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To ensure competitiveness in the marketplace, you will

need to produce more sophisticated, more technology-

intensive and higher value-added products, using a
process of technological innovation and systematic
marketing. Toshiba's application-specific integrated
circuits (ASICs) will give you an edge beyond your
expectations. You can select from gate arrays, cell-
based ICs and embedded arrays, depending on;ybijr'
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System ASICs

In keeping with our overriding commitment to meeting customers' present and future needs, Toshiba continuously pursues

new goals in the exploration of both silicon technologies and design techniques.

With its endeavors to stay at the leading edge of technology has come yet another paradigm shift—a transformation from an

integrated circuit to an integrated system-on-a-chip. That trend is already well under way.

For true system-scale integrations, ASIC silicon technologies must cover a full spectrum of application requirements with a

broad range of power, density and speed solutions, complete with support of core functions and high-performance 1/Os.

High-Performance and Low-Power ASIC Solutions
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The high-density and low-power features of Toshiba ASICs are essential elements for the success of
advanced ASIC designs for consumer, communications, and data processing applications.
In addition, Toshiba offers the right combinations of innovative design capabilities to meet your performance

requirements.

With Toshiba's pre-defined cells and design techniques, you can maximize design productivity while

minimizing costs.
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@High density
TC300 family
TC280 family

@ Low power
1.5-V, 2.0-V, 2.5-V, 3.3-V, or mixed
I/0O voltage levels, aggressive cell
architecture, power-driven layout

@ Advanced packaging
(Reduced footprint size,
low profile and high pin count)
Stacked PFBGA (SiP), PFBGA, PBGA, etc.
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Mass Storage

: Entertainment
Devices

@ System interconnect I/Os
LVDS, GTL, PCI, USB, etc.

@ Precision analog cells
A/D and D/A converters, analog
PLL, etc.

@ Large-capacity &
high-speed on-chip memory
DRAM, SRAM, FIFO

@Embedded CPU cores
RISC cores, CISC cores

System ASICs y



Toshiba's ASIC EDA Solutions

B Toshiba's Evolving SoC EDA Solutions _
Evolving EDA

Technology

' Advancements | Diagonal Routing
in Layout Technology C Elanrnlanning

Floorplanning Conventional _
. . ; Diagonal Routin
¢ Timing-driven layout — Orthogonal Routing _ 9
o Skew-free clocks i 1/0 assignment tool . f . - f

Logic Synthesis
Support

_Optimization

Clock tree synthesis Low-Power Methodology

with variable wire widths [T Cock cat
L oC atin
gating

¢ Physical optimization = 20% less interconnect delay
= 10% smaller chip
= Cell sizing = 30% fewer vias

—I— =) —| >—
= ———y———)
Enhanced Delay Model

= Buffer insertion
o State-dependent path delays m
¢ Nonlinear delays 4 | > ( Timing Closure )
m - - ... -l

Delay Time

Output B R 0 A
Capacitance Static Timing Sign-off ————— Physical Synthesis -
Hierarchical Design '
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HDL Simulator Sign-off Subblock

Verilog VHDL (VITAL) Timing Verification -
Simulators Simulators Static Timing Analysis

N Subblock
Full support of VHDL simulators Subblock
in addition to Verilog simulators
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B Design Kit Support
|

Design Step Task ASIC Product Family Cell-Based ICs Gate Arrays Embedded Arrays
Initial Chip size estimation TC | TC | TC | TC TC | TC | TC | TC | TC |TC || TC | TC | TC | TC | TC || TC | TC | TC | TC | TC | TC
Chip Planning  package availability check ] EDA Tool 300C|280C |260C|240C 223C|222C|220C|203C |200C|190C | |223G|220G | 203G |200G |190G | | 260E | 240E | 223E | 220E | 203E |200E
M Coding style check | Logic Design Compiler| @ | @ | @ | Q@ Q| QO Q|9 Q Q90090090 090|909 Q90|90 |9 |9 |9
IS RTL simulation h Synthesis .
Verification e Tools guideaes 1 Q (@ | @ | Q| (9|90 (0|0 |00/ 0 (00|00 |0
ower analysis =1~
v e ilogx, | — | = |- Q| |0 |0 |0 |0 (0 (Q|[0|0|@0 |0 |0||-|90|9|0|9]|0
Logic Design _ Logic synthesis & optimization == — VCS 9 Q QO O Q 9 Q Q@ Q9 90 Q QO QO Q| Q9 Q QO QO ©Q Q9 9
Physical synthesis ] ) )
>—— Simulators | NC-Verilog Q 9 9 o Q  Q Q9 QO | Q Q|9 Q9 Q9 Q|9 Q9 Q9 9 9 o
Design-for- Scan insertion }— = ModelSi
Testability  Automatic test pattern generation | |~ e -~ < - - - - < - - - o Qo - o - - - - - - -
v e NC-VHDL —0]|0|Q| (0](0|0|/0 |0 |0|Q0|0|0 (0 |@||0|0|0|90 0|0
T - Static Timi . .
Logic Logic simulation | e oS | PrimeTime Q @ 0|0 | | 0|0/l |0|0|0|/|0|0|0|0 0|0/ 0|00 o
Verification Formal verification }— T— o o o o o
- I esign er|| — — — — — — — — — — — — — — — —
v Power analysis ]— - -~ Formal
Verificati i . . . . . . . . . . . . . . .
g e T w —> Tgcr)ll ;catlon Formality Q QO QO | 9 Q  Q
Sign-Off Static timing analysis | ——— ConformallEC || @ | Q@ | Q | @ - = = | = | = | — — | — | — | = | — Q Q|| — | — | —
) 4 -
PRysical Place-and-route | Tsocone || @ | @ | @ | @ Q Q@ Q9|9 9 90|90/ 90(0 /90|09 @009 o
Layout Clock tree synthesis ] || oFr 1001 DETAdvisor Q Q Q Q Q Q Q Q Q Q Q 0 Q Q Q Q Q Q Q Q Q
) 4 00is / FastScan
Postlayout Layout parameter extraction ]
Verification e ) TetraMAX Q QO 9 o Q Q@ QO QO Q9 Q|9 Q9 Q9 Q|9 Q9 9 9 9 o
v Sy p— - Power Analysis | Power Theater (% ] Q QO O — — — — — — — — — — — Q | QO — — — —
Second ogic simulation | —» | and
Sign-Off Static timing analysis ]—‘ Optimization | Power Compiler || () 9 (] 9 (%] (%] Q Q 9 Qo J Q J Q Q Q J J J Q Q
v
Layout The above table shows the basic cell availability status.
Verification BREVIDE ] For availability of megacells such as RAMs and ROMs,

Supported EDA Tools and Design Kit Availability

ask the nearest Toshiba ASIC design center.
Please obtain the latest technical material before you begin
creating a design.

