4/92 FE-0/30K

For U.S. Sales Of fice locations, call: 800 821-4643 In California: 800 821-4642

New Zealand: (04) 499 2344 Nordic Countries: +46 (0) 8 623 90 00 PRC: 861-831-5568 Singapor e: 224 3388 Spain: (91) 5551648 Switzerland: (01) 825 71 1 1

Taiwan: 2-514-0567 UK: 0276 20444 Elsewher e in the world, call Corporate Headquarters: 415 960-1300 Inter continental Sales: 415 688-9000

Hong Kong: 852 802 4188 Italy: 039 60551 Japan: (03) 3221-7021 Korea: 822-563-8700 Latin America: 415 688-9464 The Netherlands: 033 501234

Australia: (02) 413 2666 Belgium: +32 2 759 38 1 1 Canada: 416 477-6745 Finland:+358-0-5022700 France: (1) 30 67 50 00 Germany: (0) 89-46 00 8-0

Printed in USA

38 SPARCstation 10 System Architecture— May 1992

A

SPARCstation 10 Specifications 37

A

19-in. grayscale

Height 45.0 cm (17.7 in.) Width 46.0 cm (18.1 in.) Depth 41.o cm (16.1 in.) Shipping weight 27.7 kg (61.0 lbs.)

Upgrades Upgrades ar e available for the SP ARCstation 1, SP ARCstation 1+, SPARCstation IPX, SP ARCstation 2, and Sun-3^™ systems.

460 mm 387 mm 15.2”

451 mm 17.58”

18.1”

36 SPARCstation 10 System Architecture— May 1992

A

16-in. color

Height 41.6 cm (16.4 in.) Width 40.6 cm (16.0 in.) Depth 45.3 cm (17.8 in.) Shipping weight 27.3 kg (60.0 lbs.)

19-in color

Height 47.4 cm (18.7 in.) Width 48 cm (18.9 in.) Depth 50.5 cm (19.9 in.) Shipping weight 38.6 kg (85.0 lbs.)

406 mm 453 mm 17.3”

416 mm 16.4”

16”

16” 406 mm 505 mm 19.9”

480 mm 18.9”

SPARCstation 10 Specifications 35

A Envir onment AC power 100-240 VAC, 47-63 Hz, 0.4 K VA Operating 0^o C to 40^o C (32^o F to 104^o F) 5% to 95% relative humidity , noncondensing Nonoperating -40^o C to 75^o C (-40^o F to 167^o F) 5% to 95% relative humidity , noncondensing Operating acoustic noise 5.1 bels (at 28^o C) Idle acoustic noise 5.0 bels (at 28^o C) Declared noise emissions in accor dance with ISO 9296

Regulations Meets or exceeds the following r equir ements: Safety UL 1950, CSA 950, TUV EN 60950 RFI/EMI FCC Class B, DOC Class B, VDE Class B, VCCI Class 2 X-ray DHHS 21, Subchapter J, PTB German X-ray Decr ee

Dimensions and W eights

SPARCstation 10 Chassis

Height 7.6 cm (3.0 in.) Width 41.7 cm (16.4 in.) Depth 40.9 cm (16.1 in.) Shipping weight 12.7 kg (27.0 lbs.)

76 mm

2.9”

409 mm 16.1”

416 mm 16.3”

34 SPARCstation 10 System Architecture— May 1992

A Mass Storage Floppy disk 3.5 in. MS-DOS/IBM^® compatible (720 KB, 1.2 MB, 1.44 MB formatted) Internal disk Up to two 3.5-in. disks (424 MB or 1 GB formatted) External desktop storage Disk: 424 MB 3.5 in.; 1.3 GB 5.25 in.; 644-MB CD-ROM Tape: 150-MB .25-in. QIC-150; 5 GB 8 mm

Graphics Options SPARCstation 10GX 8-bit 2-D/3-D wir eframe, 1152 x 900 resolution SPARCstation 10GXplus 8-bit 2-D/3-D wir eframe, 1280 x 1024 resolution, hardwar e double buf fering SPARCstation 10GS 24-bit 3-D solids, 1 152 x 900 resolution, double buf fering, Z-buf fer, Gouraud shading, depth cueing SPARCstation 10GT 24-bit 3-D solids, 1280 x 1024 r esolution, Z-buffer, Gouraud shading, depth cueing, transpar ency, anti-aliasing, overlays

Monitor Options 16-in. color 1152 x 900 resolution, 76- or 66-Hz r efresh rate, 100 dots per inch 19-in. color 1152 x 900 resolution, 76- or 66-Hz r efresh rate, 84 dots per inch 1280 x 1024 resolution, 67-Hz r efresh rate, 93 dots per inch (GXplus) 21-in. color 1152 x 900 resolution, 76-Hz r efresh rate, 87 dots per inch 19-in. grayscale 1152 x 900 resolution, 76-Hz r efresh rate, 84 dots per inch

Input Devices Keyboar d Sun Type-5, AT 101 or UNIX layout available More than 18 international keyboar ds available Mouse Optical, 3-button

Softwar e Operating system Solaris 1.1 SMCC Version A Window system OpenW indows V ersion 3 Languages C, C++, Pascal, FOR TRAN Networking ONC, NFS^® , TCP/IP , SunNet^™ , OSI, MHS Graphics SunVision^™ , SunPHIGS^™ , XGL^™ , SunGKS^™ , Xlib, PostScript^®

33

SPARCstation 10 Specifications A

Model 30 Model 41 Model 52 Model 54 Number of Pr ocessors One One Two Four On-chip cache 36 KB 36 KB 2 x 36 KB 4 x 36 KB SuperCache None 1 MB 2 x 1 MB 4 x 1 MB

Processor Architectur e Superscalar SP ARC Version 8 Memory management SPARC reference MMU with 65,536 contexts Primary: 20-KB instr uction, and 16-KB data on-chip Secondary: 1-MB external optional CPU interface Two 64-bit MBus slots for multipr ocessing

Main Memory 16- and 64-MB SIMM expansion 128 MB maximum (with 16-MB SIMMs) 512 MB maximum (with 64-MB SIMMs)

Standard Interfaces Ethernet T ype 10-Mb/sec twisted pair standar d (10BaseT) AUI available with optional adapter cable SCSI 10-MB/sec SCSI-2 (synchr onous) Serial Two RS-232C/RS-423 serial port Parallel Centr onics-compatible parallel port Audio CD-quality 16-bit audio, 8 to 48 KHz External speaker box and micr ophone ISDN Dual basic-rate (2B+D) interface; 144 Kb/sec SBus Four expansion slots; 32-bit data bus width

32 SPARCstation 10 System Architecture— May 1992

6

SPARCstation 10 Compared to Other Systems 31

6

Conclusions

The SPARCstation 10 system demonstrates how SP ARC technology continues to scale to higher performance and new system ar chitectur es. Compar ed to the SPARCstation 1 system, the SP ARCstation 10 system is over four times faster as a unipr ocessor and is mor e than twice as fast as the SP ARCstation 2 system. The SPARCstation 10 system is the first high-volume desktop symmetric multipr ocessor workstation, which pr ovides additional means to extend the performance of the system.

