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4004:

The Intel Corporation introduced the first microprocessor available to the public back in November of 1971. This first microprocessor led to the start of one of the most successful and certainly the most well-known processor manufacturers in the world. In 1971 the time was right for the personal computer, and with this new type of computer came a new company, the Intel Corporation. Intel has always and probably will always be the dominant force in microprocessors. Their success started with the introduction of the 4004 and continues on to this day with the incredibly powerful Pentium 4.


The microcomputer revolution really started with the introduction of Intel’s 4004 processor. This processor was the brainchild of Marcian E. Hoff. Hoff took the work of Jack Kilby and Robert Noyce, both of whom discovered that large numbers of transistors and their connections could be etched onto a piece of silicon. However, their chips where hard coded, so they still had to be replaced in order to run a new program, which greatly hindered their worth. So what Hoff did was take this new silicon technology and design a set of chips that worked together to perform a device's functions. He found that if a chip was designed to run conventional computer programs on its own, to act as a Central Processing Unit (CPU), processing power could be made much more versatile. (The Lemelson-MIT Prize Program)


The chip that came out of Hoff’s work was the 4004. This CPU was about the size of a thumbnail, but had the same amount of processing power that a processor the size of a large desk would have. Yet the 4004 cost thousands of dollars less. The processor may seem very weak by today’s standards with its 108 KHz clock speed and various other outdated specifications. But in 1971 this processor was seen as revolutionary not just for its size but also for its processing power. (The Lemelson-MIT Prize Program)


The 4004 contained many devices to make the CPU capable of running micro-programmable computer applications. The CPU contained a four bit, or one byte, adder, a sixty-four bit index register, a forty-eight bit program counter and stack, an address incriminator, an eight bit instruction register and decoder, and control logic. With these now elementary components, the 4004 was able to carry out instructions loaded into its ROM and RAM, and perform very complicated programs. To put into perspective how revolutionary this chip was, a trip to the moon would not have been possible without microchips very similar to the 4004 and a high level programming language like FORTRAN. The 4004 was definitely a building block for the kind of computers and processors we have today. (National Museum of American History)

8086:

The next major development in the evolution of the Intel microprocessor was the 8086. This processor was introduced on June 8, 1978. The 8086 was the first commercially successful 16 bit processor. Unfortunately, It was too expensive to implement in early computers, so an 8-bit version was developed (the 8088), which was 

chosen by IBM for the first IBM PC. This ensured the success of the x86 family of processors that succeeded the 8086 since they and their clones are used in every IBM PC compatible computer. (White)
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This processor clearly had many technical advantages over the earlier 4004. First off the clock speed was greatly improved. These processors shipped with clock speeds of 5 MHz, 8MHz, and 10 MHz. So the processor cycled much faster than the 4004 with its approximately .1 MHz clock speed. Secondly the amount of addressable memory greatly 

increased in the 8086. The 8086 could address one megabyte of memory, while the 4004 could only address 640 bytes, which created drastic changes in programming style (Penderson). The one-megabyte of memory was divided up into lower level memory and upper level memory to deal with this huge increase in available memory.


The register set was also greatly increased in the 8086. The 4004 had very few registers, while the 8086 had fourteen registers. These registers were lumped into four different categories. The first were general registers, these registers were used to store information for numerical use.  The next set was the segment registers. These registers were used to select segments of memory for use at any given time. The next set was base and index registers. These registers were used to determine offset memory addresses and operands. The last set was the status and control registers. These registers were used to record and alter the certain aspects of the processor’s state. (Intel)


Another important improvement was that the 8086 was the first sixteen bit processor. That meant that the bus and the processor was sixteen bits wide. This creates many advantages over four bit processors like the 4004. Obviously the sixteen-bit data path created faster adders, since the adder could now handle 4 times as many bits at once and therefore could add larger numbers faster. A not-so-obvious by-product of the increase in bus width is the increase in the number of operation codes that the CPU can understand. The 4004 could only recognize forty-five op codes, but the 8086 could recognize 300. Clearly that translates into a substantial improvement in the number of steps the CPU will take to complete a higher-level instruction. (Penderson)


Obviously the 8086 was a substantial improvement on the earlier 4004 processor. It was ten times more powerful (in terms of millions of operations per second) to be exact, but its most lasting improvements were seen much later. This processor was the birth of the x86 processor family, which was Intel’s main processor design all the way up to the Pentium III. This processor design with a large instruction set and sixteen-bit data bus was the future of the Intel family of processors (White).  