Trademarks

« Mentor, Mentor Graphics, Seamless CVE, XRAY, DFTAdvisor, FastScan and ModelSim are trademarks or registered trademarks of Mentor Graphics Corp.

e Cadence, BuildGates, Verilog, Verilog-XL and NC-Verilog are trademarks or registered trademarks of Cadence Design Systems, Inc.

e Synopsys, Formality, PrimeTime, TetraMAX, Design Compiler, Physical Compiler, Power Compiler, VCS and Design VERIFYer are trademarks or registered trademarks
of Synopsys, Inc.

e ArchGen, Afterburner and ASVP Builder are trademarks of Advanced Data Controls Corp.

e Green Hills and MULTI are registered trademarks of Green Hills Software, Inc.

* Red Hat is a registered trademark of Red Hat, Inc.

e Verplex and Conformal are trademarks or registered trademarks of Verplex Systems, Inc.

e COMET is a registered trademark of VaST Systems Technology Corp.

e Magma and Blast Chip are trademarks or registered trademarks of Magma Design Automation, Inc.

e PowerTheater is a trademark of Sequence Design, Inc.

o All other company and/or product names are the trademarks and/or registered trademarks of their spective owners.

@ | Toshiba's ASIC EDA Solutions Toshiba's ASIC EDA Solutions | (g)



Megacells Targeted for System ASIC Applications

Sys SIC Implementation

Toshiba offers a gallery of IP cores for system ASICs, including TX39 RISC cores, TLCS-900 CISC cores, DRAM
cores and interface cores. Toshiba is also designing discrete components in such a manner as to make it easy to
implement them as ASIC-ready IP cores.

RISC (TX39, TX49, ARM)

CISC (TLCS-900)

A 4

Large-Capacity

[ Memory
) Image Analog
Image Compression Cores CPU ‘
MPEG Processor Cell
High-Speed
DIRAY '« Memory
b Random
Analog Cells PLL ‘ SRAM
A/D, D/A, APLL - ‘ FIFO

Interface Cores
IrDA, USB, IEEE 1284,
IEEE 1394, ATA

Random Logic

MPU Cores

Cell Availability
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PCI

PCI33/66: Controller, I/O
PCI-X: Controller, 1/10

ATA
ATA-33/66: Controller, 1/0
Serial-ATA: Controller, PHY

PCI Express: Controller, PHY

10/100BASE-T MAC, (PHY)

Smart Media Controller

SBHC
1.1: Device, Host, Hub, 1/0
2.0: Device, Host, PHY Memory Stick Controller
IEEE 1394
Link, PHY UART (16550)
1SS TX, ARM, TLCS
Peripheral, Host 2 2

JPEG/JPEG2000
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A/D and D/A Converters

TTL/LVTTL PLL

Upto 1.5 GHz

SDRAM (SDR/DDR) PCI
Up to 133 MHz or 266 MHz PCI-33/-66/-X/-Express

LVDS
Up to 1 GHz
ATA-66/-100/Serial
HSTL
5-V-Tolerant

32 kHz/1 to 66 MHz 3.3-V-Tolerant

‘ Memory (SRAM/ROM)

111111

-
MIPS | 64-bit 64-bit RISC
500
300 ARM1026EJ-S
200 ARM926EJ-S

32-bit RISC ARM946E-S

32-bit

100 ARM7TDMI-S
MIPS
RISC Cores -
o Cores
ARM7TDMI
_______ 9 16-bit/32-bit
CISC ~ - ey
e TC )
16-bit baanslOl .
1 B .
8-bit . N
Z80 A B
| 1

*MPU cores in development are included above. For the latest information, contact your Toshiba sales representative.

@ ‘ Megacells Targeted for System ASIC Applications

RAM
Async. 1- Port, Sync. |2- Port, Sync. REQM-
MHz TC190
© - ADC (0.6 pm) RAMA RAMB RAME ROMA
: TC200 RAMC RAMC RAMF FV (IRIW) ROMC
| A :DAC TC203 | (-4 Kbits) | (~16 Kbits) RAMI FW (2R/IW! ROMD
200 (0.4 pm) ( )
e FX (2R/2W)
Toa20 RAMC | RAML(~16 Kbits) RAMP FY (3R/1R) ROMC
©3umy| (-4 Kbits) [RAMM(-L28 Kbits)| (~64 Kbits) ROMD
100 High-Density, 1-Port | High-Density, 2-Port | High-Speed, 1-Port | High-Speed, 2-Port RegisterFle | ROM |
RFS11A (IW/IR)
RFSI2A (IWI2R)
TC240 | RAMS1A RAMS2A ROMS18B
(025 um)| (~512 Kbits) | (~72 Kbits) RAMS1E RAMSZB | RESISA gmgg (~256 Kbits)
10 RFS22A (2W/2R)
RSFLLD (1W/IR)
TC260 | RAMSID | RAMSZD RAMS1E RAMS2E | RFSL2D (IW2R) | ROMSID
o ) (14 pm)| 532 KBitS) | (5256 KbItS) | (515 Kpits) | (~256 Kbits) | RFSLAD (IWMR) | (=1 Mbits)
| RFS22D (2WI2R)
1 Low-Speed
RFS11G (IW/IR)
Tcos0 | RAMSLG | RAMS2G RAMSIH RAMS2H | RFS12G (1W/2R) | ROMS1G
‘ : ; : ‘ 11 pm)| 332 KbILS) | (7256 KIS) | (-512 Kbits) | (~256 Kbits) | RESLG (IW4R) | (=1 Mbits)
5 5 10 e 1 RFS22G (2WI2R)
. . Tcaoo | RAMSIL RAMSZM RAMSxx RFSIIL(IWR) | ROMSIL
Bit Precision @5nm) | (RaZKbis) | (72 Kbits) RFSL2L (IWI2R) | (~1 Mbits)

*A/D and D/A converters in development are included above. For the latest information, contact your Toshiba sales representative.

