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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 your performance and time-to-market objectives. 
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Performance
& Density

Year

Toshiba’s ASIC Process Roadmap
— Covering a full spectrum application requirements

TC200
TC203

TC220
TC223

TC190

0.3 μm

Single 5-V Supply

Single 3.3-V Supply
Mixed 3.3/5-V Supply

0.4 μm

0.6 μm

TC260

0.18 μm

TC280

0.13 μm

TC300

90 nm

TC320

65 nm

Oita Operations

Iwate Toshiba Electronics

Reuse of pre-designed and pre-verified IP cores offers the highest potential for improved design productivity and product 

performance. However, for the success of system ASICs, an extensive collection of IP cores must be supported by adequate 

silicon technologies and manufacturing capabilities. 

Toshiba continuously pursues new goals in the exploration of system ASICs with a broad range of power, density and speed 

solutions, complete with support of core functions.
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MIPS
Performance

8-bit

16-bit

CISC

32-bit

TX49/H2 MeP

TX49/H3

TX99/H4

ARM7TDMI

MIPS
RISC Cores

ARM
RISC
Cores

64-bit

500

300

200

100

50

10

1

Z80

TLCS-900/H

ARM926EJ-S

ARM7TDMI-S

ARM946E-S

ARM1026EJ-S

ARM1136J-S
TX49/H4

Toshiba offers a gallery of IP cores for system ASICs, including TX49 RISC cores, MeP 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.

System ASIC Implementation

MPU Cores

Random Logic

High-Speed 
Memory
(SRAM)

RISC (TX49, ARM, MeP)
CISC (TLCS-900)

Large-Capacity
 Memory
(DRAM)

High-Performance and 
Dual-Voltage Interfaces

(Rambus, PCI, LVDS)

Analog Cells
A/D, D/A, APLL

Video Compression Cores
MPEG

Interface Cores
USB, IEEE 1394, ATA

CPU

DRAM

PLL
SRAM
FIFO

Image 
Processor

Analog 
Cell

Random 
Logic

 MPU cores in development are included above. For the latest information, contact your Toshiba sales representative.
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PCI
PCI33/66 : Cont., I/O

PCI Express : Cont., PHY

USB
1.1: Device, Host, I/O

2.0: Device, Host, PHY

Cryptography
DES/3DES, AES

SHA-1, MD5, RNG

ATA
ATA66/100 : Cont., I/O

Serial-ATA : Cont., PHY

MemoryStick PROTM

SDHC

UART (16550)

DVI

HDMI Rx

LVDS

Mini LVDS

RSDS

MPU
TX, ARM, MeP, TLCS

SDRAM Interface
DDR1, DDR2

IEEE1394
Link, PHY

 TTL/LVTTL

CMOS Pull-Up, Pull-Down
Low Noise, High Speed

SDRAM (SDR/DDR/DDR2/MOBILE-DDR)
Up to 133 MHz or 266 MHz

PLL
Up to 1.5 GHz

DLL

PCI
PCI-33/-66/-Express

ATA
ATA-66/-100/Serial

5-V-Tolerant

3.3-V-Tolerant

LVDS
Up to 1 GHz

GTL

HSTL

OSC
32 kHz/1 to 66 MHz

RAM

RAMA
RAMC

(~4kbits)

RAMC
(~4kbits)

RAMB
RAMC

(~16kbits)

RAML(~16kbits)
RAMM(~128kbits)

RAME
RAMF
RAMI

RAMS1D
(~512kbits)
RAMS1F

RAMS2D
(~256kbits)
RAMS2F

RAMS1E
(~512kbits)

RAMS1K
(~512kbits)
RAMS1J

RAMS2K
(~256kbits)
RAMS2J

RAMS1H
(~512kbits)

RAMS1L
(~512kbits)
RAMS1M

RAMS11M
(~72kbits)

RAMP
(~64kbits)

TC190
(0.6 μm)

TC200
TC203

(0.4 μm)
TC220
TC223

(0.3 μm)

TC260
(0.18 μm)

TC280
(0.13 μm)

