
• SDRAMC

(Program execution)
• I2S (Inter IC-Sound) I/F
• Touch screen I/F

Monochrome Color

TMP91C016

Higher 
functionality

Lower pin count

Grayscale

TMP92C820

TMP91C820A

• RAM: 8 KB
• ROM: 8 KB
• 10-bit AD (8-ch)
• LQFP144

900/H1 (32-bit CPU) 92Cxx
900/L1 (16-bit CPU) 91Cxx

• ROM less
• RAM: 10 KB
• 10-bit AD (4-ch)
• LCDC
• LQFP144

• ROM less
• RAM: 8 KB
• 10-bit AD (5-ch)
• SDRAMC 
• 16-grayscale LCDC
• LQFP144

Higher speed

TMP92CA25

TMP91C815

Higher speed 
Higher functionality

• ROM less
• RAM: 8KB
• 10-bit AD (8-ch)
• MMU
• RTC
• LCDC
• TQFP128

• SDRAMC
•Grayscale LCDC 

• USB control
• NANDF I/F
• 4096/TFT
4096/STN
Color LCDC 

・ MLC NAND I/F(DMA)
・ MAC(32x32+64=64)
・ RAM loader Boot ROM
・ SPI (SD card)
・ USB1.1 (full speed)
・ SDRAMC
・ SIO/UART/I2C/I2S
・ RTC
・ Touch Screen I/F
・ 10-bit AD （6-ch）

TMP92CH21

TMP92CF29A TMP92CZ26A

・ 144K RAM
・ 64K/TFT

64K/STN
Color LCDC

・ LQFP176

・ 288K RAM
・ 16M/TFT

64K/STN
Color LCDC

・ FBGA228

• RAM: 16 KB
• 10-bit AD (4-ch)
• LQFP144
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Toshiba microcontrollers with LCD controller contain various peripheral 
functions to meet the needs of customers.
This presentation focuses on the following three key functions.

Optimum Peripheral Functions

LCD Controller

Touch Screen 
Interface

NAND Flash Memory 
Controller

Toshiba Microcontroller 
with LCD Controller
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The LCD controller contained in a Toshiba microcontroller has the 
following features to support various needs.  

LCD Controller  - Features and Functions -

● LCD panel type : STN, TFT
● LCD driver type : Built-in RAM type, shift register type
● Display color mode: 16M-/256K-/64K-/4096-/256-color

64-/16-/8-/4-level grayscale, monochrome
● Display size : Up to 640 x 480
● Display RAM : Built-in RAM, SRAM, SDRAM
● Refresh rate adjustment function
● Pan function (memory: SDRAM)
● Frame split function

Simple! Low cost! Easy!

SR type
LCDD

Toshiba
MCU

RAM

256-color STN

256-color TFT

Grayscale STN

OK!

OK!

OK! OK!
OK!

OK!

OK!
OK!

Build-in
RAM
type

LCDD

SR
type

LCDD

Toshiba 
MCU

4096-color STN
16M-color TFT

Large size
640 x 480

Fine! Very Fine!

Monochrome STN

Toshiba is dedicated to offering smaller, 
lighter microcontrollers that consume less 
power to help customers reduce part count. 

● System Configuration
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Touch Panel Interface  - Features and Functions -

Toshiba microcontrollers offer the following benefits to customers:

• Reduced external part count 
• Easy connection
• Simplified control

AVSS

(PX/INTn)

(PY)

(MY)

AVCC

(MX)
VREFH
VREFL

Toshiba Microcontroller

TMP91C025
TMP92CH21
TMP92CA25
TMP92CZ26A
TMP92CF29A

Y-

Touch
Screen

Y+

X-
X+

Reference and power supply 
pins dedicated to the AD 
converter are available.

Part Number

Toshiba Microcontroller Built-in Functions
1. Screen touch interrupt
2. Horizontal (X coordinate)/vertical 

(Y coordinate) measurement switching
3. 10-bit AD conversion
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To measure the vertical coordinate, the reference voltage is applied to the Y+ and Y-
pins. When a screen touch occurs, a voltage divided by resistance at the contact point 
is output and fed into the AD converter. The result of AD conversion is output as a 
digital value.  

Coordinate Position Measurement Using a Resistance Division Method

Reference voltage x R2
R1+R2

Y+

Y-

Reference power supply 3.3 V

Ground

AD input
Touch ! R1

R2

Obtained by resistance ratio

Touch Panel Interface - Position Measurement Method -

Output voltage = 

Y+

Y-

X+X-
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[Example of coordinate position measurement flow]

YES

NO

Main routine execution

Return to main routine

Pen touch ?

Required processing using X, Y 
coordinate position information

Y coordinate position measurement

X coordinate position measurement
• ANn channel AD conversion
• Store AD conversion result

Interrupt Service RoutineMain Routine

• When there is no pen touch on the screen, the main 
routine is executed.

• When a pen touch is sensed, the contact point is
immediately analyzed to determine the X coordinate
and Y coordinate positions. Then, required processing
is performed. 