In addition to the 8086, Intel also made a cheaper version called the 8088, which was essentially an 8086 with an 8-bit data bus.  These chips are what went into the original IBM-PC, due to their cheap cost and availability (x86).  

80186:


The next processor in the x86 family was the 80186. This processor was based on the 8086, so it contains the same basic set of instructions, registers and addressing modes. However, the 80186 was a “High Integration 16-bit Microprocessor.” The processor was still only available in speeds up to 10 MHz, but this new processor was enhanced to better utilize the sixteen-bit bus width of the 8086. This chip combined fifteen to twenty of the most common microprocessor system components, providing twice the performance of the 8086. (Intel)
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The most important difference between the 8086 and the 80186 is that the 80186 added ten more instructions to the op code set of the 8086. However, programmers wanted the processor to be downward compatible with programs written for the 8086, so they created two different modes for the 80186 to run in. The first mode was called standard, and this mode did not use any of the ten new instructions found on the 80186. The second mode and much more powerful mode was known as enhanced. In the enhanced mode all the instructions were used, and the processor was about twice as powerful as the previous 8086. (Intel)


However, there was a strategic flaw in the 80186. As they were released in early 1981 Intel believed that all computer manufactures would follow IBM’s lead and incorporate a built in DMA and timer chip. However, only IBM ended up using that particular chip, and the 80186 fell out of favor very fast with the rest of the competing PC manufactures. (White)

80286:


The enhanced 80186 led way to new technology that spawned the 80286. The processor was released in February of 1982, and obviously as time goes by technology improves, so the 80286 shipped at slightly faster clock speeds than the 80186. But that was not the major advantage of the 80186.  The 80286 had the same registers and the same basic instruction set, but it did not have the same addressing modes. The 80286 introduced protected mode memory addressing. This is important, because computers were starting to ship with more than one megabyte of RAM. Protected memory mode allows the programmer to access memory locations above one megabyte. In fact, the 80286 could access sixteen megabytes of memory locations. (White)


This new protected mode also made virtual memory possible. Virtual memory in the 80286 created virtual addresses of up to one gigabyte. Virtual memory is obviously a very important contribution to the computer, and continues to be used today. (White)


The 80286 was the most technologically advanced processor to date, and was capable of 2.7 MIPS (millions of instructions per second), and was obviously a great improvement over previous processors. It was twice as powerful as the 80186 in these terms, and almost six times as powerful as the original 8086 (White). Even though this processor with these speeds is long since outdated, protected memory addressing is crucial to our modern computer, and who knows where we would be if we did not have the ability to address memory above one megabyte like as in the previous Intel processors.

80386SX/DX:

On October 17th, 1985, Intel unveiled the 80386DX microprocessor to a welcome public.  The 80386DX microprocessor was a huge leap for personal and business computing, being the first truly mass-market processor with 32-bit addressing modes (“PC Processors Guide by x86.org”).  Having 32-bit addressing meant that the 80386DX could address up to 4 gigabytes of RAM and up to 64 terabytes of virtual memory, whereas the previous Intel 
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80286 could only address 16 megabytes of RAM (“The History of the Microprocessor”).  Designed with 275,000 transistors and a 1-micron process, the 80386DX delivered performance ranging from 5 MIPS in the first 16 MHz model to 11.4 MIPS in the fastest 33Mhz model (“LEPC’s Online Tech Journal”).

The 80386DX offered real mode, protected mode, and a new mode that allowed for many “virtual” real mode sessions simultaneously.  The 386 was also the first Intel chip to utilize “instruction pipelining” or “scalar architecture” which lets the CPU start working on the next instruction before completing the current instruction (“The History of the Microprocessor”).  Though the 80386DX contained a lot of new technology, it lacked a floating-point unit, or FPU.  FPUs, which were also called “math coprocessors,” were often used for finance software, computer graphics, and other math-heavy computer work.  What the FPU did was run in parallel with the CPU itself, taking the burden off of the CPU by performing heavy arithmetic separately, and up to ten times faster. The biggest reason that the FPU was not included on the 80386DX was the fact that it would cost too much to include it without scaring off customers.  Instead, Intel dubbed the FPU the “80387” and sold it as an upgrade (Jackson, 286-287).