Equally important ar e new systems featur es incorporated in the SP ARCstation 10 system, including ISDN, up to 512 Mbytes of ECC Memory , four SBus slots, and field upgradable pr ocessor modules.

As a result, the SP ARCstation 10 system is ideally positioned to take advantage of the mor e than 4,000 existing SP ARC solutions while of fering significant new functionality to support next-generation network, telephony , and multimedia applications.

1. Solaris 1.1, and a combination of Apogee/KAP and SunPr o/KAP compilers. 2. SPEC92 numbers for the Model 30 and Model 41. 3. No MP SPEC92 definition exists at this time for multipr ocessors so SPECthr uput89 estimates ar e provided for the Model 52 and Model 54. 4. MP system performance numbers ar e estimates.

Table6-3 Some performance comparisons.^1

Feature SPARCstation 10 HP 720 HP 730 IBM 340 IBM 350 DEC 5000/240

SPECint92 44.2, 52.6^2 36.4 48.1 27.7 34.6 N/A

SPECfp92 52.9, 64.7^2 58.2 75.0 51.9 65.0 N/A

SPECthr uput89 109, 218^3 N/A N/A N/A N/A N/A

MIPS 86.1, 96.2, 200+^4, 400+^4

57.9 76.7 N/A 77.2 42.9

MFLOPS 10.6, 17.2, 38^4, 76^4

17.9 23.7 14.8 18.6 6.0

30 SPARCstation 10 System Architecture— May 1992

6 Four of the six machines meet the “desktop” criterion—namely , when placed on top of the CPU box, the monitor is at a comfortable r eading height. Because space is often limited, being able to hide the CPU under the monitor is an important pr oduct featur e.

All systems come with internal disk storage supporting 2 3.5 in. disk drives. Only the SP ARCstation 10 comes with a floppy drive standar d. The ability to tailor a machine to individual r equir ements is important to end users. W ith the exception of the HP systems, all machines pr ovide several expansion slots via which users can add various expansion options.

All the systems pr ovide 5 Mbytes per second SCSI except the SP ARCstation 10 system, which pr ovides double the SCSI performance operating at 10 Mbytes per second.

The SPARCstation 10 system is the first machine to incorporate ISDN as a standar d featur e on the motherboar d. It also of fers 16-bit CD-quality audio, HP and DEC machines of fer 8-bit audio, and IBM supports none.

1. Requir es one disk slot.

Table6-2 Comparison of W orkstation Featur es of the SPARCstation 10 system

Feature SPARCstation 10 HP 720 HP 730 IBM 340 IBM 350 DEC 5000/240

Disks 2 x 3.5 in. 2 x 3.5 in. 2 x 3.5 in. 2 x 3.5 in. 2 x 3.5 in. N/A

Floppy 1 standar d 1 optional^1 1 optional^1 1 optional 1 optional N/A

Expansion Slots 4 1 optional 1 4 4 3

Bus Type SBus EISA EISA MicroChannel MicroChannel Turbochannel

SIMMs 512 Mbytes 128 Mbytes 128 Mbytes 128 Mbytes 128 Mbytes 480 Mbytes

Ethernet ISDN

AUI, 10BaseT Yes AUI No AUI No Thick/Thin No Thick/Thin No Thick No SCSI 10 Mbytes/sec 5 Mbytes/sec 5 Mbytes/sec 5 Mbytes/sec 5 Mbytes/sec 5 Mbytes/sec

Audio 16-bit 8-bit 8-bit None None 8-bit

Power Supply 140 W 200 W 200 W 265 W 265 W 359 W

Processor SuperSPARC HP-PA 1.1 HP-PA 1.1 POWER POWER R4000

Clock Frequency 36-45 MHz 50 MHz 66 MHz 33 MHz 42 MHz 40 MHz

Onchip Cache D/I External Cache

16/20 KB, 1 MB external

None 256/128 KB

None 256/128 KB

None 32/8 KB

None 32/8 KB

None 64/64 KB

29

SPARCstation 10 Compared to Other Systems 6

Developing a new computer system r equir es necessary trade-of fs to optimize cost, time to market, and competitive position. Designers must choose between various alternatives, using technical information wher e available, and rely on a variety of metrics which compar e and contrast several machines.

Six machines wer e compar ed: the SP ARCstation 10 system, the HP 720 and 730, the IBM 340 and 350, and the DEC 5000/240. These machines loosely represent a set fr om which a customer might actually need to choose while simultaneously pr oviding a fair example of each company’s desktop technology .

1. In squar e inches. 2. In cubic inches.

Table6-1 Comparison of Package Sizes

Dimension SPARCstation 10 HP 720 HP 730 IBM 340 IBM 350 DEC 5000/240

Height 3 in. 4.5 in. 4.5 in. 6.4 in. 6.4 in. 3.6 in.

Width 16.3 in. 20 in. 20 in. 18 in. 18 in. 20.1 in.

Depth 16.1 in. 17.5 in. 17.5 in. 20.6 in. 20.6 in. 17.1 in.

Footprint^1 262 in. 350 in. 350 in. 371 in. 371 in. 344 in.

Volume^2 787 in. 1575 in. 1575 in. 2373 in. 2373 in. 1237 in.

28 SPARCstation 10 System Architecture— May 1992

5 Another aspect of Sun’s design philosophy is full system simulation. Befor e a single chip was fabricated, the entir e SPARCstation 10 system CPU boar d was simulated, including the SuperSP ARC pr ocessor, all ASICs, and all I/O and peripheral chips. Included as part of this simulation wer e models for the Ethernet, SCSI disks, and the parallel port. The simulation was performed using Verilog, and was r un on a SP ARCserver 490.

The four ASICs in the system wer e implemented using LSI Logic 100K and 200K CMOS logic family . The designs wer e created using either V erilog or LSI Logic’s Less VHDL and then synthesized to gates using the Synopsys design compiler .