Cell Availability @



B Embedded DRAM Cores

With high memory data transfer rates and low
power consumption, EDRAM SoCs enable high-
performance and high-value-added systems.
EDRAM SoCs also reduce system board area.
—SoCs with synchronous DRAMs and fast-access

DRAMs

The ever-increasing design complexity and the drive for system-on-chips
(SoCs) are driving demand for a greater capability to take advantage of pre-
designed, re-usable building blocks. Many analysts see the embedded DRAMs
(EDRAMS) as the last piece of the architectural puzzle necessary for SoCs for
the next-generation products. Through six generations of experience in
EDRAMs, Toshiba has developed EDRAMs with differentiating data transfer

rates and low power consumption.

Toshiba's EDRAMs offer the following features and benefits:
e High performance with fast data transfer rates due to wide on-chip

memory buses

Much denser than SRAM
Low power

Soft error prevention

The low-power and high-bandwidth characteristics of Toshiba's embedded

System architecture optimization and reduction of discrete components
Easy and effective testing with a direct-access test and DRAM BIST
High yield through redundancy in DRAM macros

Variaus types of DRAM macros with configurable depth and width

DRAM make it ideal for a wide range of applications, including video/image
processing devices such as graphics and display controllers; storage devices
such as HDD controllers; and digital communication and networking devices.

DRAM Cores for the TC300 Family 90 nm

The Fast-Access (FA) DRAM macros offer significant advantages over the
SD macros in random-access cycle times or data output times.

1. FA-RC macros have fast random-access cycle times

With random-access cycle times of 8 ns, the FA-RC macros are efficient for
applications dominated by small random accesses.

2. FA-AC macros have fast 1st data output times

The FA-AC macros achieve an address-to-data-out delay as low as 6 ns for the first access.
These cores are ideal for applications requiring extremely fast page-mode accesses.

The TC300C cell-based ASIC family, fabricated with drawn gate lengths of 65 nano meter offers a variety of

embedded DRAM cores. Designers can use the same primitive and 1/O cells as well as any IP cores available for
the TC300C pure logic process without compromising logic performance.
The power-saving mode reduces the standby power of the DRAM cores, broadening the range of their applications
in mobile equipment.The TC300C offers two types of DRAM cores.

Standard Synchronous DRAM (SD) macros

The standard SD macros are available in capacities from 2 Mb to 32 Mb and
can operate over a wide range of clock frequencies. The SD macros are
suitable for applications requiring fast page-mode accesses.

SD Macro FA-Macro

DRAM Core Features

Word Line

Trench Process

The one-transistor (1T) DRAM cell structure utilizes the trench
process. The trench capacitor allows for a planar surface topology
that enhances reliability without compromising logic performance.

High Bandwidth

SD Macro FA-RC Macro | FA-AC Macro 1
CEm) T (e ) T
_ I
-_Bank Active | | | I _acro Enable —I I_l |_| |_| |_| I_l __Precharge I r
__d
Precharge ) L (raress ) T Al Tl TR Tl ] =LAy
LI (Row Address | [ Jrao] |
Data Out X ( col Address | | |caofcat|caz|cas|
( pamout ] | Doo [[ oz [[ooz [[oos] e
300MHz Clock : ) ( pawout || | 0oo| Doz | Do2|Do3|
Latency = 3 First Data Output Time First Data Output Time
Latency = 2 Latency = 2
Characteristic SD FA-RC FA-AC
Random Access Cycle Time 33.3ns 8 ns 9.99 ns
Latency 1,2,3 1,2,3 1,2,3
First Data Output Time 12 ns 6 ns
Max Clock Frequency (Page Mode) 300 MHz 300 MHz
Memory Capacity 2 to 32 Mbit 2,4,8,16 Mbit 2,4,8,16 Mbit
Bit Width 64/128/256 32/64/128 32/64/128

DRAM Cores for the TC280 Family 0.13um

Cell Capacitor

Configurable Macros

Freed from I/O restrictions, embedded DRAM cores provide high
memory bandwidth with a synchronous interface and a bus width
selectable from 64, 128 and 256 bits.

DRAM cores are also offered for use in ASICs based on the 0.11-micron drawn-gate-length TC280 family. SD and
FA cores are available.

DRAM macros are configurable in depth and width to suit particular application requirements, allowing great system flexibility.

Low Power Consumption

DRAM macros consume less than 5% of power, compared to commodity DRAMSs.

@ | cellAvailability

Characteristic SD FA-RC FA-AC
Random Access Cycle Time 40 ns 10 ns 12 ns
Latency 1,2,3 1,2 2,3

First Data Output Time 14 ns 10 ns

Max Clock Frequency (Page Mode) 250 MHz 250 MHz
Memory Capacity 2 to 32 Mbit 2, 4,8 Mbit 2, 4, 8 Mbit

Bit Width 64/128/256 128/256 144/288 128/256 144/288

e Product names or company names may be trademarks or registred trademarks of their respective owners.

Cell Availability Q



ASIC Packaging

There are a number of factors to consider when selecting an optimal package configuration: I/0O requirement,
package footprint/form factor, thermal dissipation, electrical performance, and cost-to name a few. With ASICs
now being introduced exceeding 16-million gate and operating at clock frequencies of 250 MHz and beyond,
accurate package data and selection is critical. To meet system-level performance and density requirements,
packages with better thermal and electrical characteristics that do not impact the performance of the die are
needed. New advanced packaging technologies, such as Chip Scale Package(CSP) are currently available to
meet the ever increasing market demand for smaller size, more 1/Os, and lower cost.

Toshiba offers a broad and varied range of package options for all ASIC families to suit all applications. Whether

your design requires a 16-lead DIP or 2304-PBGAJFC], Toshiba offers expert guidance and innovative solutions to

help you achieve Your design goals.

PBGA [FC]

PBGAJ[FC] stands for “plastic ball grid array with
flip-chip bonded die”.