The 80386DX made history when it was first picked up by Compaq, and not IBM.  Compaq, who had years before made the first IBM clone by reverse-engineering the IBM BIOS, unveiled its first 386-based machine at the Comdex trade show in October 1986 (Jackson, 277-278).  Later on, AMD was able to make a clone of the 386 called the am386, which ran at an astounding 40 MHz (“PC Processors Guide by x86.org”).   

To reach a wider audience, Intel made a cheaper version of the 80386DX called the 80386SX.  This processor contained all of the basic features of the 80386DX.  However, the SX model only had a 16-bit data bus and a 24-bit address bus.  This meant that the SX could only address 16 megabytes of memory.  Finally, Intel introduced another chip, the 80376 which was simply an 80386SX that ran only in protected mode (“PC Processors Guide by x86.org”).  

80486SX/DX:


Unveiled on April 10th, 1989, the 80486DX microprocessor was the next logical step in Intel’s product line.  In essence, the 80486DX was a more efficient and technologically advanced version of the 80386DX (“LEPC’s Online Tech Journal”).  The introductory 25 MHz version of the 80486DX contained 1.2 million transistors with a 1-micron process.  Performance ranged from 20 MIPS in the 25 MHz DX model to 70.7 MIPS in the 100 MHz DX4 model (“History of the Intel Microprocessor”).


The 80486DX contained the optional FPU from the 80386 as standard equipment.  This combined with a more precise production process made it possible for 80486DX’s to run at lower clock speeds than 80386’s, but yet still perform about 2.5 times faster.  The 80486DX also contained a 1-kilobyte L1 cache.  Just like the 80386DX, the 80486DX could address 4 gigabytes of RAM and up to 64 terabytes of virtual memory (“LEPC’s Online Tech Journal”).  


Intel released two additions to the DX line of 80486 microprocessors, the DX2 and the DX4.  The DX2 version allowed the core of the processor to run at twice the bus 
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speed.  Likewise, the DX4 allowed the core of the processor to run at three times the bus speed.  The SX version of the chip, just like the 80386SX, was a cheaper version of the 

80486DX.  The SX version had the full data bus and address bus of the DX version, but instead had the FPU removed, which actually created software compatibility issues (“PC Processors Guide by x86.org”).  Intel released an FPU “Upgrade” for the SX model called the 80487SX and convinced motherboard manufacturers to include sockets for both an 80486SX and the 80487SX chip.  The interesting part is that the 80487SX was nothing but a more expensive 80486DX with a few pins moved around to keep consumers from simply buying the cheaper 80486DX.  When installed, the 80487SX simply disabled the 80486SX installed in the machine and “took over” CPU duties.  As usual, a host of clone processors was created by the likes of AMD, Cyrix, and others.  A 486-to-Pentium upgrade called the “overdrive” processor was also released which was a 80486 pin-compatible version of the Pentium processor (“PC Processors Guide by x86.org”).
Pentium:


The success of the 80486 line of processors led to a lot of competition from clone processor makers.  Intel tried in vain to bring companies like Cyrix and AMD to court for using the “486” name in their products.  Much to Intel’s chagrin, it is not possible to copyright a number.  Therefore Intel knew that it had to start calling its processors by a name.  So instead of calling the processor the 80586, it dubbed it the “Pentium.” (Jackson, 313).


The Pentium processor, while not quite a revolution, was an improvement over the 80486DX.  It had 3.1 million transistors using .8 a micron process.  As usual, the processor was able to address 4 gigabytes of RAM and 64 terabytes of virtual memory.  Along with these advances, the Pentium had a 64-bit data bus.  The biggest change was its “superscalar“ design, which allowed multiple instructions to execute at the same time.  Bus speed was also doubled to 66 MHz, which made a huge difference in performance.  In addition it had a more advanced FPU and double the amount of L1 cache: an 8 KB instruction cache and an 8 KB data cache (“LEPC’s Online Tech Journal”).  


Early Pentium chips were found to have an error in their multiplication look-up tables, which resulted in a minor embarrassment for Intel that was quickly fixed.  As demands for raw speed began to increase in software (namely Windows 95), so did the processor speeds of Pentium chips.  The standard Pentium reached 166 MHz, at which point it was upgraded with “Multimedia Extensions” or MMX.  MMX was a set of instructions that helped process and display complex multimedia.  Along with these added instructions, the Pentium MMX ran at a core voltage of 2.8v instead of the normal Pentium’s core voltage of 3.5v.  The MMX version was produced with a .35-micron process (“Intel Processors”).  The Pentium Processor is what made Intel the company it is today.  It was marketed heavily and made Intel a household name.

