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Origins of the Yamaha Synthesizer
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			Beginning with our release of the SY-1 in 1974, Yamaha's rich history of development and production of synthesizers has now reached the 45-year milestone. As a musical instrument that lets you create exciting new sounds and express yourself freely, the synthesizer has been at the cutting edge of electronic music making ever since it first arrived on the scene. What's more, the technologies perfected in order to make this instrument a reality are now being put to use in all kinds of audio-related devices, and we can rightly say that the synth truly embodies the evolution of modern music.

			Here, we explore the innovative history of Yamaha’s industry-leading synthesizers, looking back on the products, technologies, and developments unique to each period.

			Evolution from the Electone

			Technologies and products that could be seen as prototypes for the first electronic musical instruments have been around since the 1920s, but none has developed in closer association with popular music than the electronic organ. The Electone® ("Electone" is the product name (and trademark) used for Yamaha's electronic organs) debuted in 1959 with the D-1. Similar musical instruments based on vacuum-tube technology were already available at the time, but the D-1 was revolutionary in that its modules relied on transistors alone. Although the Electone set the stage for the modern synth in terms of sound synthesis, it lacked the expressivity of acoustic instruments to such a degree that the president of Yamaha at the time referred to it as a mere "musical toy." The instant one played a key, the instrument produced a tone that ceased immediately with an abrupt mechanical cutoff sound when the key was released.

			Various research projects at that time had identified the way in which a tone changes over time as the most important factor in our interpreting it as the sound of a musical instrument. Let's consider the piano as an example: the tone produced when a key is played includes complex harmonics generated by the physical striking of the string. As the sound sustains, however, it gradually comes to resemble a wave with less harmonic content—such as a sine wave. This specific sonic variation over time is the most distinctive characteristic that allows us to identify the sound of the piano. Yamaha realized that the development of technologies capable of recreating these changes in a sound would be critical if electronic instruments were ever to produce the natural-sounding voices of acoustic instruments. In reality, Yamaha's history of synthesizer development actually began with this variation of sound over time and our quest to make the Electone produce more interesting sounds.
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			Introduced in 1975, the GX-1 was eight-note polyphonic and had 35 tone generators for sound synthesis. This famous instrument was much loved by owners such as Stevie Wonder and Keith Emmerson.

			Why digital technology in an analog synth?

			The tone producing system used in the first-generation Electone was extremely simple. Each key on the keyboard had its own oscillator—or what we now call a "tone generator"—which would generate a sound whenever its key was played. If the keyboard had 40 keys, the instrument would have 40 oscillators, with each pair operating in much the same way as a switch and buzzer. The decision to use new circuits capable of modifying sound over time as described above would thus have meant providing one for each and every key on the keyboard. Given the state of technology at the time, however, this would have made the design extremely expensive and resulted in an instrument that was unfeasibly large.
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			Christened the "Electone", our D-1 was released in December 1959 as an electronic organ with an all-transistor design.
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			Sound synthesis in the Electone D-1

			It was thus clear that new control technology would be required in order to use a limited number of circuits in a more effective manner. If, for example, an instrument had eight control circuits, it could generate up to eight polyphonic tones—that is, eight different notes at the same time. But if it also had 36 keys in a three octave configuration, this new technology would need to know which of the circuits to trigger in response to the playing of a particular key. Our solution was to introduce a device that could assign circuits to keys efficiently, based on the order in which they were played, the total number of keys currently being held down, and other related factors.

			This type of device was known as a key assigner, and it can rightly be called the predecessor of today's dynamic voice allocation (DVA) technology. Back in the early seventies, when tone generators still relied on analog technology, digital circuitry was already being put to use in these key assigners. As such, their adoption was an important milestone in the introduction of digital technology in the analog-synth era.
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			Key assigner at work

			Birth of the SY-1

			In 1973, Yamaha completed development work on a prototype codenamed the GX-707. Based on cluster voltage control, this instrument could be regarded as the predecessor of the Electone GX-1. Although it looked just like an Electone, the GX-707 was actually an eight-note polyphonic synthesizer—more specifically, the upper and lower keyboards supported eight-note polyphony, while the solo and pedal keyboards were both monophonic. As the flagship model in the Electone lineup, however, this prototype was conceived of as a "theatre model" for use on the concert stage. With a console weighing in excess of 300 kg and a separate board required for editing tones, it was not well suited for sale to the general public, and to this day is still considered a niche instrument. Yet the GX-707 did possess extremely expressive tone generators, technology which Yamaha elected to use in a separate solo-part keyboard product for use with existing Electones. Thus was born the SY-1 monophonic synthesizer, which became Yamaha's first synth upon its release in 1974. Given that analog synthesizers have typically evolved from monophonic to polyphonic, this reverse pattern—namely, moving from poly to mono—is further evidence of Yamaha's unique way of thinking.
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			SY-1 envelope section

			Although the SY-1 lacked a key assigner, it did feature an envelope generator for altering its sounds over time. The envelope generators used in synthesizers typically comprise four stages, identified by the letters ADSR. "A" stands for attack time—that is, the adjustable time between pressing of a key and the resultant note reaching its peak level. The decay time—represented by "D"—defines how long it will take when the key is being held down for the sound to drop from this peak to the sustain level. This sustain level, indicated by "S", is the constant volume that held notes ultimately reach. Last but not least, the release time—represented by the "R" in ADSR—specifies how long it will take for the sound to fade away completely once the key has been released.

			Normally, one would use a controller for each of these parameters to adjust how the sound should change over time in response to playing, holding, and releasing the keys. However, we can clearly see that the SY-1 control panel lacks the knobs provided on modular synths such as the Moog and Minimoog for configuring the ADSR stages of amplitude and filter envelopes. Instead, a pair of sliders labeled Attack and Sustain are used to adjust the amplitude envelope, and a feature known as Attack Bend allows the pitch and filter envelopes at the beginning of the note to be adjusted in a unique way.

			The SY-1 featured a range of preset envelopes for recreating the sound of various instruments such as the flute, guitar, and piano, which could be activated simply by moving the tone levers. Today, we take it for granted that synthesizer presets can be easily recalled, but Yamaha's inclusion of this functionality in its very first analog synthesizer was highly innovative.

			Another groundbreaking feature of the SY-1 was touch control, or what is commonly known today as velocity sensitivity. Prior to the introduction of the SY-1, electronic organs had typically been equipped with a volume or expression pedal that the musician could use to modulate the sound for greater expression while playing. Yamaha had, however, been working on a range of different prototypes with the aim of modulating tone based instead on how hard the keys were played. Ultimately, we perfected a technology that measured the strength of playing by detecting how long it took for keys to be fully pressed down, and it was this system that we debuted in the SY-1.

			Crossover to CS-Series Combo Synthesizers

			In 1975, one year after releasing the SY-1, Yamaha introduced the GX-1 as a concert-model Electone; however, the first non-Electone products to inherit the unique technologies of the SY-1 were the combo synthesizers of the CS Series.

			One of the most notable features of the CS synths was the integrated circuitry used in their tone generators and controllers—components that had up until then taken the form of transistor assemblies. This integration of state-of-the-art technology paved the way for huge weight reductions and vastly improved portability. Consider, for example, the GX-1 and the CS-80—the top-of-the-line CS synth: while these two instruments certainly differed in terms of design and mode of use, the GX-1 weighed in at over 300 kg and had a price tag of seven million yen, but the CS-80 was only 82 kg and cost just 1.28 million yen, meaning that the individual musician could both afford it and move it around.
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			GX-1
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			CS-10
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			Flagship model of the CS Series, the CS-80 debuted in 1977 with eight-note polyphony.

			Yamaha synthesizers at the time had two very distinctive features, the first of which was the ability to retain programmed sounds. These days, we think nothing of storing our original sounds in an instrument's memory in much the same way as saving a file on a PC. Back in the seventies, however, neither RAM nor ROM yet existed, so an extremely analog approach was employed to store sounds. The following illustration shows part of a page from the CS-60 service manual, which was used by technicians when repairing the instrument. This section, titled (Tone Preset 1) Circuit, contains instrument names, resistance values, and a circuit diagram. The synthesizer's levers were connected to variable resistors—that is, circuit elements that can limit current and voltage. As shown, however, fixed resistance values corresponding to specific positions of these levers are built into this circuit. The combination of these values resulted in a certain sound or tone, leading these circuits—which were widely used back then—to be called "tone boards."

			In instruments like the GX-1, tone boards were physically inserted and removed to change sounds. As such, Yamaha was already at that time employing a sound storage method not unlike analog-type ROM cartridges. The CS-80, meanwhile, possessed functionality that allowed instantaneous switching between four original sounds. Specifically, it had four complete sets of memory elements, with one memory element from each set corresponding to a specific instrument controller. Each of the four sets could thus be used to store all of the controller positions for a user-created sound.
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			CS-60 service manual
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			GX-1 cartridge ROM
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			The other distinctive feature of Yamaha synthesizers was IL-AL type envelope generators. IL and AL refer to Initial Level and Attack Level, respectively, and these envelope generators used a slightly different approach to that of the standard ADSR type. In an ADSR envelope, the value corresponding to the very start of the attack stage is the base value, zero. When we apply the envelope produced by such a generator to a filter, the tone at the start of the sound is determined by the current cutoff-frequency setting; however, the tones at the peak of the attack and while the note is being held are defined by this cutoff-frequency setting in combination with the envelope generator depth and the sustain-level value. Because these tones are thus the result of multiple settings, adjusting the way in which a sound changed over time could become quite confusing. In contrast, when applying an envelope with Initial Level and Attack Level settings, the filter's cutoff frequency determines the tone produced while the note is being held, and the IL and AL controllers can set the tones at the start and peak of the attack stage independently. This approach provides a much higher degree of freedom, especially when trying to recreate natural-sounding tones. As a unique Yamaha feature, the IL-AL type envelope generator further demonstrates the commitment of our developers to high-quality sound creation.
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			IL and AL type envelope generator (CS-10)
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			The CS-80 was also equipped with a portamento bar known as the ribbon controller, which could be used to bend the pitch smoothly, and aftertouch functionality that could detect the pressure applied to each key being held down and change the tone accordingly. Given that these functions remain extremely popular in modern synths, the fact that Yamaha devised and implemented them four decades ago underscores the technical excellence of our synthesizer development team.
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			Wheel-type pitch bend and modulation controllers (CS-15D)

			Lower prices, more compact designs, and further enhancement

			In the latter half of the seventies, we expanded the CS Series with low-priced, monophonic synthesizers, and as amateur musicians could now afford these instruments, they grew in popularity. Thanks in part to rapid advancements in electronic circuit integration and the resultant lower prices, the CS-5, which we introduced to the market in 1978, weighed only 7 kg and cost just 62,000 yen.

			Many of the technologies and features of today's Yamaha synths were first realized during the development of compact, affordable instruments such as these. For example, the wheel-type pitch bend and modulation controllers of the CS-15D have become distinctive features of our instruments and are still utilized in the very latest MOTIF XF models. In 1979 we released the CS-20M, switching to digital technology for storing sounds. The CS-70M introduced in 1981 was very similar to modern instruments in terms of functionality: in particular, it offered an auto-tune function that solved the perennial tuning problems encountered in analog synthesizers, and also featured a built-in sequencer realized using a dedicated microprocessor.

			The CS-01 of 1982 was a truly pivotal synthesizer. Capable of running on batteries and equipped with a mini keyboard, a built-in speaker, and shoulder-strap pins among other features, it ushered in new era in terms of both sound synthesis and mode of use.
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			CS-5

			[image: ]CS-15D

			Inspired to create new forms of synthesis

			Since its beginnings in 1974, synthesizer development at Yamaha has unfolded in parallel with many other advancements in tone generation technologies that also began back in the seventies. Notable examples are research into FM synthesis, which would go on to become extremely popular in the eighties, and the hybrid Pulse Analog Synthesis System (PASS), which combined digital and analog technologies and was adopted for use in Electone tone generators in 1977. Recordings of the sounds produced by these prototype technologies show that, in particular, the analog synthesis approach used in the SY-1 had actually been perfected to a commercially viable level. In this regard, it is remarkable how quickly the Yamaha developers of the time identified so many highly promising new technologies and immediately put them to use.

			Even after we released the D-1 as the first Electone, many issues concerning sound quality still needed to be resolved. One particularly challenging problem was how to make these new instruments as expressive as their acoustic counterparts. As we have seen, changes in tone and volume over time were identified as critical in this regard, prompting continuous, round-the-clock research and development in the pursuit of better and better sounds to satisfy this need. Perhaps symbolic of the high-growth period of the Japanese economy, the then president of Yamaha is said to have instructed his team to "spend whatever you want, but give me something that can be the best in the world." With such passion and devotion, synthesizer development at Yamaha during the seventies did more than give birth to a dazzling array of original technologies—it undoubtedly laid the foundations for the coming popularization of the synthesizer as a musical instrument.
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			Released in 1982, the CS01 featured a compact, 48.9 x 3.6 x 16 cm body that weighed just 1.5 kg, allowing players to attach a strap to it and use it as a shoulder keyboard. Battery-powered, and equipped with pitch bending and modulation wheels at the top left of the instrument body, this synthesizer allowed keyboard players to move around on stage in a similar manner to guitarists. The CS01 offered breath control capability, and came with a gray body as standard, with white, black, and maroon color schemes also available (in Japan). Chick Corea was one artist to use the CS01 on stage.

		

	
		
			[ Chapter 2 ] 
FM Tone Generators and the Dawn of Home Music Production
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			The standard bearer for digital synthesizers, the DX7 (May 1983, shown at front), and its successor, the DX7IIFD (October 1986 second from front). At rear is the DX1 (1983), and immediately in front of it, the DX5 (1985). With an FM tone generator, 32-voice onboard memory (64 voices with an external ROM attached), and a price tag of 248,000 yen, the DX7 and other instruments in the DX series were hit products that sold around 420,000 units worldwide. The body of the DX7 was given a brown color to match the body color of the YIS home computer that Yamaha was selling at the time.

			Great advances in semiconductor technologies

			The start of the 1980s saw an explosion in the popularity of semiconductor-based electronic components, and devices that simply had not been possible with earlier technologies started appearing on the market in rapid succession. Terms such as "integrated circuit" and "large scale integration" began to show up on university entrance exams, and companies started producing electronic games based on this type of circuitry. The breakthroughs made in the field of semiconductors during those years were truly remarkable.

			One of the more notable technologies made commercially viable by these rapid advances was the digital frequency-modulation (FM) tone generator. This sound creation method was originally developed at Stanford University in the United States, and Yamaha—the first company to recognize its true potential—signed an exclusive licensing contract with the university in 1973.

			Our research team started working with FM tone generators as part of a scheme to switch over the Electone® to digital technologies, and by 1974—when the analog SY-1 Yamaha synth was released—we had already successfully completed a prototype instrument with a digital FM tone generator at its core. Unfortunately, it was not yet possible to bring this instrument to market due to the huge number of integrated circuits required by the semiconductor technologies of the time, and also because of the difficulty experienced in balancing size and function satisfactorily. As further advances were made in the field of semiconductors, we finally achieved an instrument with specifications we considered acceptable. And in April 1981—seven years after the start of development—Yamaha released its first FM tone generator product in the F-70, a classic Electone model. This was followed one month later by the GS-1 keyboard, an instrument intended for stage use.
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			Testing FM tone generation at Standard University in the USA
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			Dr. Chowning, of Stanford University, using a GS1 voice programmer to create sounds

			FM synthesis is notable for its ability to recreate with remarkable levels of realism those sounds that are full of variety and rich in harmonics—such as the electric piano, brass instruments, and glockenspiel. Sampling has now become the mainstay of tone generation, and because this technique makes use of actual recordings, we take it for granted that our synths can effortlessly reproduce the sounds of a vast array of different musical instruments. However, the analog synthesizers of the early eighties were simply unable to produce certain kinds of voice—bell-type, metallic sounds being a notable example—and this made the FM sounds of the GS-1 truly sensational.

			The GS-1 was not actually marketed as a synthesizer, possibly because sounds could not be edited on the instrument itself. Voice cards could be used to change the bank of 16 voices that the GS-1 was able to produce, but a special, programming device for use by developers (see the photograph below) was needed to create or modify these sounds. Truth be told, this ability to make voices editable proved to be quite a hurdle in realizing a commercially viable synthesizer product.
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			A voice programmer for the GS1
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			Released in 1981, the GS1 digital keyboard featured FM tone generation and touch-sensitive control.
Notable for its grand piano-like body, the GS1 was an expensive instrument that sold for 2.6 million yen.

			The user interface concept

			The sounds produced by an analog synthesizer can be changed by adjusting the values of resistors and other electronic components that make up its tone generator circuit; therefore, knobs and faders containing variable resistors can be added to provide sound editing functionality. The way in which these controllers are arranged depends on the design and size of the synth itself, and instruments such as the CS-80 introduced in Chapter 1 already needed a huge array of knobs. Digital synthesizers have many more sound-related parameters than their analog predecessors, so assigning a physical controller to each and every one would have been totally impractical.

			It is also important to remember that digital synthesizers operate based on programs in much the same way as computer software. To produce a new sound, one simply needs to add the required program. However, if the parameters of the sounds themselves are to be editable, then the synthesizer also needs an editing program. Needless to say, the editing program would require its own buttons and knobs for entering parameter values—in modern parlance, its own user interface (UI).
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			A catalog showcasing the GS1 and GS2 (for Japan). Chick Corea appeared in the opening pages.