Characterized by its ability to support more
than 1000 pins, the PBGA[FC] is mainly used in
network and communications applications.
Externally the package can have as many as
2304 pins and can support a complete ball
matrix with a pitch of 1.0 mm.

The die, which has lattice-pattern solder balls,
is mounted face down on a built-up substrate
and reflow-soldered.

EBGA [4L]

EBGA[4L] stands for “enhanced ball grid array
with four layers”.

Characterized by its excellent electrical
characteristics and low thermal resistance
despite its slim profile, the EBGA[4L] is mainly
used in network and communications
applications.

Externally the package has between 352 and 540
pins, a ball pitch of 1.27 mm and a four-layer
plastic substrate.

The die is directly connected to a heat slag for
low thermal resistance and achieves high-speed
operation and noise suppression by virtue of its
multiple layers. This package has an advanced-
function structure capable of supporting high-end
products.

@ | Asic Packaging
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TBGA stands for “tape ball grid array”.

Characterized by its low cost and excellent heat dissipation
despite its high pin count, the TBGA is mainly used in PC
and network applications.

Externally the package has between 256 and 868 pins, and
has a ball pitch of 1.00 mm to 1.27 mm.

The die is bonded using TAB (tape-automated bonding)
technology and a cover plate is attached after sealing.

PFBGA stands for “plastic fine-pitch ball grid array”.
Characterized by its small size, slim profile and low cost, the
PFBGA is mainly used in PCs, DVC (desktop video
conferencing) applications and cell phones.

Externally the package has between pitch 97 and 361 pins,
and has a ball pitch of 0.8 mm and 0.65 mm.

0.5-mm packages are also scheduled for development.

The die is mounted on a plastic substrate, bonded with wire
and molded.

Package Thermal Resistance Comparison

Au bump ;
Adhesive \ L 4

|

Polyamide tape Copper wire i
Potting resin ~ Solder balls

40 X 40 — 768 pin

Bonding wires Die Mold resin

- Plastic
~ substrate

" Solder balls

40 % 40 — 265 pin

\ A 2

Thin-Profile Packages

Package Thermal Resistance

Still Air

Bja(C/w)
50 —|

40 —

30 —
20 —|

10 —

T I S SO NN N N ) B B

200 400 600 800 1000 2400
Number of Pins

To enable new electronic products, the heat removal
capability is an important aspect of packages. Thermal
resistance varies with the style and pin density of the
package.

PQFP 44-304 Pins LQFP  44-256 Pins
4.45 mm
/—< >—\ 1.6 mm
TBGA 256-868 (840) Pins TQFP 80-128 Pins

Package body height comparison

A need to constantly reduce the size of products
is driving the demand for small, thin packages.
For applications where overall package height is
a concern, Toshiba offers packages with a body
thickness of 1.6 mm or less. TBGA packages
support pin counts higher than achievable with
PQFP packages.

ASIC Packaging Q



Toshiba ASIC Product Lines: Cell-Based ICs

Package Electrical and Thermal C acteristics The cell-based technique assembles pre-designed and pre-optimized cells that users select, place, and

interconnect on-chip to produce the required circuit functions with optimum chip size. These cells include basic

