SILICON GRAPHICS PROPRIETARY and CONFIDENTIAL

VC2
Specification

L eslie Neft
Silicon GraphicsInc.
Rev. 2.0

nexus:/d/newport/asics/vc2/spec/vc2.spec

Rev. 2.0 May 17, 1993 page 1




SILICON GRAPHICS PROPRIETARY and CONFIDENTIAL

1.0 Introduction

VC2 is the Video Controller chip for Newport Graphics.Ilt generatevideo timing, cursorand display-modeidentification
codes (DID’s).

1.1 Part Name and Number

Part Name: VC2

SGI Rart Number: 099-8918-001
Vendor: Dshiba

Vendor Rirt Number: s0895
Process: TC160G

Base Vdfer: TC160G54

Package: 144 PQFP (20 mil pitch)
Gate Count: 27537

1.2 General Description

The mainoperationof the VC2 chip is thereadingandwriting of tablesin anexternaRAM. The VC2 interpretsthesetables
to generatecursor data, stateinformation for programmablevideo timing generationand DID datawhich is run-length
encodedTheformatof thesetablesin theRAM is similarto thoseusedin the VC1. Thedatais written into the externalRAM

by the host via the Display Control Bus (DCB).

DID andcursordataareoutputin a 2-wide pixel streanmusinga clock which runsat 1/2 themonitorpixel clock rate. Thevideo
timing channels are output at the same rate and thus have 2-pixel resolution.

1.3 Features
Video Timing Generator
+21 programmable video output channels
+16x28 state/duration FIFO
*Minimum clock period 14.0 ns (70 MHz)
egenlock
Display ID Generator
*5 bit display ID5
*64x20 DID/duration FIFO
Cursor Generation
*32x32x2 usedefinable cursor
*Full screen crosshair cursor
*64x64x1 user definable cursor
Host Interbce
*Asynchronous intedce to Display Control Bus
External RAM
*64 K bytes table space internal static RAM, ayanized as 32Kx16 xpandable to 64Kx16
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1.4 Related Documents

For additional information and background, please refer to the following related documents:
Display Control Bus Specification, Eric Linstadt

VC2 State Tables

2.0 Devicelnterface

2.1 System Block Diagram
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2.2 Pin Diagram

FIGURE 1. VC2 Pin Diagram
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2.3 Pin Descriptions

The VC2 has 99 signa pins plus 45 power/ground pins. The following tables list each VC2 pin, its polarity, direction (1, O, I/
0), switching levels (TTL or CMOS) and provide a brief functional description

2.3.1 Display Control BusInterface.

Pin Name bits pol | dir| Type level Function
DCB_DATA[7:0] |8 | H |I/O] BD16T | TTL | Display Control Bus Data to/from REX3 chip
DCB _CRS[1:0] |2 | H | | TLCHT | TTL | Display Control Bus register select field
DCB_RW_N 1| L | | TLCHT | TTL | Read/Write direction signal
DCB_CS_N 1L | | TLCHTH| TTL | Display Control Bus command strobe indicating that DCB_CRS,
DCB_RW_N and, for write transfers, DCB_DATA are valid.
DCB_ACK_ N 1|/ L |O BT8 TTL | Acknowledge signal for Display Control Bus to handshake trans-
fers with the REX3. When asserted during write cycles, indi-
cates that the slave device has accepted the DCB_DATA.
During read cycles, indicates that valid data has been placed on
DCB_DATA
2.3.2 External Memory Interface
Pin Name bits pol | dir Type level Function
MEM_DAT[15:0] |1 | H |I/O] BD8TH | TTL | Data bus to/from external SRAM
6
MEM_ADRJ[15:0] |1 | H | O B8H TTL | Address bus to external SRAM
6
MEM_OE_N 1/L|O B8H TTL | Output enable to external SRAM
MEM_WE_N 1/L|O B8H TTL | Write enable to external SRAM
2.3.3 XMAP Interface
Pin Name bits pol | dir| Type level Function
CURA[1:0] 2| H O | B8H |CMOS| Cursor for least significant (left-most/even) pixel
CURBJ1:0] 2| H O | B8H |CMOS| Cursor for most significant (right-most/odd) pixel
DIDA[4:0] 5| H O | B8H |CMOS| Window display ID for least significant (left-most/even) pixel
DIDBJ[4:0] 5| H O | B8H |CMOS| Window display ID for most significant (right-most/odd) pixel
2.3.4 Video Timing Generation
Pin Name bits pol | dir| Type level Function
TX_REQ _REX_N 1| L O| B8H To REX3: transfer request for VRAM transfer cycle.
SET_TSC_REX_N 1 L O| B8H To REX3: set scan counter.
VERT_INT_REX_N 1 L O | B8H To REX3: vertical interrupt
VERT_STAT GIO_N 1| L O| B8H To Host: vertical status
CBLANK_DAC_N 1 L O | B8H To RAMDAC: composite blanking
CSYNC_DAC_N 1 L O| BS8H To RAMDAC: composite sync
CSYNC_ARC_N 1| L O| B8H To monitor: composite sync
HSYNC_ARC_N 1 L O | B8H To monitor: horizontal sync
VC2 Specification Rev. 2.0 May 17, 1993 page5




SILICON GRAPHICS PROPRIETARY and CONFIDENTIAL

Pin Name bits pol | dir| Type level Function
VSYNC_ARC_N 1| L O| B8H To monitor: vertical sync
SER_EN_RO_N[2:0] 3 L O | B8H To ROL1.: serial enable to enable clocking of VRAM data
DSPLY_EN_ RO _NJ[2:0] |3 | L O| B8H To RO1: display enable drive pixel data out
CBLANK_CMAP_N 1| L O| B8H To CMAP: composite blanking, loads look-up tables
EOF_AB N 1 L O | B8H To AB1: end of frame
HBLANK_AB_N 1 L O | B8H To AB1, XMAP: horizontal blanking
CBLANK_XMAP_N 1| L O| B8H To XMAP: composite blanking
SPARE 1) L O| B8H spare timing channel
VPOS_VC_N 1 L O | B8H internal: vertical position for cursor
EOF VC N 1| L O| B8H internal: end of field/frame for DID
HPOS VC_N 1 L O | B8H internal: horizontal position for cursor
VIS LN VC_N 1 L O| B8H internal:visible portion of line for DID
ODDFIELD_VC_N 1| L O| B8H monitor, internal: oddfield in interlaced mode, or left/right
eye in stereo mode
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For details on the Meo Timing Channels see Programnseinterfice/ Bble Formats/ \\deo Timing Table.

2.3.5 Miscellaneous

Pin Name bits pol | dir | Type level Function
GENO_N 1) L | |[TLCHNH| TTL | Genlock input used to synchronize frame
GEN1_N 1| L | |[TLCHNH| TTL | Genlock input used to synchronize frame
RESET_N 1] L | | TLCHT | TTL | System reset
XVTEN_N 1| L | | TLCHT | TTL | External video timing enable (for Nextgen)
2.3.6 Clocks
Pin Name bits| pol | dir Type level Function
PCLK_DIV2 1| H | | TLCHNH TTL | Pixel clock divided by 2. Used to drive the internal array.
2xIDRV16
PCLK DIV2 O |1 | H | | TLCHNH TTL | Pixel clock divided by 2. Used to drive the output registers.
IDRV4

2.3.7 ASIC Mandatory Test Pins

Pin Name bits pol | dir Type level Function
JTMS 1 | | TLCHTU Required test pin
JTCK 1 I TLCHTU Required test pin
JTDI 1 | | TLCHTU Required test pin
JTDO 1 (0] B4 Required test pin
TPO 1 I TLCHTD Required test pin
TP1 1 I TLCHTD Required test pin
ENTEI 1 | | TLCHTHD Required test pin. Connect to power on reset on board.

2.3.8 Power and Ground

Pin Name bits Level | dir| Type | Drive Function
VSS/VDD 4
5

VC2 Specification Rev. 2.0 May 17, 1993 page 7




SILICON GRAPHICS PROPRIETARY and CONFIDENTIAL

2.4 Package Pin Assignment

Table 1: VC2 Pin Assighments

pin # signal name pin # signal name pin # signal name pin # signal name
1 VSS2 37 | P.MEM_ADR 15 | 73 | vSS1 109] P_VT 18
TX_REQ_REX_N
2 P VT 0 38 | P MEM_ADR_14 | 74 | P_MEM_DAT 8 110| P_VT_17
VERT_INT-REX_N SER_EN_EO N
3 P_DCB_ACK_N 39 | P.MEM_ADR 13 | 75 | P_MEM_DAT 7 111] VSS1
4 P_DCB DATA 7 | 40 | vSS1 76 | P_MEM_DAT 6 112| P_SEREN_RO_A
5 P DCB DATA 6 | 41 | P MEM_ADR 12 | 77 | P_MEM_DAT 5 113| P_SEREN_RO_B
6 VSS1 42 | P_.MEM_ADR 11 | 78 | vss1 114| P_DSPEN_RO_A
7 VDD 43 | P_MEM_ADR_10 79 | vDD1 115 VSS1
8 P_DCB DATA 5 | 44 | vSS1 80 | P_MEM_DAT 4 116| VSS2
9 P_DCB DATA 4 | 45 | vDD1 81 | P_MEM_DAT 3 117| P_DSPEN_RO B
10 | P_DCB DATA_ 3 | 46 | P_MEM_ADR 9 82 | P_MEM_DAT 2 118/ P_VT 16
DSPLY_EN_RO_N
11 | vssi 47 | P_.MEM_ADR_8 | 83 | P_MEM_DAT 1 119| P_VT_15
HPOS_VC_N
12 | P.DCB DATA 2 | 48 | P_.MEM_ADR_7 84 | VSS1 120| VSS1
13 | P.DCB DATA_ 1 | 49 | P_MEM_ADR_6 85 | P_MEM_DAT 0 121| VvDD1
14 | P_DCB_DATA 0 [ 50 | VvSS1 86 | P_DIDB_4 122| P_PCLK_DIV20
15 | VSSs1 51 | P_MEM_ADR_5 87 | P_DIDB_3 123| VDD3
16 | P_DCB_CRS 1 52 | P_MEM_ADR_4 88 | P_DIDB_2 124| P_PCLK_DIV2
17 | P_DCB_CRS 0 53 | P_MEM_ADR_3 89 | VSS1 125| VDD1
18 VDD3 54 | vDD1 90 | vDD1 126| VSS1
19 | P.DCB_.RW N 55 | VSS1 91 | P_DIDB_1 127| P_VT 14
VIS_LN_VC N
20 | P_DCB_CS_N 56 | P MEM_ADR 2 |92 | P_DIDB 0 128| P_VT_13
VPOS_VC N
21 | P_XVTEN_N 57 | P_MEM_ADR_1 93 | P_CURB_1 129 P_VT 12
EOF VC_N
22 | P_RESET_N 58 | P MEM_ADR 0 |94 | P_CURB 0 130| P_VT 11
ODDFIELD_N
23 P_GEN1_N 59 | VSS1 95 | VSS1 131| VvDD1
24 | P_GENO_N 60 | P_MEM_WE_N 96 | VDD1 132| P_VT_ 10
SET_TSC_REX_N
25 VvDD1 61 | VvVDD1 97 | P_DIDA_4 133| P_VT_9
CBLANK_CMAP_N
26 | VSS3 62 | P_MEM_OE_N 98 | P_DIDA 3 134| P_VT 8
EOF_AB N
27 | P_TP1 63 | P_MEM _DAT 15 | 99 | P_DIDA 2 135| P_VT 7
HBLANK_AB_N
28 | P_TPO 64 | VSS1 100| P_DIDA_1 136] VSS3
29 | P_JTMS 65 | P_MEM_DAT 14 | 101]| vss1 137| VSS1
30 | P_ENTEI 66 | P_MEM_DAT 13 | 102| vDD1 138| P_VT 6
CBLANK_XMAP_N
31 | P_JTCK 67 | P_MEM _DAT 12 | 103| P_DIDA 0 139| P_VT 5
Spare
32 P_JTDI 68 | VSS1 104| P_CURA 1 140| P_VT_4
VERT_STAT_GIO_N
33 VvDD1 69 | VDD1 105| P_CURA_O 141| VSS1
34 | vss1 70 | P_MEM_DAT 11 | 106| P_VT_20 142| P_VT 3
CBLANK_DAC_N CSYNC_ARC_N
35 | P_JTDO 71 | P_MEM_DAT 10 | 107]| vss1 143| P_VT 2
HSYNC_ARC_N
36 | VSS2 72 | P_MEM_DAT 9 108| P_VT 19 144| P_VT_1
CSYNC_DAC N VSYNC_ARC_N
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2.5 Timing Specifications

