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FEATURES (cont.)

Video stream format conversion

Color space conversion

Supports up to eight simultaneous object

buffers

Programmable, triple-channel LUT RAM

Prescaling, zoom, and windowing

Graphic and bit-mapped stream support

Programmable sync slave or master

When used with the CL-PX2070 MediaDAC™

— Simultaneous video and graphics display

— Four simultaneous, overlapping (occluded) display
windows

— Zooms from 1x to 256x

— 1024 x 768 display at 85 MHz

OVERVIEW (cont.)

The CL-PX2070 extends the real-time video scal-
ing features of the CL-PX0070 VWG by combining
the Frame Buffer memory management, arithmetic
and logical processing, a programmable host sys-
tem bus interface, flexible mainstream video data-
path, and windowing control for multiple simuita-
neous video data streams.

The CL-PX2070 has four major functional units:
« HIU: Host Interface Unit

« VBU: Video Bus Unit

« VPU: Video Processing Unit

* RFU: Reference Frame Unit

CL-PX2070
Video Processor

HIU: Host interface Unit

The HIU interfaces the CL-PX2070 to the host sys-
tem. The unit supports high-speed DMA transfers
of graphic or video data between the host system
and the Frame Buffer through direct access to
FIFOs in the Video Processing Unit, and provides
access to the CL-PX2070 control registers.

VBU: Video Bus Unit

The VBU manages the flow of video and graphic
streams between the CL-PX2070 and up to three
independent devices (including the host system). It
also provides a data path between the CL-PX2070
and the host system for bidirectional graphic
strearas through the HIU.

The VBU provides two independent, real-time vid-
eo I/O ports, and contains two subunits — VIU and
VSU.

Video ports V1 and V2 have the following charac-

teristics:

« Each can be configured as input only, output
only, or pixel- or field-duplexed 1/O;

« Each provides programmable sync polarity;

» Either port can use the sync generator provid-
ed by the CL-PX2070;

» Each supports the following formats:
— 16-bit4:2:2 YCbCr, 12-bit 4:1:1 YCbCr, 16

bit RGB, 8-bit RGB (input),

— 16-bit YCbCr, 16-bit RGB, 8-bit RGB (out

put);
ISA Bus Interface MCA Bus Interface Local Hardware Interface
|
Interface CL-PX2070 interfaces with the host system interface bus. CL-PX2070 interfaces with the
processor bus.
Muitiplex CL-PX2070 signals support the required host system address/- | N/A
Support data impleading, and provide bidirectional buffering of the host
system data bus.
Address CL-PX2070 internally decodes the bus address during system /0 | The host system provides the
Decode - cycles. decoded chip select signal for
use with register select input
signals.
DMA DMA through /O port. N/A DMA through indexed port or
110 port.
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« V2 controls the video stream data flow be-
tween the CL-PX2070 and typical CODEC de-
vices.

The VIU (Video Interface Unit) controls the flow of
internal video streams through the video ports to
all external devices. It specifies: '

+ the source and direction of video stream and
sync control inputs;

« the Field-toggling Mode and field ID signals;

« the watchdog-timer feature.

The VSU (Video Sync Unit) implements identical,

independent reference signals for each video port:

« Vertical sync specifies the beginning of a field
or frame.

« Horizontal sync specifies the beginning of a
line.

« Horizontal/composite blanking specifies the
horizontal/ composite blanking interval.

Each video port independently controls sync polar-
ity for each of these signals. Two VIU master con-
trol registers provide matching fields that specify
input and output sync modes. FIFO-D can send to,
and FIFO-F can receive from, the HIU directly.

VPU: Video Processing Unit

The VPU provides field-oriented video processing.
It can simuitaneously process two external, bidi-
rectional real-time video streams and a single ex-
ternal, bidirectional host video or graphic data
stream.

As shown in the functional block diagram on the
cover, the VPU has five subunits: tHe IPU1, IPU2,
OPU, ALU, and SIU.

The IPU1 (Input Processor Unit 1) prepares an in-
put video stream for ALU processing and/or stor-
age in the Frame Buffer, then outputs the prepared
stream to the Frame Buffer Data Bus. Its video pro-
cessing features include:

« YCbCr and RGB input stream format conver-
sion,

« color space conversion,

« programmable data tagging,

« three-channel lookup table operations,

< horizontal prescaling,

+ window clipping,

* horizontal and vertical scaling, and
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* output stream format conversion.

The IPU2 (Input Processor Unit 2) provides pres-
caling and windowing.

The OPU (Output Processing Unit) provides zoom,
window-clipping, and output-format functions.

The ALU (Arithmetic Logic Unit), shown below,
performs logical and tagging operations for RGB
and 8-bit pseudo-color streams. The ALU also per-
forms arithmetic, logical, and tagging operations
for YCbCr streams. Its registers control stream for-
mat, operand source selection, tagging operation
selection, and arithmetic or logical operation for
both field times. The ALU can process up to three
simultaneous video streams input through its
FIFOs.

The SIU (Sequencer Instruction Unit) is a special-
purpose microcontroller that coordinates the flow
of multiple, simultaneous data streams between
the IPU1, IPU2, OPU, ALU, and OBU.

The SIU is field-based when processing inter-
laced-video data, distinguishing between the vert-
cal sync pulses for each field and executing one of
two different instruction sequences. The manner in
which it executes these instructions causes muilti-
ple stream flows to appear concurrent.

RFU: Reference Frame Unit

The RFU provides simultaneous access to eight
object buffers and four display windows. It has
three subunits — OBU, DWU, and MMU.

The OBU (Object Buffer Unit) allows each object
buffer to be locked to either video source, or to be
programmed to operate independently. Object
buffers may also be placed anywhere within the
linearly-addressable Frame Buffer. OBU Registers
specify the size, location, operating mode, X and v
raster directions, FIFO association, chrominance
and luminance channel masking, and output gec:
mation for each object buffer.

The DWU (Display Window Unit) allows each dis
play window to be any size or location. When used
with the CL-PX2080, display windows can overlap

The MMU (Memory Management Unit) provides
the Frame Buffer control interface for up to 8
Mbytes of DRAM or VRAM.
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CONVENTIONS, ABBREVIATIONS, AND TRADEMARKS
CONVENTIONS

Conventions used in this document are described in the following example:

VIU_DPCf Register names that contain lower-case variables represent groups of registers with similar func-
tions. For example, VIU_DPCf represents both of the Datapath Contol registers — register VIU_D-
PC1 (Datapath Control Field 1) and register VIU_DPC2 (Datapath Control Field 2). Table 4-1 on
e page 84 defines all variables used in this manner.

ll

ABBREVIATIONS, ACRONYMS, and MNEMONICS

Abbreviations, acronyms, and mnemonics used in this document are described in the following table:

ALU Arithm;tic and Logic Unit-—-
CODEC Code/Decode or Compress/decompress
CPU Central Processing Unit

CRT Cathode Ray Tube

CTAG Control Tag Multiplexer signal

DMA Direct Memory Access

DRAM Dynamic Random Access Memory
DWU Display Window Unit

FBD Frame Buffer Data

FIFO First In First Out

ISA Industry Standard Architecture

1710 input / Output

LSA Linear Start Address

JPEG Joint Pﬁotographic Expert Group
LSB Least Significant Byte

LSb Least Significant bit

LUT Look-Up Table

MCA Micro Channel Architecture

MMU Memory Management Unit

MSB Most Significant Byte

10 B e e October 1992
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MSb Most Signiﬁcant-mt

OPU Output Processor Unit

OTAG Output Tag Multiplexer signal

1PU1 Input Processor Unit 1

IPU2 Input Processor Unit 2

PQFP Plastic Quad Flat Pack

PSE PreScaler Enable

RGB Red, Green, Blue

RAM Random Access Memory .

RFU Reference Frame Unit

SiM Sequencer Instruction Memory

Siu Sequencer Instruction Unit

VPU Video Processor Unit

VRAM Video Dynamic Random Access Memory

YCbCr Components of the CCIR601 color representation standard. Luminance, Y-blue, Y-red (color dif-

ference values)

TRADEMARKS

Trademarks used in this document are described in the following table:

MediaDAC™ is a trademark of Pixel Semiconductor, Inc.

October 1992 L 11
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1. PIN INFORMATION

The CL—PX207O is available in a 160-lead Plastic Quad Flat Pack (PQFP) surface-mount package. It can
be configured for ISA, MCA, and local hardware interface configurations, as shown in Figure 1-1, Figure
1-2, and Figure 1-3.

NOTE: (*) denotes active-low signals.