Table5-2 Tools used in designing the SP ARCstation 10

Level Function Tool

Chip Gate Array Design Logic Synthesis

LSI Logic MDE LSI Logic Less, Synopsys

System Simulation Verlog

Board-Level Schematic Captur e Valid Logic

PCB Layout Valid Logic Allegr o

Timing Verification Quad Design Motive, Sun Tools

Mechanical Packaging Computervision CADDS4X

Thermal Analysis FLOMERICS

Structural Analysis Stresslab, ANSYS

Flow Analysis MOLDFLOW

Management Scheduling SunTrac

Documentation FrameMaker , Interleaf

27

Design and Implementation 5

The SPARCstation 10 system shar es a design philosophy first adopted by Sun in the SPARCstation 1 system. Fundamental to this philosophy is the use of state-of-the-art VLSI technology in both the pr ocessor and support components, and the use of ASICs wher ever possible to r educe parts count and increase performance and r eliability. Table 5-1 describes the custom and semicustom chips designed for the SP ARCstation 10 system.

1. GA = Gate Array . 2. FC= Full Custom. 3. SC = Standar d Cell.

Table5-1 ASICs and Custom ICs in SP ARCstation 10 system

Name Description Type Size Package

EMC Memory Contr ol GA^1 40K Gates 299 PGA

MSI MBus SBus Interface

GA 40K Gates 223 PGA

DMA2 Ethernet, SCSI, parallel port

GA 30K Gates 160 PQFP

SEC SBus to 8-bit bus GA 20K Gates 160 PQFP

SuperSPARC Superscalar SP ARC FC^2 3M Transistors 293 PGA

SuperCache Cache contr oller FC 2M Transistors 369 PGA

DBRI Dual ISDN interface

SC^3 72K Gates 132 PQFP

MMCodec Stereo Codec FC 32K Gates 44 PLCC

26 SPARCstation 10 System Architecture— May 1992

4

25

Software 4

Software

Solaris^® 1.1 softwar e (SunOS 4.1.3 operating system and OpenW indows Version 3.0 platform) is pr e-installed on the disk of the SP ARCstation 10 system. This new version of the operating system and window system ar e compatible with existing applications.

A new SP ARCompiler^™ product is available as an independent package. It has a code generator tuned to the SuperSP ARC micr oprocessor ’s new pipeline. Though most applications will r un significantly faster on the SP ARCstation 10 system without r ecompilation, the advance code generator in the SPARCompiler 3.0 pr oduct is tuned to give ultimate performance fr om the machine.

24 SPARCstation 10 System Architecture— May 1992

3

23

Graphics and Other Peripherals 3

The SPARCstation 10 system supports a variety of graphics interfaces fr om Sun and fr om thir d-party vendors. As part of the standar d configuration, the SPARCstation 10 system includes an 8-bit GX graphics accelerator . Other graphics options include:

• GXplus — Accelerated tr ue color plus double buf fering • GS — Low-cost power 3-D graphics • GT — Pr emier graphics for 3-D modeling

Sun’s Open Graphics Initiative pr ogram encourages thir d-party suppliers to provide a wide assortment of graphics pr oducts (frame buf fers, softwar e APIs, and so on) on Sun W orkstations.

22 SPARCstation 10 System Architecture— May 1992

2 • 1.25 Mbyte/second Ethernet transfers • 4 Mbytes/second parallel port transfers

Type-5 Keyboard and Mouse

Standar d with the SP ARCstation 10 system is the new T ype-5 keyboar d (shown in Figur e 2-5), which has a layout compatible with the common IBM A T 101- key keyboar d. For UNIX users, a keyboar d with a UNIX layout is also available. This new keyboar d includes keys for contr olling audio and for turning the system on.

Figure 2-4 New Type-5 Keyboar d and Mouse

Two keyboards are available with the SPARCstation 10 series: an ergonomic, easy-to-use Sun Type-5 keyboard (AT-101 PC-style) and one for traditional UNIX users.

Architectural Features 21

2 The parallel port can operate in pr ogrammed I/O mode or be driven by DMA. Its interface dir ection, timing, and pr otocol is pr ogrammable to meet the wide variety of Centr onics interfaces that exist on peripheral devices.

Serial Ports

RS-232 ports pr ovide a convenient way to interface a SP ARCstation 10 system to devices such as modems and terminals. Like earlier SP ARCstation systems, the SPARCstation 10 system includes two serial ports and like the SPARCstation SLC and SP ARCstation ELC systems, it uses a single DB25 and standar d ANSI pinout. A single serial port connection can be plugged dir ectly into the machine. If both serial ports ar e requir ed separately , then the Y cable provided with the system can be used as a br eakout to two standar d DB25 connectors. When split into two serial ports, serial port A is fully synchr onous while serial port B is asynchr onous. Synchr onous transfers can occur at 56 Kbaud, while asynchr onous transfers can occur at up to 19.2 Kbaud.

SCSI

The SPARCstation 10 workstation’s fast 8-bit single-ended SCSI interface of fers a major impr ovement over earlier machines by supporting 10 Mbytes/second synchr onous transfers, and slower asynchr onous SCSI common to lastgeneration disk drives.

The SPARCstation 10 workstation’s new Dir ect Memory Access contr oller ASIC (DMA2) pr ovides DMA access to thr ee external interfaces:

• AMD7990 Ethernet contr oller (LANCE) • NCR53C90 SCSI contr oller (ESP) • Programmable parallel port

The DMA2 chip contains internal buf fering for these DMA channels in the form of a 64-byte cache for the LANCE interface and two 64-byte FIFOs for the ESP and parallel port interfaces. The design of the DMA2 is based on the SPARCstation 2 system’s S4-DMA+ chip. The DMA2 softwar e is ther efore compatible with existing device drivers and SBus car ds. In addition, the DMA2 incorporates a number of new featur es for incr easing performance and allowing dif ferent modes of operation:

• 10 Mbytes/second SCSI contr oller transfers

20 SPARCstation 10 System Architecture— May 1992

2 microphone can be plugged in making audio input and output mor e convenient for all applications. Keyboar d contr ols are included for volume contr ol.

A second attribute of the speaker box is that it pr ovides a br eakout to a variety of standar d phone connectors for those situations wher e it is necessary to connect the SP ARCstation 10 system to standar d audio equipment such as amplifiers and tape r ecorders.