The following table shows the electrical and thermal characteristics of the packages available from Toshiba. Upon gates, as well as various memory blocks, core functions, and analog cells. Because all of the mask set needs
request, Toshiba provides support for electrical and thermal analysis of the packages. For details, contact your defining, the initial engineering charge is slightly higher than for a gate array for a given gate complexity. Also,
nearest Toshiba ASIC Design Center. the lead times to prototypes and production is longer than for a gate array. However, sized to fit individual design
Electrical Specification Thermal Resistance specifications, cell-based ICs leave little unused silicon area, thus giving generally lower chip cost. This makes
Packi i ) Bja (CCIW, i i
Package Body | Pin L ("H)@100Mz C (PF)@100Hz R (Q)@100Hz Bic (°CIW) i Emls) ) cell-based ICs suitable for high-volume products.
27x27 625 0.4t07.7 0.1to1.4 0.03t00.72
31x31 841 04109.9 Oltol7 0.03100.93 Toshiba's cell-based IC libraries include many specialized functions such as RAMs, ROMs, FIFOs, multipliers,
PBGAIFC] 35x35 1089 0.2t0 115 0.0310 2.0 0.02 to 1.08 Typ. 0.2 Typ. 5to 10 ) i - ) .
40x40 1444 0.2t013.7 0.03t02.4 0.02t01.3 adders, subtractors, barrel shifters and CPU peripherals. In addition, a wide selection of system cores such as
45x45 1849 0.4 10 16.5 0.1t02.9 0.03t015 . . . .
= . e e ST RISC processor cores and DRAM cores are available. Cell-based ICs also provide broad mixed signal support.
EBGA[4L] 35x35 352 411095 0.2t01.4 0.3100.6 Typ. 0.3 Typ. 10 Among analog cells available are A/D converters, D/A converters, analog PLLs (APLLs), etc.
42.5x42.5| 540 38t011.1 0.2t01.7 0.3t00.7
256
27x27 2510 10.6 0.4t01.9 0.2t00.5 20t0 29
5 Cell-Based IC Product Chart
Qe :gg 2.61010.6 051019 021005 171029
352
420 Typ.1to 3
TBGA[1B] 35x35 480 1710118 03023 011007 5
648 02 | 0.2
576
40x40 o 3710137 0.7t026 021008 151018 12k TC200C P ook )
N 118
868 19k
Bjc: Junction to case thermal resistance Bja: Junction to local ambient thremal resistance 0 TC203C TC220C ' oM
1. These values were calculated using simulation models. E 59 K E——— ]
2. These values are typical values and vary with die sizes, etc. o] Power Supply: 3.3 V
3. For information about packages not listed in the above table, contact your nearest Toshiba ASIC Design Center. % TC223C 263k TC240C I oM
8
01 |- 0.1 Power Supplies: 3.3V /5V
Lead Count Chart / ASIC Package Lines —
Power Supplies: 2.5V /3.3 V
Numb
PaRege [on\arom| 100 200 300 400 500 600 700 800 900 1000 1500 2000 798k oM B—
127mm 22 u u 5.76 Power Supplies: 1.5V /2.5V /3.3 V
Usable
TBGA o % w0 TR T 1k 5k 10k 50k 100 k 200 k300 k 1M 5M 10M M  psane
i L4 d Gates
PEGA [L27/L0mm 256 212 304 329 352 38 420 484 500 564 648(L0)
EBGA[4L]| 127mm 3.52 5.“0 _ _ _
1/0: Mixed 2.5/3.3 V 1/0: Mixed 2.5/3.3 V 1/0: 3.3V 1/10: 5V | 1/0: Mixed 3.3/5V
127- 625 841 1089 1444 1849 2304
Product
PBGAIFC] 10mm L . - - - ® . Core: 1.2V /1.0V Core: 1.5 V Core: 2.5V Core: 3.3V Core:5V| Core: 3.3V
PFBGA |08(065)mm R 177201 217 241(065) 265 337(065) 361 TC300C TC280C TC260C TC240C | TC220C | TC200C | TC190C | TC223C | TC203C
R64/RPd64 90 nm 0.13 pm 0.18 pm
1.0mm . Process (Ldrawn = 65 nm) |(Ldrawn = 0.11 um) | (Ldrawn = 0.14 )| ©-25 K™ 0.3um | 0.4pm | 0.6um | 0.3um | 0.4 um
0.8mm 44 60 RBO/RPd80 120/Pd120 Gate* Fanout =1 12 ps @ High Speed lib| 17ps@ High Speed Lib 35~43 ps 0.05 ns 0.06ns | 0.10ns | 0.10ns | 0.06 ns | 0.10 ns
PQFP Delay | Fanout = 2 + wiring = = 46~56 ps 0.07 ns 0.14ns | 0.17ns | 0.22ns | 0.14ns | 0.17 ns
RI0ORP100 160/CuL60/P160 184
0.65mm *———o0o—o Gates (Usable) - - 16 M 10 M 21M 538k | 538k | 21M | 718k
0.5mm 100 144 176 208/Cu208/Pd208240 304 Gate Density 403 kG/mm'’ 206 kG/mm? 125 kG/mm? 36 kG/mm? _ _ _ _ _
: ¢ —o—o ¢ d bad Wirebond - - 652 644 512 432 432 504 504
ads
Horp (0%° —o—6—6—20 TAB - - 1028 1568 1028 868 | 868 1028 | 1028
05'mm TR w6 % ND2 (fanout =1)| (CND2X1)0.007 pW |(CND2X1)0.014 yW|  0.026 pW 0.17 UWW  [0.41 UW | 0.91uW | 1.74 uW | 0.41 pW | 0.91 uW
: POWer™| \|b2R (fanout =1) - (CND2A) 0.019 pW 0.11 UW | 0.24 pW | 0.48 uW| 0.94 pW | 0.24 W | 0.48 pW
LQFP | 04mm 128 w6 2u6 %6 = 0.010 pW 019 A1y 244 48 pW| 0.94 p 24 48 |y
[Cu] i o d —o - -
. Fabricated for Fabricated for
0.8mm % MBS each design each design 120 a 40 39 39 40 38
05- 80 100 120 128 * High-drive 2-input NAND gate, **uW/gate/MHz; ND2: 2-input NAND; ND2R: 2-input NAND, low-power type
TQFP[CU] 04mm 0—00
For further information, please contact your nearest Toshiba ASIC design center. Extended Temperature Range For support of an extended circuit’s operating temperature range, contact your nearest Toshiba ASIC design center. ‘
((? ASIC Packaging Toshiba ASIC Product Lines: Cell-Based ICs 0




Toshiba ASIC Product Lines: Embedded Arrays

Embedded arrays combine high-performance functions of cell-based ICs with the gate array advantage of quick
turnaround. They span the gap between gate arrays and cell-based ICs in terms of costs, performance, and
prototype and production turnaround.

Embedded arrays use the same sea-of-gates technology as gate arrays, but allow designers to "embed" dense
memory blocks and specialized functions in a gate array base by replacing part of its sea-of-gates core area
with cell-based versions of the blocks.

Embedded Array Product Chart

Embedded Array Design Flow

The figure below illustrates the embedded array design flow.

Early in the design cycle, the customer determines the appropriate area of logic gates, functions to be embedded,
and the number of I/Os required. The customer then continues development work while Toshiba fabricates
customer-specific base arrays (or master wafers). Once the customer completes the design, the layout of the gate
array portion of the design is performed on the inventoried customer-specific master wafers. Post-layout
simulation is then performed to verify that the design works to specifications. On customer approval of the design,
prototype production can begin with the pre-defined master wafers already waiting at the metal mask step.
Toshiba personalizes the master wafers by the use of up to six layers of metallization in much the same way as—

and as quickly as—a gate array. As such, if any design re-spins are necessary, they can be produced with the
gate array lead times.

High-drive 2-input NAND gate, fanout = 2 + typical interconnect load

( \
02| ~10.2
503 k .
- 13k TC200E | Device
2 Specification
= 694 k
e 19k
é 54 k TC220E ’ 19M 9M
E TC203E ‘
o1l TC223E o1 .
: 9am | e Embedded Functions
. Logic e Random Gate Count
Design e Pin Count
\ / — - Wafer Sign-off I
1k 5k 10k 50k 100k 200k 300k 1M 5M 10M ggﬁgfm
Gates Fabricate customer-specific
wafers up to metallization.
I Power Supply: 3.3V ! PowerSupplies: 2.5V /3.3V Il el lesi EemplEion
! Power Supplies: 3.3V /5V 1 Power Supplies: 1.5V /25V/33V \ \
I1/0: Mixed 2.5/3.3 V| I/O: Mixed 2.5/3.3 V. 1/0:3.3V 1/0: Mixed 3.3/5 V Perform layout of random
Product Core: 1.5V Core: 2.5V Core: 3.3V Core: 3.3V gates and post-layout
simulation. i
TC260E TC240E TC220E TC200E TC223E TC203E Zg;?vgigr‘]’tn% time
Customer
Process Ld 0'15_30”{2 0.25 pm 0.3 um 0.4 pm 0.3 um 0.4 pm _J L gate arrays
(Ldrawn=0.14 pm) e Complete fabrication.
Delays|_FU=1 0.05 ns 0.06 ns 0.07 ns 0.11ns 0.07 ns 0.11 ns Toshiba I o Deliver prototypes.
Fanout = 2 + wiring 0.06 ns 0.08 ns 0.15ns 0.19 ns 0.15ns 0.19ns
Gates (Usable) 9.3 M 9M 19M 503 k 1.9M 694 k
Gates Density 65 kG/mm?2 32 kG/mm?2 - - - -
Pad Wide Pitch 652 644 512 432 504 504
ads
Narrow Pitch 1028 1568 1028 876 1028 1028
Power** 0.036 uW 0.156 pwW 0.65 W 1.14 pwW 0.65 pw 1.14 uW
Masterslice 120 40 38 39 40 38