			One of the UIs most familiar to us is the computer's screen, keyboard, and mouse. Neither Windows nor Mac yet existed back in 1980, and entering commands and text using a keyboard was the principal way that users interfaced with their computers. The methods we have grown used to today—for example, working with a graphical interface and mouse or a touch-sensitive screen—were not available back then. In developing the digital synthesizer, creating a clear and simple UI for the musician who wanted to interface with sound in a more intuitive fashion and also for the user with no experience of computer programming was perhaps the greatest challenge that had to be overcome.

			One of the UIs most familiar to us is the computer's screen, keyboard, and mouse. Neither Windows nor Mac yet existed back in 1980, and entering commands and text using a keyboard was the principal way that users interfaced with their computers. The methods we have grown used to today—for example, working with a graphical interface and mouse or a touch-sensitive screen—were not available back then. In developing the digital synthesizer, creating a clear and simple UI for the musician who wanted to interface with sound in a more intuitive fashion and also for the user with no experience of computer programming was perhaps the greatest challenge that had to be overcome.

			As a solution, our developers devised the new type of programmer shown below. This instead utilized a combination of lamps and buttons that the sound designer could use to confirm the parameters' previous settings when making edits.

			The UIs of modern synths provide full and free access to all internal parameters—we do not realize how lucky we are, because this was not always the case. Back when semiconductor and program technologies were developing at breakneck speed, countless rounds of trial and error were needed to perfect a UI conducive to creative sound design. Nevertheless, this was a crucial step in the development of the synthesizers of that era.
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			The TRX-100 prototype, the basis for the GS1
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			The programmer for the TRX100
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			One of the programmers built as a test, consisting of a combination of lights and buttons.

			Arrival of the DX7 to transform the music scene

			Two years after prevailing against all odds to develop an FM tone generator, create a UI for programming and editing sounds, and successfully release the GS-1, Yamaha introduced the world to its DX7 frequency modulation synthesizer. At the heart of the FM tone generator lies the operator—a fundamental component used to generate and modify sound. Whereas the GS-1 had four operators, the new DX7 now featured six, allowing it to create much more elaborate sounds. What's more, this revolutionary synth also had built-in functionality for creating and editing sounds, and it allowed these sounds to be stored on cartridge-type memory, all for roughly one tenth of the price of the GS-1. It is hardly surprising then that this new instrument had such a profound effect on the synthesizer world.
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			At that time, a number of Yamaha departments were developing different instruments in parallel, and whereas the GS-1 was preceded by the TRX-100 prototype, the direct forerunner of the DX Series synths was a test model known as the Programmable Algorithm Music Synthesizer (PAMS). In recognition of this fact, the DX7 is identified as a Digital Programmable Algorithm Synthesizer on its top panel.

			As its name suggests, the PAMS created sound based on various calculation algorithms—namely, phase modulation, amplitude modulation, additive synthesis, and frequency modulation (FM)—and from the very start, the prototype supported the storing of programs in memory. However, this high level of freedom in sound design came at the price of a huge increase in the number of parameters required, meaning that the PAMS was not yet suitable for commercialization as an instrument that the average user could program.
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			The PAMS, the prototype for the DX series

			In order to resolve this issue, the Yamaha developers decided to simplify the synth's tone generator design by having the modulator* and carrier* envelope generators share common parameters. They also reduced the number of algorithms—or operator combination patterns—to 32. This paved the way for completion of the original DX Series lineup, comprising the DX1, DX-5, DX7, and DX9. Although four models were released at this time, five model codes—DX1, DX2, DX3, DX4, and DX-5—were actually employed during development. The DX1 kept its code upon release, which is quite rare for Yamaha products, while the DX2 and the DX3 together became the DX-5. The DX4 and the DX-5 development models came to market as the DX7 and the DX9, respectively.
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			A prototype DX1

			The DX7 was an instant hit all over the world, and both the instrument and its sound soon became driving forces of the pop music of the eighties. We should note, however, that many of its technologies and features also greatly influenced how synths would be developed thereafter.

			The first of these was an LCD screen comprising two lines of 16 characters each. Prior to the DX7, synthesizer parameter values were typically confirmed from the positions of knobs and sliders, meaning that there was no way to accurately check parameter settings or display voice names. With the arrival of this type of UI element, however, it became possible to display all types of information, and the tradition of naming original voices was born. Meanwhile, the fact that individual parameters could be called up and edited one at a time on the LCD screen eliminated the need for a vast array of controllers on the top of the instrument. The neat and tidy control panel of the DX7 would not have been possible without this screen, and this clear distinction from the synthesizers of the past was yet another factor behind its overwhelming popularity.
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			From the TX7 catalog (English). Here the TX7 is shown attached to a DX7.

			The next groundbreaking feature of the DX7 was the use of memory cartridges to store and recall voices—a feature that was only possible thanks to the synth's digital design. Whereas the GS-1 had used magnetic-type voice cards, Yamaha decided that cartridges containing digital memory would be better for the DX Series as they are unaffected by the powerful magnetic fields produced by speakers and other similar equipment. The DX7 can store 32 voices internally, but with a ROM cartridge plugged into its cartridge slot, an extra 64 voices become available. RAM cartridges, meanwhile, can be used to write and recall up to 32 original voices. This ability to boost the number of voices is unique to the digital synthesizer, and our highly convenient cartridge-based approach also made the sounds of professional musicians available to all. Back in the era of the analog synth, the only way to reproduce the sounds used by pros was to copy the positions of each and every knob, and even then, it was almost impossible to get the exact same settings. DX7 owners, however, could easily purchase cartridges containing the actual sounds of famous synth players. This novel approach, which made it possible not only to own the same instrument as one's synth hero, but to also play the very same sounds, was extremely attractive to amateur musicians.

			Also worthy of special mention are the remarkable improvements that Yamaha developers achieved in keyboard performance—now all the more important in controlling the highly complex sounds that FM made possible. Working in combination with a touch-sensitive keyboard, the FM tone generator can modulate sounds in a myriad of different ways, and in order to get the most out of this technology, we decided to equip the DX7 with our FS Keybed. Although originally developed for the Electone, this keyboard went on to be a standard component in flagship Yamaha synths for over two decades, becoming much loved by a great many musicians.

			Last but far from least is the DX7's support for MIDI—a technical standard introduced in 1982 to enable musical instruments to exchange information digitally with one another. In addition to information produced by playing the keyboard, this also includes data generated by operating the sustain pedal, the volume pedal, and many other performance-related controllers. The simple fact that Yamaha adopted this standard so soon after its release was another reason why the DX7 attracted so much attention at the time, yet the functionality it provided was just as inspired. For example, when controlling the DX7 using a MIDI sequencer—a device that can play synths automatically by transmitting MIDI data—one could recreate the performance of another musician note for note, and effortlessly create robotic sounding parts or high-speed phrases that humans would find very difficult to play continuously. Another feature that got the DX7 noticed was its ability to produce innovative, cutting-edge music such as the dance and techno sounds born in the eighties—music that was achieved by combining robotic MIDI performances with hard synth bass that possessed a distinctive FM sound.

			With these and other trailblazing features, the DX7 digital synthesizer shook up both the performance and business sides of the music industry and greatly influenced both the pop music of the day and the shape of synths to come.
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			A connection diagram from the TX7 catalog. The catalog feature explanations with the TX7 and QX7 connected to a DX7.

			The changing world of the synthesizer

			Following the introduction of the DX7, the world of the synth underwent major change. The addition of MIDI support not only made it possible for musical parts to be played automatically, but it also gave rise to the concept of tone-generator expansion for real-time performers. For example, two DX7s could be made to play exactly the same electric piano part, and if the pitch of one of these instruments was raised ever so slightly, the result would be a chorus-type effect, making the overall sound much richer. This approach was just as applicable to greater numbers of synths, but because nobody could actually play three or four synths at the same time, we realized that DX7s being used exclusively in an expansion capacity had no need for a keyboard. Our response was the TX Series of keyboard-less tone generator modules.

			The DX7 was followed by many more of these products, such as the rack-mounted TX-816 tone generator capable of producing extremely rich sounds, and the TX-7, which packaged a DX7 tone generator in a highly distinctive case. The luxurious FM sounds they delivered through tone-generator expansion also became an indispensable part of the music scene of the day, gaining these products an excellent reputation in the process.

			The synths of the Yamaha DX Series continued to evolve together with advances in technology. The DX7 II had an aluminum body for reduced weight and greatly improved portability, and a disk drive was later added to cater for the 3.5-inch floppy disks that were in widespread use at the time. Further development of the series saw the introduction of even more creative features, such as dual output channels with support for stereo panning, and micro-tuning functionality that allowed musicians to use tuning systems other than equal temperament, such as Arabic musical scales. Meanwhile, the DX100 mini keyboard model (which was released slightly earlier) featured a number of innovations specifically for the player: for example, the pitch bend wheel was moved to the top-left corner, and when played standing up using a strap, the instrument's pitch-bend direction could be reversed so that notes could be bent in the same way as with a guitar.

			Not only did it take the music world of the eighties by storm, the DX Series was also an engine of development of the modern digital synth's UI and primary functionality as an instrument.

			Onward to home music production

			Up until the eighties, amateur musicians certainly performed their music live, but recordings were exclusively made in studios by professionals. During this decade, however, the multitrack recorder (MTR)—a device capable of recording four individual tracks on a standard music cassette—became extremely popular, and this made it possible for anyone, regardless of ability, to produce multitrack recordings from the comfort of home. In the beginning, the standard MTR process was to record the rhythm first using a drum machine, and to then layer bass, guitar, and keyboard tracks on top to complete the song. With the growing popularity of MIDI-compatible instruments, however, musicians were able to synchronize their sequencers and drum machines, and MIDI synths such as those of the DX Series were regularly used for both bass and chord-type tracks. Yet the DX7 could only produce one voice at a time, meaning that two of these synths would be required if, for example, bass and electric piano had to be played at the same time.

			Yamaha's solution was the multi-part tone generator. MIDI data can be assigned to specific channels, and if a MIDI sequencer such as a QX Series product is used to transmit performance data organized into different channels, then bass, piano, and marimba voices can, for example, be played by the data on channels 1, 2, and 3, respectively. A multi-channel tone generator receiving this data would assign a different voice to each channel, and in our example, the equivalent of three individual synthesizers would need to be integrated into a single tone generator. The product that Yamaha developed in line with this approach was the TX81Z tone generator module—a revolutionary device containing the equivalent of eight FM synthesizers, each with four dedicated operators. All eight of the FM tone generators could also be set to the same channel to produce richer, denser sounds. Furthermore, the operators were equipped with waveforms other than the sine wave for the first time so that a more diverse range of sounds could be generated, and for this reason, the TX81Z it is often considered a hidden gem among synth modules.

			Around this time, music producers started playing all parts—be they rhythm, bass, or chord-type instruments—simultaneously using one synthesizer, and synths with built-in MIDI sequencers began to appear on the market. Developed to address this need, the Yamaha V-50 was the ultimate FM synthesizer, combining the TX81Z with a keyboard, a MIDI sequencer, a rhythm machine based on PCM tone generation, and digital effects processors. This instrument transcended the boundaries of the digital synth, propelling it into the workstation era.

			In less than a decade, between the GS-1 of 1981 and the V-50 of 1989, our digital synthesizers evolved from basic performance instrument to full-fledged music workstation. Without doubt, the eighties was one of the most exciting and dynamic periods in the history of the Yamaha synthesizer.
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			[ Chapter 3 ] 
Evolution of Tone Generator Systems & Approaches to Music Production
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			The SY77, released in 1989. Offering much greater expressive power thanks to newly-developed digital filters that duplicated the behavior of analog synths, this instrument was truly symbolic of 90s synthesizers. Released in 1991, the SY99 took this further, offering greater voice creation capabilities and making considerable strides as a workstation synth. The SY99 would also prove to be the genesis for the Yamaha workstation synths that led to the MOTIF series.

			Arrival of the sampling-based tone generators

			Spurred on by development of the FM tone generator, Yamaha transitioned its synthesizers to digital technologies during the 1980s, and thanks also to advances in integrated circuits, we released products with a diverse array of new functions. One part of this approach involved the development of technologies that would allow digital recordings of the actual sounds of acoustic instruments—commonly referred to as "samples"—to be used as the tone generator. Drums, percussion, effect noises, and other similar sounds are relatively short, making them ideal for sampling; furthermore, very little adjustment of pitch or timbre is required when these recordings are played back. As such, sampling technology can be applied to easily recreate the sounds of these and other acoustic instruments. For this reason, various different instrument manufacturers began to use sampling-based tone generation—also known as Pulse Code Modulation (PCM)—in drum machines and other similar products during the eighties. Here at Yamaha, we call this type of engine the Advanced Wave Memory (AWM) tone generator.

			Yet this type of tone generator was not limited to drum sounds: it could also replay samples recorded from pianos, guitars, and other instruments with longer decay times, as well as the sustained sounds of organs and the like. That said, their main mode of use was as a sampler—that is, a device that replays recorded instrument sounds as–is—and they were not used in synthesizers to actually create sound. Many challenges still needed to be overcome before the Advanced Wave Memory (AWM) tone generator could also function effectively as a synth engine that allowed sounds to be designed in a creative fashion, or as part of a highly expressive instrument for live performance.

			One particularly difficult task was the development of digital filters that could behave in the same way as those featured in analog synthesizers. Although the theoretical mathematical formulae that described how these devices operated were certainly well understood at the time, when replicated inside a digital circuit their behavior was much less smooth than that of the analog filter. Developers found it especially difficult to give character to "resonance," a highly distinctive feature of the analog synth. Other instrument manufacturers had already released synthesizers featuring digital filters, but the majority fell short of the mark. Many did not feature resonance at all, while others attempted to simulate this unique filter behavior in an artificial manner.

			At that time, Yamaha had actually developed a digital filter capable of reproducing the behavior of an analog one, a feature that made its long awaited debut in our SY77 digital synthesizer in 1989. The SY77 was equipped with both an AWM tone generator and an FM tone generator, both of which could be used together with the digital filter to sculpt sound for remarkable levels of expression. These two new approaches to tone generation were christened Advanced Wave Memory 2 (AWM2) synthesis and Advanced Frequency Modulation (AFM) synthesis, respectively. The SY77 made it possible to create exciting sounds using a hybrid-like combination of sampling and FM, and also featured many other groundbreaking functions—for example, the PCM waves of the AWM2 engine could even be used as operator waves in the AFM tone generator.

			The digital filter's cutoff frequency and resonance parameters could also be controlled using the keyboard's velocity and aftertouch, and the combination of all of these features together was referred to as the Realtime Convolution & Modulation (RCM) system. With its smooth digital filter and combination of both PCM and FM—the two giants of digital tone-generation of the time—the SY77 seemed almost too good to be true upon its release, and went on to epitomize the advanced state of synthesizer technology of the 1990s.
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			Left: From the cover of the SY77 catalog Right: An explanation of RCM tone generation, taken from the SY77 owner's manual

			Multitimbrality

			Another notable aspect of the synthesizers of the nineties was the development of multitimbral tone generators. Multitimbrality refers to the ability of an instrument to play multiple different types of sound at the same time, a capability that is indispensable in music production.

			While not so important to the keyboardist performing live, multitimbral capability does allow different instrument voices such as drums, bass, piano, and solo parts to be played together. However, it really came into its own when MIDI sequencers started to become popular towards the second half of the eighties, allowing a single synthesizer to be used to create a full musical arrangement. Against this backdrop, the multitimbral synth saw increasing use in the production of full-fledged demo tapes and backing tracks for keyboardists to play along with. Although tone generators offering multitimbrality had actually existed from the slightly earlier FM era, interest in this feature increased markedly with the emergence of synthesizers capable of the high-quality, highly realistic sounds of acoustic instruments made possible by the AWM2 and other similar tone generators. At the same time, fierce competition erupted between the various synth makers as they strove to deliver products that were cheaper, could play more notes or voices simultaneously, and offered greater choice in voice variations.

			Up until that time, if you had wanted to play multiple voices automatically using a MIDI sequencer, you would have had to fork out hundreds of thousands of yen to purchase enough synthesizers for the number of voices required.

			Now, however, a single instrument could effortlessly produce all of these sounds simultaneously. Although various manufacturers addressed this need with tone generator modules supporting eight-part multitimbrality, our TG55 offered excellent value for money with a sixteen-part multitimbral sound system, as did the SY77 and SY55 workstations, revolutionary instruments than can be credited with vastly expanding the number of people producing music.

			[image: ]

			TG55

			Evolution of our PCM synthesizers

			As tone generators based on sampling technologies started to become more popular, synth makers introduced various types of instrument based on PCM tone generators, making the market increasingly competitive. Yamaha responded by further enhancing the AWM2 tone generator developed for the SY77 and exploring a range of other applications.

			Released a year after the SY77 in 1990, our SY55 represented a significant technological advancement, by making it possible to simultaneously use four components known as "elements," each of which produced sound using sampled waves. This approach allowed sounds to be sculpted in a highly artistic and inventive fashion—for example, one could create an original voice by combining just the attack portion of a piano with the sustained portion of a flute, or alternatively, assemble a horn-section sound from trumpet, trombone, alto sax, and tenor sax.

			In parallel with these developments, effects units were also evolving at a rapid pace thanks in part to the adoption of digital technologies. The upshot was that synth owners could now process their sounds to the same high quality levels as dedicated hardware units found in professional recording studios just by using the effectors already built into their instruments,.