The interface between the speaker box and the SP ARCstation 10 system is a digital interface based on a high-speed time-division-multiplexed bus, called CHI. CHI is capable of simultaneous input and output of 16-bit ster eo audio at rates up to 48 KHz (the rate used by Digital Audio T ape). All analog components ar e in the speaker box. This aspect of the design alone impr oves audio quality by r emoving a variety of digital noise that is har d to r emove in designs wher e the analog components ar e on the same boar d as a high-speed computer . Equally important is a custom single-chip ster eo “codec” that supports a a variety of standar d sampling rates, including:

• 16-bit 48-KHz Digital Audio T ape • 16-bit 44.1-KHz CD • 16-bit, 16-KHz medium-quality audio for applications such as speech

processing

• 8-bit μ-law, 8-KHz standar d telephony .

Applications can select the appr opriate data rate and sample size. For spacesensitive applications such as email, the 8-bit 8-KHz rate is appr opriate. For multimedia applications, the 16-bit 44.1-KHz rate may be mor e appr opriate.

Parallel Port

The usefulness of parallel ports on desktop machines has gr own due to the increased availability of peripherals that use them, especially low-cost highquality printers. Using Sun’s NeWSprint^™ softwar e, a SPARCstation 10 system can dir ectly drive a variety of such printers. In addition, with data rates up to 4 Mbytes per second, the bidir ectional parallel port can be used for a variety of other applications such as data acquisition.

Figure 2-4. The speaker box, which comes standard on SPARCstation 10 configurations, allows for 16-bit CDquality audio sampling. You can play back voice and music in multi- media applications. Plus you can attach headphones and additional speakers.

Architectural Features 19

2 Integrated Services Digital Network (ISDN)

ISDN pr ovides an important interface to what is becoming the worldwide standar d for wide-ar ea networking and digital telephony . ISDN has a number of benefits beyond normal modems, including higher data rate (144 Mbits per second), a set of OSI compatible pr otocol layers, and digital access to billing and other telephone services.

The SPARCstation 10 system pr ovides two RJ45 connectors for basic-rate ISDN (BRI). Nominally , one of these connectors plugs into a standar d ISDN telephone set (similar to standar d digital telephones, except for the interface). The other connects to the telephone jack in the wall, and thus to a PBX or local telephone company .

BRI has somewhat slower bandwidth than primary rate ISDN (PRI) but it is less expensive and somewhat easier to implement. BRI uses two channels (each B channel is 64 Kbytes per second) for data and one D channel (at 16 Kbytes per second) for contr ol.

Applications can use ISDN thr ough the SP ARCstation 10 system’s ISDN interfaces, for worldwide access thr ough telephone or another computer both to files via pr otocols such as NFS and to personal data such as voice mail and electronic mail.

Because ISDN pr ovides uncompr essed r eal-time bandwidth of up to 144 Mbits/second, it also enables a number of multimedia applications including worldwide video teleconfer encing using compr ession standar ds such as H.261 (also known as Px64).

Digital Audio

The SPARCstation 1 system was the one of the first workstations to include audio as a standar d featur e. This audio was “telephone-quality”; that is, an 8- KHz sampling rate, with 8 bits per sample, μ-law encoded. This quality of audio is adequate for voice attachments to email and other applications that are now standar d. However , for multimedia applications, higher quality audio and ster eo input and output ar e necessary .

The SPARCstation 10 system has a thr eefold solution to audio: First, to provide gr eater convenience in using audio, a special speaker box is bundled (see Figur e 2-4) with every SP ARCstation 10 system. A small external

18 SPARCstation 10 System Architecture— May 1992

2

Figure 2-3 SPARCstation 10 system backpanel connectors

Ethernet

Like earlier machines, the SP ARCstation 10 system supports standar d 10 Mbits per second Ethernet featuring a standar d 802.3 interface. However , because of the popularity of twisted-pair Ethernet, and because the RJ45 connector is mor e reliable and easier to use, the twisted-pair Ethernet connector has r eplaced the thickwir e DB-15 Ethernet connector . Because many installations still use thickwir e Ethernet, the SP ARCstation 10 system pr ovides access to a thickwir e interface via a new micr o high-density 26-pin connector (micr o-HD26).

RJ45 for ISDN telephone

RJ45 for ISDN line RJ45 for twisted-pair Ethernet

Micro-HD26 for CD quality audio and thickwire Ethernet

DB25 for dual serial ports

HD-50 for SCSI Keyboard/ Mouse

AC Power in

AC Power Switch

Micro-HD26 IBM-compatible parallel port

Architectural Features 17

2 separate MMU (TLB and page-table walking har dwar e) for dir ect virtual memory accesses (DVMA) performed by I/O devices. In earlier desktop SPARCstation systems the I/O MMU and the CPU’s MMU wer e combined. Dedicated MMUs, enables I/O and the CPU to perform addr ess translation in parallel for dif ferent virtual addr esses.

In the SPARCstation 10 system, the MSI chip has a separate I/O MMU that is a simplified version of the SRMMU (which is part of the SuperSP ARC CPU). The I/O MMU is used to perform addr ess translation whenever an SBus master is granted use of the SBus, including r eferences to system memory on the MBus or when accessing other SBus devices. The I/O MMU is not used for processor r eferences (that is, MBus r eferences) to the SBus, as the MBus is a physically addr essed bus, and addr ess translation will alr eady have been performed by the pr ocessor ’s MMU.

SBus Slots and Back Panel

The SPARCstation 10 system supports four SBus slots, in what appears to be the same package as earlier SP ARCstation systems. The internal volume of the package has been incr eased by lowering the bottom of the package and making it flush with the surface of the desktop. This makes it possible to stack two SBus slots on top of each other using a tall and short SBus connectors. The SBus slots pr ovide the means to interface a variety of I/O options, including network interfaces such as FDDI, graphics adapters such as tr ue color framebuffers and video captur e cards, laser printer interfaces, and over 250 thir dparty SBus car ds.

Besides the four SBus slots, ther e are a variety of standar d on-boar d devices, including:

• Ethernet • Two ISDN ports • Two serial-ports • Parallel port • Digital audio port • SCSI • Keyboar d/Mouse

The connectors for these devices ar e shown in Figur e 2-3.

16 SPARCstation 10 System Architecture— May 1992

2 and eight 200-pin custom SIMM modules, as shown in Figur e 2-2. The SIMM modules take advantage of new memory packages, which enable memory chips to be mounted on both sides of the boar d. In addition, a special dualreadout SIMM socket developed for the SP ARCstation 10 system, enables double the signal density found in typical SIMM sockets. A special ejector lever was included as part of the connector design to facilitate r emoval.

There are two important advantages of the 128-bit wide memory data path. The first is that a 32-byte cache fill can be accomplished quickly . The second is that err or corr ection can be performed on each 64-bit wor d. The err or correction scheme used in the SP ARCstation 10 system corr ects any single bit error, and will detect any double-bit or nibble (4-bit) err or. The nibble detection is quite valuable, as the DRAM chips used ar e 4 bits wide. Thus, the failur e of an entir e DRAM chip can be detected.