1.1 Pin Diagrams

V1IVS & 1 120 FBD14
VICLK —x 2 19 FBD1S
V2015 3 118 FB8D16
V2D14 > 4 17 FBD17
Va2D13 & 5 118 FBD18
V2D12 > 6 115 FBD19
V2011 7 114 FBD20
V2D10 & 8 113 FBD21

VD9 ] 12 FBO22

Va2D8 10 m 8023

V2D7 & 1 110 FBD2¢4

VeDe f§ 12 109 FBD25

VSS — 13 108 vssS

VaDs «f 14 107 FBD26

Va2D4 15 108 FB80D27

v203 16 105 FBD28

vVsSS —§ 17 104 p— VSS
vbDD — 18 103 }— VDD
vaD2 o 19 C - PX O 0 102 s FaD29

VeD1 & 20 L 2 7 101 je FBD3O

voD — 21 H 100 }— VDD
voo e 2 160-Pin PQFP 9 I FaD
V2IEN* «~ 23 98 |- FBAS

V2PH —f 24 97 } FBAS

vVaBL &3¢ 25 96 |- FBA7

V2HS <> 26 85 | FBAS

Vavs &« 27 94 §- FBAS

vsSs —§ 28 83 — VSS
V2CLK —§ 29 92 - FBAM
STALL® «§ 30 91 }- FBA3
STALLRQ* —f 31 90 } FBA2
AEN —f 32 89 §— FBA1
NC —f 33 88 }—- FBAD
AUXCS* —f 34 87 |- RAS*1
IOR* 35 86 - RAS‘0
oW —4 36 85 |- CAS*1
DMACK® —f 37 84 }— CAS‘0
DMARQ* «] 38 83 > WE*
016* — 39 82 }— DTE*
CHRDY «§ 40 81 k— FRDY
VRIS eN 98BI 885B28CYBIBECBBRINRTIeRRRS
TTITVT I 3330333 0 33333 T T T IIT13333d
X L5088y 2B BN8 8388588822855 50789%85
5822288225585353333353%85588 5gRR 00 RRRA
Figure 1-1. Pin Diagram — ISA Bus Interface
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24E08,5883885880550855850835858885522
5553358335553 33353355833 20 PRopRRRRLeRRRRR
BBBCRRIBACRIITIIITISIRRCREINNSRRANREINNS
vivs 1 120 FBD14
VICLK 2 18 FBD1S
va2D15s 3 118 FBD16
vaD14 4 117 FBD17
V2013 5 116 FBD18
v2D12 6 15 } FBO19
V2011 7 114 FBD20
va2010 8 n3 FB8D21
V209 ° 112 o FBO22
v208 10 111 o FBO23
vap7 1 110 | FaD2¢
) 12 109 > FBD25
VvssS 13 108 }— VSS
V205 14 107 } FBD26
va2D4 16 106 je—> FBD27
vams 16 105 ko FBD28
vss 17 104 }— vss
VDD 18 103 }— VDD
V202 19 102 | FBD29
V201 20 CL"PX2070 101} FBD30
vDO 21 H 100 }— VDD
V200 2 160-Pin PQFP 99 | FBD31
V2IEN® 23 98 |- FBAg
V2PH 24 97 |- FBAS
vaBL 25 %6 | rBA?
V2HS 26 95 §— FBA6
vavs 27 94 }— FBAS
vss 28 93 |— vss
V2CLK 29 92 }— FBA4
STALL® 30 91 - FBA3
STALLRQ® 2 % |- rea2
wiIo* 32 89 |- FBA1
ADL* 33 88 }— FBAO
CARDEN 34 87 > RAS‘1
st 5 86 | RASO
80* 36 85 }— CAS‘1
CDSETUP* 3 84 | caso
COSFDBK* 38 83 |- WE*
cooS16° 39 82 |- DTE
CDCHRDY 40 81 j— FRDY
YOI N VBB BGRABSYBICEEBERINRRRRRRRS
TTITLTTTT3333333 333333 T TSI I I T eI TITITT
AL Ez0R 2222 - 288 8838850808828 5550L88585388
5@335&>3993gg§§9§§§9§9>9§ggo§3g§§>§§~ﬂ~~
3
" Figure 1-2. Pin Diagram — MCA Bus Interface
OCtOber 1992 L ... ] 1 3
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2 OrN®M - 0 [ )
%s&éaomassaaasassassg sagaggggg“gmgga’éé
$22559882255552553555208350R800200882 £888
1Ti13112
BERER83Y

VivVs *1
VICLK 2
V2015 3
vaD14 4
V2013 5
vaD12 6
V2011 7
vaD1o 8
veD9 9
vepe 10
- VD7 1"
vaDe 12
VSS 13
veDs 14
veD4 15
va2Dp3 16
VSss 17
\"[s 0] 18 103 }— VDO
v2D2 18 CL_PX2070 102 fes FBD20
VaD1 20 101 }> FBD30
VOO 21 H 100 }— VOO
vaDe o 160-Pin PQFP podl A
V2IEN* 23 88 |- FBA9
V2PH 24 97 |- FBAS
VaBL 25 96 |- FBA7
V2HS 26 95 |- FBAS
vavs 27 84 - FBAS
vss 28 9 |— vss
V2CLK 29 92 | FBA4
STALL® 30 81 |} FBA3
STALLRQ* 31 90 }— FBA2
cs* 32 89 > FBA1
RS2 —f 33 88 }— FBAO
RS3 & 34 87 |- RAS*1
IOR* —f 35 88 | RAS‘O
IoOW* —f 36 85 | CAS*1
OMACK* —f 37 84 | CAS‘0
DMARQ* «{ 38 83 |- we*
. NC— 39 82 }— DTE*
CHRDY* « 40 81 j— FRDY
AR R R P R R R R R AR X T X
T T T4l 1300 a0ttt T T IT I T T TTTTI?
- NDTON~O ~ - o r ox b
A R L L L F FEEE I SRR
& w auns 8 8 @
@ S d
Figure 1-3. Pin Diagram — Local Hardware Interface
. ]
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1.2 Pin Assignment Table
The following conventions are used in the pin assignment table:
* = active-low signal
| =input
O = output
/O = input/output
PWR = power
TTL = the pad has standard TTL input threshold and output levels
OD = open drain, TTL inputs
4 = 4-mA sink and 2-mA source drive capability
24 = 24-mA sink and 8-mA source drive capability

N/A = not applicable
NAME PIN TYPE CELL FUNCTION
PROCESSOR INTERFACE — ISA BUS MODE
SAD[15:0] 48:62, 65 e} TTL, 4 Address/Data Bus
DEN* 44 oD TTL, 8 Data Buffer Enable
DDIR 43 oD TTL, 8 Data Buffer Direction
IOR* 35 | TTL /0 Read
ow* 36 | TTL 110 Write
AEN 32 | TTL Address Enable
DMARQ 38 o) TTL, 4 DMA Request
DMACK®* 37 | TTL DMA Acknowledge
IRQ 45 (0] TTL, 4 Interrupt Request
CHRDY 40 oD TTL, 24 Channel Ready
1016* 39 oD TTL, 24 16-bit VO Cycle
BCLK 41 | TTL Bus Clock
RESET 42 ! TTL Reset
NC 33 N/A N/A No Connect (must be left floating)
AUXCS* 34 . TTL Auxiliary Chip Select ‘
PROCESSOR INTERFACE — MCA BUS MODE
AD[15:0] 48:62, 65 e} TTL, 4 Address/Data Bus
DEN* 44 oD TTL, 8 Data Buffer Enable
DDIR 43 oD TTL, 8 Data Buffer Direction
S1* 3B - 1 TTL Status 1
So* 36 | TTL Status 0
CARDEN - 34 | TTL Card Enable
M/10* 32 | TTL Memory or /O Cycle
CDSFDBK* 38 o] TTL, 4 Card Select Feedback
CDSETUP* 37 1 TTL Card Setup
IRQ* 45 0 TTL, 4 Interrupt Request
CDCHRDY 40 oD TTL, 24 Channel Ready
CDDS16* 39 oD TTL, 24 Card Data Size
CMD* 41 | TTL Command
CDRESET 42 | TTL Reset
ADL* 33 I TTL Address Latch
October 1992 L .} 15
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NAME PIN TYPE

CELL

CL-PX2070
Video Processor

FUNCTION (cont.)

PROCESSOR INTERFACE — LOCAL HARDWARE INTERFACE MODE

D[15:0] 48:62, 65 o TTL, 4 Data Bus

RS[3:1] 34:33, 44 | TTL Register Select

BLAST" 43 0 TTL, 4 Burst Last

IOR* 35 l TTL /0 Read Cycle

1ow* 36 | TTL 1/0 Write Cycle

cs* 32 | TTL Chip Select

DMARQ* 38 (e} TTL, 4 DMA Request

DMACK* 37 | TTL DMA Acknowledge

IRQ* 45 0] TTL, 4 Interrupt Request

CHRDY"* 40 oD TTL, 24 Channel Ready

PCLK 41 l TTL Processor Clock

RESET 42 | TTL Reset

NC 39 N/A N/A No Connect (must be left fioating)