* High-drive 2-input NAND gate, ** uW / gate / MHz, 2-input NAND, fanout = 1

Extended Temperature Range For support of an extended circuit’s operating temperature range, contact your nearest Toshiba ASIC design center.
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Toshiba ASIC Product Lines:Gate Arrays

Toshiba ASIC Design Flow

A gate array is a matrix of uncommitted, potentially active transistors whose interconnection is "programmed" at
the metal wiring level.

Gate array wafers may be pre-fabricated in volume up to the final processing steps, thus achieving
manufacturing economies of scale. These wafers are personalized at the metal wiring stage by applying a
unique interconnection pattern that implements the customer’s logic design.

Therefore, development cost is low and development time is short.

All of Toshiba’s gate array products employ the sea-of-gates architecture. Computer software determines which
transistors should be utilized for the circuit design and which transistors should be left unused so the area
above can be used for signal routing. This placement and routing flexibility of sea-of-gates makes it possible to
integrate large cells such as RAMs, ROMs, and multipliers on the same chip. Toshiba’s gate arrays offer single
gate array solutions for a wide variety of digital logic applications ranging in size from 300 to 1.9-M gates.

Gate Array Product Chart

High-drive 2-input NAND gate, fanout = 2 + typical interconnect load

4 \
0.3 |— — 0.3
B 13k TC190G 704k
&
A
o 02— — 0.2
IS
© TC200G ’
—————————( 704 k
TC203G . 1 1 '
19k 8 k TC220G LoMm
TC223G { { ‘ {
\ J
5k 10 k 50 k 100 k 200k 300 k 1M Usable Random Gates
! Power Supply: 3.3V ! Power Supplies: Mixed 3.3/5 V Power Supply: 5 V
1/0:3.3V 1/10:5V 1/0: Mixed 3.3/5 V
Product Core: 3.3V Core: 5V Core: 3.3V
TC220G TC200G TC190G TC223G TC203G
Process 0.3 um 0.4 pm 0.6 pm 0.3 pm 0.4 pm
Delay* Fanout =1 0.07 ns 0.11 ns 0.15ns 0.07 ns 0.11 ns
y Fanout = 2 + wiring 0.15 ns 0.19 ns 0.24 ns 0.15 ns 0.19 ns
Gates (Usable) 1.9M 704 k 704 k 1.9M 694 k
pads Wirebond 512 512 512 504 504
TAB 1028 1036 1036 1028 1028
Power** 0.65 pw 1.14 pwW 2.46 pW 0.65 uw 1.14 pwW
Masterslice 24 28 28 24 26

* High-drive 2-input NAND gate, **uW/gate/MHz, 2-input NAND, fanout=1
Extended Temperature Range For support of an extended circuit’s operating temperature range, contact your nearest Toshiba ASIC design center.

6(? ‘ Toshiba ASIC Product Lines: Gate Arrays

Development Flow and Customer Interfacing

The Toshiba adaptable EDA design environment lets you work the way you like, using the EDA tools with which you are
most comfortable. We do not believe you should have to change your design approach to take advantage of our silicon
technology.

That is why we put the most powerful EDA tools in the industry at your command and support the third-party design tools
you like best. Toshiba’s "plug and design" concept balances a wide level of support for EDA tools and a broad ASIC
product line to afford maximum flexibility in accommodating the designer's individual need.

When you "plug into" the Toshiba ASIC design environment, you immediately have access to multiple EDA tools, sign-off
simulators, and design methodologies, as well as our advanced tools for compiling megacells, clock tree synthesis, power
and simulation analysis, design-for-testability, and many other functions.

Our long-standing commitment to flexibility is also reflected in our approach to working with you. You can work with us as
early or as late in the design process as you choose, at a wide variety of levels from schematics through physical design
database.

The degree of customer involvement in the sequence of ASIC development is called customer interface.

Toshiba offers three levels of customer interfacing in the design of ASICs, providing a flexible ratio of cost to customer
involvement. While our interface levels are well defined, our interaction with you can be tailored to fit your unique needs.
Thus, you can select your level of design participation to make best use of your in-house capabilities.

Level 1: You submit the verified RTL code to Toshiba for logic synthesis and gate-level simulation. Alternatively, you can
provide Toshiba with gate-level netlists and test patterns.

Level 3: You perform pre-layout simulation using your own EDA tools.

Level 4: You perform all development work up to and including mask data generation.
Toshiba only manufactures actual devices.

Toshiba’s design kits support a whole host of EDA environments on multiple platforms.
Tool support is tailored to fit the specific local needs. Please ask your nearest Toshiba ASIC Design Center for detailed information.

l System Configuration '
3 3 3
% l Test Pattern Preparation I —~
3 l Functional Design/Timing Specification ' l Floorplanning
(8]

= _ |
Logic Synthesis ' l Wafer Sign-off

I
Design Optimization ' l Mask Tooling

T —
Design Verification (Rules Check) ' l Master Wafer Fabrication

I
Gate-Level Logic and Timing Simulation '

|
Node Toggle Coverage Checking '

> { Fault Simulation '
l First Sign-off '
1
l Auto Place-and-Route ": Manual Place-and-Route Interventions '
1
l Re-simulation / STA
1
Production Test Pattern Generation I l Second Sign off
l Mask Tooling
1
~— | Waler Personalization and Testing
| _J
l Prototype Shipment

[ ] oOnlyforembedded arrays [ ] optional

Toshiba ASIC Design Flow y



Toshiba ASIC Design Centers

Design centers provide technical support and design expertise

Support and technical excellence are the areas that are given the highest priority at
Toshiba. Toshiba ASIC Design Centers are located around the globe and provide a
high level of technical expertise for support before, during, and after the design of a

Toshiba ASIC. This includes support issues dealing with EDA environments and
design kits, Toshiba design methodologies,
Toshiba ASIC technologies, and Toshiba
ASIC design implementation. They are also
available for design consultation.