Pentium Pro:
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The Pentium Pro processor was an attempt by Intel at creating the true next generation of processors.  Originally dubbed the “P6”, the Pentium Pro’s claim to fame was that it incorporated the L2 cache onto the chip, instead of having it floating on the 

motherboard.  The L2 cache was available in 256 KB, 512 KB, 1 MB, and 2 MB versions, and ran at full clock speed.  Clock speeds ranged from 166 to 200 MHz, with 

bus speeds of 60 and 66 MHz.  It was extremely expensive to manufacture due to the L2 being on board, not to mention the fact that it needed the proprietary Socket 8 connector to run.  (“Intel Processors”)


Other features of the Pentium Pro included the ability to use multiprocessing (up to 4 processors) and a much better ability to perform the 32-bit code of Windows NT than the 16-bit code of Windows 95/98 (“Intel Processors”).   The basic architecture of the Pentium Pro is what laid the groundwork for the Pentium II and beyond.

Pentium II:
In May of 1997 the Intel Corporation launched its second P6 micro-architecture chip, the Pentium II (PII).  This was the perfect time to bring out a new product because competitors were slowly outclassing the older P5 chips.  The PII used a new socket called “Slot 1.” Originally it ran at 233 and 266 MHz on the i440 motherboard.  In autumn of 1997 the i440LX board was released, which was designed especially for the PII.  This new board allowed for processing speeds greater than 266 MHz.  By October of 1997 a 300 MHz chip was manufactured and a few months later the public saw the 333 MHz processor.  Up until the 333 the Pentium chips were all running .35-micron technology, the 333 was the first to implement a .25-micron structure called “Deschutes.”  The Deschutes would become the basis for many chips to come.  .35 microns means that the transistors are .35 microns apart.  The less distance between transistors the faster and cooler a chip can run.  Next came the 350 and 400 MHz processors, they were the first to introduce the 100 MHz front side bus.  In April of 1998 another motherboard was released, the i440BX, which allowed for the production of the final PII, 450 MHz.  The 450 processor ran a level 2 cache memory alongside the processor, away from the motherboard.  This allowed 512 KB of cache at one half the clock speed. 

	Processor
	Clock Speed
	Bus Speed
	Clock Muiltiplier

	PII 233
	233 MHz
	66 MHz
	3.5x

	PII 266
	266 MHz
	66 MHz
	4x

	PII 300
	300 MHz
	66 MHz
	4.5x

	PII 333
	333 MHz
	66 MHz
	5x

	PII 350
	350 MHz
	100 MHz
	3.5x

	PII 400
	400 MHz
	100 MHz
	4x

	PII 450
	450 MHz
	100 MHz
	4.5x







From: http://www.processor-emporium.co.uk/Intelhistory.htm
Variants of the Pentium II:
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Pentium II Celeron: 

In early 1998 Intel noticed that competitors were beating it in systems costing less than $1000.  So in April of 1998 the Celeron processor was born.  It was based heavily on 

the Pentium II architecture except without the level 2 cache and plastic casing.  This was done to reduce the cost, however, it drastically reduced speed.  The plastic casing allowed for more efficient cooling, that was about the only positive thing about the original Celeron.  By removing the cache it ran at 266 and 300 MHz, not much better than the Pentium MMX, released a year earlier.  The level 2 cache is essential for processors to run at higher speeds.  The Celeron also made use of the Pentium II’s excellent floating-point capability.  Finally, in August 1998 the Celeron A was unveiled.  This processor was leaps and bounds above the original Celeron.  It had 128 KB of level 2 cache, but implemented in an entirely different way from the PII.  Instead of having the cache on the processor module, like the PII, the Celeron had it fully integrated onto the processor core.  This allowed it run at full processor clock speed, the PII ran at only half clock speed.  In January 1999 the 366 and 400 MHz versions were released.  Also a new Plastic Pin Grid Array, the socket 370, replaced the Slot 1 design.  This was electronically identical to the Slot 1 chips, but mechanically similar to the old Socket 7 design.