Table 2: AC Timing Specifications

from to edge | load min max
PCLK_DIV2_O VT(20:0) 35 pf 2.0ns 11.12 ns
CURJ[A,BJ](1:0)
DID[A,B](4:0)
SEREN_RO _[A,B]
DSPEN_RO_[A,B]
PCLK_DIV2 MEM_ADDR(15:0) 20 pf 2.7ns 13.4ns
PCLK_DIV2 MEM_WE_N Ih 20 pf 4.3 ns 17.2 ns
hi 5.0ns 19.8 ns
PCLK_DIV2 MEM_OE_N Ih 20 pf 29ns 11.5ns
hl 3.3ns 13.2 ns
PCLK_DIV2 MEM_DATA(15:0) zh/zl | 20 pf 7.8 ns 33.5ns
hz/Iz 7.9ns 33.5ns
pin relative to parameter | bestcase | worst case
MEM_DATA(15:0) PCLK_DIV2 setup -0.9 ns -3.6 ns
MEM_DATA(15:0) PCLK_DIV2 hold l4ns 5.5ns

2.6 Synchonizing VC2 (for Nextgen)

VC2 hassomehooksin orderto allow 2 VC2 chipsto generatedenticalvideotiming. This featurewill mostlikely be usedin
the Nextgenboard.First, the 2 chipsmustbe synchronizedthatis, the dualclock portionof the chipsmustbein phaseThisis
doneby synchronizinghe systemresetsignalwhich drivesthe ENTEI pin. Secondlythe videotiming tablesmustbe setup
andvideo timing enabledbefore XVTEN_N is assertedWheneer the video timing is disabled XVTEN_N mustfirst be
deasserted then re-asserted after video timing is re-enabled.

For Newport, or otherimplementationsvhich usea singleVC2, ENTEI shouldbe connectedo the systenresetsignal,which
need not be synchronized, and XVTEN_N should be tied lo
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3.0 Programmer Interface

3.1 Registers

The table below shows all registers in the VC2 which are accessible to the host. Only a subset of these registers (indicated by
shading) will be programmed by the host under normal operations. The others are internally maintained registers which have
been made available for diagnostic purposes, but must never be written under normal operation. All writable registers will be
readable, also for diagnostics purposes. Note that some of these registers will have side effects in the chip when written. The
programmer take into account the function of each register when writing diagnostic code.

REGISTER SUMMARY

CRS| Index Prog | Diag Name bits Description
access | access

0 -- R/W | R/W |Register File Index 5| Register file address for host reads and writes

1,2/ 0x00| R/W | R/W |Video Entry Pointer 16| Pointer to start of video timing table in external RAM
1,2/ 0x01| R/W | R/W |Cursor Entry Pointer 16| Pointer to start of cursor data in external RAM

1,2/ 0x02| R/W | R/W |Cursor X Location 16| Next valid cursor X location (max value = 4095)

1,2/ 0x03| R/W | R/W |Cursor Y location 16| Next valid cursor Y location (max value = 2047)

1,2/ 0x04| R/-- | R/W |Current Cursor X 16| Current cursor X location (after update)

1,2/ 0x05| R/W | R/W |DID Entry Pointer 16| Pointer to start of Display ID table in external RAM
1,2/ 0x06| R/W | R/W |Scanline Length 16| Total number of visible pixels in scanline (for DID pro-

cessing, max value=2047)

1,2/ 0x07| R/W | R/W |RAM Address 16| Address used for host access to external RAM

1,2|0x08| --/-- | R/W |VT Frame Table Pointer | 16| Running pointer to current location in video timing
frame table
1,2/ 0x09| --/-- R/W |VT Line Sequence Ptr 16 thj)?ning pointer to current location in line sequence
table

1,2| OX0A| --/-- R/W |VT Lines in Run 16| Count of lines remaining in current state run

1,2/ 0x0B| R/-- | R/W |Vertical Line Counter 16| Current line count including blanked lines

1,2/0x0C| --/-- | R/W |Cursor Table Pointer 16| Running pointer to next byte of cursor pixel data
1,2|0x0D| --/-- R/W |Working Cursor Y 16| Value of cursor Y location for current frame

1,2/ Ox0E| --/-- | R/W |DID Frame Table Ptr 16| Running pointer to current line in DID frame table
1,2/ OxOF| --/-- | R/W |DID Line Table Pointer 16| Running pointer to current location in DID line table
1,2/ 0x10| R/W | R/W |Display Control 16| Video display and cursor control (see detail following)
1,2|0X1F| R/W | R/W |Configuration 16| Clock configuration, chip reset, revision code

3 -- R/W | R/W |RAM Data 16| External RAM data (virtual register)

Note: CRS 1 addresses the high byte; CRS2 addresses the low byte. See section entitled Programming via the Display Control
Bus.

Although all registers (excepth the Index Register) are 16 bits, the allowable range of values for a register may be less (as
noted). External Ram Address pointers may have a maximum value of 32767 (15 bits). In general, the programmable registers
(that is, those which are writable by the programmer) may be written at any time. The VC2 will ensure a smooth transition.

V C2 Specification Rev. 2.0 May 17, 1993 page 10




SILICON GRAPHICS PROPRIETARY and CONFIDENTIAL

3.1.1 Index Register

This Index Registerholdsthe pointerto the VC2 register spacein orderto indicatewhich registeris reador written during
DCB accesseto the VC2. The index registeris requiredsincethe register addressspaceof the VC2 exceedsthe register
address space of the DCB. See section “Programming via the Display Control Bus” belo

bit Name Description

4:0 |Index Index pointer to VC2 registers

7:5 |reserved

3.1.2 Configuration Register

bit Name Description

0 Soft Reset 0= reset VC2

1= normal operation

This bit is reset to “0” during system reset. In order to enable the operation of

the VC2, the programmer must write a “1” into this bit. The soft reset will reset
all portions of the chip except for the DCB interface. The chip must be held in

the reset state whenever the pixel clock is changed.

1 |Slow Clock 0= fast mode, monitor pixel rate >= 70 Mhz

1= slow mode, monitor pixel rate < 70 Mhz

This bit allows VC2 operations to execute more efficiently for slower speed
monitors. It should be set, when required, while the VC2 is in reset mode. This
bit is reset to “0” by either the system or soft reset.

2 Cursor Error Flag 0 = no error

1 = Cursor error has occured

This bit is set by the hardware if HPOS (indicating the start of the cursor for the
current line) is asserted before the required cursor processing for that line has
completed. The programmer can clear the flag by writing a “0”.

3 DID Error Flag 0 =no error

1 = DID fifo underflow has occured

This bit is set by the hardware if the DID generation logic has attempted to read
from an empty fifo. This indicates that the quantity and spacing of the transi-
tions in the DID table are such that the hardware could not process the DID
table fast enough. The programmer can clear the flag by writing a “0”".

4 VTG Error Flag 0 =no error

1 = VTG fifo underflow has occured

This bit is set by the hardware if the video timing generation logic has
attempted to read from an empty fifo. This indicates that the hardware was not
able to process the video timing table fast enough to keep up with required
video timing channel requirements. The programmer can clear the flag by writ-

ing a “0”.
7:5 |Revision code Revision code of VC2 chip.
000 = first revision of VC2
15:8 |Temp Hibyte Read only. This byte contains the data from the most recent DCB read or write

from/to CRS 1 (for registers 0x00 to 0x10 only). It can be used the retrieve the
high byte of a write operation if the operation is not completed.

NOTE: The configurationandindex registerscanbe written or readafter power up. However, before accessingany other
registeror the extemal SRAM, the soft resetbit in the configuration registermust be setto a ‘1’ for normal operation.
Otherwise the VC2 will not respond, and both the VC2 and the Display Control Bus can hang.

VC2 Specification Rev. 2.0 May 17, 1993 page 11




SILICON GRAPHICS PROPRIETARY and CONFIDENTIAL

3.1.3 Display Control Register

Display Control Register Detail

bit

Name

Description

VINTR enable

0= disable vertical interrupt

1= enable vertical interrupt

A vertical interrupt will occur when the vertical interrupt timing channel is active
and the interrupt is enabled.

Blackout

0= blackout display

1= enable display

When blackout is indicated, the video timing channel, CBLANK (to the Ramdac
only)is forced to the active state.

Video Timing Enable

0= disable video timing function

1= enable video timing function

When enabled, the VC2 will get video timing from external RAM and drive the
video timing channels. When disabled, the video timing fifo will be reset and the
video timing channels will be driven to their default state.

DID Function Enable

0= disable DID function

1= enable DID function

When enabled, the VC2 will read DID’s from the external RAM. When disabled,
the DID fifo will be reset and DID value of O will be driven.

Cursor Function Enable

0= disable cursor function
1= enable cursor function
When enabled, the VC2 will read cursor data from the external RAM. When dis-
abled, undefined cursor values will be driven.

Gensync Enable

0= disable Gensync input

1= enable Gensync input

When enabled and the GENSYNC input to the chip is asserted, the video tim-
ing control will be reset to the start of frame. The video timing fifo will not be
flushed, thus there will be latency between the assertion of Gensync and the
start of frame.

Interlace

0= non-interlaced monitor
1= interlaced monitor
Must be programmed by the host to indicate the monitor type.

Cursor Enable

0= disable cursor

1= enable cursor

When enabled, valid cursor data is driven. When disabled all O’s are driven on
the cursor lines. When the cursor is enabled or disabled, the affect is seen
immediately, not delayed until after the next vertical retrace.

Cursor Mode

0= glyph cursor (32x32x2)
1= crosshair cursor

Cursor Size

0=32x32x2
1=64x64x1
This bit is used only when glyph cursor mode is selected.

10

Genlock Select

0=Gen0

1=Genl

This bit is used only when genlock is enabled. It selects which genlock input to
the chip is used.

15:11

reserved

Note: at paver-on all bits in the Display Control Rester will defult to ‘0.

Thisregistermustbe usedcautiouslyduringdiagnosticsBeforeary of thechip functionsareenabledtheappropriateegisters
andmemorytablesmustbe setup. Otherwise the VC2 could getinto anunknaown state,not only hangingitself, but possibly
the Display Control Bus as well.
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3.1.4 Register File Registers

While the Index, Configurationand Display Control Register (DCR) are implementedas discreteregisters,the following
registers reside in the gester file, implemented with a 16x16 internal ram.