GRAPHICS OVERLAY INTERFACE

GPCLK 69 1 TTL Pixel Clock

GVS 67 | TTL Vertical Sync

GHS 66 | TTL Horizontal Sync

GBL 68 ‘ | TTL Blanking

VIDEO PORT 1 INTERFACE

Vi1CLK 2 | TTL Video Data Clock

V1D[15:0] 137:138, e} TTL, 4 Video Data Bus
141:153, 156

ViVvs 1 e} TTL, 4 Vertical Sync

V1HS 160 110 TTL, 4 Horizontal Sync

ViBL 159 10 TTL, 4 Horizontal/Composite Blanking

V1PH 158 | TTL Phase

V1IEN®* 157 o] TTL, 4 Input Enable

VIDEO PORT 2 INTERFACE

V2CLK 29 | TTL Video Data Clock

V2D[15:0] 3:12, 14:16, 110 TTL, 4 Video Data Bus
19:20, 22

Vavs 27 1e} TTL, 4 Vertical Sync

V2HS 26 - 0 TTL, 4 Horizontal Sync

V2BL 25 I10 TTL, 4 Horizontal/Composite Blanking

V2PH 24 | TTL Phase

V2IEN* 23 (0] TTL, 4 Input Enable

STALLRQ* 31 | TTL Stall Request

STALL* 30 0 TTL, 4 Stall
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NAME PIN TYPE CELL FUNCTION (cont.)
FRAME BUFFER INTERFACE
FBD[31:0] 99, 101:102, /O TTL, 4 Data Bus
105:107,
109:125,
128:136
FBA[9:0] 98:94,9288 O TTL, 8 Address Bus
RAS[1:0]* 87:86 o) TTL, 8 Row Address Strobes
CAS[1:0]* 85:84 0] TTL, 8 Column Address Strobes
WE* 83 0] TTL, 12 Write Enable
DTE* 82 o] TTL, 12 Data Transfer Enable
FRDY 81 | TTL FIFO Ready
2C[3:0] 80:77 (0] TTL, 4 Zoom Control Bus
SBCLK 76 0] TTL, 8 Serial Bus Clock
SOE(1:0]* 73:72 0] TTL, 8 VRAM Serial Port Output Enable
MCLK YA | TTL Memory Clock
FCLK 70 0] TTL, 8 FIFO Write Clock
POWER
VDD 18, 21, 46, 64, PWR N/A +5 VDC for Digital Logic and Interface Buffers
75, 100, 103,
126, 140, 155
VSS 13,17, 28,47, PWR N/A Ground for Digital Logic and Interface Buffers
63, 74, 93, ‘
104, 108, 127,
139, 154
October 1992 L . ..} 17
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2. DETAILED SIGNAL DESCRIPTIONS

2.1 Processor Interface — ISA Bus Mode

Signal Pin Type Cell Function
SAD[15:0] 48:62, /O TTL,4  Address/Data Bus: Bidirectional, multiplexed address/data bus
65 that transfers video data between the host system and the
CL-PX2070.
DEN* 44 oD TTL, 8 Data Buffer Enable: When pulled low, enables the host data bus
buffer.
DDIR 43 oD TTL, 8 Data Buffer Direction: Specifies the direction of data flow. When

high, the host system is writing data to SAD[15:0]; when low, the
host system is reading data from SAD[15:0].

IOR* 35 | TTL 1/0 Read: Specifies an I/O read cycle.

10W* 36 | TTL I/0 Write: Specifies an /O write cycle.

AEN 32 | TTL Address Enable: Specifies that a DMA cycle is in progress.

DMARQ 38 o TTL, 4 DMA Request: Specifies that the CL-PX2070 is requesting a DMA
transfer.

DMACK"* 37 | TTL DMA Acknowledge: Specifies that the host system is ready to

' perform a DMA transfer.

IRQ 45 o] TTL,4 Interrupt Request: Specifies that the CL-PX2070 is requesting
service from the host system.

CHRDY 40 oD TTL, 24 Channel Ready: When pulled low, specifies that the CL-PX2070
is not ready to complete the current host access cycle. The
CL-PX2070 releases CHRDY to indicate that the current host ac-
cess cycle should be completed.

1016* 39 oD TTL, 24 16-bit I/0 Cycle: Specifies that the CL-PX2070 is able to respond
as a 16-bit VO data device for both read and write cycles.

BCLK 41 | TTL Bus Clock: Clock input used to synchronize access between the
host system and the CL-PX2070.

RESET 42 | TTL Reset: Causes the CL-PX2070 to cease all activity and perform a
hardware reset.

NC 33 ) N/A N/A No Connect: (must be left floating).

AUXCS* 34 TTL Auxiliary Chip Select: When programmed for AuxISA Mode, pri-

\ mary and secondary addresses are ignored: AUXCS* and
_ SADJ3:1] select specific registers.
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2.2 Processor Interface — MCA Bus Mode

Signal " Pin Type Cell  Function
AD[15:0] 48:62, VO TTL,4 Address/Data Bus: Bidirectional, multiplexed address/data bus
65 that transfers video data between the host system and the
CL-PX2070.
DEN* 44 oD TTL,8 Data Buffer Enable: When pulled low, enables the host data bus
buffer.
DDIR 43 oD TTL,8 Data Buffer Direction: Specifies the direction of data flow. When

high, the host system is writing data to SAD{15:0]; when low, the
host system is reading data from SAD[15:0].

Status 1: Used with M/10* and S0* to specify the current bus cycle
(see table under MAO*).

S1* 35 |

So* 36 | Status 0: Used with M/10* and S1* to specify the current bus cycle

(see table under MAO*).
Card Enable: Specifies that the data on bus AD[15:8] is valid.

Memory or I/0 Cycle: Used with S1* and S0* to specify the cur-
rent bus cycle:
wio* so*  St1*

CARDEN 34 |
Mno* 32 |

413 3|

Reserved

VO Write

VO Read
Inactive
Reserved
Memory Write
Memory Read
Inactive

CDSFDBK* 38 o] TTL, 4 Card Select Feedback: Specifies that the CL-PX2070 has decod-
' ed the current address and status inputs. The CL-PX2070 does not
drive CDSFDBK"* low during the confnguratlon period (CDSETUP*

low).

CDSETUP* 37 = | TTL Card Setup: Specifies that the host system is accessing the con-
figuration (POS-programmable option select) registers of the MCA
adapter. (The adapter ID and configuration data is obtained by per-
forming an I/O read cycle to the CL-PX2070. it contains POS 100,
101, and 102.)

IRQ"* 45 0] TTL,4 Interrupt Request: Specifies that the CL-PX2070 is requestmg
service from the host system.

4 aaas0000
~ 2002200
—_- O A O A=

CDCHRDY 40 oD TTL, 24 Channel Ready: When pulled low, specifies that the CL-PX2070
is not ready to complete the current host access cycle. The
CL-PX2070 releases CDCHRDY to indicate that the current host
access cycle should be completed.

— - 19
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Signal Pin Type Cell Function (cont.)
CcDDs16* 39 oD TTL, 24 Card Data Size: Specifies that the CL-PX2070 is able to respond
as a 16-bit VO data device for both read and write cycles.
CMD* 41 | TTL Command: Specifies that valid data is on bus AD[15:0] during a

write cycle, and that the CL-PX2070 should place valid data on the
bus during a read cycle. '

CDRESET 42 i TTL Reset: Causes the CL-PX2070 to cease all activity and perform a

hardware reset.
ADL* 33 | TTL Address Latch: Used to demultiplex the address from bus

AD[15:0], and status from signals M/IO*, S1°, and S0*. The ad-
dress and status must be valid during the LOW-to-HIGH transition.

2.3 Processor Interface — Local Hardware Interface Mode

Signal Pin Type Cell Function
D[15:0] 48:62, /O TTL, 4 Data Bus: Bidirectional data bus that transfers video data between
65 the host system and the CL-PX2070.
RS([3:1] 34:33, | TTL Register Select: Specify the register address during a host ac-
44 cess.
BLAST* 43 0] TTL,4 Burst Last: Specifies the last cycle of a DMA transfer.
IOR* 35 | TTL 1/0 Read Cycle: Specifies an /O read cycle.
Iow* 36 I CTTL I/0 Write Cycle: Specifies an I/0 write cycle.
cs* 32 [ TTL Chip Select: Specifies that the host system is accessing the
CL-PX2070.
DMARQ* 38 0] TTL,4 DMA Request: Specifies that the CL-PX2070 is requesting a DMA
- transfer. ,
DMACK* 37 | TTL DMA Acknowledge: Specifies that the host system is ready to
- perform a DMA transfer.
IRQ* 45 (0] TTL, 4 Intérrupt Request: Specifies that the CL-PX2070 is requesting
service from the host system.
CHRDY* 40 oD TTL, 24 Channel Ready: When asserted, indicates that the CL-PX2070 is

not ready to complete the current host access cycle. The
CL-PX2070 releases CHRDY to indicate that the current host ac-
cess cycle should be completed.

PCLK 41 I TTL Processor Clock: This input clock is used to synchronize the flow
of data on bus D[15:0] during DMA data transfers.
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Signal Pin Type Cell Function (cont.)

RESET 42 I TTL Reset: This active-high input signal causes the CL-PX2070 to

cease all activity and perform a hardware reset.

NC 39 N/A NA No Connect: (must be left floating)

2.4 Graphics Overlay Interface

Signal Pin Type Cell Function

GPCLK 69 | TTL Pixel Clock: Clocks display output pixel data from the graphics
controller.

GVS 67 1 TTL Vertical Sync: Identifies the start of the vertical sync interval. A

vertical sync pulse is generated once every field time for interlaced
data, and once every frame time for non-interlaced data. Its polarity
can be specified as either active-high or active-low.

