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Towards User-Friendly Integrated Circuits

Dataquest Conference, Invited Speech, Hakone, 1986

Commentary

This conference, hosted by Dataquest, was held in Hakone, Japan. Although the

speech was made in Japanese, materials were prepared in English.

The year of 1986 was the second year of the memory recession which started in the

previous year, and all semiconductor manufacturers in the world were suffering. In

1985, Intel withdrew from the DRAM business, and SIA (Semiconductor Industry

Association) of the US filed a lawsuit against Japanese memory manufacturers for

dumping. The Japan-US Semiconductor Agreement was concluded in 1986 as the

result of negotiation between Japanese and US Governments (See note below).

Industry participants were searching for a new direction towards more custom

oriented business rather than standard, general purpose products such as

memories and microprocessors. User-friendly IC (UFIC) was proposed as one of

those concepts. The basic idea was to provide products to users which meet their

needs in a short delivery time, and at reasonable price. Hitachi’s ZTAT MCU was

taken up as a representative example of such concept. ZTAT stands for Zero

Turnaround Time which means TAT is essentially zero for users since the MCU

programming can be done at their site using ZTAT MCU products in the inventory,

which normally takes months in the case of conventional mask programming MCU.

The word “UFIC” was not established in the industry in the end. A major reason was

that someone of overseas marketing group of Hitachi appealed the word sounds

somehow strange to native speakers, and we stopped using it. The concept itself,

however, helped formulate the cyclical nature of the semiconductor industry which

was named Makimoto’s Wave on the Electronics Weekly (UK) in 1991.

On the other hand, the word ZTAT was used as a byword for field programmability

and became the forerunner of Flash-on-Chip MCU which is a mainstream of today.

This material was digitalized from paper based material, and there are some

portions which are hard to read. I apologize for the inconvenience.

Note: Impact of US-Japan Semiconductor Agreement

Japanese semiconductor industry was badly affected by this agreement. Firstly,

Japanese government strongly encouraged Japanese users to purchase foreign

made products, and secondly, memory manufacturers lost freedom of price-setting

which was provided by US government based on the cost data from each

manufacturer. This Agreement is regarded as one of major reasons why Japan lost

competitiveness in the semiconductor field in the global market. See Exhibit I,

Episode 16 for more detail.
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In April 1986 when the speech was given, it was soon after I took office as the General Manager

of Musashi Works, the main plant of Hitachi semiconductor. In the situation of continuing memory

recession from the previous year, we needed some strategic scenario to get out of it.

In this background, this presentation was aimed to discuss about technology and marketing

strategy at the turning point of times. Here proposed was a new user-friendly IC (UFIC) concept,

and its representative product was the ZTAT MCU.

2



MAKIMOTO LIBRARY / Exhibit  VI / No.3

Movement toward user-friendly IC

In recent years, we see many new words of products aiming for customer orientation (Fig. 1). ASIC,

which is a newly coined word by Dataquest, is one of them. Such new words can be summarized in

the word of User Friendly IC (UFIC) as a whole. In the past ten years MPU and memory occupied

the mainstream of semiconductors, but the next decade will be the era of UFIC. Several UFICs

have already appeared, but more will come out from now on. It is a group of products which meet

customer needs, with improved cost performance and short TAT.
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Why UFICs?

Advances in semiconductor technology have created significant progress in electronic systems.

Particularly great progress is reduction in the number of parts. The progress of calculators is a

remarkable case (Fig. 3), in which the number of parts that once reached thousands of pieces has

now become one chip LSI, and business card size calculator has been realized.
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Due to advances in ICs, the number of parts of many electronic equipment has been reduced (Fig.

4). In the case of televisions and facsimiles, hundreds of parts dropped to dozens. Furthermore,

due to advances in semiconductors, products that have never been imagined are on the market;

personal computers, auto focus cameras, supercomputers, digital telephone exchangers, industrial

robots and so on. Advances in semiconductors have brought about a reduction in the cost of

electronic equipment which created great new demands. As a result, semiconductor technology has

made further progress creating synergistic effects.
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Due to the increase in integration density, both semiconductor users and manufacturers are facing

major challenges (Fig. 5). Equipment makers must respond to the needs of end users and must

differentiate themselves from competitors at the same time. Previously, this was made possible by a

combination of small scale ICs, but from now on it is necessary to customize the chip itself.