~
-~

c

San Jose N
San Diego
Dallas
Minneapolis
San Jose, CA
San Jose office
1060 Rincon Circle
San Jose, CA 95131
Tel: +1-408-526-2400
Fax: +1-408-526-2626
San Diego

Boston, MA

Marlborough office

290 Donald Lynch Boulevard
Marlborough, MA 10752
Tel: +1-508-481-0034

Fax: +1-508-481-8828

Dallas, TX

777 E. Campbell Road, Suite 650
Richardson, TX 75081

Tel: +1-972-480-0470

Fax: +1-972-235-4114
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15015 Avenue of Science,
Suite #110

San Diego, CA 92128

Tel: +1-858-674-6698
Fax: +1-858-674-6697

Minneapolis

7760 France Ave., South,
Suite 1100,

Bloomington, MA 01752,
Tel: +1-952-886-7201
Fax: +1-952-886-7203
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Boston

“\‘-
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Toshiba LS| Design Center
European Headquarters
Toshiba Electronics Europe (TEE)
GmbH

ELDEC

Hansaallee 181, D-40549
Dusseldorf, Germany

Tel: +49-211-5296-0

Fax: +49-211-5296-400

(

A worldwide commitment to excellence

Toshiba has built a reputation around the world for
delivering high-performance, trouble-free products at
competitive prices. This reputation is no accident. It
stems from a corporate culture dedicated to excellence
in product design, processes, high-volume
manufacturing techniques, and quality assurance at
every stage of production. Excellence is also the
result of a commitment to service anywhere in the

/
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A

Ddisseldorf

Milan LS| Design Center
Toshiba Electronics Italiana S.R.L.
Centro Direzionale Colleoni
Palazzo Perseo, Ingr.3-Piano 6,
Via Paracelso, 14

1-20041 Agrate Brianza MILAN,
ITALY

Tel: +39-039-68701
Fax:+39-039-6870205

R

~
Milano

> ol
g €
TS

world, before, during, and after the design. This not
only means that Toshiba application engineers work
with customers to develop the best and most cost-
effective product for each individual application. It
also means that products are delivered as specified
and that we constantly get feedback from customers
about how we can better meet their needs. Toshiba's
company-wide and worldwide commitment to excel-
lence is just one more reason to choose Toshiba as
your ASIC partner.
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Seoul
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Tokyo
-~ *Taipei
/_\ '\ i | Nagoya
/-\/ \” Osaka
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Singapore LSI Design Center
Toshiba Electronics Asia (Singapore)
Pte. Ltd.

438B Alexandra Road, #06-08/12
Alexandra Technopark,

Singapore 119968

Tel: +65-278-5252

Fax: +65-271-5155

= )J > :
e
—

Singapore
Hong Kong

\

Hong Kong LSI Design Center

Toshiba Electronics Asia Ltd.

Level 11, Tower2,

Grand Century Place,

No, 193, Prince Edward Road West,

Mong Kok, Kowloon, Hong Kong

Tel: +852-2375-6111

Fax: +852-2375-0969

Taipei LSI Design Center
Toshiba Electronics Taiwan Corp.
17F, Union Enterprise Plaza Bldg.

Seoul LSI Design Center
Toshiba Electronics Korea Corp.
14F, KEC Bldg. 275-7 Yangjae-Dong, 109, Min Sheng E. RD., SEC. 3,
Seocho-Ku, Seoul 137-130, Korea. Taipei, 105 Taiwan

Tel: +82-2-589-4300 Tel: +886-2-2514-9988

Fax: +82-2-589-4302 Fax: +886-2-2514-7892

Trademark:

Product names or
company names

may be trademarks

or registered trademarks
of their respective owners.
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OVERSEAS SUBSIDIARIES AND AFFILIATES

(As of December 01, 2003)

2004-1

Toshiba Ameri
Electronic Components Inc.

Headquarters-Irvine, CA
9775 Toledo Way, Irvine, CA 92618, U.S.A.
Tel: (949)455-2000 Fax: (949)859-3963

Boulder, CO (Denver)

3100 Araphahoe #500,

Boulder, CO 80303, U.S

Tel: (303)442-3801 Fax: (303)442 7216

Deerfield, IL (Chicago)

One Pkwy., North, #500, Deerfield,

IL 60015-2547, U.S.A.

Tel: (847)945-1500 Fax: (847)945-1044

Duluth, GA (Atlanta)

3700 Crestwood Pkwy, #160,

Duluth, GA 30096, U.S.A.

Tel: (770)931-3363 Fax: (770)931-7602

Edison, NJ

2035 Lincoln Hwy, #3000, Edison,

NJ 08817, U.S.A.

Tel: (732)248-8070 Fax: (732)248-8030

Beaverton/Portland, OR

8323 SW Cirrus Drive, Beaverton,

OR 97008, U.S.A.

Tel: (503)466-3721 Fax: (503)629-0827

Raleigh, NC

3120 Highwoods Blvd., #108, Raleigh,
NC 27604, U.S.A.

Tel: (919)859-2800 Fax: (919)859-2898

Richardson, TX (Dallas)

777 East Campbell Rd., #650, Richardson,
TX 75081, U.S.A.

Tel: (972)480-0470 Fax: (972)235-4114

San Jose Engineering Center, CA
1060 Rincon Circle, San Jose, CA 95131, U.S.A.
Tel: (408)526-2400 Fax:(408)526-8910

Wakefield, MA (Boston)
599 North Ave. #8, Wakefield, MA, U.S.A.
Tel: (781)246-5076 Fax: (781)246-8502

Toshiba do Brasil, S.A.

Electronics Component Div.

Rua Afonso Cels0,55213 ardar,

Vila Mariana CEP 04119-002, Sdo Paulo, Brasil
Tel: (011)5576-6619 Fax: (011)5576-6607

Toshiba India Private Ltd.