3.1.4.1 Video Entry Pointer

This registercontainsthe addres®f the startof the Video Timing FrameTablein externalRam.This registermustcontaina
valid addresgointingto avalid videotiming tablebeforethe videotiming functionis enabledby settingthe appropriatebit in
theDCR. OtherwisetheVC2 will attemptto interpretinvalid datain theramasvideotiming, resultingin erroneou®peration,
which may include hanging the DCB.

3.1.5 Cursor Entry Pointer

Thisregistercontaingheaddres®f the startof the cursorglyph datain externalRam.This registermaybewritten atary time;

theVC2 will ensurethatin eachframe,only onecursorpatternis displayed The VC2 maintainsa seperateopy of the cursor
tablepointerwhichwill beupdatedwith the CursorEntry Pointerduringtheverticalblankingperiod,never while the cursoris

being displayed.However, if the programmeiis changingthe Cursor Entry Pointeror the Cursorpatterntable in memory
coincidentwith the X/Y locationor the cursormode,thenthe cursorshouldbe disabledwhile the changesaremadeto ensure
a smooth transition between thepoeis X/Y/pattern and the neX/Y/pattern.

The CursorEntry Pointermustbe on a 128-word boundaryfor the 32x32x2glyph anda 256-word boundaryfor the 64x64x1
glyph.

3.1.6 Cursor X Location, Cursor Y Location and Current Cursor X

For crosshaircursormode,the X and Y cursorlocationsspecify the centerof the crosshair.For cursorglyph, X andY

locationsspecify the upperlefthand cornerof the glyph. In orderto supportoff-screencursor,the X andY locationsare
relativeto a point which is 31 pixels to the top andleft of the visible portion of the screen.Thus, if the cursorglyph were
positionedat X=0 and Y=0, it would be entirely off-screenexceptfor onepixel (the lower right cornerof the glyph), which
would appeaiin the upperleft cornerof the screenA cursorglyph positionedat X=31 and Y=31 would be entirelyvisible in

theupperleft cornerof thescreenThe cursorcanalsobe movedoff-screerto theright andbottomof thescreenThediagram
below shows this conceptually.

/ CURSOR POSITIONING N\
CURX=0 —— 9+ - - o ______
CURY=0 |

CURX=31 !

CURY=31 :
|
I VISIBLE
| SCREEN
|
|
|
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The actua cursor positioning is determined via programmable video timing channels, and thus could be modified by the
programmer. The X origin, however, can only be positioned to be an odd number of pixels from the upper left-hand corner of
the screen.

In order for the cursor location to change in a smooth fashion, the X and Y locations used by the cursor control logic will
always change coincidentally. This is accomplished by having a shadow register for the X location. To change the cursor
position, the programmer must write the Cursor X Location register first, followed by the Cursor Y Location register. When
the Cursor Y location is written, the VC2 will copy the value from the Cursor X Location to the Current Cursor X register.
Cursor Y Location and Current Cursor X will then define the cursor position. The Cursor location registers are managed in a
similar fashion to the Cursor Entry Pointer, such that there will be only one cursor displayed on the screen per frame. The
VC2 maintains a seperate copy of the curosr position registers which will be updated with the Current Cursor X Location and
the Cursor Y Location during the vertical blanking period, never while the cursor is being displayed. Thus, when making a
change to just the cursor location, the programmer need not disable the cursor. (See previous subsection).

Note that the maximum alowable Cursor X Location is 2047.

3.1.7 DID Entry Pointer

Thisregister contains the address of the start of the Display ID Table in external Ram. This register may be written at any time;
the VC2 will not use the new pointer until after the next (or current) vertical retrace period.

3.1.8 ScanlineLength

bit Name Description
4:0 |reserved
15:5 |Scanline Length Must be set by the programmer to the total number of pixels in the visible por-
tion of the scanline, for use in DID generation. The maximum allowable scanline
is 2046 pixels.

3.1.9 RAM Address

This register contains the address pointer for all host reads and writes to the external Ram. Whenever the host reads or writes
the external Ram, this register will be automatically incremented.

3.1.10 VT Frame Table Pointer, VT Line Sequence Pointer, VT Linesin Run

These are running pointers and counters used for reading the video timing table from external Ram. They convey no useful
information to the programmer other than for diagnostics. The VT Frame Table Pointer and VT Line Sequence Pointers point
to the next location to be used in the video timing frame table and line sequence table, respectively. VT Linesin run isa count
of the number of lines remaining in the current line sequence run.

3.1.10.1 Vertical Line Counter

Thisisarunning counter of linesin the current frame. The counter is consistent with the Cursor Y position and, thus, starts 31
lines before the visible portion of the frame. The programmer may read this register to obtain vertical position information.

3.1.11 Cursor Table Pointer and Working Cursor Y

These registers are for cursor generation. They convey no useful information to the programmer other than for diagnostics. The
Cursor Table Pointer is a running pointer to the next location to be used in the cursor pattern table and also keeps track of the
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vertical positionwithin the cursorglyph. Working CursorY is updatedduring vertical blankingwith the CursorY Location
andincrementediuring lines which containthe glyph cursor It is usedto determineif the cursor(eitherglyph or crosshair)
appears on the current line.

3.1.12 DID Frame Table Pointer and DID Line Table Pointer

Thesearerunningpointersusedfor readingthe displayID tablefrom externalRam.They corvey no usefulinformationto the
programmentherthanfor diagnosticsThe DID FrameTablePointerandDID Line TablePointerpointto thenext locationto
be used in the DID frame table and line table, respeyti

3.2 Resets, Start-up and Changing Video Timing

TheVC2 has2 resets SystemResetandSoft ResetSystemResets basicallya pover-onresetandwill resettheentireVC2.
The Soft Resetis a bit in the VC2 Configurationregisterandthusundercontrol of the programmerThe Soft Resetdoesnot
affect the DCB interdice or an of the programmable gésters.

After power-up, the Systemresetwill go away, leaving the soft resetin affect. (The systemresetresetsthe Soft reset). The
programmer wuld then perform the folleing procedure:
«1l¢ Program the Ramdac for the desiredepiock rate.

«2¢ Setthe Slow Clock bit (if required)in the Configurationregisterandreleasehe Soft Resetmay be donecoinciden-
tally). The chip is ne ready for operation.

3+ Load the \Wdeo Timing tables into ernal Ram and write theideo Entry Pointer

«4s Enablevideotiming with thefollowing operationdy settingthe Video Timing Enablebit in the DisplayandCursor
control Register Theinterlacebit shouldbe setto the appropriatevalueat this time. Approximately32 pixel clocks
later, the VC2 will begin generatingvideo. At this point the programmemay setthe VINTR enable the Blackout
(display enable) and the Gensync enable, or these operations can be done at a later time.

*5¢ Write the DID tablesto externalRamandwrite the following registers:DID Entry Pointer ScanlineLength.(This
may hae all ready been done).

«6¢ Enable DID function by setting the bit in the Display and Cursor ContigicEe

7+ Setthe CursorFunctionEnablebit in the Display and CursorControl Register [The cursorwill initially comeupin
glyph modeanddisabled.]After enablingthis function,the programmercandisplaythe cursorby writing the cursor
pattern into memory and setting the appropriate bits agistees. This step may b&exuted before step #5.

NotethatduringnormaloperationtheVideo Timing Enable DID FunctionEnableandCursorFunctionEnablewill alwaysbe
set to enabled.
To change the display monitor andglixlock, the programmer should use the felitg procedure:

1+ DisableCursorFunctionenable,DID function enable,Video timing enable,VINTR enable,Gensyncenableand
Blackout display (May be done coincidentally).

*2¢ Perform a Soft Reset.

«3+ Perform steps 1, 2,3 and 4 under start-up procedure.

4+ TheDID FunctionandCursorFunctioncannow beenabledTheDID tables,Cursorpatterntableandassociatedeg-
isters and control bits will retain their preus \alues.

Note: It maybenecessarfjor the programmeto ensurea minimumdelaytime betweerthe settingandclearingof Soft Reset
and the changing of the monitor clock.
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3.2.1 Power-up States

The VC2 will alwayspower up with the video disabledandthe monitor blacked out. Otherwisethe programmershouldnot
assumehe stateof ary registersor controlbits (otherthanthe soft reset)andshouldprogramthemto the desiredvaluesbefore
enabling the corresponding functions.

3.3 Programming via the Display Control Bus

For DCB accessetheVC2 uses4 Control RegisterSelect CRS’5): onefor the Index register onefor externalRamdataand
onefor eachbyte of the remaininggroup of registers.The mechanismdor accessingegistersand external Ram dataare
differentin orderto optimize each.For registers,the hostwill generallywrite to 1 or 2 registersat a time, eachrequiringa
differentindex value.By makinguseof the auto-incrementeaturein the REX3 DCB interface,the writing of the index and
theregistercanbe combinednto oneGIO operationThatis, thefirst byte of a 32- or 64-bitword will goto theindex register
(CRS=0)to indicatethe registerto which the next 2 bytes(CRS=1,2)will be written. For Ramdata,the hostwill generally
write alarge numberof bytesto contiguousaddressesdn this case the hostwould first write the startingaddressnto the Ram
Addressregister Then,(without the DCB auto-incrementylatais written to the Rams(CRS=3).After each2 bytesis written,
theRamAddresswill beautomaticallyincrementedsothatany (even)numberof bytescanbewritten to the Ramwithoutre-
writing the DCB mode igister

To reador write externalRamdata(CRSlocation3) 2 bytesmustalwaysbe accessedtomicallyin big-endianfashion thatis
the mostsignificantbyte first followed by the leastsignificantbyte. For writes,the VC2 will save thefirst bytetransferedn a
temporaryregister Whenthe secondbyte is written, the 16-bit word will be written into the external Ram at the address
indicatedby the Ram addresgegister For reads,the VC2 will readthe external Ram at the addressndicatedby the Ram
addressegister Thefirst byteis transferentothe bus, while the secondoyteis heldin atemporaryregister Whenthe next
DCB readoccursthesecondyteis transferredntothebusfrom thetemporaryregister Following a 2-bytereador write, the
Ramaddressegisterwill beincrementedSincethe programmemustalwaysaccessnemorywith 2-byteatomicoperations,
the hardware and software will never get “out of sync” asto whetherthe high or low byte of memoryis being accessed.
However, for diagnosticpurposesa write to the Ram AddressRegisterwill resetthe High/Low byte pointersothatthe next
byte accesed is\ahys the high byte.

The programmeimay reador write the Index register using a single byte accessalthoughit is expectedthat this operation
would be combinedwith the reador write of the desiredregister by taking advantageof the DCB auto incrementmode
provided by the REX3. For writes, the programmenmwrites 3 bytesof a 32-bit word to startat CRSlocation0 with the auto
incrementfeatureturnedon. The REX3 DCB interfacewill thenwrite 3 bytesto theVVC2 at CRSlocations0, 1 and2. Thefirst

byteis writteninto the Index register thesecondyteis savedin atemporaryregister Whenthethird byteis written, thetarget
register(asindicatedby the Index register)is updatedwith the 16-bit value.For readsthe programmemill turn on the auto-
incrementfeatureandstartat CRSlocation0. The programmemvrites onebyte for the index registerandthenreads2 bytes.
The REX3 DCB interfacewill write thefirst byteinto CRSlocation0, andthenread?2 bytesfrom location1 and2. Thewrite

to CRSO0 goesto thelndex register WhenCRSL1 is read,thetamgetregister(asindicatedby the Index register)is readandthe

high byteis drivento the DCB databus, while thelow byteis savedin atemporaryregister WhenCRS2 is readthe datafrom

thetemporaryregisteris drivenontothe databus. Note thatthe VC2 assumeshatreadsandwritesfor CRSlocationsl (most
significantbyte) and 2 (leastsignificantbyte) are alwaysdoneatomicallyin thatorder (big-endian) Any deviation from this

will cause erroneous data to be transfered.