GHS 66 | TTL Horizontal Sync: Identifies the start of the horizontal sync interval.
A horizontal sync pulse is generated once for each input line. Its
polarity can be specified as either active-high or active-low.

GBL 68 | TTL Blanking: Identifies the blanking interval. Its polarity can be spec-
ified as either active-high or active-low.

2.5 Video Port 1 Interface

Signal Pin Type Cell Function
ViCLK 2 | TTL Video Data Clock: Clocks bidirectional video data on bus
V1D[15:0]. :
V1D[15:0] 156, vo TTL, 4 . Video Data Bus: Bidirectional data bus that transfers video data
153:141, between the CL-PX2070 and an external device.
138:137 ‘
Vivs 1 vo TTL,4 Vertical Sync: Identifies the start of the vertical sync interval. A

vertical sync pulse is generated once every field time for interlaced
data, and once every frame time for non-interlaced data. It can be
specified as active-high or active-low.

V1HS 160 o TTL,4 Horizontal Sync: Identifies the start of the horizontal sync interval.
: It can be specified as either active-high or active-low.

V1BL 159 VO TTL,4 Horizontal/Composite Blanking: Identifies the blanking interval.
It can be specified as active-high or active-low. ’
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Signal Pin Type Cell Function (cont.)
ViPH 158 . TTL, 4 Phase: Controls data qualification and duplexing of video data on
bus V1D[15:0].
V1IEN® 157 (@) TTL, 4 Input Enable: Specifies that the CL-PX2070 is not driving bus

V1D{15:0]. V1IEN® can be used as a tristate control by an external
buffer connected to bus V1D[15:0].

2.6 Video Port 2 Interface

Signal Pin Type Cell Function
V2CLK 29 | TTL Video Data Clock: Clocks bidirectional video data on bus
V2D[15:0].

VaD[15:0] 3:12, 7o) TTL,4 Video Data Bus: Transfers video data between the CL-PX2070
14:16, and an external device.
19:20,
22

vavs 27 10 TTL,4 Vertical Sync: ldentifies the start of the vertical sync interval. A

vertical sync pulse is generated once every field time for interlaced
data, and once every frame time for non-interlaced data. V2VS can
be specified as active-high or active-low.

V2HS 26 170 TTL, 4 Horizontal Sync: Identifies the start of the horizontal sync interval.
V2HS can be specified as either active-high or active-low.
va2BL 25 70 TTL,4  Horizontal/Composite Blanking: ldentifies the blanking interval.
. V2BL can be specified as active-high or active-low.
V2PH 24 | TTL Phase: Controls data qualification and duplexing of video data on
bus V2D[15:0].
V2IEN* 23 0] TTL, 4 Input Enable: Specifies that the CL-PX2070 is not driving bus

V2D{[15:0]. V2IEN® can be used as a tristate control by an externai
buffer connected to bus V2D[15:0].

STALLRQ* 31 | TTL Stall Request: Requests that the current transfer of video data on
bus V2D[15:0] be suspended. _

STALL® 30 (0] TTL,4  Stall: Specifies that the CL-PX2070 has suspended transterring
data on bus V2D[15:0].

NOTE: Video-input data mapping to the video data bus depends on the input-data format. See Section 3.3.2.1
for detailed information.

—A
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Signal Pin Type Cell Function
FBD[31:0] 136:128, VO TTL, 4 Data Bus: Bidirectional data bus that transfers data between the
125:109, CL-PX2070 and the Frame Buffer.
107:105,
102:101,
99
FBA[9:0] 9894, O TTL,8 Address Bus: Multiplexed output bus that specifies an address to
92:88 the Frame Buffer. The row address is valid during the HIGH-to-
LOW transition of signals RAS[1:0]*, and the column address is
valid during the HIGH-to-LOW transition of signals CAS{1:0]".
RAS[1:0]* 87:86 o TTL, 8 Row Address Strobes: Instruct the Frame Buffer to latch the row
address from bus FBA[9:0] during the HIGH-to-LOW transition.
CAS[1:0)" 8584 O TTL,8 Column Address Strobes: Instruct the Frame Buffer to latch the
column address from bus FBA[9:0] during the HIGH-to-LOW tran-
sition.
WE* 83 (0] TTL, 12 Write Enable: Specifies a write cycle to the Frame Buffer.
DTE* 82 o TTL, 12 Data Transfer Enable: Specifies a transfer cycle to the Frame
Buffer (VRAMs only).
FRDY 81 1 TTL FIFO Ready: (CL-PX2080 Mode) Specifies that the CL-PX2080 1s
ready to receive serial data from the Frame Buffer into its input
FIFO.
ZC[3:0] 80:77 O TTL,4 Zoom Control Bus: (CL-PX2080 Mode) Specifies to the
CL-PX2080 the zoom factor to be used on the current data.
SBCLK 76 (o] TTL,8  Serial Bus Clock: Clocks serial data from the Frame Buffer
(VRAMSs only).
SOE[1:0]" 73:72 0 TTL,8 VRAM Serial Port Output Enable: Cause the Frame Buffer to as
sert the serial data port.
MCLK 71 i TTL Memory Clock: Synchronizes all Frame Buffer control signals.
FCLK 70 0] TTL,8 FIFO Write Clock: (CL-PX2080 Mode) Clocks serial data into the
CL-PX2080.

October 1992
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2.8 Power and Ground

CL-PX2070

Video Processor

Cell Function

NA +5 VDC for Digital Logic and Interface Buffers: Each VDD pin
must be connected directly to the VDD plane.

N/A Ground for Digital Logic and Interface Buffers: Each VSS pin
must be connected directly to the ground plane.
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3. FUNCTIONAL DESCRIPTION

The CL-PX2070 contains four major functional blocks — a core Video Processing Unit, which can process
up to two external, bidirectional, real-time video streams and a single external, bidirectional host video or
graphic stream, and three related subsystems that perform complex interface functions. Figure 3-1 shows
a functional block diagram of the CL-PX2070.

Frame
Buffer
Data

Frame
& Butfer
Control

Figure 3-1. Functional Block Diagram

The Host Interface Unit (HIU) is a complete host interface that can be configured for ISA Bus, MCA Bus,
or local hardware interface operation. The HIU is the communication and data path between the host sys-
tem and the CL-PX2070-based display system. See Section 3.1 on page 27 for additional information.

« The Video Bus Unit (VBU) is a highly programmable I/O path for video data. It contains two external,
digital video /O ports, an internal input path from the HIU to the VPU, a sync unit, and a watchdog
timer. See Section 3.2 on page 38 for additional information.

« The Video Processor Unit (VPU) provides field- or frame-oriented video processing. It contains the
master control register, a Sequencer Instruction Unit, two Input Processor Units, an Arithmetic and
Logic Unit, and an Output Processor Unit. See Section 3.3 on page 46 for additional information.

- The Reference Frame Unit (RFU) manages the video data flow to and from the frame buffer. It con-
tains an Object Buffer Unit, Display Window Control Unit, and Memory Management Unit. The RFU
directly controls DRAM/VRAM devices, and defines up to eight graphics objects in multiple display
windows. The innovative use of reference frames allows display windows to be resized and moved
rapidly, with little CPU or software overhead. See Section 3.4 on page 70 for additional information.
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Figure 3-2 shows the relationship of these blocks to each other, and the interconnection of the CL-PX2070

in a typical system.

CL-PX2070

Video

oage CODEC ‘
veu VPU < RFU Frame
N—

Video

pagee, CcoDEC
HIU
Buffers

Host System Bus (
A
/S

$

Figure 3-2. Typical CL-PX2070 System Interconnection

For additional detail concerning specific CL-PX2070 registers discussed in this section, refer to Section 4.

NOTE:

26

Register names that contain lower-case variables represent groups of registers with similar functions. For
example, VIU_DPCf represents either or both of the Datapath Contol Registers — Register VIU_DPC1

(Datapath Control Field 1) and Register VIU_DPC2 (Datapath Control Field 2). Table 4-1 defines all vari-

ables used in this manner.
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3.1 HIU: Host Interface Unit

The HIU, shown in Figure 3-1, provides the interface between the CL-PX2070 and the host system. It sup-
ports high-speed DMA transfers of graphic or video data between the host system and the Frame Buffer,
contains address decoding, Interface Registers, and related functions, and provides access to the
CL-PX2070 Control Registers.

The HIU has two primary control functions:
« Hardware Configuration
* Register and Frame Bufter Interface.

3.1.1 Hardware Configuration

The HIU is central to the following hardware configurations:
« CL-PX2070 Configuration

- Host System Bus Configuration

« Frame Buffer Configuration

« Port Address Configuration.

3.1.1.1 CL-PX2070 Configuration

The CL-PX2070 is configured during power-up reset. The state of FBD[5:0] is written to the lower five bits
of Register HIU_CSU at the falling edge of RESET. The FBD Signals are internally pulled up, which re-
sults in a 111 code (Local Mode) in HIU_CSU. (See Section 4.1.1 on page 82 for additional information.)

Table 3-1 shows the HIU_CSU bit-field assignments.