	Processor
	Clock Speed
	Bus Speed
	Clock Muiltiplier

	Celeron 266
	266 MHz
	66 MHz
	4x

	Celeron 300
	300 MHz
	66 MHz
	4.5x

	Celeron 300 A
	300 MHz
	66 MHz
	4.5x

	Celeron 333 A
	333 MHz
	66 MHz
	5x

	Celeron 366 A *
	366 MHz
	66 MHz
	5.5x

	Celeron 400 A *
	400 MHz
	66 MHz
	6x

	Celeron 433 A *
	433 MHz
	66 MHz
	6.5x

	Celeron 466
	466 MHz
	66 MHz
	7x

	Celeron 500
	500 MHz
	66 MHz
	7.5x


* denotes Socket 370/Slot 1 processors 

From: http://www.processor-emporium.co.uk/Intelhistory.htm
Pentium II Xeon:

On June 29, 1998 the Pentium II Xeon was announced.  It was meant solely for the high-end workstation and server market, not for home or personal use.  Because the Pentium II chip was restricted to 512 MB many problems occurred with using this chip in a server setting.  Since powerful servers can very easily get over 512 MB a more powerful chip was needed to handle this end of the market.  The Xeon chip was derived from the classic Deschutes core, late PII design.  It differs in the level 2 cache chips.  The chips used in the Xeon are called “CSRAM” standing for custom static RAM.  All this 
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means is that the RAM was to be custom made by Intel; they could not purchase any SRAM from anyone else.  Extreme cooling is needed for these types of chips, which is why the casing for the Xeon is so large. 

There are other special things about the Xeon chip.  Like the older Pentium Pro, Xeon can support up to 8 CPUs in one system.  The cache memory limit is as high as 64 GB; this is done through a 36-bit address bus.  It Runs a 100 MHz front side bus with an upper limit of 800 MB/sec on the bandwidth.  In workstations and servers error checking and correction are very important.  Xeon offers this for both main memory and the level 2  cache.  Also there is a built in thermal sensor to keep it from overheating.  A new type of ROM, called PIROM meaning processor information ROM allowed for “robust addressing headers to allow for flexible programming and forward compatibility, core 

and L2 cache electrical specifications, processor part and S-spec numbers, and a unique electronic signature.”

	Processor
	Clock Speed
	Bus Speed
	Clock Muiltiplier

	PII Xeon 400
	400 MHz
	100 MHz
	4x

	PII Xeon 450
	450 MHz
	100 MHz
	4.5x







From: http://www.processor-emporium.co.uk/Intelhistory.htm 
Pentium III:

Next in the line of P6 processors was the Pentium III (PIII), released in February 1999.  The PIII was to the PII what the Pentium MMX was to the original Pentium.  PIII was equipped with 70 new instructions to improve 3D and multi-media applications.  The main difference between the PIII and the other Pentiums was that it implemented the SSE instructions.  Essentially what SSE does is it accelerates floating-point instructions over the display adapter, significantly increasing the output and 3D performance.  Also it uses an .18-micron core, increasing speed and lowering temperature once again over the .25-micron core.  The first PIII, knick named “katami,” was nothing more than the PII with the SSE added on.  It had a 512 KB external level 2 cache.  



Currently the Pentium III is available with up to a 133 MHz system bus.  “It also provides ‘glueless’ support for up to two processors. This enables low-cost, two-way symmetric multiprocessing, providing a significant performance boost for multi-tasking operating systems and multi-threaded applications.”  Some other noteworthy features are that it can support 32, 64, and even 80 bit format for floating point number representation and a protected address/request and response system bus signals with a retry mechanism for high data integrity and reliability.  

Pentium IV:

The Pentium IV (PIV) is as good as it gets with processors today.  It is the fastest of the long Intel family.  Availability ranges in speeds from 1.6 to 2.4 GHz.  It has the Intel® NetBurst™ architecture.  This is basically a 400 MHz system bus with added features such as Streaming SIMD Extensions 2 (SSE2), an advanced version of what is run on the PIII.  400 MHz is achieved through a physical signaling scheme of quad pumping the data transfers over a 100-MHz clocked system bus and a buffering scheme allowing for sustained 400-MHz data transfers.  The SSE2 extends the old SSE with 144 
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new instructions, which include 128 bit integer arithmetic and double precision floating-point calculations.  This new double precision floating-point is also 128 bit.  Another data movement register was also added which improves both floating point and multimedia 

applications.  A more sophisticated thermal monitoring system similar to that of the PIII was also added.  Now motherboards can be designed to expected application power usages rather than theoretical maximums.  This will prove to be very cost effective.  The PIV integrates both .13-micron and .18-micron technology.  Memory cacheability has been upped to 4 GB of addressable memory space and system memory scalability up to 64 GB of physical memory.  
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