For semiconductor manufacturers, small-scale devices have versatility, but versatility is lost with

increasing integration level. UFIC is a device aiming at minimizing TAT from system concept to

implementation, and it can be said that it is a desirable direction for both equipment makers and

semiconductor manufacturers (Fig. 6).
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Underlying UFIC’s Technologies

There are two ways to create a specialized IC for users (Fig. 7). 

One is a mask programmable device (MPD) and the other is a field programmable device (FPD).
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Typical examples of MPD are mask ROM and gate array, which take about a month from receipt of

order to shipment. On the other hand, examples of FPD are EPROM and PLD, and users can

program the devices by themselves. TAT is essentially zero and it can be said that it is very user-

friendly.

Hitachi's ZTAT MCU is a plastic package version of MCU with on-chip EPROM, with following

advantages: 1) TAT is essentially zero, 2) Negligible risks associated with bugs in ROM code, 3)

Bridge to mass produced mask ROM products (finalizing the ROM code after completion of end-

user’s examination by the use of ZTAT products).
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In order to realize ZTAT MCU, the following technologies were needed:

1) High-performance MCU architecture, 2) CMOS EPROM technology, 3) Passivation

technology and plastic packaging technology to ensure reliability, and 4) Effective test method of

EPROM embedded MCU.

Evolution to ZTAT is shown in Fig. 9. The mask ROM on-chip MCU is low cost, but with the problem

of long TAT. A piggyback version carrying a commercially available EPROM on a package has a

zero TAT, but the cost is very high. The EPROM on-chip version with UV-erase window also has a

cost problem.
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New application fields opened by ZTAT are shown in Fig. 10. So far, mask ROM versions

have been used for mass-produced products with fixed ROM code, and MCUs with UV-erase

window have been used for frequent rewriting and in small volume applications.

For medium-volume products, mask version has a risk of ROM code, and windowed version

is expensive. It is the ZTAT version that fills this gap.
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Electrically Erasable PROM (EEPROM)

In the case of EEPROM, the ROM code can be rewritten even after it is incorporated in the system. 

This is a big difference from EPROM which requires ultraviolet ray for erasing, and it will become a 

leading player of UFIC. EEPROM has a long history (Fig. 11). At this moment, the 64K bit product 

has just become available. There are some advantages as compared with the 16K product, and

much easier to use. The technology trend is shown in Fig. 12.

11



MAKIMOTO LIBRARY / Exhibit  VI / No.3

In the case of Hitachi products, the memory cell size has been reduced to 1/4 in five years (Fig. 13).

This has been accomplished, in addition to miniaturization, by the adoption of a three-dimensional

tri-gate structure. The EEPROM structures include MNOS type and floating gate type.

The former has a simpler structure, and the latter is compatible with conventional EPROM process.

Recently, there is a tendency to incorporate EEPROM on a chip, and an example of 8 bit MCU is

shown in Fig. 15. Application examples of this MCU are shown in Fig. 16; writing individual

information on IDs and IC cards,fine adjustment of precision machines, updating software of

devices

located in remote areas, etc.
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Chip Design Automation

The important point in UFIC is to deliver the ordered chip to the customer in the shortest time (Fig.

17).

In the era when the integration density was not high, manual design was good enough, but it is

difficult to

manually deal with chips with hundreds of thousands of transistors today. Systematic design

methodology by DA is indispensable on the premise of modularization of logic circuits.
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The ultimate form of DA is that complete chip design automatically comes out if you enter the

system description. If such a system can be created, what the designer does is to describe the

system function in a high-level language and confirm the verification result. The DA system creates

data for mask making based on this, and a test pattern for the LSI is generated.

Among several approaches for dedicated LSIs (Fig.20), the goal of UFIC is to realize the shortest

TAT and minimum chip size.
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Testability

Since all products are not necessarily good products, some kind of test is needed. As the integration

density increases, however, sufficient testing becomes more difficult. In order to ensure good

quality, the fault detection coverage is required to be at least 90 to 95%. It is very difficult to

manually achieve such a level (Fig. 22). Not only automation of design but also automatic

generation of test patterns is required. One way to automatically generate test

patterns is shown in Fig. 23.
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Conclusion

In the cases of calculators and watches, "system on chip" has already become a reality, and this

trend

will spread. The goal of UFIC is to integrate all the circuit elements necessary for users on one chip,

and to realize it with the minimum TAT and minimum chip size.
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Fig. 1 New terminologies related to UFIC

ASIC and ASSP are coined by Dataquest, and ZTAT is the trade name of Hitachi.  
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Fig. 2 Requirements for UFIC

Basic needs for UFIC are summarized here.