			The SY99 introduced in 1991 could sample external sounds for use in its AWM2 tone generator. With this and other novel features, it greatly enhanced expandability and sound creation capabilities, marking a major evolutionary milestone for the PCM synthesizer. In fact, the AWM tone-generator design perfected in the first half of the nineties—together with "element" and other related terms—are used to this day in the instruments of our MOTIF Series.
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			Dawn of the workstation era

			From the start of the nineties, the hardware sequencers that had been used in the latter half of the preceding decade—such as those of the QX Series—were gradually replaced by computer-based software sequencers. In the recording studio, meanwhile, it became increasingly common to see a vast array of digital devices, such as MIDI interfaces connected to computers; samplers, synths, and other tone generators loaded into racks; and a master keyboard for entering performance data, all connected by a complex web of cables. Using this type of music production system with the computer at its core, a single musician could freely perform and record whatever tracks they wanted to produce a complete song in a very short time. This undeniably raised the bar to becoming a keyboard player, and it was at around this time that the course of development the synthesizer split into two different paths based on what was required of it as an instrument.

			The first of these was predicated on the synth being used simply as a tone generator. Certain applications saw tone generators played using wind and guitar synths, but the prevailing trend was for them to be used as an integral part of a computer-based music production system. However, the tone generator would be controlled by the computer or another MIDI signal source, meaning that it no longer had to be integrated with a keyboard in the same way as the synthesizers of the past. To address this, Yamaha released a range of rack-mounted and desktop-type tone generators under the TG designation.

			The second path saw the synth develop as a workstation capable of satisfying the requirements of both keyboardist and arranger—a format to which most of the keyboard-type synthesizers of the era adhered. Players could produce full-blown tunes using just the workstation, and with no particular computer skills, make complete productions on this single instrument without any complicated cables, be creatively inspired by studio-level high quality audio. The SY99 mentioned previously brought all of these elements together, and came to be seen as the ultimate in nineties workstations; and the SY Series as the genesis of the Yamaha workstation synthesizer.
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			Images from the Yamaha digital instrument catalog. From the top, the 1994, 1993, and 1992 editions

			The quest for new tone-generation techniques

			The sampling and PCM approaches to tone generation that started to become the mainstay of sound production in synths from the beginning of the nineties have at their core the recording and playback of real instruments. High-quality recording and playback make it possible to replicate the exact same sound as the original; however, developing this into a convincing musical instrument was no easy feat, primarily because pitch and timbre must be controlled in real time in order to make these sounds playable. Consider, for example, that the piano keyboard has 88 keys and the same number of scale notes, MIDI allows the strength of playing to be represented on a 127-level scale, realistic sounds need to change over time and join with one another, and controllers must be able to modulate the sound for greater levels of expression. It is not hard to see that multiple different patterns covering all of these possibilities had to be recorded, and the most appropriate instantaneously selected for playback. This in turn called for huge volumes of recorded data to be processed by memory and processors that remained slow and expensive. In this regard, the technologies of the day left much to be desired.

			Although Yamaha's FM tone generation systems could produce highly expressive sounds without the need for much memory, our synthesizer development team embarked on a quest to identify new approaches to tone generation that could create much more realistic sounds, similar to those of acoustic instruments. As a result of this effort, physical modeling was determined to be the most promising candidate.

			Physical modeling is an approach to tone generation where the physical actions that actually occur when producing the sound are expressed in the form of mathematical equations, which are then used to model the overall process. If, for example, producing the sound of a saxophone, this type of tone generator would mathematically model the musician blowing air into the instrument, the blown air causing the reed to vibrate, and the sound of the vibration being amplified due to sympathetic resonance inside the body of the sax. As with FM synthesis, this method is based on a theoretical approach developed at Stanford University, with fundamental research having started back in the eighties. However, it was not until the following decade—when the development of new tone-generation systems became an urgent matter—that the Yamaha synthesizer development team of the time decided to begin R&D with the aim of converting physical modeling into a practical technology for use in synths.

			It took all of the team's resources to achieve success, but their dedication ultimately paid dividends in the Virtual Acoustic (VA) tone generator—the first in the world to use physical modeling. We proudly unveiled this tone generator to the world in 1993 as the heart of the VL1 synthesizer. With just two-note polyphony, this unconventional synth contrasted starkly with the SY Series and other similar instruments from the heyday of the synthesizer, which possessed a much higher level of polyphony and were capable of simultaneously producing the sounds of multiple different instruments. Yet the VL1 stole the show with its ability to reproduce—with remarkable levels of realism—the sounds of wind instruments such as the saxophone and trumpet, as well as the violin and other string instruments. In order to do so, a signal from a sound generator known as an instrument was processed and sculpted by a modifier, which controls the sound of the instrument model. In the case of a wind instrument, for example, an instrument corresponding to the mouth piece or reed would be combined with a modifier defining the physical material or shape of whatever was being modeled.
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			The VL1 prototype, created with a wood grain panel based on the SY77

			A range of parameters unique to the VL1 could be assigned to the instrument and modifier in order to modulate their behavior, but the real driver of this synth's realistic sound was the high degree of freedom with which it could be played. Unlike the synthesizers of the past, notes were not produced just by playing the keyboard: if modeling a wind instrument, for example, the VL1 could be set to produce sounds using its breath controller—a device that changes MIDI parameters based on how hard you blow onto it. With the VL1, the musician would blow onto the breath controller exactly as if he or she was blowing into the instrument being modeled, while at the same time pressing the keys on the keyboard.

			While any MIDI-compatible synth of the day would have been able to control volume using a breath controller, what made the VL1 special was the way in which it faithfully modeled instruments such as sax and trumpet to the extent that even subtle changes in tone and pitch could be produced based on how hard one blew onto the controller, all of which made for dramatically more realistic sounding performances. In fact, the wind instrument sounds produced by this synthesizer could easily be mistaken for the real thing, and its release attracted massive interest from all over the world. Subsequent models included the VL1-m, which had the VL1 as its tone generator module, and the low-cost VL70-m. Even today, these instruments are still regularly used by wind synthesizer musicians.
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			From VL1 Owner's Manual: Perfect Guide

			In addition to the Self Oscillation type VA (S/VA) tone generator used in the VL1, Yamaha also developed a Free Oscillation type—the F/VA—and the VP1 virtual analog synthesizer released the following year was driven by this engine. The F/VA tone generator could model many different variations in the striking, plucking, and bowing of percussion and string instruments, but rather than being limited to simulating existing sounds, it could also model instruments that had never even been conceived of. Although the VL1 and the VP1 synthesizers were very technologically advanced and expressive, a number of different controllers, such as the breath controller, had to be played at the same time in order to perform on them, and this meant that their musicians needed to become highly skilled. For this reason, they did not become particularly popular with conventional keyboard players and remained a niche instrument.
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			The 1994 edition of the VL1 catalog
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			The VL1 and VP1 (featured in the 1994 digital instrument catalog)

			At the mercy of the nineties' economy

			In the 1980s Yamaha established itself as a leader in the development of digital synthesizers with the groundbreaking DX Series. With the arrival of the PCM synth era in the latter half of that decade, we successfully developed the AWM2 tone generator, before moving on to the powerful SY Series. Yet all was not smooth sailing for this synth maker.

			One of the biggest factors affecting our business was exchange rate fluctuation. When the DX7 was released in 1983, one US dollar was roughly equivalent to 240 Japanese yen; however, this dropped markedly to 145 yen by the time of the SY77 release in 1989. The dollar had fallen even further when we introduced the SY99 at the end of 1991, dipping below the 130 yen mark. From then until the arrival of the VP1 in 1994, the yen strengthened even further, ultimately forcing the dollar below 100 yen in value.

			Back in the DX7 era, we proudly delivered high-performance synthesizers at reasonable prices to customers all over the world, but the rapid appreciation of the yen in the nineties severely eroded the price competitiveness of our products. In particular, the synthesizers that Yamaha had developed as entry level models now found themselves in the mid- to high-price brackets in overseas markets, putting them beyond the budget of the users for whom they were intended.

			The collapse of the Japanese economic bubble brought further grief. The period from 1991 onward was marked by rapid economic decline in Japan, and sales of relatively expensive electronic instruments suffered greatly. Other Japanese manufacturers endured similar hardship and faced these difficult times by streamlining their product range, sharing functionality between multiple models, and reconfiguring their lineups with less expensive products.

			Although the synthesizer had been born of a desire to grant the musician the same level of expressivity as afforded by acoustic instruments, advances in sampling technologies had now made it possible to produce exactly the same sounds as these instruments with ease. As a result, more importance came to be placed on the synthesizer as an alternative to acoustic instruments than on the functionality that it provided for creative sound design. Furthermore, a number of other developments had also made it easier to compare the sounds of synths from different manufacturers using the same performance data. For example, the General MIDI (GM) standard was published in 1991 for synthesizers that produce sounds in response to MIDI messages, and the Standard MIDI File (SMF) was developed as a common format for exchanging MIDI performance data. Consequently, synth buyers focused more on differences in the sounds produced and suitability to music production than on synthesizer-specific functions and playability.
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			VP1

			Taking their lead from this, other synth makers scaled back the resources committed to the development of hardware and functionality, instead channeling their efforts into the quality and diversity of the waveforms at the heart of their PCM synthesizers. That is to say, they strove to compete and differentiate themselves on the basis of digital content, and this produced steady growth in customers. In reaction to this trend of the times, Yamaha sought to get back on track via technological innovation. At the opposite end of the spectrum from the performance-oriented VL and VP models, we worked to enhance the music production functionality of our workstations. And for the more cost-conscious customers, we released our W Series in 1994, followed a year later by the QS300 synthesizer—a model that supported the XG MIDI format. The W Series synths were particularly well suited to high-quality music production with their 8 MB of wave memory (the most available at the time), six independent effect processors, 16-part multitimbrality in all situations, and GM support. Unlike the instruments of the SY Series, however, these synths found little favor with pro keyboard players.

			Numerous different ideas such as the development of new tone generators, adding innovative functionality, and further enhancing our PCM tone generators were proposed in order to escape this rut, and we also planned and released a great many new products. Unfortunately, however, Yamaha was unable to keep up with rapid change in the synthesizer market and the general business environment, and we also failed to release any products that fully satisfied the needs of users. Needless to say, this exacerbated an already precarious situation for the Yamaha synth.

			In the first half of the nineties, we recorded a big hit with our QY series of music sequencers, which allowed anybody to produce music practically anywhere; furthermore, the increasing popularity of the XG format made it possible for anyone to easily become a producer. In the field of synthesizers, however, despite following on from the success of our SY Series and TG Series with the release and upgrade of more than 30 different products (such as the EOS B Series, the P Series, the VL/VP Series, the W Series, the QS300, and the A7000), it became clear that the Yamaha logo was slowly being replaced both on stage and in studio. As we urgently searched for a way to overcome these difficulties, Yamaha's synthesizer business remained mired in difficulties.
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			[ Chapter 4 ] 
Changing Needs & A Return to Roots
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			The EX5 workstation synthesizer was released in 1998. The successor to the SY99, this flagship model is truly representative of the synths of the 90s, and was aimed at professional musicians. The S80 music synthesizer was released in 1999, and featured a piano-size 88-key keyboard that clearly differentiated it from other Yamaha synths of the day, This feature, so important to keyboard players, was extremely well received, and also affected the designed of the MOTIF synths that followed it.

			Intuitive sound creation

			In the first half of the nineties, Yamaha introduced a wide range of new synth models, leveraging formidable technical expertise acquired in the development of the workstation-type synth and the new VA tone generation system. In contrast to the eighties, however, our synthesizer business was in difficulties, and we failed to score any successes of the same level as the DX7. This was caused in part by changes in the synth market. In the past, users had been drawn to innovative technologies and models, and new products practically flew off the shelves. By the nineties, however, continuous advances in semiconductors, programming, and other related fields meant that regular users were no longer excited by technology alone. As a result, manufacturers turned their attention to design, user interfaces, product concepts, and marketing. This period was also notable for significant changes in the music scene and the ways in which synths were typically used. All in all, the industry was in an extremely chaotic state.

			A new trend thus emerged in the synth industry—the return of the analog synth. This does not mean that the analog synthesizers of the seventies were simply put back into stores; instead, products that featured sounds and utilized sound-creation techniques similar to those of the analog synth and known as "virtual analog synthesizers" started to grow in popularity. In other words, users were looking for instruments that could simulate those classic analog synths using the latest digital technologies.

			A number of factors contributed to this increasing popularity of the virtual analog synthesizer, but one of the most crucial was an inability to create sounds in an intuitive fashion using the digital synths of the day. Instruments like the DX7 had as few switches, dials, and other controllers as possible, leaving the musician to navigate through menu after menu in order to make changes to a bewildering array of sound parameters. PC-based editor software had been developed, and this allowed sounds to be sculpted using a graphical interface, but the approach was far from ideal for live performance, where tone, timbre, and other sound characteristics needed to be instantly controllable. Once the digital filters developed in the nineties had become fully accepted, sound designers started going back to their easy-to-understand cutoff and resonance parameters, which were responsible for creating the unique squidgy sound of the analog synth. And when the attack, decay, sustain, and release parameters of the envelope were also added to the mix, even more emphasis was placed on the ability to directly manipulate parameters in the same way as on the synths of the seventies. Parallel to this, in the world of dance music DJs started to thrill audiences by performing in real time using filters built into mixers that were designed for their own specific needs, further intensifying demand for powerful filter-based sounds with cutoff and resonance at their core.

			Recognizing this need, we introduced the CS1x Control Synthesizer in 1996. A compact, lightweight instrument coming in a fresh blue color, it featured a rotary switch for rapid selection of editable parameters as well as a host of other innovative features never before seen on Yamaha synths. Many of these were perfectly suited to the sound-creation needs of the day—a perfect example being dedicated sound control knobs for instant manipulation of key parameters such as cutoff and resonance. What's more, this instrument was one of the first with a built-in arpeggiator, allowing the owner to create intricate musical phrases by simply holding down a chord on the keyboard. Prior to this, the synthesizer had commonly been perceived as a keyboard player's instrument—something that could only be played by skilled pianists. This arpeggiator, however, made it possible for practically anyone to perform on the synth. The CS1x was also notable for the way in which the arpeggiator and sound control knobs could be used together for exciting, creative performances that required no advanced keyboardist skill.
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			User's manuals for the CS1x and SY77.
Even the covers show the difference between the two manuals.
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			CS1x

			A full-fledged virtual analog synthesizer

			The CS1x and other similar synths won over many customers by making sound creation easy to understand once again and providing for real-time manipulation. Meanwhile, the sound of the analog synth was becoming more and more critical to techno and other forms of electronic dance music. As a result of these factors, demand grew for digital synths that could produce analog-like sounds. A wide range of analog modeling synths were also released by other instrument manufacturers, and software synthesizers employing the analog modeling approach also started to appear.

			In 1997, one year after releasing the CS1x, Yamaha followed up with the AN1x, a digital model optimized for use as an analog synth. This was made possible by analog physical modeling, a new technology that simulated even the subtle yet unique characteristics of waveforms produced by analog-synth oscillators and the way in which slight instabilities in their electrical systems affect the sound. Despite its digital design, this full-fledged virtual analog synthesizer could easily hold its own with other instruments in a band and was extremely well received. Meanwhile, in order to make the CS1x more suited to live performance, we increased the number of sound control knobs to eight from the six on the CS1x and added a ribbon controller.

			The extremely popular music-production synths of the mid-nineties all had common sound banks thanks to the widespread adoption of GM*1, XG, and other similar technologies. This meant that they could reproduce the sounds of acoustic instruments such as drums and piano, and most could be used to produce full arrangements without the need for any other devices. In contrast, the Yamaha developers took the bold step of intentionally omitting support for this feature from the CS1x in order to perfect it as a simple performance synthesizer.

			*1: The General MIDI (GM) standard was developed in order to ensure compatibility between the sounds produced by different synthesizers. Instruments complying with this standard have a set of 128 specific sounds, such as piano and guitar, in addition to all of the voices for one complete drum set. As such, any GM tone generator can play back MIDI-format song data created using a synth from a different manufacturer and still sound correct.
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			CS1x catalog (English-language edition)

			Enhancing product development with feedback from market research

			Thanks to the growing popularity of the Internet towards the end of the nineties, synthesizer owners could instantly access information from all over the world, and modes of use of the synth began to diversify rapidly. In our industry, it thus became extremely important to ascertain the needs and behavior of synth users through market research and develop the right products in response. While this certainly included improvements to tone generation systems, keyboards, and other hardware, serious attention also had to be paid to the physical design and color of synths, how they were actually put to use after purchase, and a wide range of other factors. Meanwhile, there was growing demand for synths and all of their unique features and functions to be easier to understand, even for beginners. From this perspective, the changes occurring in the synth industry during this time are most apparent in their owner's manuals. Even just looking at their covers, these booklets had clearly become much more contemporary and modern than in the era of the SY Series.

			With the beginning of the latter half of the nineties, we started to feed back all of the findings of our prior research to product development. Introduced in 1998, the EX5 flagship workstation synthesizer encapsulated all of our effort during that decade.

			Following the release of the SY Series, Yamaha rearranged its synth lineup to focus on (with the exception of the VL1 and VP1) low-end models with good cost performance in order to appeal to a new set of customers. As such, we introduced no professional-level synthesizer worthy of being called a successor to the SY99 during that period, something that changed with the arrival of the EX5.