TC300
(90 nm)

RFS11G (1W/1R)
RFS12G (1W/2R)
RFS14G (1W/4R)
RFS22G (2W/2R)

RAMS2E
(~256kbits)

RSF11D (1W/1R)
RFS12D (1W/2R)
RFS14D (1W/4R)
RFS22D (2W/2R)

ROMS1D
(~1Mbits)

RAMS2H
(~256kbits)

RAMS2V
(~256kbits)

ROMS1G
(~1Mbits)

RFS11L (1W/1R)
RFS12L (1W/2R)

ROMS1L
(~1Mbits)

RAMS1V
(~512kbits)

FV (1R/1W)
FW (2R/1W)
FX (2R/2W)
FY (3R/1R)

ROMA
ROMC
ROMD

ROMC
ROMD

ROM

ROM

200

100

10

1

6 8 10 12 14 Bit
precision

MHz

High-Speed

Middle-Speed

Low-Speed

: ADC
: DAC

IP Cores

I/O Cells

A/D and D/A Converters Memory (SRAM/ROM)

Async. 1- Port, Sync. 2- Port, Sync.

High-Density, 1-Port High-Density, 2-Port High-Speed, 1-Port

Register File

High-Speed, 2-Port Register File

A/D and D/A converters in development are included at left. For the latest 
information, contact your Toshiba sales representative.
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DRAM Core Features

Embedded DRAM Cores

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. EDRAMs are one of the key 
components 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:
    High performance with fast data transfer rates due to wide on-chip
    memory buses

    Much denser than SRAM

    Low power

    Soft error prevention

    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

    Various types of DRAM macros with configurable depth and width

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

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

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
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.

Configurable Macros
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 DRAMs.

Word Line

Cell Capacitor
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RA0 RA1

Do0 Do1 Do2 Do3

A0 A1 A2 A3 A4

Do0 Do1 Do2 Do3

Clock

Macro Enable

Data Out

Address

Macro Enable

Row Address

Data Out

Precharge

Read

FA-RC MacroSD Macro FA-AC Macro

Clock

Bank Active

Read

Data Out

Precharge

Clock

CA0 CA1 CA2 CA3Col Address

FA-Macro

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.

✽: The LP version consumes 1/10 the stand by current of standard SD macros. 

SD FA-RC FA-AC

 40 ns 10 ns 12 ns

  1, 2, 3 1, 2 2

   14 ns 10 ns

 250 MHz   250 MHz

 2 to 32 Mb 2, 4, 8  Mb 2, 4, 8 Mb

 64/128/256 128/256,    144/288 128/256,    144/288

SD

36 ns

1, 2, 3

300 MHz

2 to 32 Mb

64/128/256

SD(LP)✽

40 ns

1, 2, 3

200 MHz

2 to 32 Mb

64/128/256

FA-RC

10 ns

1, 2

12 ns

2, 4, 8, 16 Mb

32/64/128

FA-AC

10 ns

1, 2

6 ns

300 MHz

2, 4, 8, 16 Mb

32/64/128

SD Macro

DRAM Cores for the TC280 Family 0.13 μm

DRAM Cores for the TC300 Family 90 nm

The TC300C cell-based ASIC family, fabricated with drawn gate lengths of 65 nanometer offers a variety of 
embedded DRAM cores. Designers can use the same primitive and I/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.

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.

300-MHz Clock
Latency = 3

Latency = 2

First Data Output Time

Latency = 2
First Data Output Time

Characteristic

Random Access Cycle Time

Latency

First Data Output Time

Max Clock Frequency (Page Mode)

Memory Capacity

Bit Width

● Product names or company names may be trademarks or registered trademarks of their respective owners.

Memory Capacity

Bit Width

Characteristic

Random Access Cycle Time

Latency

Max Clock Frequency (Page Mode)

First Data Output Time
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With increasing demands for higher system integration and single-chip implementation, semiconductor packages 

are not mere die housings any longer; they have become more of a crucial part of a system design. Toshiba offers 

a broad range of package options to satisfy all application needs, including system-in-packages (SiPs) specifically 

designed for high-end mobile devices and many other high-pin-count, small-form-factor and low-profile packages.