For theprogrammeto accesshe VC2 onthe DCB, first the DCBMODE registerin the REX3 mustbe setup. Thusawrite to
ary VC2 registerrequires2 GlO operations1 write to DCBMODE, 1 write to DCBDATA. A readfrom aVC2 register(except
Index) requires3 GIO operationsi write to DCBMODE, 1 write to DCBDATA (for index register),1 readfrom DCBDATA.

To reador write externalRamdatarequiresl write to DCBMODE followedby 1 or morereadsor writesto DCBDATA. The
programmer must ensure that these operations meet the requirements for atomicity desegbed abo
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3.3.1 Display Control Bus M ode Parameters

The following list shavs the required DCB Mode parameters for accessing the V&2te DCB.

DCBADDR = as required by system

DCBCRS =0, 1 or 3 as required by type of access (sgmpsesection “Programming via the Display Control Bus”)
CS_SETUP = 0 (board implementation may requirefardifit parameter; Ngort board will probably require 1)
CS_WIDTH =0

CS_HOLD =0

ENABACK= 1 (enable ackmaedge handsha}

SYNCACK = 0 (asynchronous ackntedge)

3.4 Table Formats

3.4.1 Video Timing Table
The Video Timing table has two parts - a frame table and a line sequence table as shown below.

Before explaining the tables,it is usefulto definethe termsused.A statedefinesthe value of eachtiming channel A state
consistof 21 timing channeldividedinto 3 groupsof 7 channeleach:stateA, stateB andstateC. StateA containsthe most
frequentlychangedchannelswhile stateB and C containthe leastfrequentlychangedchannelsyegardlessof whetherthe
channelsareusedinternally or externally A staterun definesa stateandits duration,thatis, the numberof clock cyclesthatit
lasts. The stateduration, SRUN, is specifiedin units of 2-pixel clocks. A line is a list of stateruns, andis intendedto
correspondo onehorizontalline of themonitor. A line sequencés a circularlinkedlist of lines. A line sequenceun definesa
line sequence and the number of lines the seuence repeats. A frame is defined by a list of line sequence runs.

Theframetableconsistof alinearlist of line sequenceun entries. Eachline sequenceun entry containgwo words- apointer
to aline sequencandthe numberof linesfor which the sequencés to berepeatedNote thatthis is the numberof individual

lines,notsequenceycles.Thusif asequenceyclesbetweerfour lines(L1, L2, L3 L4), acountof 6 would generatesix lines
(L1, L2, L3, L4, L1, L2) thenstartthe next sequencén theframetable.A line sequencentrywith aline countof 0 indicates
the endof the frame,which causeghetiming generatoto restartat the top of thelist of line sequenceuns(ie, thetop of the

frame table).

The Line sequencéable containsa collectionof lineslinked by pointers.Eachline is definedby a linearlist of stateruns.A
statecontainseitherl or 2 wordsthatdefine21 bits of stateand7 bits of stateduration.Bits 15and7 of thefirst stateword are
usedto flag the interpretationof the following words. EachstatemustcontainstateA andthe stateduration(the first word).
The secondword containsstatesB andC. If statesB andC do not changefrom the previous state thenthe secondvord may
be omitted.Bit 7 of the SA/SRUN word indicateswhetherSB andSC are present0 = SB/SCpresent;1= SB/SCnot present.
The maximumstatedurationis 127 clock cycles. Theendof line is denotedby bit15 of SA/SRUN andSB/SC(if present)1=
endof line. (Note: bit 15 of the 2 statewordsmustbethe same) Bit 7 of SB/SCis alwayssetto “1”. (Bits 7 and15in the SB/
SC word are used to simplify the state machine).

Eachline is followedby a pointerto thenext line in sequenceA line thatpointsto itself is aperfectlyacceptablsequencegln

fact,in currentVC1 timing tables,aline is alwaysfollowed by a pointerto itself. Thus,a line sequenceun containsonly one
line thatrepeatghe specifiednumberof times.]Anothersequencexampleis a sequencef two linesthatdefineevenvisible
and odd visible lines of the display Using the conceptof a sequenceallows the entire visible portion of the frameto be
describedwith oneentryin the frametable. The video timing tablefor a typical high resolutionnon-interlacednonitor will

probably be about 1500xds. For NTSC or RL the table will probably occypabout 300 wrds.
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(" VIDEO TIMING TABLE
. . FRAME TABLE
Video Entry Pointer
. Pointer to line sequence
1st Line Sequence Run ——
#of linesin run
Pointer to line sequence
2nd Line Sequence Run —— =
#of linesin run
|
|
ointer to line sequence
Last Line Sequence Run b — =
#of linesin run
dummy line sequence pointer
Endof FrameFlag 5 0x0000
LINE SEQUENCE TABLE
15 14 8 7 6
0| State Duration (SRUN) | 0| State Word A (SA)
STATE RUN
0| State Word B (SB) 1| State Word C (SC)
0 SRUN 1 SA __ STATERUN
0 SRUN 0 SA
] STATE RUN
Line 0 SB 1 SC
|
|
1 SRUN 1 SA __ STATERUN
POINTER TO NEXT LINE END OF LINE
0 SRUN 0 SA
STATE RUN
0 SB 1 SC
:
Line
1 SRUN 0 SA
STATE RUN
1 SB 1 SC
\ POINTER TO NEXT LINE END OF LINE
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The following table shais the assignment of video timing channels:

VIDEO TIMING CHANNELS

power-on| state . I
Name # | level state | A/B/C To: Description

TX_REQ_REX_N 18| L | A REX3 Transfer request for VRAM transfer cycle. To skip a line in the
frame (for interlaced modes) 2 transfer requests are executed.

SET_TSC_ REX N 10| L | B REX3 Vertical sync used to clear line counter.

VERT_INT_REX_N | O L | C REX3 Vertical interrupt.

VERT_STAT_GIO_N | 4 L | C GIlO Vertical status.

CBLANK_DAC_N 20| L | A RAMDAC | Composite blanking.

CSYNC_DAC N 19| L | A RAMDAC | Composite sync.

CSYNC_ARC_N 3 L | C monitor Composite sync for ARC-compatible monitor.

HSYNC_ARC_N 2 L | C monitor Horizontal Sync for ARC-compatible monitor.

VSYNC_ARC_N 1 L | C monitor Vertical Sync for ARC-compatible monitor.

SER_EN_RO_N 17| L | A RO1 Serial enable to enable clocking of VRAM data. There will be
3 copies of this signal driven from the VC2.

DSPLY EN_ RO N |16| L | A RO1 Display enable to enable RO1 to drive pixel data out. There
will be 3 copies of this signal driven from the VC2.

CBLANK_CMAP_N | 9 L | B CMAP Composite blanking - loads fifo into cmap look up tables.

EOF_AB_N 8 L | B AB1 End of frame. This signal is relevant only for high resolution
monitors. It is a don’t care for interlaced or stereo modes as
they are not supported by the AB1 video.

HBLANK_AB_N 7 L | C AB1 Horizontal blanking.

CBLANK_XMAP_N | 6 L | C XMAP Composite blanking.

spare 5 L | C Spare

VPOS_VC_N 13| L | B internal End of field/frame. Used to reset vertical line counter and to
position cursor vertically.

EOF_VC_N 12 L | B internal End of field/frame. Used to flush DID fifo.

HPOS_VC_N 15| L | A internal Horizontal position. Leading edge positions cursor horizon-
tally . Falling edge increments the vertical line counter and
triggers cursor eol processing. |

VIS_LN_VC_N 14| L | A internal Visible line - asserted during the active portion of the line/
frame. Used for DID generation.

ODDFIELD_VC_N 11| L | B internal Indicates odd field in interlaced mode. Used by stereo monitor

monitor | to indicate right/left frame.

I=inactive, A=actve.
SA =VT<20:14>
SB =VT<13:7>
SC = VT<6:0>

Video timing channelfunctions, as well as polarity are programmableThe above table indicatesthe presumedchannel
assignmentandpolaritiesfor the Newport/Guinessmplementationin othersystemsthis maychangeAll channelgpowerup
to the high state regardlessof programmingSincethe channelsareassumedo be active low, this meanshatthey will power
up in the inactive state.If a channelis re-definedasactive high, thenit will power-up in the active state.Note that while the
videotiming channeffor CBLANK_DAC _N powersup to the inactive state the blackout bit in the Display Control Register
defaults to “Blaclout” at paver-up which forces CBLANK _B.C_N to actie (screen blardd) at paver-up.
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If additional channels are needed, it may be possible to combine some of the above signals, such as SET_TSC_REX, EOF_AB
and/or EOF_VC.

3.4.2 Cursor Table

When the cursor glyph mode is used the data for the cursor glyph pattern is stored in a table in external memory as shown
below:

" CURSOR PATTERN TABLE for 32x32x2 glyph )

CURSOR ENTRY
F’OINTER_> 15 COLUMN 0
ROW 0 0 1 2 3 4 5 (6ZOZU N910 11 12 13 14 15
BITO 16 17 18 19 20 21 ZZC%:I%_L%A' ﬁS 26 27 28 29 30 31
ROW 1 0 1 2 3 4 1 (6ZOZU N910 11 12 13 14 15 m
BITO 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 E
| 7
| : g
COLUMN
ROW 31 01 2 3 45 6 7 910 11 12 13 14 15
BITO 17 18 19 20 21 22C21|%_&4 ﬁS 26 27 28 29 30 31
ROW 0 0 1 2 3 4 5 (6ZOZU N910 11 12 13 14 15
BIT1 16 17 18 19 20 21 ZZC%:I%_L%A' ﬁS 26 27 28 29 30 31
ROW 1 0 1 2 3 4 1 (6ZOZU N910 11 12 13 14 15 &
BIT1 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 E
Z
| T}
| / <
O
COLUMN
ROW 31 01 2 3 45 6 7 910 11 12 13 14 15
BIT 1 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
\Cursor pattern table must be located on a 128-word boundary. /
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CURSOR ENTHR

POINTER >

ROW 0

ROW 1

ROW 62

ROW 63

(" CURSOR RTTERN TABLE for 64x64x1 glyph

15 0
COLUMN

0 1 2 3 45 6 7 8 91011121314 15
COLUMN

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

32 33 34 35 36 37 38 UV”\l 42 43 44 45 46 47

aq-or 0

OLUMN
48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63
3

)
|9
22

LU
01 2 3 45 617 8 9101112131415
COM
16 17 18 19 20 21 2 24 25 26 27 28 29 30 31
C
32 33 34 35 36 37 3 9%041424344454647
O gM

48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63

C
0123458 91011 12 13 14 15

C
e
Z|

16 17 18 19 20 21 22 23 526 27 28 29 30 31

32 33 34 35 36 37 38C UV”\l 42 43 44 45 46 47

COLUMN
48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63

CULUNV
01 2 3 45 617 8 9101112131415

COLON
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

32 33 34 35 36 37 38 §)9 40 41 42 43 44 45 46 47

48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63

\Cursor pattern table must be located on a 2&@Wwoundary

256 ENTRIES

3.4.3 Display ID Table

The Display ID table consist of twparts, a frame table and a scanline sequence tablevas lsélow.