6F DR. Gopal Das Bhawan 28,

Barakhamba Road, New Delhi, 110001, India
Tel: (011)2371-4601 Fax: (011)2371-4603

Toshiba Electronics Europe GmbH

Dusseldorf Head Office
Hansaallee 181, D-40549 Dusseldorf,
Germany

Tel: (0211)5296-0 Fax: (0211)5296-400

Minchen Office

Biro Minchen Hofmannstrasse 52,
D-81379, Minchen, Germany

Tel: (089)748595-0 Fax: (089)748595 -42

Toshiba Electronics France S.A.R.L.
Les Jardins du Golf 6 rue de Rome 93561,
Rosny-Sous-Bois, Cedex, France

Tel: (1)48-12-48-12 Fax: (1)48-94-51-15

Toshiba Electronics Italiana S.R.L.
Centro Direzionale Colleoni,

Palazzo Perseo 3,

1-20041 Agrate Brianza, (Milan), Italy

Tel: (039)68701 Fax: (039)6870205

Toshiba Electronics Espafia, S.A.

Parque Empresarial, San Fernando, Edificio Europa,

1% Planta, E-28831 Madrid, Spain
Tel: (91)660-6798 Fax:(91)660-6799

Toshiba Electronics (UK) Ltd.
Riverside Way, Camberley Surrey,

GU15 3YA, U

Tel: (01276)60- 4600 Fax: (01276)69-4800

Toshiba Electronics Scandinavia A.B.
Gustavslundsvégen 18, 5th Floor,

S-167 15 Bromma, Sweden

Tel: (08)704-0900 Fax: (08)80-8459

Toshiba Electronics Asia
(Singapore) Pte. Ltd

Singapore Head Office

438B Alexandra Road, #06-08/12 Alexandra
Technopark, Singapore 119968

Tel: (6278)5252 Fax: (6271)5155

Toshiba Electronlcs Service
(Thailand) Co., Ltd.

135 Moo 5, Bangkadl Industrial Park, Tivanon Road,

Pathumthani, 12000, Thailand
Tel: (02)501-1635 Fax: (02)501-1638

Toshiba Electronlcs Trading
(Malaysia)Sdn. Bhd.

Kuala Lumpur Head Office

Suite W1203, Wisma Consplant, No.2,

Jalan SS 16/4, Subang Jaya, 47500 Petaling Jaya,
Selangor Darul Ehsan, Malaysia

Tel: (03)5631-6311 Fax: (03)5631-6307

Penang Office

Suite 13-1, 13th Floor, Menara Penang Garden,
42-A, Jalan Sultan Ahmad Shah,

10050 Penang, Malaysia

Tel: (04)226-8523 Fax: (04)226-8515

Toshiba Electronics Philippines, Inc.
26th Floor, Citibank Tower, Valero Street, Makati,
Manila, Philippines

Tel: (02)750-5510 Fax: (02)750-5511

Toshiba Electronics Asia, Ltd.

Hong Kong Head Office

Level 11, Tower 2, Grand Century

Place, N0.193, Prince Edward Road West,
Mongkok, Kowloon, Hong Kong

Tel: 2375-6111 Fax: 2375-0969

Beijing Office

Room 714, Beijing Fortune Building,

No.5 Dong San Huan Bei-Lu, Chao Yang District,
Beijing, 100004, China

Tel: (010)6590-8796 Fax: (010)6590-8791

Chengdu Office

Suite 403A, Holiday Inn Crown Plaza 31, Zongfu Street,
Chengdu, 610016, Sichuan, China

Tel: (028)675-1773 Fax: (028)675-1065

Qingdao Office

Room B707, Full Hope Plaza,

12 Hong Kong Central Road, Qingdao,
Shandong, 266071, China

Tel: (0532)502-8105 Fax: (0532)502-8109

Toshiba Electronics Shenzhen Co., Ltd.
Room 909, 9/F, Futian Free Trade Zone, 9 Shihua Road,
Shenzhen, 518008, Chin,

Tel: (0755)2583-0810 Fax (0755)8246-1581

Toshiba Electronics Korea Corporation

Seoul Head Office

891, Sejong Securities Bldg. 20F, Daechi-dong,
Gangnam-gu, Seoul, 135-738, Korea

Tel: (02)3484-4334 Fax: (02)3484-4302

Gumi Office

6F, Goodmorning Securities Building,
56 Songjung-dong, Gumi-shi,
Kyeongbuk, 730-090, Korea

Tel: (054)456-7613 Fax: (054)456-7617

Toshiba Electronics (Shanghai) Co., Ltd.
11F, HSBC Tower, 101

Yin Cheng East Road, Pudong New Area, Shanghai,
200120, China

Tel: (021)6841-0666 Fax: (021)6841-5002

Hangzhou Office

9F Zhejiang San Rui Bldg. No. 36 QingChun Road,
Hangzhou 310004, China

Tel: (0571)8704-0255 Fax: (0571)8704-0200

Tsurong Xiamen Xiangyu Trading Co., Ltd.

8N, Xiamen SEZ Bonded Goods Market Building,
Xiamen, Fujian, 361006, China
Tel: (0592)562-3798 Fax: (0592)562-3799

Toshiba Electronics Taiwan Corporation

Taipei Head Office

17F, Union Enterprise Plaza Building, 109
Min Sheng East Road, Section 3, Taipei,
105, Taiwan

Tel: (02)2514-9988  Fax: (02)2514-7892

Kaohsiung Office

16F-A, Chung- Cheng Bundlng, 2, Chung-Cheng 3Road,
Kaohsiung, 800, T

Tel: (07)237-0826 Fax (07)235 -0046

The information contained herein is subject to change without notice. 021023_D

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 patent or patent rights of TOSHIBA or others.

021023_C

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 may include products subject to the foreign exchange and foreign trade laws. 021023 _F

TOSHIBA products should not be embedded to the downstream products which are prohibited to be produced and sold, under any law and regulations. 030519_Q

Toshiba does not take any responsibility for incidental damage (including loss of business profit, business interruption, loss of business information, and other pecuniary
damage) arising out of the use or disability to use the product. 021023_K

TOSHIBA

TOSHIBA CORPORATION
Semiconductor Company
Website: http://www.semicon.toshiba.co.jp/eng
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