Fig. 3 Integration of calculator’s components

Starting from thousands of transistors and diodes, one chip LSI has been realized through the

advancement of semiconductor technology.
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Fig. 4 Decrease in number of components

Number of components for calculators decreased from thousands to one. Number for TVs and 

facsimiles decreased to 1/10.   

Fig. 5 Why UFICs?

Differentiation in system design is required from users, and increase in integration density is the 

technical seed to respond to the requirement. UFIC is the solution.
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Fig. 6 Requirements for quick TAT from concept to implementation

From hardware side, design automation and testability are important. From software side, support

tool for programming and field programmability are needed.

Fig. 7 What is ZTAT?

ZTAT is a plastic packaged EPROM on-chip MCU which offers zero TAT for programing, zero risk

associated with ROM code ordering, and a role of bridge to the mask ROM version for volume

production.
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Fig. 8 Technology base for ZTAT

Four new technologies were needed, as shown in the figure, to achieve the ZTAT product. 

Fig. 9 Evolution to ZTAT

Relative cost and TAT are shown graphically for four types of MCUs, namely, mask ROM on-chip 

type, piggy-back type, EPROM on-chip type with window, and ZTAT type. The goal of ZTAT is to 

achieve cost level close to mask ROM type with zero TAT.
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Fig. 10 Application fields for ZTAT MCU

Mask ROM version is for high volume application where ROM code changes happen rarely. 

EPROM version, either window type or piggy-back type, is for low volume application where ROM 

code changes frequently happen. ZTAT covers the intermediate fields such as PC peripherals, office 

automation, automobiles, and communications.

Fig. 11 Evolution of EEPROM technology

Comparison is made between 16K bit (1979) and 64K bit (1985) EEPROM devices based on

3micron and 2micron technologies respectively. Besides increase in the memory density, new 

functions are introduced  for more ease of use. 
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Fig. 12 Cell size for MOS memories

The trend of cell size for DRAM, SRAM, and EEPROM is shown as a function of design rule.

EEPROM is in the middle between DRAM and SRAM.

Fig. 13 EEPROM cell size trend

Trend of cell size for 16K bit (NMOS), 64K bit (NMOS), and 64K bit (CMOS) EEROM is shown.

CMOS version of 64K bit device will be further shrunk compared to the NMOS version.
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Fig.14 Cross-sectional structure of EEPROM cell

Cross sections of floating gate type cell and MNOS type cell are shown. MNOS is simpler in

structure, and floating gate type is compatible with conventional EPROM structure.

Fig.15 EEPROM on-chip MCU

8-bit MCU equipped with 2 Kbyte EEPROM based on 2 μ CMOS process is shown. Data protection

circuit is built in. This is a case of the state-of-the-art MCU at the time.
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Fig.16 Applications of EEPROM on-chip MCU

Personal information storage (bank card, credit card, security system, ID card), data calibration 

(automobile, robot, precision control equipment), and software update (remote control, FA). 

Fig.17 Objectives of DA

To consistently automate from concept to Si chip. Problems to be solved are system level

integration and competitiveness of chip (chip size and performance)
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Fig.18 Integrated DA system

After the behavioral simulation, logic synthesis and layout design are performed, and mask data is 

automatically created. The test pattern is also generated simultaneously.

Fig.19 Design methodology

Traditional design methodology was “spaghetti design” done manually. From now on, a systematic 

design methodology based on DA is the must. It is also important to utilize large-scale cells such

as macro-cells and mega-cells.
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Fig. 20 Trade-off between TAT and chip size

The figure shows the trade-off between TAT and chip size for PLD, gate array (GA), semi-custom

(SC), and full custom (FC). The goal of UFIC is to achieve minimum chip size and shortest TAT.

Fig. 21 Problems caused by poor testability

If the fault detection coverage by the test pattern is low, the functional failure rate increases.
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Fig. 22 Manpower required for test pattern generation

As the number of integration density increases, the manpower for both logic simulation and defect

simulation increases, but the latter increases more sharply.

Fig. 23 Automatic test logic addition and test pattern generation

This is a method of automatically inserting test circuits for input and output data to all the flip-flops

in the logic diagram. The fault detection coverage is remarkably improved.
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Fig. 24 Future image of UFIC

In the future, UFIC will include CPU, memory, and custom logic with FPD (Field Programmable

Device), and the functional flexibility will be considerably increased.

As is written in the "commentary“ column, the word UFIC has naturally disappeared, but the

concept

of Fig. 24 is very similar to the configuration of today’s PSoC (Programmable SoC).

30