PFBGA: Plastic Fine-Pitch Ball Grid Array
■ Features: Small form factor and low profile
■ Structure: The die is wire-bonded to a plastic substrate in an 

overmolded package body.
■ Intended Use: PCs, DVD players/recorders, cell phones, etc.

PBGA: Plastic Ball Grid Array
■ Features: Small form factor and high pin count
■ Structure: The die is wire-bonded to a plastic substrate in an 

overmolded package body.
■ Intended Use: PCs, mobile devices, etc.

PFBGA stands for “plastic fine-pitch ball grid array.” 

Stacked PFBGAs allow multiple chips to be stacked on 

top of one another in a single package. The 

space-saving feature of stacked PFBGAs make them 

ideal for cell phone and mobile device applications. 

Stacked PFBGAs are available with the same ball 

counts and ball pitches as for standard PFBGAs.

Stacked PFBGA

SiP Technology for Compact System Integration

PFBGA

PBGA/PBGA[4L]

The ever-evolving mobile devices have given rise to requirements for larger and higher-pin-count packages, and 

a greater number of chips. Now, we are confronted with two contradictory needs, high system performance and 

assize reduction. System-in-packages (SiPs) provide an ideal solution in such situations.

You can mix a variety of components such as logic and memory functions in a single package in side-by-side 

and stack-up configurations to save board space. BGA is the mainstay package style; all of the Toshiba’s BGA 

packages, with the same ball counts and ball pitches, are available for SiP implementations.

Low-Loop wire Bonding and Backgrinding

Die Mold Resin

Solder Balls

DieBonding Wires

Plastic
Substrate

Die

2- or 4-Layer
Plastic
Substrate

Package Height: 0.55 mm

Solder Ball

Bonding Wire

Plastic
Substrate

Mold Resin
Bonding Wire

Solder Balls
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EBGA: Enhanced Ball Grid Array
■ Features: Enhanced thermal and electrical 

performance
■ Structure: The die is directly attached, face down, to 

an integral heat sink.
■ Intended Use: PCs, game consoles, etc.

EBGA

PBGA[FC]: Frip-Chip Plastic Ball Grid Array
■ Features: High pin count (>1,000 pins)
■ Structure: The die is flipped over so that solder 

bumps on the active surface of the die are soldered 
to the package substrate.

■ Intended Use: Networking applications, etc.

PBGA[FC]

■ Electrical Simulation
Toshiba offers RLC extraction 
and HSPICE and IBIS 
modeling for electrical 
simulation.

■ Stress Simulation
Toshiba provides analysis 
stress-induced strains in 
solder joints.

■ Thermal Simulation
Toshiba offers package’s 
thermal analysis, based on 
the package structure, chip 
size and substrate 
specifications.

Development Support

Temperature and airflow distribution in natural 
convection for a Side-by-Side SiP

Heat Slug

Substrate 
(Glass Resin) Dam

Resin Resin Die

Build-up Substrate
Solder Ball (Eutectic Solder)

Die
Thermal Paste Cover Plate (Cu)

Stiffener

Solder Bumps

High-Speed Interface
(ASIC-to-Memory)

RLC and SPICE
Models

High-Performance
High Power

Package
Design and
Materials

Package
Structure and
Materials

Low Profile
Stacked Die

7

6

5

4

3

2

1

0

-1

-2
0 10 20 30 40 50 60 70 80 90

tr_odrvo

SiP Stress
Analysis Model

Solder Bump Strains Solder Ball Strains

Bonding Wire
Solder Ball
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0.4 mm

0.5 mm

0.5 mm

0.8 mm

0.5 mm

1.27 mm

0.5 mm

0.65 mm

1.0 mm

1.27 mm

1.0 mm

0.8 mm

LQFP

TQFP

EBGA[4L]

PBGA[FC]