			The sound engine of this music synthesizer featured an AWM2 tone generator, the first from Yamaha's to deliver 128-note polyphony; a VA physical modeling tone generator as developed for the VL1; the popular AN virtual analog tone generator from the AN1x; a Formulated Digital Sound Processing (FDSP) tone generator that had been newly developed to allow DSP control using pitch and other individual items of note data; and a flexible, integrated sampling system. This veritable powerhouse of synthesis incorporated practically all of the technologies we had perfected to date—in particular, controllability was enhanced to the maximum with, for example, a three-wheel design combining a pitch bend wheel with two modulation wheels and a ribbon controller. Yet the improvements realized for the EX5 extended beyond pure function, and the sound of the instrument similarly reflected our research findings. It could also produce the thick synth sounds that had been highly praised upon the release of the AN1x, allowing the EX5 to deliver unique sounds with a richness never heard before.
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			AN1x

			Simultaneous development of new tone generation systems

			After introducing physical modeling tone generators in the VL1 and the VP1, Yamaha also worked on the parallel development of a number of new tone generators, such as the AN virtual analog tone generator of the AN1x and the FDSP tone generator found on the EX5. One of the more notable achievements of this effort was the revolutionary Formant Synthesis (FS) tone generator. The FDSP and FS engines both represented further advances of existing tone generation technologies, but the FM-based FS tone generator in particular made headlines with an innovative approach that produced sound by adding together formants—that is, tones characteristic of the human voice. Its implementation in the FS1R was driven by an eight-operator FM tone generator, and thanks to features such as backwards compatibility with DX7 voices, it soon developed a reputation as a hidden treasure.

			The FS tone generator uses formant elements as voice parameters, and as you might expect, this allows it to produce sounds similar to those of the human voice. At the time of its release, Yamaha was already marketing a plug-in board called the PLG100-SG as a sound module expansion for desktop music (DTM). This caused quite a stir in the Japanese market back then with its ability to sing lyrics entered in Japanese. Although today's Vocaloid products also sing lyrics, this synth did so much earlier, using a totally different design. This is further evidence of the artisan spirit of Yamaha developers—never neglecting technical innovation, even in the face of difficult operating conditions that demanded the market be put above all else.
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			Top: EX5 (From the English-language catalog
Bottom left: The CS6x   Bottom right: S80
(Both from the Japanese catalogs)
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			PLG100-SG
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			FS1R

			*1: From the Japanese version of the EX5 catalog.
*2: The PLG100-SG user's manual
The Japanese version of the user's manual shows how to make the instrument" sing like a real human being."
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			CS6x

			The results of market research

			Following on from the SY Series, Yamaha released a great many products that combined a variety of technologies in an effort to offer functions ideal for the needs of the day. However, absent of any massive hit like the DX7, the nineties was a difficult time for our synthesizer business. Light at the end of the tunnel finally came in the shape of two models released at the same time in 1999—namely, the CS6x and the S80.

			One might well assume based on its model name that the CS6x comes from the same family as the CS1x Control Synthesizer, but it was actually developed primarily as an instrument for serious on-stage use. The most immediately noticeable difference is the new color scheme. In contrast to the refined black and dark-blue bodies that had been the norm until then, the CS6x was silver. We had, of course, released brightly colored products prior to the CS6x, but they had mostly been limited editions or special silver versions with an "S" added to the model name: this was the first time that a Yamaha synth had been released solely in silver.

			This synthesizer mainly produced PCM sounds using its built-in AWM2 tone generator; however, it could also be expanded using up to two additional plug-in tone generator boards that provided owners with access to VL, AN, FM, and other sound engines. In order to appeal to the club scene, we asked famous European sound creators to design its preset voices. As such, the CS6x fully satisfied the needs of the market in terms of both hardware and software. Thanks to fat sounds inherited from the EX5, a cutting-edge plug-in system, its simple sound-engine design, and coloring that made it stand out on stage, this synth became very popular, particularly in Europe.

			Whereas the CS6x was developed with an eye to the European market, Yamaha incorporated a great deal of feedback from North America into the S80. For instance, the quality of piano sounds—a must for the serious keyboardist—was significantly improved, and with 88 keys this synth's keyboard was just as long as a real piano's. These and other novel features marked a fresh departure from the Yamaha synthesizers that had come before.

			As a further means of ensuring that all of the principal needs of players would be satisfied, we selected our AE*2 design for the keyboard because it had the same feel and touch as a real piano while also being perfectly suited to playing synth and organ sounds. In the music scene of the day, synths were most commonly used for piano voices in a band or as part of a jazz session, although keyboardists also made frequent use of organ, strings, and other similar voices. As such, the features of the S80 were perfectly suited to these market needs, and it made steady in-roads, particularly among professional musicians.

			It is generally accepted that all basic synths (with the exception of portable models) will have their pitch bend and modulation wheels to the left of the keyboard. On the S80, however, they were moved to the top left of the front panel. Making it possible to reduce the overall instrument length needed to house the 88-note keyboard, a modification that took into consideration the fact that many keyboardists in North America at the time moved their synths around in the trunks of cars, so making the length of the instrument an important factor. We would not have been able to satisfy this need had it not been for research in the North American market.

			The CS6x and the S80 had an enormous impact on how Yamaha would go on to develop synthesizers in the following decade—the first of the 21st century. For example, the silver design of the CS6x had a major effect on color selection for the soon-to-be-released MOTIF Series, and the success of the S80 as a viable alternative to real pianos influenced our decision to configure the synth product lineup with the MOTIF8 having a piano-like feel while the MOTIF6 and MOTIF7 had a synth action. While it cannot be denied that Yamaha synths struggled through the nineties, the completely new approaches adopted for the CS6x and the S80 revealed the right path to take in the years ahead.

			*2: The AE keyboard is highly expressive yet supple, making it ideal for playing both piano and synth sounds, as well as for rock piano performances. Also supporting aftertouch, it is perfectly suited to use as a master keyboard.
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			Expansion slots at the rear of the CS6X
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			S80

		

	
		
			[ Chapter 5 ] 
The Complete Musical Instruments of the MOTIF® Series
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			The MOTIF ® (2001), MOTIF ES (2003), MOTIF XS (2007), and MOTIF XF (2010) were released as successive flagship-model products. Yamaha synthesizers have aided in the creation of many famous songs representative of their era since the release of the first model, the SY-1. In 2014 Yamaha celebrated 40 years of making synthesizers, and in commemoration released a version of the MOTIF XF in pure white, a coloring that represents a return to the roots of Yamaha synths.

			The ultimate workstation

			Yamaha's decision to listen more closely to the voices of customers paid dividends with instruments such as the S80 winning great praise as stage keyboards among other achievements. That having been said, efforts to develop a successor to the workstation synths of the SY Series and the EX Series failed to deliver any instruments that went on to become massive hits.

			As a result of remarkable advancements in PC technologies and the lower prices that they brought about, the early nineties saw music production gradually migrate towards systems with PCs at their core. Yet one still needed a considerable amount of technical expertise in order to get the most out of the computers of the time, and this set the bar a little too high for the pure musician. As a result, the workstation came to provide a convenient one stop shop for their production needs. In the latter half of the decade, further significant progress in the Windows and Macintosh operating systems made it possible for those with little or no computer skills to use PCs with confidence, and many musicians—both professionals and amateurs—started to build their music production systems around computers. Although the workstation excelled in its ability to make serious music without the need for any other equipment, it began to fall short of the requirements of the market as a result of these developments. In response, we refocused our development of new workstation synths on the following three goals.

			1. Great sound

			New Yamaha workstations would need to deliver highly practical and expressive sounds in both recording and live settings. This does not refer only to the voices of individual instruments, but also to an overall sound capable of stimulating the creativity of the musician. The synthesizer is generally expected to deliver a myriad of different sounds, but in order for it to be treated as a serious musical instrument, the quality of these sounds is paramount.

			2. Easy to make music

			We could not allow confusing modes of operation to distract the user from the creative process of music making. For this reason, we decided to leverage the high quality of our hardware in order, for example, to enhance the user interface and make it possible to create fantastic sounding music in a very short time.

			3. Computer integration

			Adopting a radical new approach for the workstation synthesizer, we realized that greater compatibility and affinity with computers must be achieved. Our workstations could not only be suited to the production of music as standalone, fully independent devices; rather, they would also need to play a key role within systems built around the PC.

			Dawn of the MOTIF era

			Yamaha had been working on a new form of workstation developed under the code name Kangaroo, and we set about enhancing it as a top class instrument capable of satisfying all three of the above goals. To this end, we focused on further improvements to our PCM waveforms (i.e., the raw data for sampled sounds), which had been steadily improved since the development of the S80, intelligent arpeggiator functionality, and support for the remote control of digital audio workstations (DAWs). Developed as a commercially viable product based on the Kangaroo project, the MOTIF workstation synthesizer had a massive impact on the synth world upon its release in 2001.

			Prior to the MOTIF, our EX Series workstations had been equipped with many of the tone generation systems that we had developed to date, such as VL and AN. However, Yamaha selected AWM2 as the fundamental tone generation technology for the MOTIF, and with all of these other tone generation systems supported in the form of plug-in boards, we achieved a perfect balance between simplicity, convenience, and expandability. In the early 2000s, audio loops—that is, short sections of drum and instrument tracks several beats in length—had started to become very popular with music producers, and in order to support this approach to music making, MOTIF workstations featured an Integrated Sampling Sequencer (ISS). Using this functionality, the synths could automatically detect the beats in an audio loop, slice it up, and apply a natural sounding release to each slice. Intelligent time stretching could then be applied—in other words, the audio loop could be played back at different tempos without sounding unnatural. The ISS could also rearrange the order of the slices in order to create totally new grooves. And because pitch could be changed without having to modify the tempo, the ISS was extremely effective with pitched musical phrases as well as drum loops. Thanks to this innovative feature, MOTIF owners could now make beats and tunes in a highly intuitive fashion by combining audio and MIDI phrases—functionality that is now taken for granted in the modern DAW.

			The MOTIF also featured an intelligent arpeggiator that proved highly effective both when playing live and arranging. The term "arpeggiation" may conjure up the image of a musician holding down a chord and his or her synth responding by automatically playing the constituent notes in sequence up and down; however, the MOTIF went far beyond this approach in its implementation. For example, an arpeggiator configured to play the notes G, A, and G when G was played on the keyboard could also be set to do so only in a certain higher band of velocities, meaning that a trill effect could be produced with voices such as flute or guitar just by playing a little harder. So rather than simply generating basic upward and downward phrases, the MOTIF arpeggiator could also be used in a variety of ways to make performances more expressive, effortlessly breathing life into parts that sounded uninspiring when played using the keyboard alone. It is not surprising, therefore, that arps became one of the most popular features of the MOTIF.
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			The MOTIF 6/7/8 catalog (English version)

			Hardware innovation

			In addition to wide ranging improvements in software, the MOTIF also featured hardware with specifications that differed markedly from those of the Yamaha synths that had gone before. For a start, all of the instruments in this series had the same tone generation functionality, regardless of keyboard length. Prior to this, the number of keys making up a synth's keyboard, its body dimensions, and its feature lineup usually depended on whether it was intended for professionals, stage use, or beginners. However, the 61-, 76-, and 88-key variations of the MOTIF synths were all equipped with exactly the same tone generation functionality. The keyboard from the 88-key model had a slightly different mechanical design, but there was no difference at all between the three variations in terms of the number of dials and voices. If, for example, you owned a 61-key MOTIF but would need to play a 76- or 88-key model from a rehearsal or recording studio or rented to bring on tour, this innovative approach meant that you could do so in complete confidence and without anything seeming unfamiliar. This advantage was further enhanced by the inclusion of a flash memory slot, allowing voices and sequence data to be stored on memory cards. With all required data stored on a single card, therefore, you could easily recreate your preferred playing environment on any MOTIF anywhere in the world.

			Meanwhile, faders and dials ergonomically arranged at the left of the top panel could be used for real-time control of the MOTIF's voices and arps as well as DAW software running on a PC. Elegantly achieving our goal of computer integration, these features allowed the MOTIF synth to be built into the heart of a computer-based production system connected via USB or MIDI cables.

			Yet the MOTIF also packed in many more features that were critical to a professional workstation synthesizer. For example, the sampling libraries that had become standard tools among the professional producers of the day could be imported, and the instrument also supported digital output for direct digital connection to studio equipment. In addition, the instrument's physical design and colors looked great on stage. From this perspective also, the MOTIF Series incorporated far more feedback from the market than was reflected in our three original goals.

			Offering so much to the musician, it comes as no surprise that the MOTIF Series was released to great acclaim. In terms of sound quality, frequent improvements made to the built-in waveforms primarily used as the basis of backing patterns meant that sounds like the electric piano, bass, and electric guitar were singled out for particular praise. The quality of the instrument's built-in audio effects was also recognized right away, and the MOTIF quickly found itself a permanent feature in many professional recording venues. Meanwhile, the ISS made it possible for music production techniques focused on drum sampling to be applied with ease, and methods previously available to only a small number of dance music producers could now also be used by pop-music artists. Given that the hip-hop sound started to make inroads into the US charts only after the MOTIF was introduced, this family of synths clearly had a major impact on the music scene of the day.
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			An explanation of the Integrated Sampling Sequencer(ISS), from the MOTIF 6/7/8 Japanese catalog

			Further evolution to Mega Voices

			Having regained their groove, the developers of the MOTIF set about planning the synth's second generation, and the most notable change in this—the MOTIF ES—was a doubling of the memory provided for built-in waveforms. In specific terms, the 85 MB of memory originally available for this data was increased to 175 MB, allowing much more sampled data to be stored on the instrument. One could be forgiven for thinking that this memory boost simply allowed more individual voices to be stored, but the availability of waveform memory is actually extremely important in enhancing the quality of sampled voices. To understand why, let's look at the example of a piano voice. As shown in the illustration, a piano sample slowly attenuates over time, and in the case of a grand piano, it could take dozens of seconds for each note to fade away completely. Storing all of this data on a synth would soon exhaust the available memory, and therefore, looping is usually applied as an alternative.

			Sticking with our piano example, the attack portion of the sound comprises an extremely complex blend of harmonics that changes rapidly over time; however, the same basic waveform repeats in the release portion, gradually decaying in volume. We can, therefore, simulate the way in which piano notes actually fade out by looping a suitable length of the release portion and slowly reducing its volume. Waveform data from behind the looped portion would no longer be needed, and when this is removed from the sampled sound, less on-board memory is required for storage. If, however, the loop points must be positioned too far forward due to memory constraints, it becomes much more difficult to reproduce the delicate nuances of the sampled instrument, and the resulting voices become sterile and mechanical. In other words, when more memory is available for storing sample data, more realistic, higher quality sounds can be replicated. In addition, the subtle noises produced when playing a real instrument—in the case of our piano, the sounds of mechanisms such as the actions and pedals—can also be sampled when more memory is available, and when properly mixed with the musical sounds, they make the simulation much more realistic. In the MOTIF ES, we were able to achieve a level of musical expressiveness that memory limitations made impossible on the original MOTIF, significantly boosting the overall quality of the synth's sound.

			Meanwhile, a technology known as Keyboard Mega Voice made all of the nuances of an acoustic instrument's sound instantly playable. For example, guitar mutes and harmonics could in the past only be accessed by individually loading the corresponding programs, but Keyboard Mega Voices could also produce these sounds in response to specific key velocities and other performance data. They too played a critical role in making the MOTIF ES a much more expressive musical instrument.
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			Figure 1 Examples of sampling piano sound.
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			MOTIF ES7
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			The MOTIF ES7 , a Ferrari-red prototype that was never released

			Revolutionary advancements in the MOTIF XS

			As the second-generation MOTIF ES made steady inroads and the MOTIF Series synths became a favorite of amateur and professional musicians alike, expectations for the next generation began to grow. The third installment in this series—the MOTIF XS—further increased the memory available for waveforms, but it also provided a great many other enhancements in terms of functionality.

			First of all, we changed the operating system used to drive the synthesizer's on-board programs. Earlier operating systems had been specially designed for synthesizer development, and therefore, drivers had to be built on a case by case basis for functions that needed to communicate with a computer. This extremely inefficient and time consuming situation was made even worse by the fact that the drivers needed to be updated whenever a computer OS was upgraded. As a solution, we switched to operating systems such as Linux, which had originally been developed for use on computers. This allowed us to resolve all compatibility issues and also boosted the pace of development. What's more, it became much easier to release subsequent OS updates that added new functionality to the synths. From this perspective, the MOTIF XS could almost be described as a computer with a built-in piano keyboard.

			With the MOTIF XS, we also greatly enhanced the functionality of the arpeggiator, now a key feature of this synth family. In contrast to earlier MOTIFs, where phrases were combined from multiple voices each using one type of arp, four arpeggiators could now be driven in parallel for much more complex phrasing. It may at first seem that simply combining four of the trill or up/down type arps described above would not be musically effective; however, this all starts to change when you consider that arpeggio note data can also be assigned to drum phrases.

			MOTIF synths can be played in two different modes—Voice mode, which lets the musician focus on all the nuances of one specific instrument, such as piano or guitar, and Performance mode, which allows a number of these voices to be layered on the keyboard and played at the same time. Using the four arpeggiators of the MOTIF XS in Performance mode makes it possible to simultaneously play sequenced phrases of up to four voices. If, for example, the first of these voices is set to drums, its arpeggiator can be used to play a drum loop. Bass could be selected for the second voice and the corresponding arpeggiator could play bass guitar phrases; meanwhile, if piano were selected for the third, a backing part could be played by the corresponding arpeggiator. Finally, selecting guitar for the last voice and having its arpeggiator play a strumming phrase would round out a complete backing pattern.