As shown in Figur e 2-2, two types of memory SIMMS can be inserted into the 8 SIMM slots: a 16-Mbyte SIMM constr ucted using 4-Mbit DRAMS, and a 64- Mbyte SIMM constr ucted using 16-Mbit DRAMS. The 8-SIMM sockets pr ovide a maximum memory of 128 Mbytes with 4-Mbit SIMMs and 512 Mbytes with 16-Mbit SIMMs. 4- and 16-Mbit SIMMs may be mixed and matched and will be automatically configur ed by the system without setting of jumpers.

Figure 2-2 SPARCstation 10 system memory SIMMs

I/O Architecture

Unlike earlier desktop machines wher e the SBus was used for both I/O and system memory , in the SPARCstation 10 system the memory and I/O bus ar e independent. The MBus is used as the pr ocessor memory inter connect, while the SBus is used only for I/O. A single ASIC serves as the interface between the two buses. By including internal r ead and write buf fers, it substantially impr oves overall performance. In addition, the interface chip includes a

Architectural Features 15

2 The MBus, Cache Coherency, and Multipr ocessing

The MBus is a specification for interfacing CPU modules to memory and, ultimately , to I/O. Because the MBus r uns at 40 MHz, it is not as easy to interface to as the SBus and gr eater car e is requir ed in the electrical design of the boar ds and chips that comprise the MBus. Another distinction between the MBus and the SBus is that the SBus supports virtual addr essing by DVMA masters, while the MBus is a physically addr essable bus.

The MBus supports har dwar e cache-coher ence and multipr ocessing. Systems that don’t support cache coher ence ar e called Level 1 MBus machines; those that do ar e Level 2 MBus machines. Support for the MBus Level 2 pr otocols is requir ed by all MBus participants: CPU modules, memory , and I/O interfaces. Har dwar e cache coher ence is useful for multipr ocessing and for I/O because it avoids softwar e flushing of pr ocessor caches, which can cause significant CPU overhead on SP ARCstation 1 and SP ARCstation 2 systems.

The SPARCstation 10 system motherboar ds ar e Level 2 compliant. This means the memory subsystem and the MBus-to-SBus interface supports Level 2 MBus protocols. However , the level of a particular SP ARCstation 10 system depends on the CPU module plugged into the system. Some CPU chip sets ar e Level 1 compliant; others, like the SuperSP ARC micr oprocessor, are Level 2 compliant. If a Level 1 pr ocessor module is plugged into the system, it will be a Level 1 machine even though the motherboar d supports Level 2. Operating system softwar e in this case must perform a cache flushing. If a Level 2 pr ocessor is plugged into a SPARCstation 10 system, then the whole system can be cache coher ent, assuming that the operating system chooses to take advantage of the pr ocessor.

Note – A Level 1 operating system will work in a single-pr ocessor Level 2 system.

Main memory Architecture

In both Sun-4m and Sun-4c machines, the main memory of the system interfaces to the pr ocessor bus thr ough a memory contr oller. In earlier machines, memory was 36 bits wide, with 32 bits of data and 4 bits for byte parity . In order to meet the bandwidth r equir ements of the SP ARCstation 10 system, a much wider memory system with 144 bits total (128 bits of data and 16 bits of err or detection and corr ection) necessary . As shown in the block diagram, the memory subsystem consists of a single-chip memory contr oller

14 SPARCstation 10 System Architecture— May 1992

2

Figure 2-1 MBus modules

SuperSPARC module without external cache

SuperSPARC module with 1 megabyte of external cache

Architectural Features 13

2 to significantly r educe pr ocessor performance by using all the memory bandwidth. One of the principal motivations for pr oviding such highbandwidth is to support high-bandwidth I/O devices such as r eal-time video.

Nonproprietary . The final key aspect of the MBus is that it is nonpr oprietary . All rights to the bus ar e held by SP ARC International, an independent industry organization. Thus, all vendors of SP ARC chips, and thir d-party developers of support components ar e free to develop silicon that interfaces to the Bus. T o date, a wide variety of companies, including T exas Instr uments, LSI Logic, and Ross Technologies (a Cypr ess Semiconductors subsidiary), have developed processors and chips to interface to the MBus.

Table2-1 Basic MBus Featur es

Feature

Clock Speed: 40 MHz

Total Signals: 100

Style: Synchr onous, multiplexed addr ess/data

Data-width: 64 bits

Addr ess: 36 bits, physical addr ess

Coher ency pr otocol: Snooping with ownership/invalidate

Peak data rate: 320 Mbytes/second

Sustained bandwidth: 100 Mbytes/second

Maximum number of pr ocessors: 4 (2 processor modules with 2 pr ocessors each)

12 SPARCstation 10 System Architecture— May 1992

2 The MBus

A major ar chitectural innovation in the SP ARCstation 10 system is a highperformance memory bus, called the MBus, which was first intr oduced in Sun’s SPARCserver^™ 600MP family . The MBus is the backbone of the machine. The overall technical featur es of the bus ar e summarized in T able 2-3. From a functional perspective the MBus has four principal attributes:

• Field-installable pr ocessor modules. • Support for symmetric multipr ocessing. • High-bandwidth access to memory and I/O. • Not Sun pr oprietary .

Field-installable processor modules . In pr evious systems, a new system motherboar d was r equir ed to upgrade the system. Upgrading a SP ARCstation 10 system, however , is as simple as either adding a pr ocessor module (to turn a unipr ocessor into a multipr ocessor) or upgrading a slower pr ocessor module with a higher -performance module (for example, changing fr om a pr ocessor without external cache to one with external cache). Supporting field-installable processor modules r equir ed special attention to both the physical and electrical design of the bus. A special connector was designed to help maintain the overall electrical impedance. The bus travels less than four inches acr oss the PCB boar d and has a maximum of 6 electrical loads.

Symmetric multiprocessing . The MBus supports cache coher ent multipr ocessing by means of a “snooping”’ pr otocol. Whenever a pr ocessor puts an addr ess onto the MBus, all other pr ocessors “snoop” the bus, checking to see if data at the snooped addr ess is in their cache. Depending on the kind of transaction, the various caches on the bus may either supply the data, mark it as shar ed, and/or invalidate it.