Table 3-1. Register Bit Assignments — External and Default (Local) Configurations

HIU_CSU Function Function
Signal(s) Field Definition (External Configuration) (Default Configuration)
FBD[5:3] HSB Host System  Specifies the host system connectedto  Defaults to local hardware
Bus the CL-PX2070 to be ISA, MCA, or local interface.
hardware interface.
FBD[2] Reserved
FBD[1] FBT Frame Buffer  Specifies the Frame Buffer memory to be Defaults to VRAM.
Type DRAM or VRAM. This bit indicates the
condition of FBD1 during reset, which is
sometimes useful to application software.
It has no effect on how the frame-buffer
interface functions.
FBD[0] PAS Port Address  Specifies whether the host system should Field PAS is not active in
Select select the primary or secondary /0 local hardware interface
address map when accessing the mode. Address decode
CL-PX2070. specified by Signals
RS[2:1] (see Table 3-4).
October 1992 ' L]} 27
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External Configuration

External configuration is always used to configure ISA and MCA systems. The CL-PX2070 selects this
configuration when any of FBD[5:3] are low. As shown in Figure 3-3, the CL-PX2070 reads the configu-
ration dataset from Frame Buffer Data Bus Signals FBD[5:0]. These signals are latched into the LSB of
Register HIU_CSU from an external tristate buffer at the falling edge of Signal RESET. Table 3-1 shows
the bit-to-field mapping required for the data on these signals.

CL-PX2070
. 31# 31" FBD[31:5] D31-D0
e ‘RFU .
|U_Csu oo :
RESET FBDIS 0] )
Q> % Frame Buffer
L .
1A B
/_'l_‘
+—-0
RESET {>¢ e
74HC245 * 2
HSB D5-D3
D2,
Option
Jumpers | FBT D1
PAS DO

Figure 3-3. External Configuration

Default (Local) Configuration

The CL-PX2070 selects default (local) configuration when FBD[5:3] are high. This configuration, shown
in Figure 3-4, causes the host system bus to default to local hardware interface mode. A fixed, default
configuration of all bits high is loaded into the LSB of Register HIU_CSU, automatically providing the de-
fault configuration dataset. FBD[5:0] are internally pulled up.

CL-PX2070
3, 3, FBD[31.0] D31-DO
RFU
HIU_CSu
RESET
Q> Frame Buffer
— . i
Figure 3-4. Default (Local) Configuration
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3.1.1.2 Host System Bus Configuration

The HIU interfaces to two popular PC expansion buses:
* Industry Standard Architecture (ISA) Bus;

« Micro Channel Architecture (MCA) Bus.

For higher performance, the CL-PX2070 can also reside on the local hardware interface.

Table 3-2 highlights the primary features of the CL-PX2070 when operating in each of the three bus in-

terfaces.

Table 3-2. CL-PX2070 System Interface Highlights

Pixel
Semiconductor
A Cirrus Logic Company

NOTE: Field HSB of Register HIU_CSU specifies which of the three interfaces is to be used.
ISA Bus Interface MCA Bus Interface Local Hardware Interface
]
Interface || CL-PX2070 interfaces with the host system interface bus as CL-PX2070 resides on the local
shown in Figure 3-7. . hardware interface.
Multiplex || Address and data buses are muttiplexed. CL-PX2070 provides The data bus is not multiplexed.
Support Signals DDIR and DEN* to support the required host system
address/data muliplexing, and to provide bidirectional buffering of
the host system data bus as shown in Figure 3-7.
Address CL-PX2070 internally decodes the bus address during system I/O | The host processor provides
Decode cycles. Table 3-4 lists the primary and secondary I/O address the decoded chip select Signal
maps, selected during configuration, and the HIU Registers CS* to enable the CL-PX2070
mapped to each. host interface. Register select
input Signals RS[3:1] can be
connected to low-order address
lines to select the individual
HIU Register. Table 3-4 shows
the register select addresses.
Register CL-PX2070 supports standard register access cycles.
Access '
DMA DMA through direct memory No DMA support. DMA through indexed memory
Support port. port.
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The bus interface signals share a common set of /O pins, as shown in Table 3-3. For a complete pin as-
signment table, refer to Section 1.2 on page 15.

Table 3-3. Host System Bus /O Pins

Pin | iSA Bus Interface MCA Bus Interface Local Hardware Interface
32 AEN | Wio* | cs* |
33 Inc — ADL* n RS[2) 1
34 [l auxcs-a I CARDEN I RS[3] I
35 IoR* ! s1* | IOR" |
36 IOW* | So* | Iow* |
37 DMACK® | CDSETUP* | DMACK* |
38 DMARQ 0 CDSFDBK* 0 DMARQ* (o)
39 [[1016* 0o CDDS16* O NC -
40 CHRDY (0] CDCHRDY (o] CHRDY"* 0]
41 BCLK | CMD* n PCLK |
42 RESET ! CDRESET | RESET |
43 DDIR o DDIR o BLAST* |
44 DEN" o DEN* 0 RS[1] |
45 IRQ o IRQ* 0 IRQ* 0
48:62, 65 SAD[15:0] VO ADJ[15:0] Vo D[15:0] vo

30

—— ——

m——

a. AUXCS" is used in AUX ISA mode. SAD[3:0] are used to address individual registers.
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ISA Bus Interface
The CL-PX2070 interfaces with an ISA Bus using the pins listed in the Pin Assignment Table on page 15.
The CL-PX2070 responds to /O-mapped bus cycles, including register access cycles and DMA cycles.

Register access cycles. The CL-PX2070 multiplexes the system address (SA[15:0]) and data (SD[15:0])
buses to Bus SAD[15:0] using external buffers controlled by Signals DDIR and DEN*. Figure 3-5 shows
the signal relationship for the ISA Bus interface for register access cycles.

BALE

SA[15:0] X VALID ADDRESS X

ot~ \ . //—_—

\

DDIR

DEN"

IOR*

SAD[15.0] X ADDRESS X READ DATA X X

/O READ

DDIR

DEN"

IowW*

SAD[15:0] X ADDRESS X WRITE DATA X X

VO WRITE

NOTE: BALE is shown only for reference — it is not used; AEN = 0.

Figure 3-5. ISA Bus Interface for Register Access Cycles
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DMA cycles. The CL-PX2070 supports high-speed DMA cycles for bidirectional data transfer between the
host system and the Frame Buffer. The CL-PX2070 must be programmed for DMA mode using Register
HIU_OCS. Figure 3-6 shows the signals and general timing for the ISA Bus interface for DMA cycles.

BCLK I | l l l
DMARQ /

DMACK*

AEN /

2

DDIR

DEN*

IOR* \ / \ /
SAD[15:0] ( ADDRESS X READ DATA H ADDRESS X READ DATA >———

DMA READ

DDIR

DEN~

low* \ / \ / )
SAD[15:0] < ADDRESS X WRITE DATA >—< ADDRESS X WRITE DATA >———-

DMA WRITE

Figure 3-6. ISA Bus Interface for DMA Cycles
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The lower eight bits of the CL-PX2070 address bus is multiplexed with the data bus. Figure 3-7 shows a
method of interfacing the CL-PX2070 with the separate address and data buses of ISA. A similar circuit

can be used to interface to the MCA Bus.

=
SA[15:0} 16 16
————— / 12/ AD[150
Buffer 7 ow* 7 »‘ Dl l
J \
e
SD[15:0] g CL-PX2070
—————1 XCVR |- A
ISA Bus
‘ T
Py DEN"
DDIR
Control
>
N N
ST

Figure 3-7. ISA and MCA Interface Address/Data Multiplexers
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MCA Bus Interface

The CL-PX2070 interfaces with an MCA Bus using the pins shown in the Pin Assignment Table on page
15. The CL-PX2070 responds only to I/O-mapped bus cycles.

Register access cycles. The CL-PX2070 multiplexes the system address (A[15:0]) and data (D[15:0])
buses to Bus AD[15:0] using external buffers controlled by Signals DDIR and DEN*. Figure 3-8 shows the
general timing for register access cycles. Refer to the detailed signal description on page 19 for the MCA
Bus cycle decoding performed for Signals M/10*, S0*, and S1*.

e X X
o T\ / \
ADL* \ / . \

cMD ) N\ /
cDDs16” \

CHRDY j / \
_<

ADDRESS X READ DATA /)

AD[15:0]

SBHE X VALID X

MIno*

X e )
s T\ a \
ADL" \ / \
CMD , \ /

CDDS 16" R \ ‘
/ \

CHRDY
ADDRESS X WRITE DATA )

Y

SAD[15:0]

SBHE X VALID K

Figure 3-8. MCA Bus Interface for Register Access Cycles
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Local Hardware Interface

The CL-PX2070 interfaces with a local processor using the pins shown in the Pin Assignment Table on
page 16. The CL-PX2070 responds as an I/O device to register access cycles and DMA cycles, or may
be used as a memory-mapped device. Figure 3-9 shows the general timing for a register write, and Figure

3-10 shows the timing for a read cycle.