The DID frametable consistsof oneentry for eachscanlinein the frame,followed by an end of frameflag. Eachentryis a
pointerto the startof the correspondindine in the scanlinetable. The end of frameflag is an entry of all 1's (OxFFFF).A

scanlinesequenceonsistf oneor moretransitionrecords followed by anendof line flag. Each16 bit transitionrecordhas
a5 bit DID andan 11 bit horizontalcoordinatedenotingthe X locationat which the DID is active. Thefirst X locationin a
scanlinesequencenustbe 0. Theendof line flag is a transitionrecordwith the X-locationsetto 2047 (all 1's). Thereis no

relationship between the scanline sequences in meifiogy need not be contiguous.

A scanlinein the ScanlineTablemay exceedthe actualwidth of the monitor TheVC2 will stopgeneratindIDs (andreading
the DID table) when the scanlinelength (as indicatedby the ScanlineLength register) is exceededor the end of line is
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/DISPLAY ID TABLE )

FRAME TABLE

DID ENTRY POINTER __p. | POINTER TO 1ST LINE ENTR
POINTER 1O 2ND LINE ENTRY
POINTER 1O 3RD LINE ENTR/

POINTER 1O LAST LINE ENTRY
ENDOFFRAME____ OxFFFF

SCANLINE TABLE

15 5 4 0
X-LOCATION DID
X-LOCATION DID
LINE 1
| |
! |
END OF LINE Ox7FF
! |
| |
X-LOCATION DID
X-LOCATION DID
LINE 2
' I
END OF LINE Ox7FF

. J

detectedIn this way, the programmemay usethe sameDID tablefor differentresolutionmonitors,merelyby changing2
registers: the Scanline Length and the DID Entry Painter

If DID tableentriesare updatedwhile the VC2 is readingthemfrom memory it is possiblefor the hardwareto readinvalid
datafrom memoryandgenerateerroneoudID information.If this occurs,t will be correctedduringthenext verticalretrace
period by flushing the DID fifo.

VC2 Specification Rev. 2.0 May 17, 1993 page 22




SILICON GRAPHICS PROPRIETARY and CONFIDENTIAL

4.0 Architectural Description

DISPLAY CONTROL BUS

CRS DATA

v

ATE
VIDEO TIMING CHANNELS

INPUT REG

STATE

DCB I/F COUNTER

VIDEO TIMING GENERATION

to XMAP, REX3, RO1, DAC, etc.

»DID
(2-WIDE)
to XMAP

MASTER DATAPATH

NTO

DURATION
COUNTER

OCATI
COUNT
CONVERSION

DID GENERATION

REGISTER
FILE

» CURSOR
(2-WIDE)
to XMAP

CURSOR
REGISTERS
CURSOR
OUT REG

CURSOR GENERATION

MASTER
CONTROLLER

MEMORY
CONTROLLER

MEMORY| MEMORY| MEMORY|
ADDRESS DATA OUT DATA IN

4 v
TO EXTERNAL RAM

VC2 BLOCK DIAGRAM
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The VC2 contains 6 major blocks assian the block diagram:
*Display Control Bus Intedce
*Master Controller
*Master Datapath
*Video Timing Generation
*Display ID Generation

*Cursor Generation

Note: For readabilitythe block diagramandfollowing descriptionsncludetheinternalRamsaspartof the functionalblockin
which they areused.The actualVHDL for the chip will have a top level comprisedof 1/O buffers, 3 Ramsand one block
containing all other logic.

4.1 Clocks

The VC2 receiesa clock which is one half the pixel rate (PCLK/2). The maximumfrequeng for PCLK/2 is 70 MHz. The
entirechipwill runwith amultiple of PCLK/2. Thebaclendchip functions(videotiming, DID andcursorgenerationandthe
DCB interfacewill alwaysusePCLK/2. Therestof the chip (mastercontrollerandmasterdatapathWwill useonequarterthe
pixel rate (PCLK/4) for higherresolutionmonitors (where pixel clock rate >= 70 MHz) and PCLK/2 for lower resolution
monitors (where pil clock rate < 70 MHz).

The useof multiple clocksis doneto accomodateéhe wide variationin pixel clock rates.The highestpixel clock ratefor the
VC2 is 140 MHz (PCLK/2=70MHz/14ns)Although the baclendfunctionsmustrun at this rate, it is too fastfor the master
controlleranddatapathaswell astheinterfaceto ram. Thesefront endfunctionscannot run fasterthan35Mhz (28 ns). The
lowestresolutionmonitor (NTSC) hasa pixel clock rate of 12.27Mhz (PCLK/2=6.135MHz/162 ns). To run the front end
functions at PCLK/4 for this pét rate vould be &r too slev, so PCLK/2 will be used.

In orderto avoid clock skew associatedvith the muxing of clocks,all clocked elementsisePCLK/2. A clock enablesignalis
generatedvhich is equivalentto PCLK/4 in hi-resmodes.This is usedasa load enablefor every flipflop or registerwhich
needs to run at PCLK/4. Inderes modes the clock enable signal i8aals asserted.

4.2 Display Control BusInterface

The Display Control Bus (DCB) interfacehandsha&swith the DCB in orderfor the hostto reador write the externalRam
tablesand the internal statusand control registers.The VC2 synchronzieghe DCB commandstrobesignal (DCB_CS)to

PCLK/2 andthenrespondsith the acknavledgesignal.Whena DCB write occursthe DCB interfacewill hold thefirst byte

in atemporaryregister Whenthe secondbyte is written, the interfacewill asserta flag to the mastercontroller which then
writesthe 2 bytesof datato theappropriateegister SubsequerDCB accessew theVC2 will beheldoff, by notassertinghe

acknavledge signal, until the write has completed.When a DCB read occurs,the interface assertsa flag to the master
controllerwhich thenreadsthe addressedegister Thefirst byte is driven onto the DCB, while the secondbyteis heldin a

temporary rgister for the net DCB read.

4.3 Master Datapath and Controller

The main job of the mastercontrolleris to processequestdrom the otherblocksto reador write the externalRam. At the
heartof this is a 16x16 ram register file which containsmostof the VC2’s programmablaegistersas well asall address
pointersusedto accesghe externalRamtables.Whena block requesta memoryreador write, the mastercontrollerwill get
the appropriateaddresgointerfrom the registerfile, performthe memoryreador write, anddirectthe datato andfrom the
requiredregisters.The addresgointeris returnedto theregisterfile, andary otherrequiredfunctions(suchasdecrementing
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line counts)will be executedIn addition,duringthe vertical retraceperiodthe controllerperformssomenecessargetupand
cleanup functions.

4.4 Video Timing Generation

Videotiming generatiorcomprisesa 16x28fifo alongwith input andoutputregistersandcontrollogic. The 28 bits of datain
the fifo consistsof 21 video timing channelsand 7 bits of duration,indicatinghow mary PCLK/2 cyclesthe statewill be
appliedfor. Fifo depthis monitoredanda FIFO_NOT_FULL signalis drivento themastercontroller Whenerer thefifo is not
full, the mastercontrollertreatsthis asa requestor the next videotiming state.Due to pipeliningandlateng in the master
controller FIFO_NOT_FULL will bede-assertedhenthefifo depthreached2. Whenthe mastercontrollerhasreadthe next
video timing state from memarit is written into the fifo.

At the otherend,a videotiming stateis readfrom the fifo anddrivento pointsoutsideandwithin the chip for the numberof
cyclesspecifiedby the statedurationfield. An attemptto readfrom anemptyfifo is consideredan error conditionandshould
never happenduring normal operation.Shouldthis conditionoccur the VC2 shouldbe ableto recover andgenerateiming
once the fifo has been re-filled.

45 Cursor Generation

During the horizontalblanking period,the memorycontrollerwill load the cursorregisterswith all 32 pixels of cursor The
cursorgeneratiorlogic maintainsa countof pixelsin the X directionrelative to the startof horizontalblanking.Whenthe X

countermatcheghe X cursorlocation,the appropriate? pixels (or 1 pixel and0’s) will be selectedrom the cursorregisters
anddrivento the Xmap9chip eachcycle, until all 32 cursorpixels have beensent.If the cursoris not enabledor thereis no
cursoron the currentscanline then0’s will be driven on the cursorlines. If the crosshaircursormodeis selectedthenthe
crosshaircursordatawill be drivenonly whenthe X countermatcheghe X cursorlocation,or whenthe Vertical Line Count
matches the Y cursor location. Otherwise, alWill be driven on the cursor lines.

4.6 DID Generation

DID generatiorconsistof a 64x21fifo alongwith outputregistersandcontrollogic. Additionally, thereis a sub-blockwhich
convertsthe X locationof the DID from the Ramtableinto a countof the numberof cycleseachDID is to beapplied.The21
bits of fifo contains 2 DIBs (5 bits each) and a 11-bit duration field which specifiesrhary cycles to apply the DIDs.

The operationof the fifos and control logic is similar to the video timing generation.Fifo depthis monitored and a
FIFO_NOTI_FULL signalis drivento the mastercontroller Wheneer thefifo is notfull, thememaorycontrollertreatsthis asa
requestfor the next DID/X location.Due to pipelining andlateny in the mastercontroller FIFO_NOT_FULL will be de-
asserted when the fifo depth reaches 58.

During the visible portion of the screenDID’s arereadfrom the fifo (2 pixels wide) anddrivento the Xmap9 chip for the
numberof cyclesindicatedby the durationfield. An attemptto readfrom anemptyfifo is consideredan error condition. This

canhappenif therearetoo mary DID transitionsin a line. Shouldthis conditionoccug the VC2 shouldbe ableto recover
durring the net vertical retrace period.

5.0 Theory of Operation

This sectiongivesa descriptionof theinternaloperationof the VC2. To supplememnthis descriptionthereadershouldrefer
to the actual vhdl code which can be found in the fatig directory:

nexus./d/newport/asics/vc2/vhdl/tsrc
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The nameof therelevantblock for eachsubsections notedin braclets[ ]. Thevhdl is dividedinto 6 majorblocks(cur, dcb,
did, mac,mdp, vtg). Theseblocksare connectedogetherinto a higherlevel block called“vc”. The top chip level is “vc2”,
which containsthe top logic level (vc) the I/O drivers (io) andthe pseudgitag module(bstop).Modulesbelow the 6 major
blocks generally hae the follaving naming cowention:

majorblock_subblock.vhdl

5.1 Display Control BusInterface [dcDb]

A detailed block diagram for the Display Control Bus section isvahzelav:

4 )

DCB_DATA_IN(7:0) INDEX INDEX(4:0)
LD
CONFIG VC_RESET SLOW_CLOCK
LD
N E'L . WR_DATA_OUT
MUX i
LD
P 1 N
DCB_DATA_OUT(7:0)
MUX >
LO
_»
UX BYTE
RD_DATA_IN
LD
P
DCB_RW_N
\ DCB INTERFACE BLOCK DIAGRAM/

5.1.1 Synchronization

SincetheVC2 is runningasynchronouslyo the DCB, the commandstrobe(DCB_ CS)will besynchronizedeforebeingused
by ary logic.
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5.1.2 DCB Writes

When a DCB write occursto the Index register (CRS=0)or the configurationregister (CRS=2,Index=31), the specified
registeris loadedwith DCB dataandthe operationis complete Whena DCB write occursto thehigh byte of ary otherregister
(CRS=1)or of memorydata(CRS=3),the DCB datais savedin thetemporaryregisterHIBYTE. Whena DCB write occursto
the low byte of ary otherregister (CRS=2)or of memorydata(CRS=3),the DCB datais saved in the temporaryregister
LOBYTE. At thesametime, aflagis setto indicateto the mastercontrollerthata hostwrite requesis waiting to be processed.
Theassertiorof this flag will stallary future DCB writesto theVVC2 (by meansof the DCB_ACK signal)until clearedby the
master controlleAWhen a stall is not indicated, there will be an immediate adidge of the DCB write.