High-bandwidth . The MBus is a synchr onous, 40-MHz 64-bit bus that is capable of a peak transfer rate of 320 Mbytes/second. For typical 32-byte cache fills, it can sustain r oughly 100 Mbytes/second. Besides contributing to CPU performance by quickly filling the cache, another important benefit of this architectur e is that even when the SBus is performing data transfers at peak transfer rates, ther e is still significant bandwidth available to the CPU. This is in contrast to earlier SP ARCstation systems, wher e it was possible for the I/O

Architectural Features 11

2 Two types of SP ARC modules ar e used on the SP ARCstation 10 system, one type r unning at 40 and 45 MHz:

• 36-MHz SPARC module with no external cache • 40 MHz SPARC module with the SuperCache contr oller and 1 megabyte of

external cache.

• 45 MHz SPARC module with the SuperCache contr oller and 1 megabyte of

external cache.

Multipr ocessor versions of the SP ARCstation 10 system use two of the 45-MHz SPARC modules.

SPARC Reference MMU

A key featur e of the SuperSP ARC CPU is the incorporation of the SP ARC Reference MMU (SRMMU) memory management scheme. The SRMMU performs two principal functions:

• Addr ess translation fr om virtual to physical addr esses of each r unning

process to physical addr ess in main memory

• Access pr otection, pr eventing a pr ocess from reading or writing the addr ess

space of another pr ocess without permission

In contrast to pr evious desktop systems, which used high-speed lookup tables managed and loaded by the operating system, pr ocessors in the SP ARCstation 10 system use a har dwar e-managed translation-lookaside buf fer (TLB). This appr oach eliminates the slow and expensive pr ocess of using softwar e to load the lookup tables into static RAM memory . Although applications can still “thrash” the TLB by having wildly erratic memory r eferences to a lar ge number of pages, the SRMMU ar chitectur e offers a significant performance boost for most applications. It pr ovides quick r esponse times even in heavy multiuser envir onments, and performs especially well in database applications.

Important featur es of the SRMMU ar e:

• 4-Kbyte pages. • 4-level translation hierar chy: contexts r egions, segments, pages. • 256 contexts, 256 r egions, 64 segments. • 32-bit (4-Gbyte) virtual addr ess within a context.

10 SPARCstation 10 System Architecture— May 1992

2 Several of the SP ARC CPU cor es combine the cache, the MMU, the tags, and the MBus interface onto a single chip called the MCT but have external cache RAMs. The SuperSP ARC contr oller mer ges the MCT , the data RAMs, the IU, and the FPU into a single micr oprocessor chip.

Most MBus machines use SP ARC pr ocessors, though the system ar chitectur e allows other ar chitectur e of CPUs (for example, 80x86, 680x0) to be plugged into the system with a suitable pr ocessor bus to MBus interface chip. Indeed, the MBus specification is an open specification under the contr ol of SPARC International, and available to all developers.

The SuperSPARC Microprocessor and System Performance

The MBus pr ocessor module concept enables the SP ARCstation 10 system to support a variety of pr ocessor configurations. All pr ocessor modules curr ently available with the SP ARCstation 10 system ar e based on the SuperSP ARC microprocessor, a single high-performance CPU chip that is discussed in detail in a companion paper . Major featur es of the SuperSP ARC micr oprocessor ar e:

• A single chip with integer , floating point, memory management, and caches. • Superscalar pipeline with up to thr ee instr uctions launched per clock cycle. • 16-Kbyte instr uction cache and 20-Kbyte data cache. • 64 entry TLB with har dwar e page-table walking. • Support for 65,536 contexts. • Integral support for cache-coher ent multipr ocessing. • 3.1 million transistor pr ocessor implemented using 0.8 micr on BiCMOS

process technology .

A companion chip, the SuperCache contr oller, provides for a 1-Mbyte external cache. In addition, the SuperCache contr oller has a phase locked-loop clock synchr onization cir cuit so SPARC modules with SuperCache contr ollers can operate asynchr onous to the system clock. This means that customers can take advantage of the latest advances in pr ocessor designs simply by plugging SPARC modules that clock 50, 60, 70, and higher MHz, into the 40 MHz MBus slots.

9

Architectural Features 2

The SPARCstation 10 system’s Sun-4m ar chitectur e has the following major subsystems and ar chitectural components:

• New SPARC modules featuring the SuperSP ARC pr ocessor (discussed

elsewher e in this paper).

• The MBus, which is a high-performance cache-coher ent multipr ocessor

inter connect.

• A new main memory ar chitectur e featuring 144-bit wide SIMMs with built-

in automatic single-bit corr ecting, double-bit detecting code.

• Impr oved I/O inter connect str uctur e.

SPARC Modules

A SPARC MBus module typically includes the following (logical) components:

• A SPARC IU. • A SPARC FPU. • A SPARC Refer ence MMU. • A cache contr oller with tags. Multipr ocessor systems generally include two

sets of tags, in or der to support cache-coher ence.

• Cache data RAMs. • MBus interface.

8 SPARCstation 10 System Architecture— May 1992

1

Figure 1-3 SPARCstation 10 system CPU Boar d

Slot 0

EMC

MSI DBRI SEC DMA2

Memory Simms

Memory Bus

MBus

SBus

SCSI

53C90

TOD EEPROM

82077 (Floppy)

85C30 (Serial)

85C30 (KB/Ms)

External Bus

Disk Drives

Disk Drives

Internal

External

& Devices

SBus

Slot 1

SBus Slot 3 SBus Slot 2 SBus

Slot 1

MBus

Slot 0

MBus

ASICs Standard Logic/Memory

System Overview 7

1 Figur e 1-3 shows a photograph of the actual CPU boar d. Conversations with key customers and users of earlier SP ARCstation systems prior to and during the development of SP ARCstation 10 system r evealed that besides performance, expandability and configurability wer e probably the two biggest issues. In designing the SP ARCstation 10 system motherboar d, Sun developed several new connectors that allowed SP ARCstation 10 system to have additional SBus slots, a much wider data path, field upgradable pr ocessor modules, and several new I/O devices with backpanel connections. Indeed, the effort spent in designing connectors was the equivalent of the ef fort spent designing new ASICS.

6 SPARCstation 10 System Architecture— May 1992

1

Figure 1-2 Sun-4m ar chitectur e used in the SP ARCstation 10 system.