			It is important to bear in mind that this is not the same as simply programming a multi-part backing sequence: the fact that the pattern is arpeggiator driven means that it can instantly respond to the notes played. While the drum phrase would normally be set to play the same loop, the other three voices could change in real time based on the notes played. The MOTIF XS could also identify chords based on the keys held down, and this paved the way for powerful functionality allowing the player to effortlessly play intricate backing phrases with chords changing instantly as he or she desired.

			Of course, many of the other synthesizers available at the time had pattern sequencers with support for chord changes, but what made the MOTIF XS special was a more realistic-sounding approach that also allowed the phrases themselves to be changed based on velocity data from the keyboard. For example, the drum pattern's arpeggiator could be set to produce a crash cymbal and kick variation in response to the playing of a note above a certain velocity (or strength). This made it possible to easily produce accent cymbals or syncopated 8th- or 16th-note rhythms during actual performances. Rather than switching to "pattern" or another similar term, Yamaha has stuck firmly with "arpeggiator" to describe this ability to freely control phrases in line with the player's wishes, and it has become synonymous with the MOTIF Series.
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			MOTIF XS8

			Further enhancement of core functionality in the MOTIF XF

			The current MOTIF XF was introduced in 2010, further building on the basic functionality of the MOTIF XS of three years earlier. The memory available for built-in waveforms has been increased from 355 to 741 MB, and this synth is also equipped with more inspiring and powerful voices. In addition, consideration has been given to expandability with, for example, support for flash memory expansion modules that can boost the available sampling and waveform data to a maximum of 2 GB. Its predecessor, the MOTIF XS, also provided for voice expansion, but not using flash memory. For this reason, any expansion waveform data had to be reloaded every time the instrument was turned on. With the addition of support for flash memory expansion modules, expansion voices can now be loaded into the MOTIF XF just as easily as presets. Meanwhile, effects and various other synth features can be updated using software upgrades, meaning that the synth's owners benefit from ongoing enhancements without having to purchase new hardware.

			In developing the MOTIF XS, we also reviewed the synth's basic hardware functionality. Many internal components associated with sound quality have been upgraded, and the driver voltage for analog circuitry was also increased from that of the MOTIF XS. As a result, the punch and fatness of sounds has been tremendously improved.

			Leveraging all of the Yamaha synthesizer expertize acquired over the years in the realization of a perfect balance between content and technology, the fourth-generation MOTIF XF condenses the successes of every member of the MOTIF Series into a single instrument. Since its release, this remarkable synth has become a favorite of a great many musicians. Having matured rapidly through the first decade of the 21st century from the original MOTIF to the XF, this series has developed an enviable reputation for ease-of-use, great sound, and excellent performance. As such, the MOTIF has taken the place of ultimate workstation synthesizer in all but name. With an adoption rate for recording studios, tour rentals, and a diverse array of other applications that rivals that of the incredibly successful DX7, the MOTIF Series continues today to support musicians all over the world.
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			MOTIF XF7
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			Groundbreaking models released during the 10 years after the release of the first MOTIF were introduced.

			Crossover to other models and the CP Series

			Yamaha's new releases in the 2000s were not limited to the MOTIF Series alone. In the MO Series debuted in 2005 and the revolutionary lightweight MM Series of 2007 among others, we introduced a great many entry- and mid-level synths that inherited various MOTIF technologies and features. And as with the MOTIFs, each series comprised a range of models that could all be played and operated in exactly the same way despite having different keyboard sizes and designs. This notable feature meant that once you were familiar with one synth, any other from the same series could be mastered in an instant.

			The synths of the MOX Series and the current MOXF Series are equipped with the same four-layer arpeggiator found on the MOTIF XS, allowing for hours of inspiration and fun with intelligent arps. Meanwhile, our compact MX Series synthesizers, which cater for all age brackets from teenagers up, feature a rich array of PCM waveforms taken straight from the MOTIF Series, and even the entry-level models perform to the highest standards.

			Another highly noteworthy development of that decade was our release of CP Series stage pianos. Although stretching back to the CP70 introduced in 1976, this series had been dormant since the CP60M of 1985, but thanks to the large onboard waveform memory and high-quality sampled content of the MOTIF Series, we were able to successfully relaunch it at the end of the decade. The original CP Series comprised two different types of instrument—an electric piano type that used pickups to capture the sound of actual piano strings, and an electronic piano type that created sounds using circuitry (see Forerunner of Yamaha Stage Pianos & Analog Synthesizers); however, the current CPs apply the experience and expertise of four decades to bring together the best of both worlds. Starting with the CP1, many new models have been developed as part of this reborn CP Series, and as typified by the current CP4 STAGE, it has successfully evolved with the needs of the times for stage instruments. This too was only possible thanks to Yamaha's policy decision at the start of the decade to proactively feed the findings of market research back to product development.
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			Top left, bottom left: CP4   Right: CP1
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			The history of Yamaha synthesizers

			From its genesis in the SY-1 of 1974, the rich tradition of the Yamaha synthesizer has evolved through many stages, such as innovation in tone generation systems, advancements in user interfaces, and enrichment of content. This tradition was handed down to the MOTIF XF WH that we proudly introduced in 2014. In the seventies and eighties, Yamaha focused on technical innovation in building the fundamental components of keyboard mechanisms and unlocking the secrets of tone generation. The challenging nineties saw a repeated number of trial and error attempts in our quest to understand how the synthesizer could be made a better musical instrument. Over the course of the past decades, we have slowly but surely perfected our craft. Today, Yamaha synthesizers are loved by musicians all over the world because of our application of technical knowhow in the creation of sounds of the same quality as those of acoustic instruments—a policy that was established at the very start of SY-1 development—and our commitment to the production of easy-to-use synthesizers that constantly evolve with the times. The diverse array of technologies and content that we have worked to perfect since 1974 did not merely contribute to the development of an electronic device called the synthesizer: it also helped to stimulate the creativity of countless artists and had an immeasurable impact on music itself in both recording and live settings. 
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			[ Chapter 6 ] 
Transcending technological innovation through craftsmanship

			The reface series, born of an after-work project

			As the technologies at the heart of synthesizers and other products reach maturity, Yamaha continues developing exciting new products by taking the pulse of the market and anticipating the ever-evolving needs of musicians. In response, for example, to meticulous market research undertaken for new releases in the MOTIF series, and seeing music creators embrace the workstation synthesizer, we developed products that would satisfy the demand for greater affinity with Cubase and other music production software commonly known as the Digital Audio Workstations (DAW). But in today’s information-driven society—overflowing with bigger and faster data—simply equating success with rapid reaction to market sentiment no longer cuts it. And it is against this backdrop that three young Yamaha engineers embarked upon an audacious quest.

			It all began when the three, who would often talk passionately about their dream musical instruments, started getting together after work to actually create a new synthesizer. As kindred spirits, each having enjoyed tweaking the sounds of these instruments for years, they excitedly spoke of synth controllers that you would just want to grab and play with, and they got to work on a prototype.
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			after-work project from reface book

			Inspiration initially came from the highly interactive CS01, which Yamaha had released way back in 1982, because they wanted their extracurricular project to deliver more than a mere tool for playing songs, instead bringing the pure joy of playing with sound to new heights. Because wasn’t this, after all, what the synthesizer was originally supposed to do?
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			CS01

			The next step was to convince colleagues at Yamaha to adopt their pet concept as an official development project. To this end, they created a mountain of presentation material and enthusiastically lobbied for their idea within the company, ultimately getting the nod to bring their extra-curricular venture in-house as a sub-project to be worked on during a portion of their regular work day.

			The team started by evaluating the feasibility of the ES—a synthesizer that would ultimately evolve into the CS model in the reface series. Taking its name from the abbreviation of “Enjoy Synthesis”, this concept instrument was equipped with an analog-synthesis tone generator and simple controllers to better understand how users could really have fun with sound. 
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			three ES models from reface book

			Starting with a mini keyboard and form factor like those of the CS01, the three engineers brainstormed new design features and functions they would like to add, and they arrived at the concept of a “small but serious” instrument that makes it easy to play with sound. They built the ES as an embodiment of this concept, yet they did not limit their early efforts to the analog approach alone and also experimented with other engines—namely, the DX frequency-modulation tone generator, the CP tone generator for electric pianos, and the YC organ tone generator.

			The next phase was to build a prototype that could generate compelling sounds. To do so, the team added software, a keyboard, and other controller elements such as sliders to the AN analog-modelling tone generator already developed by Yamaha. Even at this relatively early stage, the team’s decision to delve into the emotive aspects of the user interface (UI) used to interact with the sound was a pivotal factor in successfully turning the reface into a small-but-serious musical instrument.

			Long before it matured into the CS, this prototype started to develop an identity that was markedly different from the virtual analog synthesizers—that is, digital instruments that simulated the analog experience—on the market at the time. And this divergence of ways began as the engineers optimized how the sliders and parameters interact with one another.
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			A typical analog synthesizer creates sound using three main components: the oscillators that produce sawtooth, square, and other sound waves; the filters used to make these waves sound brighter or darker; and the amplifiers that control the volume of the resulting sound. In addition, envelopes can be used to change the behavior of each component over time, while low frequency oscillators modify them in a cyclical fashion. As a result, even the simplest of instruments has a formidable number of sound-sculpting parameters. But the ES was different. Just three sliders—Type, Texture, and Mod—offered almost complete control over the myriad of sounds that the AN tone generator could produce. Thanks to this innovation, playing with sound became even more exciting.

			The ES prototype then underwent round after round of internal review, where the input from colleagues was instrumental in refining the tone generator, UI, and overall size. The original team then focused their attention on physical designs that would bring their small-but-serious concept even closer to fruition, enlisting the help of veteran designers who shared their passion for that vision. 
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			design image from reface book

			In addition to the body of the synth, they proposed new ideas for switches, levers, and sliders that would be fun to play with, as well as other eye-catching elements. All of these were combined into various design mock-ups. And with the physical form of the synth now starting to come into view, a palpable sense of excitement began to build at presentations updating colleagues on their progress. It became clear that building a fully-working prototype was a crucial next step, and approval was granted.
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			the four prototypes from reface book

			There is no truer form of craftsmanship than extracting an idea from one’s imagination and giving it a physical form, and in this spirit, the team then came together day after day following their regular duties, working tirelessly until the prototype was built. Inspired by the small-but-serious instrument in their mind’s eye, a combination of creativity, ingenuity, and dedication saw them through. They now had a working prototype.

			Once people saw the original design concept in a physical form and experienced for themselves the joy of playing with its sound, they were sold. The decision was made to develop the synth as a totally new Yamaha product.
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			MK-14Y keyboard image from reface book

			But even as this corner was turned, the team faced a new set of challenges, such as marketability and manufacturability, that would need to be addressed. In particular, a new type of keyboard—both playable and highly compact—would have to be developed in order to successfully realize their small-but-serious musical instrument. In fact, the team knew that they would need the world’s most playable mini keyboard if they were to be successful, and with the help of specialist keyboard designers, they got to work. Yamaha’s Pianica—an educational keyboard instrument—served as a valuable start point, and playability was further enhanced using longer individual keys than those of other compact instruments such as the CS01 and DX100. No detail was overlooked in bringing this new keyboard to fruition, and as the shape of the keys’ upper surface has a major bearing on playing comfort when they are held down or played glissando, it was the focus of particular attention. Because this effort was driven by the three core members, who shared a unique understanding and passion for the project, there was no doubt when the keyboard was finished that it was worthy of the original design concept.

			All of the main elements of the reface had now come together, but many hurdles remained before it could be released as a Yamaha product. For a start, working out how to assemble critical components into tight spaces in the case without completely redoing the design was a major challenge. And it was not simply a case of using slightly thinner components here and there to save a millimeter or two: the entire internal structure would have to facilitate mass production on the company’s assembly lines. In addition, our synthesizer development team had no built-in speakers that could satisfy the “small but serious” design concept, so they had to be designed from scratch.   

			Part of this involved careful selection of digital-analog converters (or DACs) on which sound quality hinges.

			In parallel with these efforts, design of the instrument’s unique sound proceeded in a totally uncompromising fashion. In the ES—precursor to the reface CS—the team focused on the parameters that controlled the oscillators; while in the DX, the FM synthesis algorithms and the UI were both revamped to make the complex FM tone generator easier to understand and operate. Voice-specific parameters such as drive and tremolo were fine tuned for the CP, and for the YC, the team meticulously recorded new samples from the exquisite organ of the same name.

			Scheduled for release in July 2015, the reface CS, reface DX, reface CP, and reface YC were the fruit of this unyielding effort, dedication, and commitment to the original concept. They provided owners with an opportunity to once again come face to face with musical instruments, and this inspired the “reface” name.

			Made possible by the fervent desire of their developers to again experience their favorite synths as new products, the dream of the three engineers who conceived the small-but-serious concept comes true whenever users do the same. 
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			the four reface models from reface book

			Focusing on advances in music with the MONTAGE
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			MONTAGE

			Reigning as flagship of the Yamaha synthesizer lineup for over the decade and a half since its launch in 2001, the MOTIF was designed to be the ultimate workstation synthesizer. It established a virtually unassailable position in the market, but as the years went by, end users and artists were increasingly keen for Yamaha to offer a new flagship. Yamaha responded, but instead of just releasing a new MOTIF, we decided to reevaluate the intrinsic merits of the hardware synthesizer itself. 
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			MOTIF XF6

			This was no easy task, so to start, we sought to understand whether this type of instrument could realistically hold its own with the DAW, now in its golden era. In this, we considered whether the whole point of the hardware synth was the creativity that could be found in physically making and controlling sounds. We asked ourselves what it is to create the sounds worthy of a flagship synth and to control them in a meaningful way.

			The developers of the new flagship focused on the role of the synth in contemporary music, the ways in which users produce music today, and how such an instrument should sound. Their efforts led to the conclusion that two new synthesizer features held the key to almost limitless expression.

			The first of these is the ability to manipulate sound in a multidimensional fashion. The tones produced by conventional synthesizers are shaped by, for example, changing filter parameters to make them brighter or darker. Character can also be added in a number of other ways, such as modulating the volume and adding special audio effects, and as a result, these instruments feature a wide range of controllable parameters. Yet these parameters must be adjusted one by one to sculpt the sound. The ability to change a number of them simultaneously is the basic concept behind multidimensional modulation.

			Parameters can, of course, be assigned to knobs, sliders, and other controllers and adjusted in real time if so desired, but manipulating controllers with both hands like a DJ would leave none free to actually play the keyboard. Moreover, the way in which parameters change in unison with one another also has a huge effect on how well morphing sounds overall—a good example being the filter’s cutoff and resonance parameters. It was soon concluded that no existing control methods could solve these problems, so Yamaha designers came up with the Super Knob as a means of easily modulating many parameters in a multidimensional manner while also playing the keyboard.

			The impetus for this all-powerful controller was provided by automation—a common feature of DAWs that automatically controls the tone, effect levels, and other parameters of recorded audio and MIDI as the tracks play. But automation can only reproduce parameter changes that have been recorded in advance, and in the live-performance arena, it is totally unsuitable to ad-hoc, improvisational changes inspired by the music or the excitement level of the audience. The Super Knob was thus proposed as a way of replicating the automation feature in real time with a single controller. 
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			Super Knob

			The second key to boundless expression involves rhythmical modulation of the sound. It goes without saying that rhythmic sound changes are a fundamental part of any tune, but in today’s music in particular, this type of synchronized modulation extends beyond pitch, note length, and other information that can be recorded on the musical stave to also encompass tone, effect levels, and so forth. Shaping of sound in this way became a crucial aspect in development of the new Yamaha flagship, and the designers efforts to address it paid dividends in the form of three new features—namely, the Motion Sequencer, the Envelope Follower, and Audio Beat Sync.

			The first of these—the Motion Sequencer—allows sound to be manipulated in time with parameter change sequences that have been set up in advance. With each motion sequence containing up to sixteen individual steps, highly complex rhythmic patterns can be created by switching between sequences or running them together. The sequences themselves can even be changed in real time using controllers. 
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			Motion Sequencer

			The Envelope Follower makes it possible to control parameters using the envelope of audio signals received via the A/D Input block—or more specifically, the way in which their volume changes over time—thereby achieving multidimensional modulation that reflects the beat of the input audio. Meanwhile, Audio Beat Sync detects the tempo of this audio input and synchronizes the synth with it. These functions were designed and developed with live performance mind, so as well as synchronization with a DAW, they also cater for situations where the drummer drives the rhythm and the synth’s sounds are modulated in time with that.

			Although the development team settled on this core concept of real-time multidimensional sound modulation in rhythmic sync with the music, the tone generator, which functions as the heart of any synthesizer, would need supercharging to make this a reality. 

			Since its inclusion in the MOTIF as a sampling tone generator, the AWM2 had evolved significantly in terms of functionality and fidelity. Nevertheless, all of its sampled sounds, as well as those created from them in a process known as voicing, were continually enhanced over an extended period of time in order to achieve the highest possible levels of expressivity and sound quality. Yet the conventional approach to sound creation comprising sampling, filters, and effects would not suffice if the maximum potential of multidimensional sound modulation was to be achieved. The designers thus came to the conclusion that the instrument’s tone generator would need to be capable of dramatically modulating the oscillator waveforms themselves. The obvious solution was frequency modulation—a legendary sound production method originally developed by Yamaha for its much-loved DX line of synthesizers. 

			At that time, Yamaha was already working on a custom tone-generator chip containing a next-generation FM synthesis engine, and its planned completion coincided with development of the new flagship. One of the things that makes the FM tone generator unique is its ability to instantaneously morph from, for example, a sine wave with little or no overtones to a full-on metallic clang. Convinced that this capability would elevate the potential of the Super Knob and Motion Sequencer to new heights, the development team decided to combine the AWM2 engine with their new FM at the heart of their instrument.