DCB WRITE EXAMPLE

pcekove | L LI LT L L L L
pce_patA (. —
DCB_RW_N

DCB_CS_N
synchronized CS_N

DCB_ACK

LD_EN_register T

HOST_WR_REQ

5.1.3 DCB Reads

Whenthe DCB readsfrom eitherthe Index register(CRS=0)or the configurationregister(CRS=1,2Index=31), the datawill
bedrivenontothe DCB databusfrom the specifiedregisterandtherequesacknavledged Whenthe DCB readsfrom the high
byteof ary otherregister(CRS=1)or of memorydata(CRS=3),aflagis setwhichindicatesto themastercontrollerthata host
readrequesis waiting to be processedlThe mastercontrollerwill processherequestindloadthereaddatainto theHIBYTE
andLOBYTE registers.Theloadenablefor theseregistersindicateshattherequeshasbeenprocessedlThe HIBYTE register
will bedrivenontothe DCB databus andthe requestwill be acknavledged.Whenthe DCB readsthe low byte of a register
(CRS=2)or of memorydata(CRS=3),the controllerassumeshattherequireddataremainsin the LOBYTE registerfrom the
previous HIBYTE read and will immediately ackntedge the request and diLOBYTE to the DCB dataus.
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DCB READ EXAMPLE

pckove | L L LT L L L L L L LY
4
DCB_DATA N )

DCB_RW_N XX

DCB_CS_N
synchronized CS_N

DCB_ACK

HOST RD_REQ

5.1.4 DCB Control [dcb_ctrl]
5.1.4.1 Write State Machine

The main control element for DCB writes is the state machinsrshelav:

DCB WRITE STATE MACHINE

DCB_WR_LDEN * (REGISTER LO BYTE + MEMOR LO BYTE)

— T

RESET

‘K_//

CLR_HOST_REQ

Eachbytewritten overthe DCB to the VC2 will fit oneof two situations1) It canbe handledentirelyby the DCB interfaceor
2) it requiresprocessindy the mastercontroller The operationsvhich requireprocessindy the mastercontrollerarewrites
to thelow byte of eithera register(otherthanindex or Configuration)or memorydata.Writesto the high byte of aregisteror
memory data, as well as writes to the kde Configuration rgisters require no processing by the master controller

The procedurefor a write begins with the synchronizatiorof DCB_CS.Whenthe synchronizedCS s detected DCB_ACK
will be assertedf the STALL conditionis notin effect, thatis, the temporaryregistersdo not containdatafrom a previous
write which hasnotyetbeenprocessedThewrite strobe(DCB_WR_LDEN)is assertedluringthefirst cycle of acknavledge,
andthe appropriateregisteris loaded.If this write requiresno processinghen the operationis complete.lf processings
required, the state machinecycles to the FULL statewhich assertsthe HOST _WR_REQflag, indicating to the master
controllerthatthe temporaryregistercontains2 bytesof write datawhich needso be written to eithera registeror memory
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The currentDCB write will be acknavledged,but ary subsequenivrites while in the FULL statewill be stalled.Whenthe
mastercontrollerfinishesprocessindghewrite, therequesis cleared(CLR_HOST_REQpndthe statemachinereturnsto the
RDY state.If the DCB write operationis for memorydata,a flag (WR_REQ_IS_MEM)will be setto indicatethis to the
master controllerAlso, the MD state machine (described bglwill be toggled.

The STALL condition,which inhibits the assertiorof DCB_ACK, will be assertedt the endof a DCB operationwhenthe
Write Stateis FULL, andwill be dessertedmmediatelywhenthe Write Stategoesto RDY. Thus,the FULL signalwill be
delayedby aflip-flop whichis loadedduringthefirst cycle whereSYNC_CSis deasserted5TALL usesthis delayedversion
of FULL sothatit doesnot affect the acknavledgefor the DCB operationwhich causedhe FULL state,but may affect the
acknavledge for subsequent DCB operations.

5.1.4.2 Read State Machine

The main control element for DCB reads is the state machimendbelowv:

DCB READ STATE MACHINE

RESET
—>
SYNC_CS *WR_RLY
(REGISTER HI BYTE
+ MEMORY HI BYTE)
NOT SYNC_CS

SYNC_CS * WR_RIY
(INDEX + CONFIG
+ REGISTER LO BYTE
+ MEMORY LO BYTE)

DATA
RDY

-

DCB_RD_LDEN

Eachbytereadoverthe DCB from the VC2 will fit oneof two situationsl) It canbehandledentirelyby the DCB interfaceor
2) it requiresprocessindyy the mastercontroller A readrequiresno processingdy the mastercontrollerif the dataall ready
exisits in aregisterin the DCB interface.Thisis is the casefor thelow byte of aregisteror memorydata,aswell asthe Index
or Configurationregisters.The operationswvhich requireprocessindyy the mastercontrollerarereadsfrom the high byte of
eitheraregister(otherthanindex or Configuration)or memorydata.Sincethehigh byteis readfirst, theword hasnotyetbeen
transfered into the holdinggister

The procedurdor areadbeginswith the synchronizatiorof DCB_CS.Whenthe synchronizedCSis detectecandprocessing
is required,the statemachinecyclesto REQ HOST RD which setsthe HOST_RD_RElag to the mastercontroller When
thedatahasbeenretreved,the mastercontrollerwill asserthereadstrobe DCB_RD_LDEN,which simultaneouslyoadsthe
holding registerwith the registeror memoryword, and sendsthe statemachineto DATA RDY. In the DATA RDY state,the
appropriatéoyte of datais drivento the DCB andacknavledgeis assertedWhenCSis deassertedhe statemachinereturnsto
IDLE. If the readoperationrequiresno processingthenthe statemachinegoesdirectly to DATA RDY, driving the dataand
assertingacknavledge.Sinceit is possiblefor areadoperationto occurbeforea previouswrite hascompletedthereadstate
machineremainsin IDLE if the write statemachineindicatesFULL. If the DCB write operationis for memorydata,a flag
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(RD_REQ_IS_MEM)will besetduringthefirst cycle of SYNC_CS,to indicatethis to the mastercontroller Also, the MD
state machine (described bs&)owill be toggled.

5.1.4.3 MD State Machine

The MD statemachinekeepstrack of whetherthe currentreador write to CRS3 referenceshe high or low byte of memory
data.

MD STATE MACHINE

(WRITE * DCB_WR_LDEN * CRS=3)
+ (READ * DATA_RDY * NOT SYNC_CS * RD_REQ_IS_MEM)

— T

RESET

\\—//

(WRITE * DCB_WR_LDEN * CRS=3)
+ (READ * DATA_RDY * NOT SYNC_CS * RD_REQ_IS_MEM)

Sincethe high byte andlow byte of memorydataareaccessethroughthe sameCRS,it is necessaryo keeptrack of which
bytethecurrent(or next) DBC operationwill referenceThisis donewith asinglestatemachinefor bothreadsandwrites.The
state machine toggles stateery time there is a DCB read or write to CRS 3.

5.1.4.4 Resets

From the hardare point of viey, there are 3 resets in the VC2.

*1le Theasynchronousesetcomesdirectly from theboard.It is usedfor only 2 things:to tristatebidirectionall/O drivers
during paver up and to generate the synchronous reset.

*2¢ Thesystemresetis a synchronizedrersionof the asynchronouseset.lt will resetthe entirechip (all statemachines
andary registerswhich needto comeup in a known state)eitherdirectly or indirectly (via the soft reset). The DCB
interface and the Display and Cursor ControjReer are reset by the system reset.

*3+ Thesoftresetis the programmatiagesetfrom the ConfigurationRegister Sinceit is resetby the systenresetit is ef-
fectively the OR of the programmaticand systemresetslt resetsaverythingwhich needsto be in a quiescenstate
whenthepixel clock frequeny is changedMost of thechip, with theexceptionof the DCB Interfaceandthe Display
and Cursor Control Ryster is reset by Soft Reset.

5.1.4.5 Clock Enable[dcb_clk]

Part of the VC2 will alwaysrun at the PCLK/2 rate. Part will run at either PCLK/2 or PCLK/4 dependingon the clock
frequeng. This is controlledby the clock enable(CLK_EN) signal. Whenthe Slow Clock bit in the configurationregisteris
set, clock enablewill alwaysbe assertecandthosepartsof the chip that usethe dual clocking schemewill run at PCLK/2.
Whenthe Slow Clock bit is not set,the clock enablewill be drivenby PCLK/4, thatis, clock enablewill be assertedvery
other gcle, and the parts of the chip which use the dual clocking schemefedfirefly run at PCLK/4.

The DCB interfacealwaysrunsat PCLK/2. Sincethe mastercontrollerusesthe dual clock, any signalsit sendsto the DCB
interface must be qualified by the clock enable, so thgtateasserted to the DCB interé only whenalid.
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The clock enablesignalis resetby the ENTEI pin for the sole purposeof having PCLK/4 clock enablecomeup in a known
stateThisallowsthechipto runin aknown phaseontester Thiswill alsobeusefulforNextgenwhichwill use2 VC2'swhich
must run in sync.
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5.2 Master Datapath [mdp]

A detailed block diagram of the Master Datapath is shown below.

/ MDATA_OUT(15:0) display and cursor MDATA_IN(15:0) \
control signals

T I l
CONTROL
MDATAOUT| REG MDATAIN

DCB_WR_DATA(15:0)

MDATA(15:0)

MUX
DIN
WR_ADDR(4:0)
—» WRADDR
16 x 16
REGISTER FILE
RD_ADDR(4:0) R
»| RD ADDR >
DOUT - MDP_DATA(15:0) R
MUX to other blocks
| Acc MUX +1 )g ACC(15:0)
¢ MADDR(15:0)
MADDR
MADDI%'14'O
\_ (14:0) MASTER DATAPATH BLOCK DIAGRAM /
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All programmefaccessibleegisters(exceptindex , Configurationand Display and CursorControl) residein a RegisterFile
which is implementedusinganinternaldual-portedRam. The mastercontrollerhandlesall readsandwritesto externalRam
usingtheseregistersandonecommondatapathWhenthe controllerrecevesa requestfrom VTG, Cursor DID or DCB) to
accessheRami,it retrievestheappropriatepointersandcounterdrom the RegisterFile, andusingthe otherregistersprovided
(Accumulator memoryaddressegisters,etc) it will procesghe requestupdatethe pointersandcountersandreturnthemto
the Raister File.

5.2.1 MADDR - Memory Address Register [mdp_maddr]

MADDR is a 16-bit registerwhich holdsthe memoryaddresdor ary accesgo the Ram.Theregistercanbe loadedfrom the
registerfile or incrementedy either1 or 2. Generallywhenthe controlleris accessing tablein Ram,the pointerwill be
loadedinto MADDR andwill beincrementedollowing every reador write. Thus,after processingMADDR will pointto the
next entry in the table and can then be written back into tigisRe File.

The SWIZZLE functionre-arrangeshe bits at the input andoutputof theincrementerWhenreadingthe cursorglyph pattern
table,it is necessaryo read4 locationsin memorywhich are not contiguous For a given row of the cursor the 4 words of
patterndataarelocatedat +0, +1, +40 and+41 relative to the runningcursortablepointer The simplestway for the hardware
to address these 4 locations is to use the incremeuritiethe bits swizzled so that the required addresses are generated:

INCREMENTER<15:0> <=> MADDR<15:7,5, 4, 3,2, 1,0, 6>

Thus, incrementing with the SWIZZLE function enabled produces theviolipaddresses (starting from 0):

00
40
01
41
02
42
03
43
04

A flag, MADDR_6to0_IS 0, is asserted when MADDR<6:0> = 0.