MBus 64-bit 40 MHz

MBus Modules — two

Super SPARC

Super SPARC

Super Cache

ECC Controller

Memory

128 bit data + 16 bits ECC

Memory SIMMs — eight 16 MB/64 MB

MBus-SBus Interface

SBus Slots — four SEC SBus 32-bit 40 MHz

ISDN DBRI

SCSI

DMA2 Controller

TOD/NVRAM

Floppy Disk SCC

Boot PROM

Keyboard/ Mouse

Dual Serial Ports

DIN-8

DB25

RJ45

HD50

RJ45

RJ45

ISDN-NT

ISDN-TE

SCSI-2

TP-Ethernet

Speaker

Speaker box outside of system

Line in Line out Microphone Headset

Digital Audio CODEC

SCC

Ethernet

8-bit

box HD26

System Overview 5

1 The Sun-4c ar chitectur e implemented in the SP ARCstation 1 and SP ARCstation 2 systems and the Sun-4m ar chitectur e implemented in the SP ARCstation 10 system ar e distinctly dif ferent. The key dif ference between the two systems is that Sun-4c machines use a single combined memory and I/O bus, versus a split bus ar chitectur e of Sun-4m machines. Another major dif ference is that the SPARCstation 10 system’s Sun-4m ar chitectur e supports symmetric multipr ocessing and substantially impr oved memory and I/O bandwidth. The Sun-4m ar chitectur e specification is intended to be a generic ar chitectur e for all Sun Workstations^® and servers so that CPUs, ASICs, and softwar e can be leveraged acr oss several platforms. Figur e 1-2 is a block diagram of the Sun- 4m ar chitectur e.

4 SPARCstation 10 System Architecture— May 1992

1

Figure 1-1 Interior of a SP ARCstation 10 system

Power supply/fan unit

DOS-compatible floppy drive.The internal 3.5-inch floppy disk drive supports 720-Kbyte, 1.2-Mbyte, or 1.44-Mbyte formats and provides compact data transfer and MS-DOS^® compatibility.

Main logic board

424-Mbyte/1-Gbyte hard disk drives

MBus Module. The system’s MBus design lets you plug in new and faster CPUs as they become available.

8 SIMM memory slots

Four SBus slots allow for maximum expandability

System Overview 3

1 System Overview

Compar ed with its pr edecessors, the SP ARCstation 10 system of fers considerably mor e expandability . It offers significantly impr oved unipr ocessor performance, multipr ocessing capability (up to 4 CPUs on the desktop), mor e DRAM memory (512 Mbytes), mor e bandwidth (up to 320 Mbytes per second for memory and I/O), mor e SBus slots (4), mor e internal disk storage (up to 2.0 Gbytes), and mor e connectivity (TP Ethernet, ISDN, a Centr onics-compatible parallel port, digital audio port) than ever befor e. Equally important, it has the same footprint and overall dimensions as the original SP ARCstation “pizzabox” design, yet due to a new power -supply design and an impr oved package, it is actually quieter .

Figur e 1-2 shows the inside of a SP ARCstation 10 system. Like its pr edecessors, the SPARCstation 10 system enclosur e includes a power supply , a DOScompatible floppy disk, two har d disk drives, and a single-boar d computer . The SPARCstation 10 system has only five scr ews: one to hold the top cover in place, two to hold the backpanel on, and two to hold the CPU boar d in place. To make the system mor e reliable and easier to upgrade and service, the base of the machine is now made out of plastic, instead of sheet metal. As a r esult, some plastic featur es wer e added to the case, such as disk drive and motherboar d brackets, to make r emoving and installing these components much easier . At the same time, the all-plastic enclosur e allows for a doublestacked pr ocessor and I/O boar d configuration, which gr eatly incr eases the expandability of the system. Finally , this enclosur e with its modified industrial design of the top cover , significantly incr eases the airflow thr ough the system, allowing for an overall power dissipation of 140W with noise of only 4.7 Bels. This is in contrast with the earlier generation of Sun machines that had a power dissipation of 85W , yet a noise level of 5.3 Bels. This is possible because the thr ee variable speed fans on the SP ARCstation 10 system’s power supply are tied to the temperatur e gradient inside the package.

2 SPARCstation 10 System Architecture— May 1992

1 with SPEC92 ratings that range fr om 44.2/52.9 for the Model 30, 52.6/64.7 for the Model 41 and up to 8 times the performance of a SP ARCstation 2 with the 2 multipr ocessing CPU configurations.

Perhaps the single most important featur e of the SPARCstation 10 system is that it is application softwar e-compatible with its pr edecessors. Application binaries that r un on the mor e than 500,000 SP ARCstation systems alr eady installed, r un unmodified on a SP ARCstation 10 system r unning Solaris 1.1 (SunOS^™ 4.1.3).

1. Benchmarks ar e run using Solaris 1.1, and a combination of Apogee/KAP and SunPr o/KAP compilers. 2. No MP SPEC92 definition exists at this time for multipr ocessors so SPECthr uput89 estimates ar e provided below . 3. MP system performance numbers ar e estimates. 4. Logic chips on main logic boar d.

Table1-1 Desktop SP ARCstation Family Comparison^1

Feature SPARCstation 1 SPARCstation 2

SPARCstation 10 Model 30

SPARCstation 10 Model 41

SPARCstation 10 Model 52

SPARCstation 10 Model 54

Introduced April 1989 November 1990

May 1992 May 1992 May 1992 May 1992

Processor SPARC SPARC SPARC SPARC SPARC SPARC

Semiconductor Partners

Fujitsu MB86901A LSI Logic L64801

Cypr ess CY7C601 Weitek WTL8601

TI TMS390Z50 TI TMS390Z50 TI TMS390Z50 TI TMS390Z50

Clock Speed 20 MHz 40 MHz 36 MHz 40 MHz 45 MHz 45 MHz

SPECint92 9.6 22.4 44.2 52.6 N/A^2 N/A^2

SPECfp92 7.8 22.6 52.9 64.7 N/A^2 N/A^2

SPECthr uput89 N/A N/A N/A N/A 109 218

MIPS 12 25 86.1 96.2 200+^3 400+^3

MFLOPS (DP) 2.5 4 10.6 17.2 38^3 76^3

Cache Size 64 KB 64 KB 36 KB 36 KB + 1 MB 2 x (36 KB + 1 MB) 4 x (36 KB + 1 MB)

Max. Memory 64 MB 128 MB 512 MB 512 MB 512 MB 512 MB

Max. Intern. Disk

200 MB 400 MB 2 GB 2 GB 2 GB 2 GB

I/O Bus SBus SBus SBus SBus SBus SBus

Chip Count^4 50 41 34 34 34 34

1

System Overview 1

The SPARCstation 10 system is the most r ecent addition to the Sun^™ family of desktop SP ARC computers. Like its pr edecessors, the SP ARCstation 10 system shar es a number of common featur es, including conformance to the SP ARC architectur e, the SBus, and a pizza box package. Unlike its pr edecessors, however , the SPARCstation 10 system has several new featur es which, as a system, bring important new functionality to the desktop. These include a new superscalar SP ARC pr ocessor, symmetric multipr ocessing, upgradable processors, and ISDN.