			Christened FM-X, this new FM engine boasted eight operators, which are the fundamental elements for creating and modulating sound in this type of synthesis, together with 88 algorithms. And as if that wasn’t enough, the operators could now also use waves other than sine waves, and new Spectral Skirt and Spectral Resonance parameters made it possible to shape the harmonics of those non-sine shapes. All this, combined with the ability for every FM parameter to be adjusted to a much greater degree of precision than ever before, thereby providing for smoother modulation between tones, made the new FM-X far more expressive than any FM synthesizers that preceded it.
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			SWP70

			The tone-generator section of the new flagship synthesizer would thus be built on the twin pillars of the AWM2 and FM-X engines. It is common for code names to be assigned to products currently under development, and the new flagship was no different: as the term Dual Algorithm Interactive Synthesizer had already been coined for the new multidimensional modulating instrument, the code name was formed from its abbreviation, “Daisy.”

			In tandem with their work on the Daisy’s tone-generation specs and the core Motion Control feature—that is, modulation features such as the Super Knob and Motion Sequencer—the development team also evaluated different UI approaches and form-factor designs. Unlike the MOTIF music production synthesizer, the Daisy was always intended to be a live performance synth, so they armed it with new, powerful features for this particular environment, notable examples being Live Sets, which allow 16 sounds to be freely arranged on-screen and switched with a single tap; Seamless Sound Switching (SSS) to ensure that switching between sounds does not result in any audio drop out; and Scenes for instantaneously jumping between sound snapshots. And in designing the UI for the newly adopted touchscreen, the team gave careful consideration to ease of use, arranging the buttons on the Live Set screen in the most convenient way possible while maximizing the distance between them.
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			Live Set screen

			Not every issue could, however, be resolved by using a touchscreen for the main display. One of the biggest disadvantages of this type of interface is the lack of a tactile response to “pressing” of on-screen buttons due to its highly visual nature and inherent flatness, and as such, it is not ideally suited to rapid, reliable actions. For that reason, the developers opted to make every setting also possible without the screen; however this presented an additional challenge in that usability would suffer if the relationships between the buttons on-screen were not fully consistent with those between the physical buttons. The 32 Voice-selection buttons to the right of the display were thus also arranged in a uniform grid, and when the Live Set feature is being used, the four-by-four array of buttons in the left half of the grid corresponds to the performances displayed on-screen; meanwhile, the four-by-four array in the right half can be used to select different Live Set pages.
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			button layout

			The development team also fully revisited modes of button operation, aiming for an easy-to-understand, tactile UI. The layout and operation of buttons ultimately differed somewhat from those of the MOTIF, but the dogged insistence of the developers on operational ease undoubtedly benefited from their willingness to think outside the box, unconstrained by convention.

			When it came to case design, the team was unshakeable in their pursuit of a range of new features, and in contrast to the highly-linear MOTIF, they advanced many design ideas centered more on the curve. In particular, a concave back surface had never before been seen on a Yamaha synth. Overall, they took an uncompromising approach to ease of use and comfort—one notable example being careful consideration of the curvature and finish of areas that come into contact with the palm of the hand when operating the pitch bend or modulation wheel.
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			Several images of design proposals and photograph of concave surface

			Meanwhile, the DACs, analog circuitry, and other sound-defining components were also optimized in an exhaustive fashion. Armed with more CPU power, the developers could produce more complex, higher resolution sounds, but these would ultimately need to be converted into analog electrical signals if they were ever to be heard. For this reason, the analog circuits by which the sounds depart the instrument and enter the audible world were perfected through meticulous, systematic listening tests and component selection. Users of software synthesizers are fully aware that their audio interface greatly affects the final sound and they can select accordingly, but the developer of the hardware synth must deliver a complete package, including this final link in the sound production chain. To satisfy these needs, the team created the Pure Analog Circuit (PAC)—an audio output system that surpassed even the MOTIF XF in terms of musicality. Thanks to the PAC, the breathtaking sound of the Motion Control Synthesis Engine, which combined the new tone-generation system and Motion Control, could be heard in all its glory.
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			Block diagram of Motion Control Synthesis Engine

			Now complete, the Daisy was officially named the MONTAGE in preparation for release. This name was inspired by the French for “assembly”, and it is also commonly used in the movie industry to refer to an editing process whereby multiple sections of film are pieced together to form a continuous whole. In selecting it, the developers hoped to inspire users of the new flagship synth to create totally new forms of musical expression by manipulating sound with the Motion Control feature. In May 2016, Yamaha proudly released its next-generation series of flagship synths in the form of the MONTAGE 6, 7, and 8.
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			MONTAGE

			Even as the baton passed from MOTIF to MONTAGE, the core concept behind these synths differed, meaning that the MONTAGE could not necessarily do everything the MOTIF could. For example, the two series differed considerably in terms of sequencer functionality: whereas the MOTIF can be used to create songs using the synth alone, functions best performed by a DAW were intentionally left out of the MONTAGE to keep the focus on performance. Phrase ideas could be recorded, of course, and MIDI sequences could be played as backing tracks or manipulated live.

			Since that initial release in 2016, the MONTAGE firmware has been updated a number of times with many new functions and sounds being added. Thus, the Yamaha flagship synth continues to evolve together with the ever-changing world of music to create new music and sound, as indicated by Yamaha’s 2018 release of the MODX—a compact, lightweight synthesizer that fully embraced all the design concepts of the MONTAGE.

			In an age when the role of the hardware synth was in constant flux, Yamaha provided a new proposal for a music production synthesizer in the form of the MONTAGE, a flagship employing a totally different approach from the MOTIF and focusing on live performance.

			The stage piano reinvented
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			CP88 and CP73

			In January 2019, over four decades after Yamaha’s 1976 release of the CP70 as a stage piano simultaneously portable and capable of delivering a powerful sound, we returned to this arena with a pair of totally reimagined instruments—the CP88 and CP73. With names that evoke memories of the famous CP80 and CP70, these new stage pianos have a compelling story to tell about how they came into being. 
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			CP70

			It all began when a producer from the reface development team was placed in charge of Yamaha’s new CP instruments. Not a stage-piano player, he tasked himself with getting to know the people who were. To this end, he visited live music venues where Yamaha and other stage pianos were played and also conducted a range of interviews to get a feel for the users of this instrument.

			One important takeaway from his fact-finding mission was that, while Yamaha’s products were very popular, many musicians just used them as pianos, never really changing any other settings. In addition, he identified two distinct groups of people who played Yamaha stage pianos—those who accepted no compromise whatsoever when it came to the actual keyboard, and those who valued portability over all else and did not worry much about the feel of the keyboard or how many keys it had. And it was also confirmed that the latter group mainly used electric-piano type sounds or configured their stage piano as part of a two-keyboard setup. This led to the obvious conclusion that making one size fit all was not the best approach, and this realization is reflected in the CP88 and CP73 having different keyboard actions as well as a different number of keys.

			[image: ]

			CP88

			Once the basic concept for the new models was thus established, the development team members agreed upon a general direction for the technical specifications and UI. Prototypes were then built in a coordinated manner with the relevant development sections, and these were subjected to various rounds of testing and verification.

			The UI came under particular attention during this process. First of all, the developers wanted to make sure that acoustic pianos, electric pianos, and other instruments like strings were clearly separated from one another when it came to choosing voices. Through an extensive process of trial and error, the development team worked to identify the best means of preventing the wrong voice being selected during live performances; for example, abandoning buttons for toggle switches and other interface elements more suited to the function at hand, and arranging the best parameters for each instrument in close proximity to one another. Unlike synth players, stage-piano owners are not necessarily technical experts when it comes to music hardware, so a lot of effort was put into ensuring simplicity and making it unnecessary to read the manual in selecting Voices, storing of voices created by the user, and configuring overlaid layers of, for example, piano and strings.
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			Yamada-san’s photo of the prototype layout

			The weight of the instruments was another serious consideration. For a start, 20 kg was identified as the total weight beyond which a single person would have difficulty moving around and setting up a stage piano. City-dwellers also prefer lighter keyboards as they are more likely to travel to and from practice and gigs by train and not car. Every effort was thus made to address these real needs by keeping the new stage pianos as light as possible. The CP4 STAGE and CP40 STAGE already weighed around 17 kg, and the plastic construction of their bodies made scratches incurred when transporting them or setting them up, so the developers started looking into lightweight alternatives that would be suitable for a durable, reliable musical instrument.

			One promising material was aluminum, but the benefit afforded by its light weight is offset by a lack of rigidity, and this is particularly true when used for flat surfaces, of which there are many on a keyboard instrument. Reinforcement would thus be needed to make this material usable, so the development team enlisted the help of specialist case designers, and together, they optimized the physical structure by exhaustively evaluating a range of different approaches, ultimately arriving at the aluminum bodies of today’s CP88 and CP73. 
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			Design constraints were also extremely tight when it came to the overall size of the stage pianos. Normally, most of the circuit boards in an electronic musical instrument are installed in parallel with the control panel, but the analog boards of the CP88 and CP73 were arranged at right angles to this surface in order to keep the instruments as slim as possible.

			At the same time as these efforts to achieve the ideal form factor were underway, equal attention was given to the all-important sound of the stage pianos by finely balancing the keyboard and overall tone and then rigorously evaluating and verifying the results. The CP88 and CP73 would need the highest-quality samples—particularly for electric piano sounds—so all were completely rerecorded.

			As such, the CP88 and CP73 were more than just enhanced versions of the previous models with incrementally better user interfaces, form factors, and tone generators. They were new instruments in their own right, completely redeveloped from the ground up in order to bolster the series. The user research undertaken at the start of the project had revealed that the user group insistent on the best possible keyboard prefers it to feel like that of a grand piano and have the same number of keys; meanwhile, those musicians who prioritize portability favor a lighter touch and less keys. To satisfy both, these two new CP models each offered different numbers of keys with a different feel. And it was also decided that the 88-key model should have an NW-GH3 keyboard with synthetic ivory keytops, ebony finish, and a graded hammer action, while the 73-key model should have a BHK keyboard with matte-finish black keys and balanced hammer action.
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			Wheeled CP series soft cases

			The development of Yamaha synths and stage pianos released between 2015 and 2019—namely the reface series, the MONTAGE, and the CP88 and CP73 stage pianos—did not depend solely on technological advances even though they were all fundamentally electronic instruments; instead, we went right back to the drawing board with a focus on novel ways of enjoying sound, innovative modes of expression, and new musical instrument formats. We look forward to ongoing evolution of Yamaha synthesizers as we work hand-in-hand with artists, musicians, and other customers to help lead music in new exciting directions.
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CP Series

			Forerunner of Yamaha Stage Pianos & Analog Synthesizers

			Debuting in 1976, our CP Series stage pianos were designed to be amplified so they could hold their own when played in a band together with electric guitar and bass. Although both belonging to the same series, the CP-30 and the CP-70 introduced at this time were very different under the hood.

			The CP-70 retained the basic design of an acoustic piano, with sound being produced by hammers striking strings in tension. Piezoelectric pickups provided for each of the strings converted these sounds into electrical signals, which they also amplified. As such, this instrument's keyboard felt very similar to an acoustic piano's, and it quickly became popular with musicians playing in bands. In contrast, the CP-30 was an electronic piano featuring an analog tone generator, and it would not be an overstatement to describe it as a true analog synthesizer. The CP-30 even had a Decay control knob that could be used to simultaneously adjust attack and decay parameters not unlike those of a regular synthesizer's ADSR envelope. In fact, this instrument actually had two tone-generation systems, each capable of independent decay control. This meant that sound creation methods typical of modern synths could be applied—for example, using the first tone generator for the attack portion of the sound; and the second for the sustain.

			The CP-30 and CP-70 were also identified differently in their respective operating manuals—the CP-30 was an "Electronic Piano", while the CP-70 was referred to as an "Electric Grand". This is further evidence that, although part of the same CP Series lineup, completely different concepts were used in their design.

			The CP-7 of 1982 was the last CP Series instrument to be designed based on the analog tone-generator approach. Thereafter, our focus shifted to digital stage pianos employing FM or AWM (sampling) techniques for sound production. And as our synthesizer products took up the mantle of unrestricted sound creation, the CP Series instruments were refocused on faithful reproduction of piano sound and function, ultimately evolving into today's CP Series. That being said, the techniques and technologies perfected during development of the original CP stage pianos live on in, for example, those MOTIF Series instruments with authentic feeling keyboards or an extensive range of piano sound presets.
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			*1 A piezoelectric pickup for each and every string
*2 Decay knobs used for envelope control
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YC Series

			Combo Organs that Strove to be More Expressive

			Five years before introducing the SY-1, we released the YC series of combo organs for band musicians. In contrast to our Electones, which featured upper, lower, and foot keyboards that allowed a single player to perform as an entire ensemble, combo organs such as the single-keyboard YC-10 attracted considerable attention as a new type of highly portable instrument.

			In terms of both concept and technology, the combo organs of the YC Series have had a major effect on the development of modern synthesizers. The sixties saw the kind of music played by bands such as The Beatles and The Rolling Stones become extremely popular all over the world, producing a shift in demand from organs installed permanently in churches and public facilities to highly portable organs for stage use. With its single 49-key keyboard, four color variations, and a compact design that fit neatly inside a hard, suitcase-type cover, the YC-10 was truly a next-generation organ. It also differed markedly from the Electone in that its sound was output via a separately sold guitar or bass amplifier.

			A later addition to the YC lineup, the dual-keyboard YC-45D was capable of changing sounds instantaneously—functionality achieved through the addition of a large number of tone levers, as well as preset levers. Adopting a similar approach to the subsequent CS-80, these components offered a glimpse into the future of the synthesizer.

			The YC-45D was packed with many other novel functions that narrowed the gap with the latest synthesizers—for example, keys could be wiggled left and right to produce a touch vibrato effect, while a ribbon controller provided for smooth pitch bending. Looking back, one cannot but admire how far the developers pushed the expressivity of the keyboard instrument.
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How FM tone generation works

			The FM in "FM tone generation" is an abbreviation for "frequency modulation." The wheel-shaped controller at the left of the synthesizer is called a "modulation wheel," and utilizes the same kind of modulation. This wheel modulates the sound of the instrument with frequencies from a low-frequency wave generator called an LFO (low frequency oscillator), causing the frequency of the original sound to increase and decrease slightly (raising and lowering the pitch) repeatedly as shown in the diagram, producing a vibrato effect.

			So, what happens when the LFO frequency is increased?

			Using waveforms with a frequency close to or higher than that of the original sound to raise or lower the pitch causes the pitch to rise and fall within the fundamental period that we perceive as pitch, distorting the waveform. A similar principal is used in FM tone generation to distort waveforms, making it possible to create a wide variety of sounds.

			In reality, the progress of phases that change linearly over time is altered for output as sound; a complex process that we will explain here using images.

			Imagine the rotating wheel of a car.

			If the car is traveling at a constant speed, the rotation time of the wheel is also constant.

			Placing a mark at the left edge of the wheel and then graphing a track of its vertical movement will result in a waveform similar to a perfect sine wave.

			Let's assume that in order for the car speed to remain constant, the time required for the wheel to make one complete rotation is also constant. What happens if this rotational speed is uneven?

			As an example, let's suppose that the wheel rotates comparatively quickly until the mark reaches the twelve o'clock position, decelerates continuously until it reaches the six o'clock position, and then accelerates rapidly during the last quarter of rotation to make up for lost time.

			The graph for this movement will be a waveform that differs from a sine wave, as shown in fig. 2-b.

			While this would make for an uncomfortable car ride, there would be no difference in the forward speed of this car and the speed of a car in which there was no variation in the rotational speed of the wheels. This is the same for sound, where the pitch remains the same.

			The waveform that creates these alterations—the variations in rotation—is thus a "modulating waveform," and in this example we can presume that it is a sine wave with the same frequency as the rotational frequency of the car wheel.
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			Fig. 1 Using a low-frequency oscillator to change frequencies
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			Fig. 2-a
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			Fig. 2-b

			Increasing the effect of the variations in rotation causes the track of the mark to increase in complexity, and in some cases reverse rotation may even occur in order to maintain a uniform rotational period.

			The result is a track like that shown in fig. 2-c.

			The original track caused by the wheel rotation is thus the waveform that is modulated, while the controlling waveform that creates the variations in rotation (with positive changes caused by the accelerator, and negative changes by the reverse gear rather than the brake) can be regarded as the modulating waveform.

			To return to sound, the fundamental concept of FM tone generation is to modulate a waveform with other different waveforms to create a variety of new waveforms. Different modulation waveform frequencies and levels of modulation can be used to create complex changes.

			For example, let's examine what happens when a waveform with ten times the frequency of the original waveform is used for modulation.

			As this diagram shows, using modulation in this manner produces small undulating elements within the large sine wave. Extremely high-frequency harmonic elements are being produced at much higher frequency levels than the original frequency, creating a metallic sound element.

			Using an EG (envelope generator) to change the volume of the modulating waveform (the level of modulation) over time makes the attack of the sound metallic, while the decay and release sections gradually become gentler, allowing changes to be made to the sound over time.