PQFP

1.0 mm

0.8 mm

0.65 mm

PBGA

0.4 mm

PFBGA

R100 160

208

R64

14197 145 177 217

R80

8064

44

48 100

80100

144

128

176

176 216 256

208

121

540352

265

100 200 300 400 500 600 700 800

304256 352 420 484 576

352 420 500 560 648 768

900 1000 1500
Package

Type
Pin
Pitch

Pin Count

1089841625 1444

177141 201 241 265

241 265

301 341 361 401

145 193 31328921797 169

128

ASIC Package Availability

The above table includes packages being developed. For the latest availability status, contact your Toshiba sales representative.
Toshiba also offers other packages not listed above. For details, contact your Toshiba sales representative.
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You can rely on UniversalArray to reduce time-to-market and development cost

■ UniversalArray Solution

Design environment tailored to the state-of-the-art processes
Supports 130- and 90-nm technology nodes.
Provides chip size and performance comparable to cell-based ICs.
Uses the same cell library as for Toshiba’s cell-based ICs.
Achieves low power consumption comparable with cell-based ICs.

✽ Product names or company names may be trademarks or registered trademarks of their respective owners.

● Application: Cell phones
● Technoiogy: TC280 (130 nm)
● Logic: Approx. 2 MGates 
● Memory: 8Mbit DRAM

132 SRAMs

— General Specification —
Chip Layout Example

TAT between tape-out 
and samples

Cell-Based ICs RTL Design
Gate-Level Design
Timing Verification

Prototyping
Detailed Layout

Timing Verification

Detailed Layout
Timing Verification

Mask-Making & 
PW Fabrication

Mask-Making & Sample Manufacture

Tape-out

PW Tape-out

DW Tape-out

ES

UniversalArray

RTL Design
Gate-Level Design
Timing Verification

Prototyping
Mask-Making & 
DW Fabrication

ES

The capability to deliver engineering samples at the 
earliest possible date
■ What is UniversalArray?

UniversalArray is a new type of cell-based IC platform for the deep-submicron and nanometer 
devices.

■ Overview
With SoC designs becoming larger and more complex, there is a growing need for a solution that 
helps reduce time-to-market and development cost. UniversalArray provides an ideal solution.

(1) Reduces the turnaround time of engineering samples

 • With UniversalArray, diffused wafer (DW) fabrication starts before detailed layout of the logic portion of a chip 

is completed. This helps to reduce turnaround time between personalized wafer (PW) tape-out and the 

availability of engineering samples.

(2) Reduces the turnaround time of design spin-offs

 • With UniversalArray, the logic gate portion of a chip can be modified through only routing layers; even 

extensive ECO is possible. This helps to reduce the time required for mask tooling and chip manufacture.

(3) Reduces cost for design spin-offs

 • UniversalArray reduces the number of masks required for design spin-offs, cutting the rework cost.

11

UniversalArray™ QTAT Solution for SoC Designs
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System ASICs