The purpose of this paper is to pr ovide the r eader with an overall feel for the featur es, functionality , and ar chitectur e of the SPARCstation 10 system. A set of companion papers discuss the particular details of the system, such as Sun’s new SuperSP ARC^™ processor, in much gr eater detail.

Historical Perspective

SPARCstation 1, the first desktop SP ARCstation, was intr oduced in April of 1989. Also in the SP ARCstation 1 family ar e the SPARCstation IPC system, the SPARCstation SLC system, and the SP ARCstation 1+ system, which wer e introduced in early 1990. As shown in T able 1, the SP ARCstation 1 performs at 9.6/7.8 (SPECint92/SPECfp92). Beginning in the fall of 1990, Sun intr oduced its second family of desktop workstations based on the Sun-4c ar chitectur e: the SPARCstation 2, the SP ARCstation IPX, and the SP ARCstation ELC. These machines deliver SPEC92 performance of up to 22.4/22.6. The SP ARCstation 10 implements the new Sun-4m ar chitectur e to achieve new levels of performance

vi SPARCstation 10 System Architecture— May 1992

With all this functionality , the SPARCstation 10 system still fits in the “pizza box” form factor pioneer ed by Sun with the SP ARCstation 1 system in 1989. This compact form factor r equir ed highly integrated electr onics, a new power supply , and a way of cooling developed specifically for this pr oduct.

The SPARCstation 10 system comes with the Solaris^® 1.1 operating system and thus r emains binary compatible with the installed base of over 500,000 SPARCstations worldwide.

v

Introduction

The SPARCstation^™ 10 system is a new milestone in Sun’s vision for the next generation of desktop workstation computing. A new design fr om the gr oundup, the SP ARCstation 10 delivers several br eakthr oughs in the ar eas of CPU, memory , graphics, and input/output technology .

The first desktop workstation to incorporate symmetrical multipr ocessing, the SPARCstation 10 is designed to deliver system thr oughput up to several hundr ed SPECs.

The SPARCstation 10 system CPU is fully upgradable to the next generation of even faster SP ARC^® CPU technology since the CPU is packaged on a plug-in, standar dized MBus module. This eables the end user to pr eserve their system investment.

The SPARCstation 10 system pr ovides very lar ge memory capacity to allow the user to r un very lar ge applications at high speed. This ECC memory has a maximum capacity of 512 Mbytes and is accessed at high speed thr ough a 144- bit wide memory data path.

The SPARCstation 10 system includes a number of new standar d motherboar d input/output functions compar ed with its pr edecessors. It featur es ISDN, twisted-pair Ethernet, 10 Mbyte per second SCSI, a parallel port, and a 16-bit stereo audio system that is packaged in an external speaker box. In addition, ther e are four SBus slots for I/O expansion. Maximum internal disk storage is 2 Gbytes, externally expandable to over 50 Gbytes.

iv SPARCstation 10 System Architecture— May 1992

Digital Audio . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

Parallel Port . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

Serial Ports . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

SCSI. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

Type-5 Keyboar d and Mouse . . . . . . . . . . . . . . . . . . . . . . . . . 22

3. Graphics and Other Peripherals . . . . . . . . . . . . . . . . . . . . . . . . . 23

4. Software . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

Softwar e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25

5. Design and Implementation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

6. SPARCstation 10 Compared to Other Systems . . . . . . . . . . . . 29

Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

iii

Contents

Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . v

1. System Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

Historical Perspective . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

System Overview . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

2. Architectural Features . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

SPARC Modules . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

The SuperSP ARC Micr oprocessor and System Performance . . 10

SPARC Refer ence MMU . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

The MBus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

The MBus, Cache Coher ency, and Multipr ocessing . . . . . . . . . 15

Main memory Ar chitectur e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

I/O Ar chitectur e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

SBus Slots and Back Panel . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

Ethernet . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

Integrated Services Digital Network (ISDN) . . . . . . . . . . . . 19

© 1992 Sun Micr osystems, Inc.—Printed in the United States of America. 2550 Garcia Avenue, Mountain V iew, California 94043-1 100 U.S.A

All rights r eserved. This pr oduct and r elated documentation is pr otected by copyright and distributed under licenses r estricting its use, copying, distribution and decompilation. No part of this pr oduct or r elated documentation may be r eproduced in any form by any means without prior written authorization of Sun and its licensors, if any .

Portions of this pr oduct may be derived fr om the UNIX® and Berkeley 4.3 BSD systems, licensed fr om UNIX Systems Laboratories, Inc. and the University of California, respectively . Third party font softwar e in this pr oduct is pr otected by copyright and licensed fr om Sun’s Font Suppliers.

RESTRICTED RIGHTS LEGEND: Use, duplication, or disclosur e by the government is subject to r estrictions as set forth in subparagraph (c)(1)(ii) of the Rights in T echnical Data and Computer Softwar e clause at DF ARS 252.227-7013 and FAR 52.227-19.

The pr oduct described in this manual may be pr otected by one or mor e U.S. patents, foreign patents, or pending applications.

TRADEMARKS Sun, Sun Micr osystems, the Sun logo, and Solaris ar e trademarks or r egister ed trademarks of Sun Micr osystems, Inc. UNIX and OPEN LOOK ar e register ed trademarks of UNIX System Laboratories, Inc. All other pr oduct names mentioned her ein ar e the trademarks of their r espective owners.

All SPARC trademarks, including the SCD Compliant Logo, ar e trademarks or r egister ed trademarks of SP ARC International, Inc. SP ARCstation, SP ARCserver , SPARCengine, SPARCworks, and SP ARCompiler ar e licensed exclusively to Sun Micr osystems, Inc. Products bearing SP ARC trademarks ar e based upon an ar chitectur e developed by Sun Microsystems, Inc.

The OPEN LOOK® and Sun™ Graphical User Interfaces wer e developed by Sun Microsystems, Inc. for its users and licensees. Sun acknowledges the pioneering ef forts of Xerox in resear ching and developing the concept of visual or graphical user interfaces for the computer industry . Sun holds a non-exclusive license fr om Xerox to the Xer ox Graphical User Interface, which license also covers Sun’s licensees who implement OPEN LOOK GUIs and otherwise comply with Sun’s written license agr eements.

X Window System is a trademark and pr oduct of the Massachusetts Institute of Technology .

2550 Garcia Avenue Mountain V iew, CA 94043 U.S.A.

SPARCstation^™ 10 SystemArchitecture

Technical White Paper