• After the required processing is completed, whether 
or not the screen is being touched is checked. If there
is no pen touch, control returns to the main routine.

Touch Panel Interface - Coordinate Position Measurement Flow -

Pen touch interrupt • ANm channel AD conversion
• Store AD conversion result
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Main Routine (when there is no pen touch)
● A voltage at AVCC level is applied to the Y+ pin only. (Only SPY = ON)
● PXD (the INTn pin’s pull-down resistor) is ON. 

AVSS

(PX/INTn)

(PY)

V REFH

VREFL

PXEN
PYEN
MXEN
MYEN

AINm
AINn

(MY)

AVCC

(MX)

VREFH
VREFL

AVCC
AVSS

AD Converter 

Touch Screen IF

TSI7

SPX

SMX SMY

INTn

PTST

In
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al
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a 
B

us

ON

ON

PXD   (typ. 200kΩ)

SPY

VREFH
VREFL

Y+
Touch
Screen

X- X+

Y-

Dec.

Touch Panel Interface - Normal Processing in a Non-Touch State -
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When the screen is touched,
PY and PX are connected and a rising edge signal is input to INTn
(edge interrupt). 

AVSS

AVCC

VREFH
VREFL

Y-

X+

(PX/INTn)

(PY)

(MY)

(MX)

SPY SPX

SMX SMY

PXD (typ.200k )Ω

Dec.

Trigger input

PXEN
PYEN
MXEN
MYEN

PTST

INTn
MYEN

VREFH
VREFL

AINm

AVCC
AVSS

AINn

Y+

Touch!

AD Converter 

Touch Screen IF

X-

Touch Panel Interface - Starting Coordinate Position Measurement -
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Interrupt Routine (1)  X coordinate position measurement
● A voltage at AVCC level is applied to the X+ pin, and a voltage at

AVSS level is applied to X- pin. (SPX, SMX = ON)
● The output voltage is fed into AINm to start AD conversion. 

AVSS

AVCC

VREFH
VREFL

（PY）

（MY）

（MX）

SPY SPX

SMX SMY

ON

ON

Y+

Y-

X+

X-coordinate 
output

AD conversion
start

Touch
Screen

PTST

PXEN
PYEN
MXEN
MYEN

TSI7
IINTn

AD Converter 

VREFH
VREFL

AINm
AINn
AVCC
AVSS

Dec.

X-
（PX/INT2）

PXD （typ.200kΩ）

Touch Panel Interface - Measuring the X Coordinate Position -

In
te

rn
al

 D
at

a 
B

us

Touch Screen IF
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Interrupt Routine (2)  Y coordinate position measurement
● A voltage at AVCC level is applied to the Y+ pin, and a voltage at

AVSS level is applied to the Y- pin. (SPY, SMY = ON)
● The output voltage is fed into AINn to start AD conversion. 

AVSS

AVCC

VREFH
VREFL

Y+

Y-

X+

Touch
Screen

PTST

PXEN
PYEN
MXEN
MYEN

TSI7
IINTn

（PX/INTn）

（PY）

（MY）

（MX）

SPY SPX

SMX SMY

PXD (typ.200 kΩ)

Dec.

ON

ON

VREFH
VREFL

AINm
AINn
AVCC
AVSS

X-

Touch Panel Interface - Measuring the Y Coordinate Position -
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Y-coordinate 
output

AD conversion
start

Touch Screen IF

AD Converter 
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NAND Flash memory has the following features:

● Low-cost, large-capacity nonvolatile memory
● High speed programming/erase
● High-speed access (excluding random access)
● A dedicated interface is required.
● An ECC (Error Correction Code) circuit is required. 

* Flash memory technology developed by Toshiba in
1987. In NAND Flash memory, memory cells are
connected in series with bit lines. 

NAND Flash Memory Controller    - Features -

Toshiba microcontrollers 
with NAND Flash controller

• TMP92CF29A
• TMP92CZ26A
• TMP92CA25
• TMP92CH21

*
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Write data   “10011010”

Bit error      “10001010”

The detected bit error can be corrected 
by inverting the bad bit.

Read data     “10011010”

Error correction 
(inversion)

In storage devices handling large volumes of data, such as NAND Flash 
memory and HDD, ECC (Error Correction Code) is used for error correction.

NAND Flash Memory Controller  - Error Correction Method -

NAND Flash Write

Bit Error

Bit Error Correction

In NAND Flash, Hamming codes are used 
for error correction.
(Two-state: Based on SmartMedia specs)
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How ECC Works in NAND Flash
● Memory Write

1．When valid data is written to NAND Flash,
Code 1 is generated for the written data.

2．Apart from the valid data, Code 1 is stored
in the redundant area in NAND Flash.

● Memory Read

3．When the valid data is requested for reading,
Code 2 is generated for the valid data. 