1.0μm

0.8μm

0.5μm

0.4μm

0.3μm

0.25μm

0.18μm

0.13μm
90 nm

65 nm

TC140

TC160

TC180

TC200

Advancements
in Layout Technology

Low-Power Layout● Timing-driven layout
● Skew-free clocks

Clock tree synthesis
with variable wire widths

Enhanced Delay Model
● State-dependent path delays
● Nonlinear delays

Floorplanning

HDL Simulator
Sign-off

Delay Time

Input
Slope

Output
Capacitance

Timing Closure

TC220

Full support of VHDL simulators 
in addition to Verilog simulators

Static Timing Sign-off

Function Verification

Timing Verification
Static Timing Analysis

TC260
TC280

TC300
TC320

■ Cell sizing

■ Buffer insertion

● Clock gating
● Physical optimization

TC240

1

0.5

Hierarchical Design

Signal Integrity Solution

Low-Power Solutions

DFM Solutions

Deep-Submicron Realm

Shrinking Silicon
Geometries

Evolving EDA
Technology

1985 1990 20001995

Logic Synthesis 
Support

ALU

D
es

ig
n 

R
ul

es

From
a synthesis tool

From
an I/O assignment tool

O
pt

im
iz

at
io

n

To a logic simulator To a layout tool

F
lo

or
pl

an
ne

r

Verilog
Simulators

VHDL (VITAL)
Simulators

Completed
Layout

P&R

RTL Design

Netlist Physical
Constraints

Physical Synthesis

OPC Failure Example Toshiba's OPC Result

2005

fV Control and Power Supply Cut-off 
on a Module-by-Module Basis

External
Interface

High VDD

Module 1

High Freq / High VDD

    Low Freq / High VDD

MeP

Module 2

High Freq / High VDD

    Power Supply Cut-off

Module 3

High Freq / High VDD

MeP

fV Control Bus

Level
Shifter

Holder
Cell

(On-Chip Power Supply)Subblock

Entire Chip

Subblock
Subblock

Before After

Crosstalk

Analysis ReverificationRemoval
Repeater insertion, 
wiring optimization, 
etc.

Crosstalk
Correction
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Supported EDA Tools and Design Kit AvailabilityTypical Design Flow

Design Kit Support

Cell-Based ICs Gate ArraysUniversal
 Arrays Embedded ArraysASIC Product Family

EDA Tool

Design Compiler

Verilog-XL

VCS

NC-Verilog

ModelSim

NC-Sim

NC-VHDL

PrimeTime

Formality

Conformal LEC

DFT Compiler
/ BSD Compiler

DFTAdvisor
/ FastScan

TetraMAX

PowerTheater

Power Compiler

Palladium

Simulators

Emulators

Power Analysis
and
Optimization

Static Timing
Analysis Tools

Formal
Verification
Tools

Logic Synthesis
Tools

DFT Tools

TC
300

TC
280

TC
223G

TC
220G

TC
203G

TC
200G

TC
190G

TC
223C

TC
222C

TC
220C

TC
203C

TC
200C

TC
190C

TC
223E

TC
260C

TC
300C

TC
280C

TC
260E

TC
220E

TC
203E

TC
200E

✽1

✽3

✽1

TC
320C

✽1

✽1

✽1

✽1

✽1: The ModelSim and NC-Sim libraries for the TC300C series support only Verilog HDL.

✽2: Not supported for timing sign-off using PrimeTime

✽3: Supported with libraries designed for Celaro, an emulator previous to Palladium   . 

✽2 ✽2 ✽2 ✽2 ✽2 ✽2 ✽2 ✽2 ✽2 ✽2 ✽2

Design Step Task

Trademarks

The above table shows the basic cell availability status. 
For availability of megacells such as RAMs and ROMs, 
ask the nearest Toshiba ASIC design center.
Please obtain the latest technical material before you begin 
creating a design.

● Mentor, Mentor Graphics, Seamless CVE, XRAY, DFTAdvisor, FastScan, ModelSim and Celaro are trademarks or registered trademarks of Mentor Graphics Corp.
● Cadence, Verilog, Verilog-XL, NC-VHDL, NC-Sim, NC-Verilog Conformal and VoltageStorm are trademarks or registered trademarks of Cadence Design Systems, Inc.
● Synopsys, Formality, PrimeTime, TetraMAX, Design Compiler, Physical Compiler, Power Compiler and VCS are trademarks or registered 

 trademarks of Synopsys, Inc.
● ArchGen, Afterburner and ASVP Builder are registered trademarks of Advanced Data Controls Corp.
● Green Hills and MULTI are registered trademarks of Green Hills Software, Inc.
● Red Hat is a registered trademark of Red Hat, Inc. 
● CoMET is a registered trademark of VaST Systems Technology Corp.
● PowerTheater is a trademark of Sequence Design, Inc.
● MATLAB is a registered trademark of The MathWorks, Inc.
● All other company and/or product names are the trademarks and/or registered trademarks of their respective owners.