5.2.2 ACC - Accumulator [mdp_acc]

ACCis al6-bitgenerapurposeaccumulatoregister It canbeloadedfrom the Registerfile, clearedo all 0’s,incrementedy
either 1 or 2, or decrementedy 1. This registeris usedfor ary countingthat needsto be done during processingje,
decrementingor incrementingline counts. It is also usedfor comparefuntions. A flag, ACC_IS_0,is assertedwhen
ACC<15:0> =0.

5.2.3 MDATA - Memory Data Register [mdp_mdata]

MDATA consistof 2-16 bit registers, MDATAOUT andMDATAIN. MDATAOUT holdsdatato be written to the Sram.lt is
loadedwith DCB_WR_DATA, memorywrite datafrom the DCB interface. MDATAIN holdsdatawhich hasbeenreadfrom
the Sram.
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5.2.4 DCR - Display and Cursor Control Register [mdp_dcr]

The DCRis maintainedutsidetheregisterfile sinceit containscontrolbits which arefrequentlyusedby the mastercontroller
andotheblocks.lt is loadedwith DCB_WR_DATA, registerwrite datafrom the DCB inetrface. The DCRis clearedto all 0's
(everything disabled) by the system reset. It is nigicaéd by the soft reset.

5.2.5 Register File (RF) and Datapath Muxes (RFMUX and DM UX) [mdp_rfmux, mdp_dmux]

TheRggisterFile containsl6 16-bitregisters.Theaddresgor the RegisterFile is generatedy the MasterController Sinceit
is adualportRam,the RegisterFile canbewritten andreadsimultaneouslyalthoughnot at the samelocation. The datainput
to the register file can come from a datapathregister (MADDR, MDATAIN, ACC) or from the DCB Interface
(DCB_WR_DATA). The selection of the data source is sone via the RFMUX.

TheDMUX drivesthe MDP_DATA bus,which is the meandor transferingdatafrom the masterdatapatho the otherblocks.
The sourcefor MDP_DATA canbe either ACC, DCR or MDATAIN. This busis usedto write DID andVideo Timing State
into the fifos, to write cursor pattern data into the curggisters, and write memory orgister data to the DCB intexde.

5.3 Master Controller [mac]

Dueto the compleity of the MasterControllerstatemachines they arenot documentedn detail eitherherenorin the vhdl
code. Instead the reader should refer to the document “VC2 Master Controllerabtas? ih the file:

nexus:/d/nevport/asics/vc2/spec/statetable

The mastercontroller consistsof 5 statemachinesand a requestprioritizer. Togethey the statemachinesprovide control
signalsto the masterdatapath(ie, registerloads,incrementsmux selectsand registerfile addressesdswell asthe control
signals to thexdernal SRam (output enable and write strobe).

The Requestprioritizer takes all the signalswhich indicatea requestfor the mastercontrollerand outputsa requestvector
(REQ_VECT)indicatingthe highestpriority requestTherequestvectoris 10 bits wide. At ary giventime, only onebit will
be set - the bit which corresponds to the current highest priority request.

Eachof thefive statemachinesoperaten a differentsetof requestsOnly one statemachinewill operateat a time, on the
currenthighestpriority requestin additionto the requestvector, thereare 2 requessignalsfrom the MSM, DID_EOL_REQ
andVTEOL_REQ,which go directly to the DSM andthe VSM, respectiely, for endof line processingTheserequestawill
take priority over all other requests.

Most of the control signalsfrom the statemachinesare generatedn the cycle in which they are used.The corresponding
signalsfrom all the statemachinesare OR’ed togetherandthendriven to the datapath®r baclkendblocks. The registerfile
addresseandwrite signalsaregenerated. cycle earlyandthenOR’edandlatched.This is donein orderto meettheinternal
Ram timing.

5.3.1 Request Prioritizer [mac_req]

The Requestblock takes all the signalswhich indicate a requestfor the mastercontroller and outputsa requestvector
(REQ_VECT)indicatingthe highestpriority requestTherequestectoris 10 bits wide. At ary giventime, only onebit will
be set - the bit which corresponds to the current highest priority request. The requests, in prigriyeoaddolles:

VT1_REQ- Firstvideotiming requestThis occurswhenthe videotiming functionis first enabledn the DCR. This request
must be eplicitly cleared by the state machine after the request is processed.

VT_REQ- Videotiming requestThis requesibccurswhenerer the video timing functionis enabledandthe VTG fifo is not
full.
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CUR_EOF_REQ Cursorend of field request.This requestoccurswhen the timing channelVPOS_VCis assertedThe
requesiccursonly whenthevideotiming functionis enabledbut occurswhetheror not the cursorfunctionis enabledThe
request must bexplicitly cleared by the state machine after the request is processed.

CUR_EOL_REQ- Cursorend of line request.This requestoccurswhenthe timing channelHPOS_VCis deassertedThe
requesbccursonly whenthevideotiming functionis enabledbut occurswhetheror not the cursorfunctionis enabledThe
request must bexplicitly cleared by the state machine after the request is processed.

HOST_MEM_WR_REQ Hostmemorywrite requestThis requesbccurswhenthedcbinterfaceindicatesawrite to external
memory The request must bamicitly cleared by the state machine after the request is processed.

HOST_REG_WR_REQ Host register write request.This requestoccurswhen the dcb interface indicatesa write to a
datapath rgister The request must begicitly cleared by the state machine after the request is processed.

HOST_MEM_RD_REQ- Host memory read request.This requestoccurswhen the dcb interface indicatesa read from
external memoryThe request must bemicitly cleared by the state machine after the request is processed.

HOST_REG_RD_REQ Host register read request.This requestoccurswhen the dcb interface indicatesa read from a
datapath rgister The request must bemicitly cleared by the state machine after the request is processed.

DID1_REQ- Firstdid requestThis occurswhenthedid functionis first enabledn the DCR. This requesimustbe explicitly
cleared by the state machine after the request is processed.

DID_EOF_REQ- Did endof field request.This requestccurswhenthe timing channelEOF_VCis assertedThe request
must be gplicitly cleared by the state machine after the request is processed.

DID_REQ - Did request. This request occurs when¢he DID function is enabled and the DID fifo is not full.

5.3.2 Main Processing State Machine [mac_msm]

The Main ProcessingState machine(or MSM) handlesthe most time-critical operations.That is, thosewhich must be
executedwith aminimumof wastedstatesn orderto provide adequat@erformanceTherequestsvhichfall into this category
are those which involve filling the VTG or DID fifos and host memory write requests(VT_REQ, DID_REQ,
HOST_MEM_WR_REQ)Thesearetherequestshatmayoccurmary timeson duringa line on the screerandthushave the
most impact on performance.

5.3.3 Host Processing State Machine [mac_hsm]

TheHostProcessingtateMachine(HSM) handlesall hostrequestgexceptfor hostmemorywriteswhich arehandledby the
MSM. These request are HOST_MEM_RD_REQ, HOST_REG_RD_REQ and HOST_REG_WR_REQ.

5.3.4 Cursor Processing State Machine[mac_csm]|

The cursorprocessingtatemaching(CSM) handlesCUR_EOF REQNdCUR_EOL_REQThatis, cursorendof line and
endof field processingwhichincludeseverythinghaving to do with theY componenbf the cursor Specifically the CSMwill
clear and incrementthe vertical line countey comparethe currentY position with the programmedCursorY position to
indicateto the cursorgenerationlogic whenthe cursoris appearingon the currentline, and transfercursor patternsfrom
memory to the patterngesters in the Cursor Generation Block.

5.3.5 VT End of Line/ End of Run/ End of Field Processing State M achine [mac_vsm]

TheVT EOL/EOR/EOFprocessingtatemachingVSM) handlescertainspecialcasesnvolvedin managinghevideotiming
tables.It executesthe first video timing requestVT1 REQ)aswell asgenlock.It alsohandlesthe VT endof line request
which comesdirectly from the MSM. Basically the VSM manageshe pointersand countersso that wheneer the MSM
executes, the appropriategisters in the mgister file will alvays point to the né video timing state.
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5.3.6 DID End of Line/ End of Field Processing State Machine [mac_dsm]
The DID EOL/EOF processingstatemachine(DSM) handlescertainspecialcasesnvolved in managingthe Did tables.It
executeghefirst DID reques{DID1_REQ)aswell astheDID endof field reques{DID_EOF_REQ)It alsohandlegheDID

end of line requestwhich comesdirectly from the MSM. Basically the DSM manageghe pointersand countersso that
whenerer the MSM &ecutes, the appropriategisters in the mgister file will alvays point to the ne Did.

5.4 Video Timing Generation [vtg]

A detailed block diagram for theidéo Timing Generation section is skio belav:

/

~

SA SA
MDP_DaTA(15:0) | SRUN srUN
16X28 FIFO STATH VT
SA/SBISC
b EVEN = VT(20:0 STATHE VT(13:0)
READ | | . » — >
| WRITE DATA I
DATA
ODD VT_INT(20:0)
READ )
SB — STATE
sc |28 DATA SRUN(:0)| ONTR
\yriTE EVEN ODD
> READ READ ING
o ADDR  ADDR ADDR LD

WR ADDR RD ADDR RD ADDR
NTR CNTR CNTR
READ —¥ [0 FIFO_NOT_FULL
WRITE —p| DEPTH
k VIDEO TIMING GENERATION BLOCK DIAGRAM /

Themainelemenbf theVideo Timing Generations a 16x28triple-portramconfiguredasafifo, which holdsthevideotiming
statesas they are retreved from external ram. When the fifo is not full, as determinedby the depth counter the master
controllerreadsthe next videotiming statefrom externalramandwritesinto the stateinput registers(SA/SRJN/SB/SC).The
following cycle, the stateis written into the fifo andthe write addressounteris incrementedWhena stateis readfrom the
fifo, the 21 bits of timing channelsareloadedinto the Stateregisterandthe 7 bits of SRUN areloadedinto the statecounter
Eachsubsequentycle, the statecounteris decrementedWhenit reached), the next stateis readfrom the fifo andtheread
addressounteris incrementedFor timing purposesadditionalpipelineregistersareusedto drive the videotiming channels
out of the chip.

5.5 Cursor Generation [cur]
A detailed block diagram for the Cursor Generation section isrsbelav:

At the startof the Hblank period,if the cursoris presenibn the upcomingscanline the mastercontrollerwill readthe cursor
patternfor the row of 32 pixels andloadit into the cursorpatternregisters.The pixel counteris also clearedat the start of
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horizontal blanking and then incrementedevery clock. When the pixel counteris equalto the cursor X location, cursor
generatiorbggins. A 32to 1 mux selectghecorrectpixel in eachclock cycle. A subsequennuxwill selectO’'sif thecursoris
not presenton the currentline or not enabled.This mux handles? otherspecialcasesthefirst or last pixel whenthe cursor
starts on an odd-p&t boundaryand the crosshair cursor

5.6 DID Generation [did]

A detailed block diagram for the DID Generation section isvshoelawv:

The main elementof the DID Generationis a 64x21 triple-portram configuredas a fifo, which holdsthe DIDs asthey are
retrevedfrom externalram.Whenthefifo is notfull, asdeterminedy depthcounterthe mastercontrollerreadghenext DID
transitionrecordfrom externalramandwritesinto the CornversionBlock registers.In thefollowing cyclestheremaybe 1 or 2
writes to the fifo of the corvertedDID transitionrecord(DIDA/DIDB/Duration). The write addresscounteris incremented
accordingly WhenaDID recordis readfrom thefifo, the 10 bits of the DID pair areloadedinto a registerandthe 11 bits of
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Durationareloadedinto the durationcounter Eachsubsequentycle, the counteris decrementedihenit reache®, the next
DID recordis readfrom thefifo andthereadaddressounteiis incrementedFor timing purposesadditionalpipelineregisters
are used to dre the DID pairs from the chip.