CLK
oS Rsteal X VALID L
iow* \_—/———\_
DATA X VALID j(

READY" \ ,

Figure 3-9. Local Hardware Interface Write Cycle

Cs*, RS[4:0] X VALID X

IOR* \ | j—\__
DATA X X Ao X

READY* \ /

Figure 3-10. Read Timing (Local Hardware Interface)

e
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DMA cycles. The CL-PX2070 supports high-speed DMA cycles for bidirectional data transfer between the

host system and the Frame Buffer. The CL-PX2070 must be programmed for DMA mode using Register
HIU_OCS. Figure 3-11 shows the signals and general timing for DMA cycles.

DMARQ"

_/
DMACK* ——-\ | /—
0\ /[

cs*

IOR", IOW* \ /

DATA (read) X VALID X X VALIDX XVALID X

DATA (write) X VAuo)( X VALID X XVALID X
BLAST* \ /

Figure 3-11. Local Hardware Interface DMA Cycles
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3.1.1.3 Frame Buffer Configuration

No operational changes are required on the part of the CL-PX2070 between a design using a DRAM
frame buffer and one using VRAM. The use of VRAM in a system based on the CL-PX2070 and the CL-
PX2080 enables the full range of features. Field FBT of Register HIU_CSU is provided so that the firm-
ware can determine the hardware configuration in which it is operating and adjust the available features
accordingly. FBT defaults to VRAM.

3.1.1.4 Port Address Configuration

Table 3-4 shows the port address configurations for ISA, MCA, and Local Hardware Interface Modes. As
shown in Table 3-1 on Page 27, field PAS of Register HIU_CSU specifies whether the host system uses
the primary or secondary 1/0O address map when accessing the CL-PX2070 in ISA or MCA Modes (PAS
is not active in Local Hardware Interface Mode).

Table 3-4. /O Address Maps
ISA and MCA Local HW

Interfaces Interface

Register Pri Sec RS[3:1] Used By Registers

HIU_O 27C0h 0290h Oh HIU_CSU Configuration Setup (Read Only)
HIU_DBG Debug Control (Write Only)
HIU_DRD Debug Read (Read Only)

HIU_1 27C2h 0292h ih HIU_OCS Operation Control/Status (Read/Write)
HIU_IRQ Interrupt Status (Read Only)

HIU_2 27C4h 0294h 2h HIU_RIN Register Index (Read/Write)

HIU_3 27Céh 0296h 3h HIU_RDT Register Data Port (Read/Write)

HIU_4 27C8h 0298h 4h HIU_MDT Memory Data (Read/Write)

3.1.2 Register and Frame Buffer Interface

Regardless of whether the CL-PX2070 is operating in ISA, MCA, or local hardware interface mode, the
CPU regards it as the five 16-bit registers defined in Table 3-4. These registers allow access to all
CL-PX2070 data registers and to the Frame Buffer.

« HIU_0 and HIU_1.control configuration and setup, overall operation, general status, and interrupt sta-
tus. : '

« HIU_2 and HIU_3 allow the host system to access the data registers:
— HIU_2 is the index, which points to the internal register to be accessed in the next /O cycle;
— HIU_3 is the data port.

« HIU_4is a frame-buffer memory data port.

3.1.2.1 Internal Register Access

To read an internal register, the CPU writes the index address of the desired register into HIU_2 (HI-
U_RIN). It then reads HIU_3 (HIU_RDT), returning the value stored in the register specified by HIU_2.
When autoincrement is enabled in HIU_3, the index value in HIU_2 increments after each access, allow-
ing a group of contiguous registers to be loaded with a block transfer.

]
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3.1.2.2 Accessing the Frame Buffer

To access the frame buffer, the CPU sets up an object buffer in the Reference Frame Unit for a block
transfer, providing a pointer to a specific location in memory. A subsequent access to HIU_4 reads from
or writes to the address associated with that buffer, taking advantage of the direct access that the HIU
has to an input and an output FIFO within the VPU.

Frame Buffer Memory ‘

Object Buffer addr, |——aadress pointer
OAESh /0208h | Hiu4 HIU_MDT - Mem data
Data path v
g 06E8h /0298h | HIU3 HIU_RDT - Register data Index n |
«g Index n
§ OEESh /0208h | HIU2 HIU_RIN - Register index Data path Index n
5
£ teeon/ocsen | MUt LT inveawe | Address pointer Index n
02_ index n
HIU_CSU- config, setup Registe .
12E8h /0298h | HIUO mg.ggg-_%?&?gzla.d egisters *

Figure 3-12. Register Access

For additional information on the Index and Data Registers, see also:

+ Table 4-3. HIU Registers Accessed by the Register Data Port, p. 81

« Table 4-4. VBU Registers Accessed by the Register Data Port, p. 90
+ Table 4-5. VPU Registers Accessed by the Register Data Port, p. 100
« Table 4-6. RFU registers Accessed by the Register Data Port, p 136
+ HIU_RIN: Register Index (Read/Write), page 87

+ HIU_RDT: Register Data Port, page 88.

3.2 VBU: Video Bus Unit

The VBU, shown in Figure 3-1, manages the flow of video and graphic streams betWeen the CL-PX2070
and up to three independent devices (including the host system). It also provides a data path between the
CL-PX2070 and the host system for bidirectional graphic streams through the HIU.

The VBU provides two independent, real-time video 1/0O ports and contains two subunits, which are de-
tailed in the following sections:

« VIU: Video Interface Unit. The VIU controls the flow of video data streams between the VPU and ex-
ternal video devices.

« VSU: Video Sync Unit. The VSU has independent sync signals for both video ports. Signal polarity

e
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and direction are programmable.
In addition, three functional blocks within the Video Processing Unit (VPU) are closely related to the func-

tionality of the VBU because of their I/O involvement. Each of these blocks and their associated FIFOs
can be connected to either V1 or V2 under software control. For additional information concerning the

VPU and its functional units, refer to Section 3.3 on page 46.
« Input Processing Unit 1 (IPU1) performs scaling, format conversion, window clipping, and color-space

conversion. FIFO G is IPU1's output. It feeds a data stream to the Sequencer Instruction Unit in the

VPU. See Section 3.3.2 on page 50 for additional information.
« Input Processing Unit 2 (IPU2) performs window clipping only. FIFO F is IPU2's output. It feeds a data

stream to the Sequencer Instruction Unit (SIU), also located in the VPU. See Section 3.3.3 on page

60 for additional information.

» The Output Processor Unit (OPU) receives data through FIFO D. The OPU can be connected back

Pixel
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into IPU1 or IPU2. The OPU can act as sync slave, with outputs conforming to incoming video, if pre-
ferred. See Section 3.3.5 on page 68 for additional information.

Figure 3-13 illustrates the possible input and output paths (shown separately for simplicity) for video data.

In addition to these paths, FIFO D can send to-and FIFO F can receive from the HIU directly.

Video
Devicet

Video
Device 2

Video
Devicel

Video
Device 2

October 1992

L Fori IPUT —> FIFO G — >
sytc Sequencer
Unit iPU2 —P» FIFOF —» Instat:i:ttlon
A [T |
Sovovsvosessesd
- Pon2 OPU ~@— FIFOD <@—
Input Paths
Porty IPU1 —B FIFO G —»>
T Svne Sequencer
—&—Unit PU2 —» FIFOF —P» lnstlrjuc_:ttion
; ni
Vide
Port2 OPU <@— FIFOD <—
<
Output Paths

Figure 3-13. Possible Paths for Video Data
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3.2.1 Video Ports V1 and V2
The VBU provides two 16-bit digital video ports — V1 and V2. Either port can be used with the VSU at
any single point in time. V1 and V2 have the following characteristics:
= can be configured as input only, output only, or pixel- or field-duplexed I/O;
« provide programmable sync polarity;
. either port at one time can use the sync generator provided by the CL-PX2070;
« support the following formats:
— 16-bit YCbCr, 12-bit YCbCr, 16-bit RGB, 8 bit RGB (input),
— 16-bit YCbCr, 16-bit RGB, 8-bit RGB (output);
« V2 controls the video stream data flow between the CL-PX2070 and typical CODEC devices using
Signals STALL* and STALLRQ*.
3.2.2 VIU: Video Interface Unit

The VIU controls the flow of video data streams between the VPU and external video devices. It specifies:
» the source and direction of video stream and sync control inputs,

« the field-toggling mode and field ID signals,

« the watchdog timer feature.

3.2.2.1 Video Stream and Sync Control Inputs

As shown in Figure 3-1, the VIU controls the flow of video streams through video ports V1 and V2 to all
external devices, as well as the flow of internal streams. An input multiplexer directs one of two input
streams or the output stream of the OPU to the input of the IPU1. A second input multiplexer directs one
of two input streams or the output stream of the OPU to the input of the IPU2. A pair of buffers can output
a stream from the output of the OPU to V1 or V2. '

These functions are performed by the registers specified in Table 3-5.

—
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Table 3-5. Video Stream and Sync Control Inputs — Control Registers

Register Field

Function

VIU_MCRp IOM

Input/Output Mode. Specifies the direction of video stream data fiow through
video ports V1 and V2. Each port can be programmed as input only, output only,
or as duplexed VO under the control of Signal VpPH.