Layout
Verification DRC / LVS

Second
Sign-Off

Logic simulation

Static timing analysis

Post layout
Verification

Layout parameter extraction

Signal integrity analysis

Physical
Layout

Place-and-route

Clock tree synthesis

First
Sign-Off

Logic simulation

Static timing analysis

Static timing analysis

Logic simulation

Formal verification

Emulation

Power analysis

Logic
Verification

Design-for-
Testability

Scan insertion

Automatic test pattern generation

Logic Design

Design planning

Logic synthesis & optimization

Physical synthesis

Coding style check

RTL simulation

Emulation

Power analysis

RTL
Verification

Initial
Chip Planning

Chip size estimation

Package availability check



Product
I/O: Mixed 2.5/3.3 V I/O: 3.3 V I/O: 5 V I/O: Mixed 3.3/5 V

Fabricated for
each design

Fabricated for
each design

Core: 1.5 VCore: 1.2 V Core: 3.3 V Core: 5 V Core: 3.3 V

Fanout = 1

Fanout = 1

Gates (Usable)

Gate Density

Pads

Power**

Masterslice

Wide Pitch

Narrow Pitch

Process

Gate*
Delay

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

Product
I/O: Mixed 2.5/3.3 V

Core: 1.5 V
I/O: 3.3 V

Core: 3.3 V
I/O: Mixed 3.3/5 V

Core: 3.3 V

Process

Delay*
Fanout = 1

Fanout = 2 + wiring

Wide Pitch

Narrow Pitch 

Gates (Usable)

Gates Density

Pads

Power**

Masterslice

Cell-Based ICs

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. Because all of the mask set 

needs defining, the lead times to prototypes and production is longer than for a gate array. However, cell-based 

ICs provide greater design flexibility, making them ideally suited for increased system integration and aggressive 

performance targets. Therefore, a library of a wide variety of cells is essential to the success of cell-based 

designs. Toshiba offers various types of memory, CPU peripherals, analog cells and many others.

Embedded arrays combine high-performance functions of cell-based ICs with the gate array advantage of quick 

turnaround.  Embedded arrays use the same sea-of-gates technology as gate arrays, but allow designers to 

"embed" dense hardmacrocells and compilable cells in a gate array base by replacing part of its sea-of-gates 

core area with cell-based versions of the blocks.

Embedded Arrays

 TC300C TC280C TC260C TC220C TC200C TC190C TC223C TC203C

* 2-input NAND, X2   ** μW/gate/MHz 2-input NAND, XL

90 nm

14 ps

—

403 kG/mm2

—

—

0.00867

0.4 μm

0.10 ns

718 k

—

504

1028

0.48

38

0.3 μm

0.06 ns

2.1 M

—

504

1028

0.24

40

0.6 μm

0.12 ns

538 k

—

432

868

0.94

39

0.4 μm

0.10 ns

538 k

—

432

868

0.48

39

0.3 μm

0.06 ns

2.1 M

—

512

1028

0.24

40

0.18 μm

47 ps

16.7 M

125 kG/mm2

652

1028

0.0193

120

0.13 μm

28 ps

—

206 kG/mm2

—

—

0.0127

0.3 μm 0.4 μm 0.3 μm 0.4 μm

0.07 ns 0.11 ns 0.07 ns 0.11 ns

0.15 ns 0.19 ns 0.15 ns 0.19 ns

1.9 M 503 k 1.9 M 694 k

— — — —

512 432 504 504

1028 876 1028 1028

0.65 μW 1.14 μW 0.65 μW 1.14 μW

38 39 40 38

 TC260E TC220E TC200E TC223E TC203E

0.18 μm
(Ldrawn = 0.14 μm)

0.05 ns

0.06 ns

9.3 M

65kG/mm2

652

1028

0.036 μW

120
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Device
Specification

Logic
Design

Customer

Toshiba

Fabricate customer-specific
wafers up to metallization.

Perform layout of random
gates and post-layout
simulation.

● Complete fabrication.
● Deliver prototypes.