5.6.1 X-Location to Count Conversion [did_corv]

EachDID transitionrecordin externalram containsa DID valueandan X pixel locationat which thatDID will be applied.
ThatDID will beapplieduntil the X pixel locationwhich is specifiedby the next transitionrecord.Beforethe DID transition
recordis enterednto the DID fifo, therecordmustbe corvertedto a pair of DIDs (to applyto the 2 consecutie pixels)anda
durationindicatingthe numberof cyclesto applythatpair. This pre-cotversionis requiredsothatthe DID pairscanbesentout
at the pixel clock/2 rate.

XLOCN andDIDN referto atransitionrecordsomavherein thescanline XLOCN+1 andDIDN+1 referto the next transition
record.Wheneachsubsequentransitionrecordin the scanlineis processedXLOCN+1 and DIDN+1 becomeXLOCN and
DIDN, respectiely andXLOCN+1 andDIDN+1 representhe new transitionrecord.DIDA is theleastsignificantDID in the
pixel pairandDIDB is the mostsignificant.The basicalgorithmis to subtractXLOCN from XLOCN+1 to obtainthe duration
value for DIDN, havever a deiation is required when either Xlocatioalue is an odd numheConsider the follwing cases:

*4¢ XLOCN and XLOCN+1 are both even. This is the simplestcase.The durationis the difference(XLOCN+1 -
XLOCN) divided by 2, and DIDN is used for both DAland DIDB.

*5¢ XLOCN is evenand XLOCN+1 is odd. In this casetwo fifo entrieswill be neededFor thefirst, the durationis the
difference(XLOCN+1 - XLOCN) divided by 2, truncatingthe remainderand DIDN is usedfor both DIDA and
DIDB. Theseconcentrywill have adurationof onewhereDIDA getsDIDN andDIDB getsDIDN+1. Sincethis en-
try hasactuallyincludedthefirst pixel specifiedby transitionrecordN+1, XLOCN+1 will beincrementedeforebe-
ing usedto processhenext transitionrecord.Thus,thenext time around the subtrahengnowv XLOCN) will beeven.
Thus it is not necessary to consider the case of XLOCN being odd.
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*6¢ XLOCN is equalto XLOCN+1 (andbothareeven). This casecanhapperonly if the previoustransitionrecordwas
case#2 andXLOCN andXLOCN+1 were1 pixel apart(beforethe case? incrementingoperation).n this situation,
the preious case #2 has all ready accounted for the él-dixration DID and no fifo entry is required.

The folloving example will illustrate this furthehe DID scanline table contains the fallng entries:

X-Location DID
0 didl From the start of the scanline, did1 is used for the first 4 pixels
4 did2 did2 is used for the next 3 pixels
7 did3 did3 is used for 1 pixel
8 did4 did4 is used for the remainder of the scanline
1280 XXX

This translates to the folldng fifo entries. (Remember that duration refers to the number elf @ock/2 gcles).

DIDA DIDB Duration

didl didl 2 Apply did1 for 4 pixels

did2 did2 1 Apply did2 for 2 pixels

did2 did3 1 Apply did2 for 1 pixel and did3 for 1 pixel
did4 did4 636 Apply did4 for 636 pixels

The comwersion procedure is as folls:

*le XLOCN=0andXLOCN+1=4.Both areevensothisis case#l. The duration= (XLOCN+1 - XLOCN)/2 = 2. Both
DIDA and DIDB get DIDN (did1).

*2¢ XLOCN=4 and XLOCN+1 = 7. XLOCN+1 is odd so this is case#2. The duration for the first fifo entry =
(XLOCN+1 - XLOCN)/2 = 1. Both DIDA andDIDB getDIDN(did2). The next entrywill have a durationof 1 with
DIDA = DIDN (did2) and DIDB = DIDN+1 (did3). XLOCN+1 is incremented to 8, for processing tkier@eord.

*3+ XLOCN=8 and XLOCN+1=8. Since these are equal, case #3 applies and no operation is performed.

*4e XLOCN=8andXLOCN+1=1280.Thisis thelastrecordfor thisline andis alsocase#1Theduration= (XLOCN+1 -
XLOCN)/2 = 636. Both DIA and DIDB get DIDN (did4)
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Theinputto the Conversionblock consistf 2 setsof pipelineregisters XLOCN andDIDN containthe X-LocationandDID
valuefor DID transitionrecord“N”; XLOCN+1 andDIDN+1 containthe X-LocationandDID for the next transitionrecord,
“N+1". The MasterControllerretrievesa DID transitionrecordfrom externalRamandthenwritesit into the XLOCN+1 and
DIDN+1 registers.Whentheseregistersareloaded their previous contentsarewritten into the XLOCN andDIDN registers.
The loadidng of the N+1 gésters triggers the cwarsion process.

Eachtransitionrecordtakes?2 cyclesto processandmayresultin 0, 1 or 2 entriesin thefifo, asdescribedabove. During the
first cycle after XLOCN+1 and DIDN+1 are loaded with a new record, a subtraction occurs (XLOCN+1(10:1) -
XLOCN(10:1)). Thedifferences loadedinto the DurationregisterandDIDN is loadedinto bothDIDA andDIDB registers A
fifo write is doneif the differenceis not zero.During the secondcycle, the Durationregisteris loadedwith 0x001.DIDA is
loaded with DIDN and DIDB is loaded with DIDN+1. A fifo write is done if XLOCN+1(0) =1.
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5.7 Summary of Video Timing Channels

Following is a summaryof internal Video Timing Channelsanda descriptionof how they areused.For the purposeof this
description referencego the visible portion of theline or framereferto the valid cursoranddid outputof the VC2. Timing
relatuonshipseferto the externalvideotiming channelsThe internalversionof thetiming channelis actually1 pclk/2 cycle
earlier

EOF_VC- Endof field/frame.Theassertiorof this signaltriggersDID endof field/frameprocessingandalsoflusheshe DID
fifo. EOF_VCshouldoptimally be assertedt the startof thefirst line of vertical blankingandremainassertedor the entire
line.

VPOS _VC- Cursor Vertical Position. The assertionof VPOS is usedto indicate the Y=0 position of the cursor which
inititatescursorendof field/frameprocessing@ndresetshe verticalline counter For non-interlacednodes VPOSis asserted
32 lines beforethefirst visible line of the frame.For interlacedformats,VPOSis asserted.7 or 16 lines, respectiely, before
the first visible line of thewen or odd field. OptimallywPOS should be asserted for the duration of the line.

HPOS_VC- Cursor Horizontal position. The assertionof HPOS s usedto indicatethe X=0 position of the cursor;the

deassertiofindicatesthe endof thevisible portion of theline for cursoroutput,which triggersendof line cursorprocessing.
HPOSwiIll beasserteanceperline startingin theline afterVPOS, throughthelastvisible line of theframe.In eachline, the

assertiorof HPOSmustprecedehefirst visible pixel cursorby 31 pixels (16 pclk/2 cycles)plus4 pclk/2 cyclesof pipedelay

(a total of 20 pclk/2 yxles). Optimally HPOS should be deasserted immediately after the last visible cursior pix

For example:for a1280x1024on-interlacednonitor, therewill be 1 blankedline in which VPOSis assertedfollowedby 31
blanked lines in which HPOS is asserted, foléal by 1024 acte lines in which HPOS is asserted.

ODDFIELD_VC - Odd field of an interlacedformat. ODDFIELD is usedby both cursorand DID processingn orderto
handleinterlacedformats.Must be valid for the upcomingfield eitherbeforeor coincidentwith the assertionof EOF and
VPOSandremainvalid for the entirefield. Optimally, ODDFIELD shouldbe assertedt the startof the first line of vertical
blankingwhich precedeshe oddfield,andremainassertedor the durationof theline. Note: ODDFIELD may have different
timing requirements when used with a stereo monitor to indicate righy/teft e

VIS_LN_VC - Visible Line. Visible line indicatesthe active portion of the frame. It is essentiallythe inverseof composite
blanking.VIS_LN is usedby the DID generatiorsectionsothatDIDs aredrivenonly duringthevisible portion of the frame.
VIS_LN will beassertednceperline in every line of the visible portionof theframe.Thereis 1 pclk/2 cycle delaybetween
VIS_LN andthe DID outputsof thechip. Thus,VIS_ LN mustbeasserted. pclk/2 cycle beforethefirst visible DID pixel and
deasserted 1 pclk/Zcle before the last visible DID pgk
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6.0 Summary of Functional Changesfrom VC1

Following are the changes from VCL1 to VC2 which affect the programmer’s interface:

.10

ExternalRamsize (for videotiming table,cursorpatternandDID’s) hasbeenincreasedo 64K bytes,organizedas
32Kx16.Dueto the 16 bit datapathall entriesin thetableswill be on 16-bit ratherthanbyte boundariesThus,there
will be a small modificationto the video timing tableto accommodat¢his. The changedoesnot affect the overall
method for programming the video timing. No changes are required for the cursor pattern table.

Host accessiblaegistershave differentaddresseandformat. All hostwritesto both control registersand external
Rammustbe written atomically by the hostasa 16-bit entity in big-endianmode.The VC2 assumeshatthe most
significantbyteis written first andsavesit in atemporaryregister Whenthe secondleastsignificant)byteis written,
both bytes will be written into the et r@yister (or &ternal Ram).

Special cursor mode has been eliminated. A 64x64x1 cursor glyph mode has been added.

Theline repeatountfrom in the DID frametablehasbeeneliminated All entriesin theDID frametablearenow line
entry pointers.The DID Scanlinetableusesan endof line flag ratherthana word count.DID generatiorwill auto-
matically stopat the endof the visible line, regardlessof the numberof entriesin the DID scanlinetable.The DID

frametablewill useanendof frameflagto indicatethe endof the frametable,ratherthana pointerto the endof the
table.

VideoTiming, DID andcursorgeneratiorrun at one-halfthe pixel clock rate,thusthevideotiming channelhave 2-
pixel resolution. The maximum clock rate is 70MHz which supports a 1280x1024 monitor at 76Hz.

Internal counters andgesters will accommodate a monitor width of 2046atéx

The Video Timing fifo depthhasbeenincreasedo 16. All 21 timing channelswill be availableexternalto the VC2,
although 4 channels (5 in interlaced mode) will be dedicated to internal use.

The DID fifo depthhasbeenincreasedo 64 (2-pixelswide). This will provide for a greatemumberof DID transi-
tions per line.

TheVideo Timing frametablewill useanendof frameflagto indicatethe endof theframetable,ratherthananentry
indicating the number of lines in the frame.

*10« The X andY locationsof thecursorwill berelative to apointwhichis 31 pixelsto thetop andleft of thevisible por-

tion of the screen, for all monitor formats.

7.0 Performance

Thetwo measuresf VC2 performancearethe numberof DID transitionsperline andthe updaterateof the DID table.These
numbersaredifficult to specifyaccuratelysincethey aredependenbn mary factors.Currently the VC2 is expectedio handle
atleast100 DID transitions(evenly spaced)per line, while the hostis updatingthe table. However, a worst casespacingof
DID transitionscould causethe actualnumberto be lower. Assuminga typical DID table size of 32K bytes,the VC2 can
updatethe DID table once per frame. To achieve this requiresabout60% of the Display Control Bus bandwidthin high
resolution modes and 100% of thesbandwidth in v resolution modes.
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