NOTE: Each video port provides input enable Signal VpIEN® to control the
three-state buffers used in duplexed systems. If the port is pro-
grammed as input only, VPIEN® is asserted and held low. If the port is
programmed as output only, VpIEN" is deasserted and held high. Two
duplex modes are also provided. Depending on the control polarity
specified for pixel phase inpui Signal VpPH in fieid iOM of Register Vi-
U_MCRp, output Signal VpIEN* is driven to either match or be a com-
plement of input Signal VpPH.

VIU_DPCf IPUIDC

IPU1 Datapath Control. Specifies the video stream and sync control inputs of the
IPU1. IPU1 stream data and control sync can be driven by either V1 or V2. The
input stream optionally can be qualified by Signal VpPH. When the OPU is spec-
ified as the source of the input stream, the sync references are provided by the
internal sync generator. See also: VSU: Video Sync Unit, page 43.

VIU_DPCf IPU2DC

IPU2 Datapath Control. Specifies the stream and sync control inputs of the IPU2.
IPU2 stream data and control sync can be driven by either V1 or V2. The input
stream optionally can be qualified by Signal VpPH. The stream data also can be
driven from the host system through the HIU, bypassing the IPU2 and flowing
directly to FIFO F. When the OPU is specified as the source of the input stream,
the sync references are provided by the internal sync generator. See also: VSU:
Video Sync Unit, page 43.

VIU_DPCf oDcC

ODC Datapath Control. Specifies the control sync source for the stream output
from the OPU. A stream can also output to the host system by flowing directly
from FIFO D to the HIU, bypassing the OPU.

October 1992 S —— 1,
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3.2.2.2 Field Toggling and Field ID

The VPU subunits IPU1, IPU2, ALU, and OPU each contain parallel sets of registers (i.e., ALU Master
Control Registers ALU_MCR1 and ALU_MCR2), allowing the CL-PX2070 to perform different operations
on two independent, single-field video streams during a common frame time.

The SIU is the only VPU subunit that does not contain dual processors, but it does have a field toggle
feature that distinguishes between the vertical sync pulses for each field and executes one of two different
instruction sequences. This dual-field toggle feature requires a signal that specifies the set or field to be
used.

The field synchronization signal is the master sync signal for the VPU; it is used to derive two signals:

» Field ID Signal FID. The state of this internal signal (in interlaced mode) is determined by the sync
signals. In non-interlaced mode this value remains at 0. FID specifies the register set that is to be used
in the IPU1, IPU2, ALU, and OPU; it is shown in Figure 3-16, Figure 3-17, and Figure 3-24.

» Field Toggle Signal. This signal determines whether the SIU selects field 1 or field 2.
See also: SIU: Sequencer Instruction Unit, page 46.

« These functions are performed by the register specified in Table 3-6.
Table 3-6. Field Toggling and Field ID — Control Registers

Register Field Function

VIU_WDT MFTS Master Field Toggle Select. Specifies whether the VPU is to determine its field
synchronization signal from the vertical sync pulse on:
« video port V1,

+ video port V2, or

« the watchdog timer (the watchdog timer can supply a signal when processing
streams without sync controls),

+ software command. See Section 4.2.1.3 on page 94.

3.2.2.3 Watchdog Timer

The VIU’s watchdog timer can generate a watchdog timer signal to detect a loss-of-sync condition, or it
can emulate sync references for streams which have no sync (such as graphic stream data to or from the
host system). )

Its functions are performed by the register fields specified in Table 3-7.

Table 3-7. Watchdog Timer — Control Registers

Register Field Function

VIU_WDT WTE Watchdog Timer Enable. Enables or disables the operation of the watchdog
timer. Disabling and then re-enabling resets the counter to the programmed
value. :

VIU_WDT TMOUT - Timeout interval. Specifies the 10-bit timeout period count of the watchdog

timer. This count is based on the input memory clock Signal MCLK. MCLK is
prescaled by a factor of 49,152 (3 * 214) for use by the timieout counter. Assum-
ing a 60-MHz value for Signal MCLK, the timeout range available would be from
0.82 ms (TMOUT count = 1) to 838 ms (TMOUT count = 1023).

——
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3.2.3 VSU: Video Sync Unit

The Video Sync Unit (VSU) has independent sync signals for both video ports. Signal polarity and direc-
tion are programmable. '

The VSU implements identical, independent video reference signals for each video port:

«  VpVS (vertical/composite sync)— bidirectional video sync signal that identifies the beginning of a field
(interlaced stream) or frame (non-interlaced stream);

VpHS (horizontal sync) — bidirectional video sync signal that identifies the beginning of a line;

+  VpHB (horizontal/composite blanking) — input or output signal that specifies the horizontal/composite
blanking interval. '

Each video port implements independent control of sync polarity for each of these signals. Master control

Registers VIU_MCRp provide matching fields that specify input and output sync modes, as shown in Ta-

bie 3-8.

Table 3-8. Input and Output Sync Modes — Control Registers

Registers Fields Function

Output Sync Modes

VIU_MCRp ovSsP Output Video Vertical Sync Polarity. Specifies polarity of vertical sync signais
V1VS (VIU_MCR1) and V2V8S (VIU_MCR2) when signals are used as output.

VIU_MCRp OHSP Output Video Horizontal Sync Polarity. Specifies polarity of horizontal sync

' Signais V1HS (VIU_MCR1) and V2HS (VIU_MCR2) when signals are used as
output.

VIU_MCRp OBP Output Video Blank Polarity. Specifies polarity of horizontal/composite blank-
ing Signals V1BL (VIU_MCR1) and V2BL (VIU_MCR2) when signalis are used
as output.

VIU_MCRp OBT Output Video Blank Type. Specifies horizontal/composite blanking signals

V1iBL (VIU_MCR1) and V2BL (VIU_MCR?2) to be either Hblank or Cblank when
signals are used as output.

Input Sync Modes

VIU_MCRp IVSP _ Input Video Vertical Sync Polarity. Specities polarity of vertical sync Signais
V1VS (VIU_MCR1) and V2VS (VIU_MCR2) when signals are used as input.

VIU_MCRp IHSP Input Video Horizontal Sync Polarity. Specifies polarity of horizontal sync S«q-
nals V1HS (VIU_MCR1) and V2HS (VIU_MCR2) when signals are used as
input.

VIU_MCRp IBP Input Video Blank Polarity. Specifies polarity of horizontal/composite blanking
Signals V1BL (VIU_MCR1) and V2BL (VIU_MCR2) when signals are used as
input.

VIU_MCRp BT Input Video Blank Type. Specifies horizontal/composite blanking Signals ViBL
(VIU_MCR1) and V2BL (VIU_MCR?2) to be either Hblank or Cblank when signals
are used as input.

OCtOber 1992 ]
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The VSU implements an internal sync generator to provide the horizontal and vertical references, listed
in Table 3-9, when the CL-PX2070 is programmed as a sync master (see Figure 3-14). The references
can then be directed to V1, V2, IPU1, or IPU2. Fields IPU1DC and IPU2DC in Register VIU_DPCf specify
the horizontal timebase reference for the internal sync generator as either MCLK/3 or as MCLK/6 when
the OPU sources the data stream to IPU1 or IPU2. The OPU must always be programmed with the VSU
internal syncs if it outputs to the IPU1 or IPU2 data paths.

Table 3-9. Horizontal and Vertical References — Control Registers

Register Field Function

Horizontal Referehces

VSU_HP — Horizontal Peried. Specifies the total number of horizontal timebase clock peri-
ods in the horizontal interval. ’

NOTE: The actual period is the number entered in this field plus one.

VSU_HSW — Horizontal Sync Width. Specifies the number of horizontal timebase clock peri-
ods for the interval of the horizontal sync pulse.

VSU_HAD — Horizontal Active Delay. Specifies the number of horizontal timebase clock
periods for the interval between the beginning of the horizontal sync pulse and
the beginning of active pixel period.

VSU_HAP — Horizontal Active Pixels. Specifies the number of horizontal timebase clock
periods for the interval of active pixels per line.

Vertical References

VSU_VP — Vertical Period. Specifies the total number of horizontal sync intervals in the
vertical interval.

VSU_VSW — Vertical Sync Width. Specifies the number of horizontal sync intervals for the
‘ interval of the vertical sync pulse.

VSU_VAD — Vertical Active Delay. Specifies the number of horizontal sync intervals for the
interval between the beginning of the vertical sync pulse and the beginning of
active line period.

VSU_VAP = — ~ Vertical Active Pixels. Specifies the number of horizontal sync intervals for the
interval of active rows per field (interlaced) or frame (non-interlaced).

L October 1992
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NOTE: In this example, the VIU_MCR sync polarity bits are programmed as 1, for active-high sync.

October 1992

Figure 3-14. Programmability of the Internal Sync Generator
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3.3 VPU: Video Processor Unit

The VPU, shown in Figure 3-1, provides field-oriented video processing. It can simultaneously process
up to two external, bidirectional real-time video streams and a single external, bidirectional host video or
graphic stream.

The VPU contains the Master Control Register VPU_MCR (described in section 4.3.1, page 105), and
five subunits, each of which is detailed in the following subsections:

« SIlU: Sequencer Instruction Unit
« |PU1: Input Processor Unit 1

« |PU2: Input Processor Unit 2

* ALU: Arithmetic and Logic Unit
« OPU: Output Processor Unit.