			In FM sound generation, the operator (the device that generates sine waves, etc.) for the modulated waveform is called the "carrier," and that of the modulating waveform, a "modulator." This groundbreaking sound generation system adjusts the carrier/modulator combination and alters their respective levels and envelopes, and is capable of producing waveforms that are vastly different from the original waveform of the operator.
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			Fig. 2-c
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			Fig. 3 An example of modulation with a frequency 10 times that of the original sound
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			Fig. 4 The example from fig. 3 with temporal changes added
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			Fig. 5 How sound is made in an FM tone generator
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RX and QX—Invaluable to both live performer and home producer

			Together with the synthesizers of the Yamaha DX Series, our RX Series rhythm machines and QX Series MIDI sequencers played a major role in defining the sound of the eighties. Before the RX Series arrived on the scene, the majority of drum machines had analog synth tone generators at their core, but in stark contrast, this Yamaha series came to the forefront with sounds based entirely on PCM—or in other words, sampling. And whereas drum machines had typically been used to generate the robotic grooves of techno and other similar musical genres, the authentic drum sounds of the RX Series as well as its support for programming of volume changes, which were called "accent levels," now made it possible to produce highly realistic rhythm patterns. The PCM drums of the RX Series rhythm machines were the perfect foil for other instrument sounds produced using FM, and these devices thus became a driver of the enduring popularity of our FM-only DX synths. What's more, they came equipped with large drum pads that keyboardists could conveniently use on-stage to play percussion parts. The cowbell in particular had a very distinctive sound and was used in a great many songs of the day.
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			The RX11 owner's manual features a detailed explanation of PCM. At right is a section quoting numerical formulas to prove sampling theories, information you would never find in a modern owner's manual.
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			RX11
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			The RX21, which was capable of receiving MIDI velocity commands
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			RX15

			With the exception of headphones, pedals, and other similar peripherals, it was very rare for a musical instrument producer to market products that did not produce sounds of their own, yet six months after introducing the RX Series, we released just such a device in the QX-1 MIDI Sequencer. With its extremely fine resolution of 384 ticks per quarter note, eight tracks, memory capacity for up to 80,000 notes, and eight MIDI output terminals, the QX-1 attracted much attention as a full-fledged professional MIDI sequencer suitable for either recording or live performance. Released in 1986, the QX-5 cost less than 70,000 yen, putting it within the reach of amateur musicians and helping to boost the popularity of home recording. Home producers were already using computers and MIDI sequencing software by the latter half of the eighties, but the supply of power in live music environments was not always reliable. The hardware sequencer could be used with confidence in this type of situation, an advantage that helped to make the QX Series a long-time favorite of the pros.
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			The powerful QX3, which played an active role in many live performances. The QX3 sold for 158,000 yen.
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			QX1
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			QX5
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Synthesizers and Controllers

			Synthesizers are generally equipped with a keyboard which is used to input notes and the strengths with which they are played. However, sounds can be modulated in a wide range of other ways—pitch bend, vibrato, and changes in tone being notable examples—and devices are needed to make these types of control possible. The keyboard’s velocity and aftertouch functions can be used for this purpose, but here we will focus on external controllers—that is, devices that do not form part of the keyboard.

			The most popular external controllers are undoubtedly foot pedals, which can be broadly categorized into foot switches and expression pedals. The foot switch is similar to the sustain pedal of a piano and is used to control a function known as sustain or hold. In this product category, the popular Yamaha FC4 and FC5 have been available for more than three decades, while our FC3, which was released later, supports half-pedaling similar to partial application of a piano’s sustain pedal.

			Turning to expression pedals, the Yamaha FC7 has long been a favorite of musicians. This particular pedal connects to the Foot Controller jack of a synthesizer using a stereo phone plug, but its sister model—the FC9—also functioned as a volume pedal into which the synth’s stereo (line) output could be directly input. In reality, however, it was not often used for this purpose, so the FC9 was discontinued in favor of the FC7.

			In addition to standard operation, the FC7 expression pedal also supports two unique Yamaha functions. The first is referred to as “fortissimo," and using this function, the pedal can be automatically returned to the standard position—a position set with a spring that can be adjusted up to a maximum of 10° using a screw in the base. The pedal can be set to any point between the fully raised position and the standard position shown in the diagram, and it will usually remain in this position until moved. If, however, the pedal is operated to within the spring return range, it will automatically return to the standard position when released. Using this extremely useful function, you can apply a basic volume or filter setting (corresponding to the standard position) for the majority of your performance, but where necessary, produce stronger (fortissimo) sounds for added expression. The other unique function makes it possible to change the tilt of the pedal, which is important because the angle of the foot differs depending on whether you are playing standing up or sitting down. In typical Yamaha fashion, this overall design takes much of the knowhow perfected for the Electone and reapplies it in a single pedal.
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			We could not discuss controllers without mentioning the breath controllers used with virtual acoustic (VA) tone generators such as the VL1 and VP1. A breath controller is a device that detects how hard you blow onto it, and in response, modulates the volume or filter setting in the same way as, for example, an FC7 pedal. Yamaha released its first breath controller in the early eighties with the BC1, which came with the CS01 synth as a recommended accessory. It became very popular all over the world for the way in which it allowed keyboard instruments to be played like wind instruments. We later released the headset-type BC2, which freed up both of the musician’s hands. With the arrival of the VL1 and the VP1, however, the breath controller was required to detect extremely delicate nuances in breath control much more frequently, and we created the BC3, with its greatly increased sensitivity, to answer this need. While our 2014 product line does not feature a breath controller, it is not hard to see how this remarkable device became the third most important form of control after keyboard (hand) and pedal (foot).
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			In the preceding paragraphs, we have looked at devices for controlling the synthesizer as a keyboard-type instrument, but an array of other controllers can be used instead of the keyboard to specify the pitches to be played—a perfect example being our WX series of wind MIDI controllers. Effectively a breath controller fitted with keys similar to those of a wind instrument, this type of device lets you specify notes using the same fingering techniques as, for example, the saxophone or recorder. Also allowing you to reproduce the delicate nuances of the acoustic instrument, these controllers are frequently used by saxophonists and other players of wind instruments. The WX Series also has a long and proud history, with the first model—the WX7—having gone on sale back in 1987. We released the WX11 one year after that, followed a decade later in 1998 by the WX5.

			Another highly popular type of controller is the ubiquitously shaped guitar synth. With the Yamaha G10 and G10C guitar controllers, however, we took a slightly different approach from the other instrument makers. Notable for their striking futuristic designs, these controllers are equipped with six of the third strings of an electric guitar, and detect pitch based on the vibration of these strings at the high frequency of 500 KHz.

			Despite the groundbreaking nature of the technology applied in developing these controllers, they felt slightly different from real guitars when played because all of the strings were made from the same material. For this reason, guitarists preferred to keep performing on their own instruments, and the G10 and G10C failed to capture their imagination. In the subsequent G50, we switched over to the pickup-and-converter type controllers that can be attached to conventional guitars. Although also no longer part of the Yamaha lineup, the guitar-type controller has certainly played an important role in introducing guitarists to the exciting sounds of the synthesizer.
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			WX7
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			*1 The G1D pickup for the G50
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QY Series

			QY Series—Pioneer of the New Style Sequencer Genre

			As MIDI sequencing functionality found its way into SY Series synthesizers and other similar instruments, demand for the standalone hardware sequencers that had been sold up until then—such as our QX Series products—began to gradually drop off. Embracing a totally new concept, however, Yamaha boldly launched the QY Series of hardware sequencers into this market environment.

			In contrast to the SY Series, which comprised synthesizers with a built-in hardware sequencer, our QY Series products can best be described as hardware sequencers that had their own integrated tone generators (or synthesizers). Not only could they be used to program a wide range of different performances, they also produced their own sounds. What's more, these music sequencers featured style sequences—or in other words, complete backing tracks comprising basic instruments such as drums, piano, and bass. Styles were available in a wide array of different musical genres, and they could be played simply by specifying a chord sequence.

			At that time, Yamaha was also marketing a range of Portable Keyboard products, and these instruments were equipped with a feature known as Auto Bass Chord. This allowed the user to control a drum pattern and matching bass part by playing the lower end of the keyboard in a specific way. For example, playing the note C on the keyboard would generate a backing sequence in C major, and if you then also played the note Bb at the same time (which is a whole tone down), the sequence would switch to C minor. Using these and many other modes of indicating chords, the user could have the automatic bass accompaniment play along with any chord sequence of his or her choice. The QY Series built on this functionality, adding piano, guitar, and other instrument parts to complement the bass and also providing support for additional chord variations and tension chords. Starting with the QY10, all of the music sequencers in this series featured an AWM tone generator for highly realistic instrument sounds, and these products also attracted much attention for their compact designs, many of which were roughly the same size as a VHS video tape. Thanks to these and other innovative features, the QY Series skyrocketed in popularity.

			[image: ]

			*1 The concept was for a sequencer that you could even use to compose with on the bus

			Yet the best thing about these sequencers was their wealth of built-in patterns and the ease with which they could be combined into arrangements. For example, the user could effortlessly create a backing track by entering a name for a chord sequence and then choosing patterns from a range of different musical genres including rock, pop, jazz, and dance. Another secret behind the popularity of this series was the high quality of the individual patterns—they were not simply intended for practice use and instead were perfectly suited to serious music production. What's more, sequencer functionality similar to that found on our QX Series products made it possible to freely input melodies, solos, and other performance parts, and if necessary, control-panel buttons laid out in the same way as a piano keyboard could be used to both perform and input this data. In addition to pocket-sized, palmtop models such as the QY20, QY70, and QY100, Yamaha also added desktop models to this series in the form of the QY300 and QY700; nevertheless, the portability of the palmtop versions made them that much more convenient, and they became prized possessions of many highly mobile guitarists and other musicians.

			This style sequencer concept lives on today in the arpeggiator of our MOTIF series products, and as a professional-grade feature capable of instantly generating backing parts from a diverse array of musical genres, it continues to play a major role in making Yamaha synths highly desirable instruments.
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			QY20
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Sampling Units & Groove Gear

			Generally speaking, synth players express themselves musically using the keyboard. There is, however, another class of product that has been optimized specifically for dance music and thus is not equipped with a keyboard. Instead, these products—namely, sampling units and groove gear—are played by means of pads, buttons, and dials, as well as a ribbon controller for scratching and other similar techniques.

			In 1995, Yamaha released the SU10—a sampling unit that was capable of sampling sounds at CD-level high quality, and as with the QY Series, had a compact design no larger than a VHS video cassette. In addition to sampling and playback, this instrument also supported DJ techniques such as scratching and crossfading thanks to a built-in ribbon controller. The CS1x Control Synthesizer released the following year had a similar color scheme, so from both design and functional perspectives, there was a strong sense that these two instruments were well suited for use together.

			Introduced in 1998, the SU700 featured a sampler, a sequencer, an effects unit, and a mixer, each of which had professional-grade specifications. It was marketed as a “sampling remixer”—a new type of instrument capable of revolutionizing music production through the creation of intense, edgy sampling phrases. The SU700 came with a built-in 3.5-inch floppy-disk drive for data storage as standard, and SCSI support was available as an optional extra. As such, it could hold its own with the rack-mounted A Series samplers that were introduced around the same time.

			Also released at the end of the nineties, the RM1x groovebox featured a tone generator optimized for the dance music scene together with serious sequencing power in place of sampling. Its advanced functionality could be used to create remixes; meanwhile, sequence data could also be controlled in real time. This made it possible to create inspired, high-octane phrase sequences—one of the most popular features of this highly original instrument.

			As the successor to the SU10, the SU200 that we introduced in 2000 could automatically synchronize up to six loop samples having different tempos. This loop machine also allowed its player to control playback tempo and a wide variety of other parameters on the fly, and despite its compact design, the SU200 supported synchronized playback with the RM1x, among a host of other real-time operations.
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			Based on a concept unlike anything seen before, the DJX-II and the DJX-IIB arrived on the scene at the same time. Although equipped with an impressive array of powerful DJ functions, these instruments also shared many components and features with older synths, such as sampling and highly versatile effects. Yet their owner’s manuals were most intriguing—for example, one section provides 100 tips on how to DJ. And while the DJX-II came with a built-in keyboard, it is interesting to note that the catalogs and other promotional material of the time boldly stated that this instrument was not intended to be played in the usual fashion, but to be used instead as an interface for controlling sounds.

			Introduced in 2001 at the same time as our MOTIF synth, the RS7000 is a music production workstation that integrates an RM1x and a SU700 into one device, providing functions and effects that were the state-of-the-art at the time. This instrument also featured an Integrated Sampling Sequencer (ISS), which combines samples with MIDI, something that was highly significant in the way in which it changed the conventional approach to music production. The ISS and many other unique features of the RS7000 later found their way into the MOTIF as these instruments disappeared from our product lineup. Hand in hand with the synthesizer, however, they played a crucial role in setting up the music scene of the 21st century, where loop- and block-based music production techniques have become the mainstay.
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			*1 From the DJX-II user's manual
*2 The international edition of the Loopfactory catalog (2000)
The SU200 was promoted as a Loopfactory, together with the AN200 and DX200 desktop synthesizers.
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MU Series

			Evolution of the MU Series as the Ultimate PCM Tone Generator

			In the 1990s—the decade when music-production synths such as those of the SY Series started to become commonplace—PCM sound engines became extremely popular all over the world; furthermore, a great many synths without a built-in keyboard, such as rack and desktop types, were released with PCM tone generators at their core. Prior to that, rack-type devices had typically taken the form of effects units, mixers, and other similar devices used by keyboardists as extensions of their tone generators. However, as PCM synthesizers capable of reproducing the sound of acoustic instruments in a realistic fashion started to become widely available at a low price, computer musicians began to adopt this type of unit as a highly convenient sound source.

			This development was in part driven by the decision of computer manufacturers to market low-price computers to individual users and families in the nineties, leading to the number of PC owners increasing rapidly, particularly in Japan. Hobbyists could now also make music using their computers, and because this usually happened on a desk, a unique culture that came to be known as "desktop music" (DTM) was born. Recognizing a need, Yamaha launched the TG100 and TG300—a pair of tone-generator units for computer musicians based on the TG tone generator module from our SY Series.

			This period was also notable for the arrival of General MIDI (GM)—a major development in the MIDI functionality that had been an indispensable synth feature since being introduced on the DX7. GM standardizes the lineup of voices that synths should provide and paved the way for the sharing of song data. For example, when a compatible instrument receives a Program Change 1 message, it must respond by selecting a piano voice. Similarly, an overdriven guitar voice must be selected in response to a Program Change 30 message. This meant that MIDI-format songs containing multiple voices would sound almost the same on any compatible synth, regardless of which company produced it. Soon after its introduction, collections containing only MIDI-format music data started to go on sale, and the sharing of music data by amateur musicians became popular, further accelerating the DTM boom.

			That said, the GM standard was intentionally narrow in its scope in order to ensure a high degree of compatibility. In specific terms, the total number of voices was limited to 128 instruments and one drum set, and very little was standardized in regard to audio effects. For this reason, there was a limit to how expressive GM songs could be.

			Other instrument manufacturers thus developed their own tone-generator standards, and these started to make inroads into the domestic Japanese market. In addition, a large number of MIDI-song collections for desktop musicians based on those standards went into circulation. Against this backdrop, Yamaha began work on designing a new format that would far surpass the others, and this was released in 1994 as Yamaha XG (EXtended General MIDI).
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			「TG100」
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			「TG300」
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			Covering a vast array of voice and effect parameters, the XG format sets forth requirements for both tone generator and data. As such, any MIDI data based on this format and played using a compatible tone generator would produce music almost identical to that on the original instrument, even to the level of subtle nuances. In addition, data produced on high-quality, advanced models could be played without any problems on lower-end synths, making the XG format highly popular with a wide range of different users. Our first synthesizer to support this new format was the MU80 of 1994.

			In addition to a high-quality PCM tone generator, the MU80 was also equipped with an analog-to-digital input, allowing a guitar or microphone to be connected and processing applied freely using the on-board audio effects. Thanks to these and other powerful features, the MU80 soon developed a reputation as a revolutionary instrument ideal for guitar practice, karaoke, and a broad array of other applications. It was succeeded by the MU90, which in turn was followed by the MU100—a high-performance tone generator module for a new generation of users.
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			MU80
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			「MU100」
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			MU100R

			Because the XG format was designed as an expandable common specification, the functionality of compatible tone generators could be further developed without restriction. This allowed us to equip the MU100 with a plug-in board system, extending its tone generation capabilities and making it an even more expressive musical instrument.

			The synthesizers of the MU Series were originally released as compact half-rack units in consideration of the needs of desktop musicians. In order, however, to cater for the North American market, where tone generator modules were frequently mounted in a rack, we subsequently introduced an MU100R rack-mountable type. As two different plug-in boards could be inserted into this larger unit simultaneously, it was extremely valuable to the user and also became very popular in Japan.

			Following our release of the MU80, which energized the XG-format tone generator market for desktop musicians, new models were added almost every year. In 1998, we introduced the MU128—a 128-note polyphonic synth that could produce twice as many simultaneous notes as the previous year's MU100. With this vastly enhanced model, sounds could be played on up to 64 parts (or channels) at the same time. In terms of size, we maintained the half-rack dimensions but made it taller, meaning that three plug-in boards could be installed at the same time.

			One year later, we introduced the MU1000 and MU2000 tone generator models. In addition to compatibility with the GM Series Level 2 (GML2) standard, which had been developed as an extension of GM, the MU2000 also provided the functionality of a simple sampler. These and other features made it a powerful synth engine that performed far beyond what would typically be expected of a DTM product.