4．Code1 stored in the redundant area and 
Code 2 are compared to check for a bit error.
If a bit error is detected, the address and bit 
position of the bad bit are identified and the 
bad bit is then corrected. 

Valid Data 
Area

Redundant 
Area

Valid data

ECC for 
valid data

Block 0

Last 
Block

Block 1

N A N D

Page 0

NAND Flash Memory Controller - ECC (Error Correction Code) -

Page 1

Last Page

Page 1

Page 0

Last Page

Page 0
Page 1

Last Page
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The following shows how ECC is implemented in the NAND Flash controller 
contained in a Toshiba microcontroller.

●Memory Write

(1) When valid data is written to NAND Flash, Code 1 is generated for the written data.

(2) Apart from the valid data, Code 1 is stored in the redundant area in NAND Flash.

ND_CE*

ND_RE*

ND_ALE
ND_CLE

ND_WE*

ND_RB*

DATA_IN[15：0]
DATA_OUT[15：0]

NDCLE
NDALE
/NDRE
/NDWE

D7 to D0
NDR/B

/ND0CE

Timing
Generator

ECC Write

(1)

(2)
N A N D

ECC Code
Generator

NAND Flash Memory Controller  - ECC Mechanism (1) -

Control
Register
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●Memory Read

(3) When the valid data is requested for reading, Code 2 is generated for the valid data.

(4) Code 1 stored in the redundant area and Code 2 are compared to check for a bit
error. If a bit error is detected, the address and bit position of the bad bit are 
identified and the bad bit is then corrected. 

ND_CE*

ND_RE*

ND_ALE
ND_CLE

ND_WE*

ND_RB*

DATA_IN[15：0]
DATA_OUT[15：0]

NDCLE
NDALE
/NDRE
/NDWE

D7 to D0
NDR/B

/ND0CE

Timing
Generator

ECC Write(4)

(3)

ECC Code
Generator

Control
Register

N A N D

NAND Flash Memory Controller  - ECC Mechanism (2) -
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• The information contained herein is subject to change without notice. 021023_D

• Toshiba is continually working to improve the quality and reliability of its products. Nevertheless, semiconductor devices in general can malfunction or fail due to their inherent 
electrical sensitivity and vulnerability to physical stress. It is the responsibility of the buyer, when utilizing TOSHIBA products, to comply with the standards of safety in making a 
safe design for the entire system, and to avoid situations in which a malfunction or failure of such TOSHIBA products could cause loss of human life, bodily injury or damage to 
property. In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as set forth in the most recent TOSHIBA products 
specifications.  
Also, please keep in mind the precautions and conditions set forth in the “Handling Guide for Semiconductor Devices”, or “TOSHIBA Semiconductor Reliability Handbook” etc.  
021023_A

• The TOSHIBA products listed in this document are intended for usage in general electronics applications (computer, personal equipment, office equipment, measuring 
equipment, industrial robotics, domestic appliances, etc.). These TOSHIBA products are neither intended nor warranted for usage in equipment that requires extraordinarily high 
quality and/or reliability or a malfunction or failure of which may cause loss of human life or bodily injury (“Unintended Usage”). Unintended Usage include atomic energy control 
instruments, airplane or spaceship instruments, transportation instruments, traffic signal  instruments, combustion control instruments, medical instruments, all types of safety 
devices, etc. Unintended Usage of TOSHIBA products listed in this document shall be made at the customer’s own risk.  021023_B

• The products described in this document shall not be used or embedded to any downstream products of which manufacture, use and/or sale are prohibited under any 
applicable laws and regulations. 060106_Q

• The information contained herein is presented only as a guide for the applications of our products. No responsibility is assumed by TOSHIBA for any infringements of patents or 
other rights of the third parties which may result from its use. No license is granted by implication or otherwise under any patents or other rights of TOSHIBA or the third parties. 
070122_C

• Please contact your sales representative for product-by-product details in this document regarding RoHS compatibility. Please use these products in this document in 
compliance with all applicable laws and regulations that regulate the inclusion or use of controlled substances. Toshiba assumes no liability for damage or losses occurring as a 
result of noncompliance with applicable laws and regulations. 060819_Z

• The products described in this document may include products subject to the foreign exchange and foreign trade control laws. 060925_F

• The products described in this document may contain components made in the United States and subject to export control of the U.S. authorities. Diversion contrary to the U.S. 
law is prohibited. 021023_H

• TOSHIBA has made this document deliberately in order to make its contents as accurate as possible. Nevertheless, if any trouble should occur due to any error contained in 
this document,TOSHIBA shall not have any liability therefore. Also, please keep in mind the precautions and conditions set forth in the “Instruction Manual or Operation Manual 
of TOSHIBA Products,” or “The Precautions or Procedure Files described in the Installation Disk such as Floppy Disk or CD-ROM etc.” Please constantly pay attention to the 
latest information on the TOSHIBA products which is to be released through the web page of TOSHIBA microcomputer development system. 
(http:/www.semicon.toshiba.co.jp/eng)  060824_N