● Random Gate Count
● Embedded Functions
● Pin Count

Wafer Sign-off

Turnaround time
equivalent to 
gate arrays

The figure at right 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,  **μW/gate/MHz, 2-input NAND, fanout=1

Product
I/O: 3.3 V

Core: 3.3 V
I/O: 5 V

Core: 5 V
I/O: Mixed 3.3/5 V 

Core: 3.3 V

Process

Delay*
Fanout = 1

Fanout = 2 + wiring

Gates (Usable)

Pads
Wide Pitch

Narrow Pitch

Power**

Masterslice

Gate Arrays

A gate array consists of a matrix of transistors in a sea-of-gates architecture that are diffused into silicon called 

masterslices. These masterslices are personalized at the metal wiring stage by applying a unique 

interconnection pattern that implements the customer’s logic design. Therefore, development time is short. 

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.

  0.3 μm 0.4 μm  0.6 μm 0.3 μm 0.4 μm

   0.07 ns 0.11 ns 0.15 ns 0.07 ns 0.11 ns 

  0.15 ns 0.19 ns 0.24 ns 0.15 ns 0.19 ns 

  1.9 M 704 k 704 k 1.9 M 694 k 

  512 512 512 504 504

  1028 1036 1036 1028 1028

    0.65 μW 1.14 μW 2.46 μW 0.65 μW 1.14 μW

  24 28 28 24 26

  TC220G TC200G TC190G TC223G TC203G
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Development Flow and Customer Interfacing

Initial Specification

Design-for-Test (DFT)

Second Sign-Off

Mask Tooling

First Sign-Off

Physical Layout

Prototyping/Evaluation

Engineering Samples

Mask Tooling

Master Wafer 
Fabrication

Wafer Sign-Off

FloorplanningRTL Coding

Logic Synthesis

Logic Schematics

RTL Interface Level 1

Level 3

Level 4

The Toshiba adaptable EDA design environment lets you work the way you like, using the EDA tools with which you are most comfortable. 

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 

flexible support for EDA tools help designers reduce time-to-market, cut development costs and improve design productivity.

You can work with us as early or as late in the design process as you choose, at a wide variety of levels from logic design through physical 

layout or prototying.

You can select your level of design participation to make best use of your in-house capabilities.

Level 1: You create a system design, and Toshiba performs the rest of the design work.

Level 3: You perform pre-layout simulation using your own EDA tools and design kits provided by Toshiba.

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

RTL: You create a design at the Register Transfer Level (RTL), and Toshiba performs the rest of the design work.

Additional Steps for 
embedded array development

Steps for gate array and 
cell-based IC development

Post-layout Simulation Static 
Timing Analysis

Pre-layout Simulation Static 
Timing Analysis
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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.

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 corpo-
rate culture dedicated to excellence in 
product design, processes, high-
volume 
manufacturing techniques, and quality 
assurance at every stage of produc-
tion.  Excellence is also the result of a 
commitment to service anywhere in 

the 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 world-
wide commitment to excellence is just 
one more reason to choose Toshiba 
as your ASIC partner.

San Jose
2590 Orchard Parkway
San Jose, CA, 95131
Tel: +1-408-526-2400
Fax: +1-408-526-2626

Boston
290 Donald Lynch Blvd.
Suite 201
Marlborough, MA, 01752
Tel: +1-508-481-0034
Fax: +1-508-481-8828

San Diego 
15015 Avenue of Science
Suite 110
San Diego, CA, 92128
Tel: +1-858-385-5900
Fax: +1-858-674-7606

Minneapolis
3800 American Blvd. W.
Northland Plaza, Suite 1100
Bloomington, MN, 55431
Tel: +1-952-842-2400  
Fax: +1-952-893-8031

Toshiba LSI Design Center 
European Headquarters 
Toshiba Electronics Europe (TEE) 
GmbH 
ELDEC
Hansaallee 181, D-40549 
Düsseldorf, Germany
Tel: +49-211-5296-0
Fax: +49-211-5296-400

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

Trademark: 
Product names or 
company names 
may be trademarks 
or registered trademarks 
of their respective owners.

San Jose
Düsseldorf

San Diego 

Minneapolis

Boston

Hong Kong

Osaka
Nagoya
Tokyo
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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  

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

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
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