			As the DTM market started to shrink, Yamaha brought the MU Series to an end in 2000 with the MU500—a lower-cost edition of the MU1000. Nevertheless, the tone generators of this series are still put to frequent use by a great many desktop musicians. In addition, the technologies perfected in their development live on today in a wide range of products, such as song players for karaoke—the enduring symbol of Japanese music culture—and backing-track tone generators for digital pianos.
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			Text from the CBX catalog (1997)
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			*1: Expansion slots at the rear of the MU128

			Plug-in boards—Secret Weapon of the MU Series

			Plug-in boards are essentially electronic circuit boards that can be inserted into a synthesizer in order to expand its tone-generation and effect functionality. Upon our release of the MU100, we simultaneously introduced the PLG100-SG (see Simultaneous development of new tone generation systems), the PLG100-VL for VL tone generation, and the PLG100-VH, which could be used both as a vocoder and to apply harmony to any part.

			We subsequently released the PLG-100DX, which featured an FM tone generation system like that of the DX7, and the PLG100-XG, with specifications similar to the MU50. Rather than being limited to our MU Series instruments, plug-in boards contributed greatly to Yamaha's entire synthesizer business from the latter half of the nineties through to the mid-2000s.

			We revamped our plug-in board lineup under the PLG150 product name in 1999, introducing the PLG150-VL for VA tone generation, the PLG150-DX for FM, and the PLG150-AN as an analog physical modeling tone generator. These boards were compatible with the S80 and CS6x and could also be used with the MOTIF Series synths released in 2001. In addition, they were soon followed by the PLG150-PF for piano and both the PLG150-DR and PLG150-PC for percussion sounds. Far from being a favorite of only the desktop musician, this plug in system was put to great use by all kinds of synthesizer users.
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			*1: PLG150-PF package
*2: PLG150-DR package
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			A page from the MSPS catalog (1999) describing plug-in boards
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Yamaha synthesizer design

			Within Yamaha, the Design Laboratory is responsible for product design. This organization came into being when the Packaging Section of the development section was reformed as an independent department, and now employs approximately 30 designers who are tasked with designing a broad range of products, including grand pianos, guitars, golf clubs, audio products, and soundproof rooms. Although Yamaha may sometimes ask other organizations to design its products, almost all synthesizers are designed and created in-house. Here, we take a look back on the synthesizers that Yamaha has given the world, with a particular focus on design.
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			The player's view; the audience's view

			Yamaha's first synthesizer, the SY-1 (1974) was an instrument developed as a solo-part keyboard for the Electone®. It featured a panel layout that made it easy to perform with while playing the Electone of the day, its parent instrument and an overall design that matched its parent instrument, the Electone of the day. Released the following year in 1975, the GX-1 was a groundbreaking instrument that featured the same number of tone generators as 35 typical synthesizers of the day. The instrument and stool were joined, enveloped in white, and supported by legs emblazoned with chrome so that the GX-1 and player appeared to float above the stage. Of course, since no instrument is complete without someone to play it, the stool has a movable design, allowing the player to assume an appropriate posture for performance. The sound and form of the GX-1 gave a futuristic impression, as if to convey that a new form of music was arriving.

			In the analog synthesizer era, tone generators took up a lot of space, and despite the various limitations such instruments were subject to, usability was a serious consideration. The flagship model CS-80 that Yamaha released in 1977 came with a case fitted with casters for easy portability, and featured a distinctive array of buttons on the control panel. Utilizing wood on the rear and side panels conveyed an impression of heavy-duty reliability, and gave the CS-80 a feeling of warmth. With the arrival of the eighties, the move to digital technology prompted a reduction in the size of synthesizers, and with it a change in their outward appearance. 1982's CS01 featured a voice memory that had been converted to digital, a mini-keyboard, battery power source, and built-n internal speakers, and while improving the freedom available to keyboard players on stage, it was also aimed at youth culture of the day that stressed the need for lightness. Players could hang the CS01 from a shoulder strap for a "cool" look onstage that was emphasized by the simple panel layout and light-blue printed "CS01" graphic on the instrument's grey body.

			[image: ]

			GX1

			[image: ]

			CS80
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			The CS01 featured pitch bend and modulation wheels at the corner of the instrument body for ease of use when standing while playing.
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			The design philosophy behind Yamaha products is made up of five elements, and every product we make could be said to be the embodiment of this philosophy.

			What changed the synth world completely was the arrival of the enormously popular DX7, which utilized LSIs to dramatically reduce the number of parts required and make the instrument more compact. The DX7 featured a flattened operations panel that allowed the audience an unfettered view of the player's hands on the keyboard when on stage. The design eliminated three-dimensional buttons and levers in favor of flat, membrane switches embossed with green graphics, arrayed in a simple layout; an appearance that was intended to make a strong impression on players as the world's first digital synthesizer. The use of membrane switches, something that is rare in instruments, offered many choices in terms of printing coloration, with designers electing to utilize a green that would look attractive against the dark brown body color—the same dark brown as was used for the personal computers that Yamaha was selling at the time. Referred to as "DX green," this was a symbolic color that went on to make occasional appearances in Yamaha synthesizers.

			The DX7 was also the first Yamaha synthesizer to feature the Yamaha logotype and product logo on the back of the instrument where the audience can see it easily. The use of digital technology lowered the "wall" formed by the operations panel in earlier synthesizers, creating an awareness not just of what the player sees, but also how the synthesizer and player appear to the audience. These two factors continued to be important themes in the design of Yamaha synthesizers in the years that followed.
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			*1 Released in 1987, the DX11(V2) featured a front panel that was slimmer than the instrument keyboard. The body of this synth was constructed of aluminum, giving the instrument a total weight of 6.9 kg and a solid feel that belied its slim configuration.

			Responding to a growing range of needs

			In the latter half of the eighties synthesizers moved into the mainstream. No longer solely the domain of mostly male, professional and semiprofessional musicians, synthesizers aimed at beginners began to make an appearance in the market. Released in 1988, the YS200 featured a unique operations panel, and was born from a philosophy called "Product Semantics," in which designers express the function of products through their form. In order to make synthesizers appear more readily understandable, Yamaha designers arrayed controls for music data loading, volume, voice selection, adjustment, and lastly, output, along a groove extending from the left to right of the panel, attempting to express the flow of music production and surround the instrument in familiarity. This expression was also found in portable keyboards of the era.
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			The unique textures on the sides of the YS200.
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			YS200

			At the same time, Yamaha was introducing product groups aimed at beginner and intermediate players into the market, with the B Series (EOS) finding particular success in Japan. The B200, which went on sale in 1988, offered functions specifically tailored to players who were just starting out and featured two-way circular speakers at the top of the operations panel, rounded corners at the upper left and right of the instrument body, and spherical modulation and pitch-bending wheels that fit the hand comfortably. This use of rounded form became an iconic motif for the EOS, which was a product developed from a completely different standpoint to those instruments geared towards more professional use. From 1988, when the B200 was released, through to 2007, Yamaha held an EOS contest judged by such notables as Tetsuya Komuro and Daisuke Asakura, bringing attention to the field of synth-based music production. The EOS series found favor with teenagers and women in their twenties, with product planning and marketing working together to develop the instrument, heralded an era in which design also worked to respond to a range of different requirements.

			The VL1 debuted in 1993 as a virtual acoustic synthesizer, featuring a body with uniquely warm lines quite different from other Yamaha synthesizers to date, giving it a softly three-dimensional feel from any angle. While other companies were using PCM tone generators, the VL1 featured a VA tone generator based on a world-leading physical modeling system that analyzed the sound creation structures of acoustic instruments. What design would suit a new synthesizer that utilized VA tone generation to reproduce wind and string instruments with such realism? This was a true Yamaha approach, and resulted in a design with gentle curves and a champagne gold body, themed around the image of acoustic instruments. The operations panel was crafted from the same interior wood paneling used for luxury vehicles, utilizing the wood crafting techniques used in piano production to give the VL1 an acoustic warmth. As Yamaha produces both acoustic and digital instruments, our in-depth knowledge of both gave us the insight and know-how to create this unique design.
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			B200
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			Respect for pioneers

			As the decades passed, each new synth that Yamaha produced drew on the legacy of previous models in some way or other during development. 1998's EX5 was created to be a next-generation synthesizer equipped with five different tone generators, including VA synthesis, and featured a body with a curved left side that paid tribute to its VA pedigree.

			First appearing in 1976, the CP Series began with the CP-30 Electronic Piano with its analog tone generator, and the CP-70 Electric Grand (which utilized a plucked string tone generator) and later evolved into a series of stage pianos. The flagship model CP1 released in 2009 was a superbly expressive instrument that continued this legacy, utilizing SCM tone generation, and comes with the voices of the CP-70 and CP-80 vintage electric pianos as internally-stored tones. It features an aluminum panel designed in the image of a Japanese sword, which reflects the keys of the keyboard and serves to heighten the player's concentration. It also features a specially treated coated leather effect panel fascia that creates a pleasing texture and resistance. With knobs that respond firmly to the player's touch and solid wood panel sides that stand up to the rigors of touring, the CP1 boasts a shining Yamaha logotype that is readily visible to the audience. This exterior is reminiscent of a high performance machine, signifying the new directions that the CP1 will take those who play it.
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			EX5
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			CP1

			Connecting the player and audience

			Product design customarily begins by working with other staff to decide on concepts. One day in 2000, design and development personnel, a producer, and a designer met with five professional synth players to ask their opinions on a number of different areas in order to gather information for new product development. At the time, Yamaha synthesizers were mired in crisis, and, spurred on by an awareness of impending difficulties, we were searching for a way to put ourselves back on an upward trajectory. From these discussions emerged the factor that players themselves are aware of where the audience is looking. Workstations with an almost transparent aspect to their identity—instruments that emphasize the appearance of the player on stage—addressed this issue of the relationship between the view experienced by players and that of the audience, which has been a common theme linking Yamaha synthesizers since the time of the DX7.

			Indeed, this theme was the impetus behind the design of the MOTIF® workstation that Yamaha released in 2001—an instrument aimed at professional musicians that is also attractive for others to look at. The silver body color and edged sidelines of the MOTIF design seem to embody the sharpened senses of the player, while the black line extending from the operations panel to the rear of the instrument served as a connection between the player and the audience, and became the symbolic heritage of the MOTIF series.

			With the same sort of internal systems found in a normal PC and OS, the MOTIF X, the third generation in the MOTIF series, featured a radically altered interior and made it possible to engage in an even broader range of music production activities, and thus brought with it further changes in control panel layout. This new MOTIF was equipped with eight sliders and knobs arrayed in the vertical panel stripe that is part of the MOTIF DNA, expressing the constant link between the player and audience. A new line drawn horizontally on the panel enclosed the music editing operation buttons to convey an awareness of the production flow, while lateral parts were placed to the left and right of the operations panel, allowing users to concentrate on music production. As other makers were now releasing a multitude of silver colored synthesizers onto the market, Yamaha designers switched to using a metallic green body color that recalled the green of the monitor screens used when digital technology was in its infancy. A two-tone color scheme was used at the rear of the instrument so that the slim operations panel appeared to float when on stage.

			In the planning stages of the MOTIF XS the personnel involved spend a great deal of time involved in repeated discussions in which one keyword came up repeatedly: "Spy." The movie "Mission Impossible 3" was popular at the time, and it's true to say even now that the designers were inspired by the image of the thrilling actions of the protagonists, which were professional and stylish.
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			MOTIF XS
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			Design sketches for the first-generation MOTIF.
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			The MOX was released in 2011, intended to be a popular model that would continue the heritage of MOTIF sound and functionality. A high level of cost-performance was demanded of the MOX, and consequently resin was used for the instrument body. In the midst of such restrictions, many meetings were held with production personnel in order to realize the "smoothness" that was touted as a concept for the product. That's why we chose to utilize processes only possible with plastics to assemble the two different types of sides and rounded rear surface panels, making good use of indentations in the panel surfaces.

			There is no end to the stories of design inspiration, and even if a product is superbly designed there is no guarantee that it will be a hit. Products are created from a fusion of ideas and technologies from planning, development, research, sales, and marketing, as well as from design. Musical instruments are interfaces through which players convey music to the audience, a core concept that to which Yamaha synthesizers have stayed true through the years, and one that they will remain faithful to in the future.
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This allows you to selectively emphasise parts
of your performance. As shown in the diagram,
the pedal angle is 30" when fully raised. The

pedal will rest at any point you take your foot
off from fully raised to standard position. If %

you depress the pedal further from standard J\t
position, it will return to standard position when \

you take your foot off. Also, by adjusting the T
screw on the bottom, you may adjust the spring

return range from 0°~-10°.

| Range of free
morement
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=1 Normal position

0~ 10° Spring
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HiSelectable pedal angle

As shown below, you may change the pedal
angle to fit your playing position.

<Standing performance> <Seated performance>

hook screw
To select pedal angle 1.Loosen hook screw with a screwdriver.
2. Move the pedal body to the position in the illustration.
3. Retighten the hook screw.

hook screw:
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A 32 Voice & Function Expander
for Yamaha DX Synthesizers

Yamaha’s unsurpassed digital FM tone generation
system is leading the contemporary music field in
the form of the Yamaha DX series Digital Program- |
mable Algorithm Synthesizers. Now Yamaha offers
the TX7 FM Expander—a MIDI controllable digital
FM tone generator system which can dramatically
expand the potential of Your Yamaha DX syn-
thesizer. The TX7 incorporates a 32 voice memory as
well as 32 programmable function memories con-
taining the effect data for all 32 voices. There are
also 32 function memories available for use with
Yamaha digital FM synthesizers like the DX7 and
DX9. Voices and function parameters can be
transferred to and from DX synthesizer via the MIDI
interface. The TX7 also incorporates a cassette data
interface that offers convenient mass storage and
retrieval of FM voices as well as functions.

Add a TX7 FM Expander to your MIDI music system,
and open the door to truly expanded music
potential.
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Set fire

@ 480 normal voices and 11 drum Kits (XG format)

® 128 Preset and 128 programmable User
Performances (up to 4 voices, or “Layers”,
assigned to each Performance)

@6 realtime Sound Control knobs (2 assignabi

20 memory buttons (for each

gty recall specified Saul{l

ters displayed on the'

any setting

® 1 Performance (4 Layers)

multitimbral capabiliies,
extenally sequenced.
performance 4

@ Built-in TO HOST computer interface:

® Stereo LINE INPUT for adding audio signals from

a sampler or other system component

L

Introducing the Yamaha CS1x Control Synthesizer—the ideal instrument for creating the most sizzling Rave, Dance and
Techno music in the house. The CS1x is a modern-day MIDI performance instrument which combines familiar analog-style

synth sound-shaping and performance features—like filter cutoffand resonance knobs and other realtime controllers—
with the digital convenience of AWM voices, Performance storage, Scene recall and other one-touch operations— all

designed to set fire (o your creative powers.

Digital Sound, Analog-style A averoR
Realtime Control Froos e
Tha CS1x givas you unprocodantod
reatime contro foatures wrich lot you
“Gosign the sound" as you play. Simply
arab the Fier Cufof knob and change
the cutolt frequency, or turn the
Rosonance knob one  way and
anoinat—to complataly transiorm the
charalaristos of the sound. There e two assignable knobs which ot
detarmine which parametars you want o controlin realima.

Press ons of the Scane buttons o nstanty recall specic pos on setings of
hasix Sound Contol knobs, O (ol the assgnabla Moduiaton Whee! back
and forh 1o continuously change tha sound between oné Scena and ancther
25 you play. In . there ara three Soana variations i asch Peformance—the
ofgial setlings ot he basic Parormance sound pus 1 two Scens satings.

e

Arpeggiator Adds Unique
(Creative Dimensions

Tho CS1x's Arpepgator automaticaly craats apoggiatod chrds based o th nctes
Sl I Ney0ard, i o oo power Lo el s sunic

tmosphoras and moods.
You can choosa from a ls of 30 Arpeggiator fypes
(including fypes which conrl iter cutft and paning)
and ining subdvsions, s wel s set the Arpeggiator
tompo. You can control the Arpegoiator tempo by an
extornal MIDI clock, from & sequencer, thythm

Porformance for fuure rocall

programmer, or computer. Arpeggio Hold causes the apeggios 1o continue 1ooping even when you take
your hand away from the keyboar, and Arpeqgiator Spil et you play ihe apeggiated chords to thlftof
tho epit point, and normal notea and chords to the right. Arpoggiator data can bo momorized in cach

Performances & Intutive Edit Matrix

Let You Create Highly Complex Synth Textures

The G 1x comoa flod with 128 Prccotand 128 Usor Porormancoa.

You can edit any Perlormanco in a variety of ways. and stoo,iLn ono of the 128 Usor

Performance memories. There's no need 1 search for hdden functons in pags and pages of
submenus. A lis of Edit menus with various parameters are printed in &b fight on the
CS1x's front panl,to gve you instant access to any sefting, s wel s enomous control over
minute aspects of the sound.

Vou can also select and control the
amount of the threa digital effects
applied to the sound—irom 11
Roverd types, 11 Chorus types and
43 Variation types of effects.

AnIdecl Adition To Any MIDI Music
or Sequencing System

Besides being an exceptional perormance based
Syntn, e CS1x i atso eal, 8060 1o deskiop
music poduction, or convenint ntagraton nf
expanded MIDI msic systam, by conneeing it to
sampiers, soquencor %3 computars. (500 back paga
forvarius System Exampos)

As & 16-part mulitinral X3 format compati fone
gonorator isel, you can use e G with a
Saquancer (or camputer wih equancing safware)fo
tacord and play back te various insument parts
across the 10 MIDI channes.

Also convenient is the CS1x's 1 Periormance (4
Layers) plus 12-part mutimbral capabli, which ts
you add externally sequenced backing to your
tealine perormanco—sspecly sulabl orcreatng
powertu Dance and Techno music, and more.
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