IPU1, IPU2, and the OPU provide the video data paths between video ports V1 and V2 and the SIU. The
SIU moves data between the hardware resources. The ALU can operate on pixels logically or arithmeti-
cally, replace a pixel or one of its component values with a constant, and decode and/or encode pixels
tags.

3.3.1 SIlU: Sequencer Instruction Unit

The SIU is a special-purpose microcontroller that moves pixel data between the hardware resources un-
der the control of instruction sequences stored in the SIM.

The SIU resembles a short software loop made of conditional instructions. Each instruction causes data
to move between the components listed in Table 3-10, and specifies:

+ the source of the video information, '

« conditions for execution, destination, and

« the location of the next instruction.

Possible sources and destinations are object buffers and FIFOs A-G.

Table 3-10. CL-PX2070 FIFOs

Component Dedicated FIFO FIFO Depth
IPU1: Input Processor Unit 1 FIFO G 128 bytes
IPU2: Input Processor Unit 2 FIFOF 128 bytes
ALU: Arithmetic and Logic Unit FIFOsA,B,C, E '64 bytes
OPU: Output Processor Unit FIFOD 128 bytes
OBU: Object Buffer Unit NA N/A
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Figure 3-15 is an overview of SIU instruction flow. ‘
FIFO assoclation: Specifies
Exit point: spedifies which FIFO to use. Input FIFOs
whether this instruction automatically read from OBU,
is the end of this loop. output FIFOs write to OBU.
Offset to next instruction: Output Buffer Assock-

may be forward or backward atlon: Specifies which
/ output buffer to use.
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| (Start of Field 2
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: INSTRUCTION
! LOOP
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Figure 3-15. SIU Instruction Flow

The SIU can execute SIM instructions much faster than the stream rates of typical video data. Therefore,
the instructions are conditional. At any given time, the FIFO associated with the current instruction may
or may not be ready to source or receive data. If it is not ready, the SIU skips the instruction and continues
with the next until an instruction is found which can be executed.

Internal OBU controls allow a stream being written from an output FIFO to an object buffer to be simulta-
neously copied to an input FIFO, reducing data-path traffic in recursive processing operations.

The following sections detail the major components and functions of the SIU:
+  Programming the SIU

+ Master Control Register SIU_MCR

« Sequencer Instruction Memory SiUs_SIM

« Accessing FIFO Control/Status Indicators.

3.3.1.1 Programming the SIU

The SIU can be programmed for all the following operations:
» asingle instruction sequence loop used to process...

— a single non-interlaced stream, or

— one or both fields of an interlaced stream;

[ e e e ] 47
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e two instruction sequence loops used to process...

— two different, non-interlaced streams,

— a single non-interlaced stream and a single field from an interlaced stream,

— both fields of a single interlaced stream, or

— a single field each from two different, interlaced streams;
« muiltiple instruction sequences used to process...

— an arbitrary number of streams.
To program the SIU, determine the path of the video stream and plan the desired conversions. Then al-
locate the various hardware resources and configure them accordingly.
The SIU can be programmed to be field-time controlled. That is, it can execute one sequence loop in the
even field time, and another sequence loop in the odd field time. (See also: Field Toggling and Field ID,
page 42.)
Because the SIU is field-based, the controlling software application must specify the source of the vertical
sync pulse that performs the field toggle, and whether other stream processing is to be performed at the
same time. Field MFTS of Register VIU_WDT specifies the source of the sync signal used for the field
toggle, as shown in Table 3-6.

3.3.1.2 Master Control Register SIU_MCR

Master Control Register SIU_MCR directs entry points into the SIU for sequencer cycling. It performs the
- functions specified in Table 3-11.

Table 3-11. Master Control Register SIU_MCR
Register Field Function

SIU_MCR SH Start Index 1. Specifies a start instruction index for Field Time 1. The value in
Si1 is the index in the SIM of the first instruction executed in Field Time 1.

SIU_MCR Si2 Start Index 2. Specifies a start instruction index for Field Time 2. The value in
Si2 is the index in the SIM of the first instruction executed in Field Time 2.

SIU_MCR FT Field Toggle. Specifies four modes of field timing sync:

No field toggle (SI1 is used, SI2 is ignored).

SI1 and SI2 toggle on vertical sync; no field association.

Field 1 is associated to Sl1, and fields 1 and 2 toggle on vertical sync.
Field 2 is associated to SI2, and fields 1 and 2 toggle on vertical sync.

SIU_MCR SE Sequencer Enable. Halts the SIU, or specifies that the SIU start on field SI1 or
Si2.
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3.3.1.3 Sequencer Instruction Memory SlUs_SIM

Sequencer Instruction Memory SiUs_SIM is a register file that stores the sequence instruction. It contains
32 identical 16-bit registers, indexed from 0 to 31 (SIM[31:0]). Each register stores one instruction that
contains four fields, as described in Table 3-12.

Table 3-12. SiUs_SIM Instruction Fields

Register

Field

Function

SiUs_SIM

OTN

Offset to Next Instruction. Specifies the signed, 5-bit offset to the next instruc-
tion. This value can be positive or negative (to implement a simple loop), and is
added to the current instruction index to generate the index of the next instruc-
tion to execute. For example, if SIM[8] is the current instruction and has an OTN
value of -3, SIM[5] will be the next instruction executed.

SlUs_SIM

EP

Exit Point. Specifies that the current instruction is the exit point of the current
sequence loop.

SlUs_SIM

FA

FIFO Association. Specifies the source or destination FIFO for the current
instruction. (Each SIM instruction associates a FIFO to an object buffer; thus,
implying a direction. For example, associating an output FIFO to an object buffer
implies a write operation from the FIFO to the object buffer.)

'SlUs_SIM

OBA

Object Buffer Association. Specifies the corresponding destination or source
object buffer for the current instruction.

October 1992
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3.3.1.4 Accessing FIFO Control/Status Indicators

Each FIFO has four flags which the controlling software application can access through the two SIU Reg-
isters described in Table 3-13.

Table 3-13. Accessing FIFO Control/Status Indicators — Control Registers

Register Field Function

SIU_FOU — FIFO Overflow/Underflow. Provides access .to the overflow and underflow
flags.

SIU_FCS — FIFO Control/Status. Returns the current full and empty status flags. Writing

to any of the FIFO empty fields (FxE) halts and resets the corresponding FIFO.

See also: SIU_FCS: FIFO Control/Status, page 124.

NOTE: Register SIU_FCS is a special read/write register. On read, the status .
flags are returned. During a write, only the FxE fields are used to reset
the FIFO. The reset values cannot be read back, so the controlling soft-

ware application must retain a copy.

3.3.2 IPU1: Input Processor Unit 1

The IPU1, shown in Figure 3-16, prepares an input video stream for ALU processing and/or storage in the
Frame Buffer, then outputs the prepared stream through FIFO G to the Frame Buffer Data Bus. Its video
processing features include YCbCr and RGB input stream format conversion, color space conversion,
programmable data tagging, three-channel lookup table operations, horizontal prescaling, window clip-
ping, horizontal and vertical scaling, and output stream format conversion.

The IPU1 has two Master Control Registers (IPU1_MCR1 and IPU1_MCR2), allowing the IPU1 to perform
different operations on two independent, single-field video streams during a common frame time. Field ID
Signal FID, shown in Figure 3-16, determines the register set to be used. See also: Field Toggling and
Field ID, page 42.

The IPU1 contains seven subunits, each of which is detailed in the following paragraphs:
« 6lnput Format Converter and Chrominance Interpolator

* Input Tag Unit

« Color Space Converter

«  LUT RAM

+ X Prescaler

+  Window Clipping and XY Scaler

+  Output Format Converter Unit.

This section also describes the IPU1 Interrupt Request Unit.

]
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3.3.2.1 Input Format Converter and Chrominance Interpolator

The Input Format Converter and Chrominance Interpolator, shown in Figure 3-16, has two functions:

* The Input Format Converter operates on external and internal streams. It produces three 8-bit and
one 1-bit tag buses that are used exclusively by the other IPU1 subunits. These tag buses do not ap-
pear outside the IPU1. :

« The Chrominance Interpolator

Input Format Converter

The Input Format Converter demultiplexes 16-bit 4:2:2 or 12-bit 4:1:1 YCbCr video data into the non-mul-
tiplexed format used by IPU1 (8-bit YR, UG, and VB buses with a 1-bit tag, as shown in Figure 3-16). The
Input Format Converter accepts as input:

« the YCbCr video input stream formats defined in Table 3-14,

« the 16-bit RGB video input stream formats defined in Table 3-15, and

« the pseudocolor video input stream format defined in Table 3-16.

These formats are specified by field IF in Registers IPU1_MCRf for each field time.

NOTE: These specified input formats do notimply that the input Format Converter performs color space conver-
sion. A specified YCbCr format implies that the stream input for processing will be in YCbCr format. A
specified RGB format implies that the stream input for processing will be in RGB format. The controliling
software application must ensure that the desired processing is compatible with input video stream.

Table 3-14. YCbCr Video Input Stream Formats
NOTE: The Video Input Stream Formats in this table are shown for four consecutive VpCLK clocks C-Cy.
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