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Description

The uPD72185 Advanced Compression/Expansion En-
gine (ACEE) is a dedicated high-speed processor that
performs binary image data compression and expansion
using CCITT Group 3 and Group 4 algorithms. The
1PD72185 supports all the coding methads specified in
the CCITT T.4 and T.6 recommendations.

The uPD72185 ACEE operates on 8- or 16-bit-wide data
residing in memory. It can compress image data into
reduced codes and also expand reduced codes into an
image. Compressed codes can be transferred to or from
a separate processor or parallel peripheral through an
I/O port.

The uPD72185 has a high-performance, four-stage pipe-
lined architecture. It has separate host CPU and image
data buses for maximum data throughput. The on-chip
DMA controller manages all data transter on the image
bus.

The uPD72185 is designed for high-performance image
compression applications, such as facsimile machines,
PC FAX boards, scanners, printers, image workstatlons,
electronic document storage systems, and magneticand
optical disk based electronic filing systems.

Features

o High-speed processing
~— Compression/expansion of CCITT standard test
chart (A4 size, 400 PPI x 400 LPI) in‘under 1
second
Internal four-stage pipelined CPU
© Handles a variety of encoding/decoding methods:
CCITT standard MH, MR, and MMR
32K pixels maximum per line
Supports 32-megabyte image memory
Image data enlargement/reduction
-~ Horlzontally
%2 enlargement (on decoding)
x1/2 reduction (on encading)
— Vertlcally
X2 and x4 enlargement {on decoding)
x1/2 and x1/4 reduction {on encoding)
Bit boundary processing
Automatic error handling on decoding
Multitasking capability
Dual bus system
— Image memory side (24-bit address bus, 8/16-bit
data bus)
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~ Host CPU side (8/16-bit data bus)
o High integration
— On-chip DMA controller
~ On-chip refresh timing generation circuit
o CMOS process
~— Single +5-volt power supply
~ System clock: 8 MHz maximum

Ordering Information

Part No, Package
#PD72185CW 64-pin plastic shrink DIP (750 mil)
uPD72185L 68-pin PLCC (plastlc leaded chip carrier)

Pin Contigurations
64-Pin Plastic Shrink DIP

mEsercdt \./ ep 10D 45
icl2 63110044
INT[]3 62[110D43
DAREQ ] 4 61310015
10Ag )6 60110044
loA1Cis [:] mEelv 2T}
10A2 ] 7 5871004
10A3 (] 8 57{110Dg
DACK [ 9 561 10D7
GEE [] 10 551 10Dg
€50 11 54[] 10Dg
IORD [] 12 5317 10D,
IOWR ] 18 §217 1003
GND ] 14 5111005
CLKI}15 50[710D4
Ao 1e 497 10Dg
Ay 7 48[ ASTB
Aslli8 47 vpp
Azl 46 {1 AEN
Ag]20 451 MREQ
Ag]21 441 MWR
Agl]22 43[1 MRD
A7C23 421 MACK
AgiDgd24 41 [ READY
Agl/Dg]25 407 An3/D7
Aq9/Dygl] 26 390 Aap/Dg
Ay1/Dyy 27 38[1Ap1/D5
Aq2iDyo ] 28 371 Agp/Dy
A43/Dyg0 20 36[1A4g/D3
A14/D14E 30 35]A15/Dg
Ay5/DygC] 31 3401 A7/Dq
GND [ 32 33T Ag/Dg
B3IYL-S473A
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68-Pin PLCC (Plastic Leaded Chip Carrier)
oWt oo @O o 8“3056
§648595802 85EEE 3¢
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[1A23/D7
1 Agp/Dg
[1A211D5
[J Agg/Dg
[1A49/03
[1A15/D2
[1A47104
(1 A16/Dg
[ANC

[1 GND
[JA15/D1s
[ A14/D14
[1A13/D43
(1A12/D42
[1A11/Dyq
[1A10/D10
(1Ag /Dg

cs[}29
AgL] 34
NC [} 35
A1L336
Az} 37
Az []38
A4 ] 89
Ag ] 40
As O 41
Az [ 42
Ag /Dg [} 43

UBE[] 28
IORD ] 30
IOWR 4 31
GND [ 32

CLK[] 33

DACK ] 27
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Pin ldentification Pin Identification (cont)
Symbol Functlon Symbol Function
Host Interface MWR ) High-leyel output when u4PD72185 is Bus Master
(o1 Active-low input signal enables I/O access to (Memory Write) ggt;h;aslwrai\tgt;:nb;s.in?:gcem:esn‘llg\:;level when
(Chip Select) uPD72185 from host bus.
DACK Input signal from external DMA controller. Must gﬁ:vt: high Impedance when ©PD72185 is Bus
(DMA be inactive (high) when host CPU performs 1/O .
Aqknowledge) access to uPD72185. READY Low-level input signal extends MRD and MWR
DREQ Output signal to external DMA controller. (Ready) cycle by adding wai states..
(DMA Becomes active low when there is readable Signal must not be altered within setup/hold
Request) data or space that can be written to in the time perlod.
PD72185. -
INT g ut 1to host CPU Other Pins
utput signal to hos s -

(interrupt putsig CLK External clock input.
Request) (Clock)
10Ay-10Ag 4-bit address Input selects register or register RESET Syster reset input. Must be held low for at least
110 Address) pair when host CPU performs /O access to (Reset) seven system clock cycles. After reset,

#PD72185, uPD72185 becomes Bus Slave on the image

bus,
10Dg-10D 16-bit, two-way data bus
(l/OoDataigus) l Y IC This pin must always be pulled up.
nternal
IORD Low-lavel input signal when host CPU reads gonnecﬁon)
'O Read from pPD72185 by /O access.

o ) a y I - NC No internal connections are made to this pin.
OWR Low-level input signal when host CPU writes to {No Connec-
(/0 Write) #PD72185 by l/O access. tion)
UBE ‘When host CPU wrltes to 4PD72185 by /O Vop Positive power supply pin,
(Upper Byte access, byfte or word transfer is specitied by
Enable) UBE Input signal in combination with [0Ag GND Both ground pins must be connected.

input, (Ground)
Image Memory Interface
Ag-A7 Lower 8-bit address of image memory bus.
(Address Bus)
Ag-A15/Dg-D1s, Upper 16-bit address of image memory bus mul-
A1g-A2y/Dg:D7 tiploxed with the 16-bit data bus.
(Address/Data
Bus)
AEN Output signal becomes active when uPD72185
(Address Is Bus Master on the Image bus.
Enable)
ASTB High-level output signal used to latch address
(Address output from pPD72185,
Strobe)
MACK Active-high input signal grants pPD72185 use of
(Memory Image memory bus in response to MREQ
Acknowledge) signal,
MRD High-level output when xPD72185 is Bus Master
(Memory Read)  on the image bus, Becomes low lavel when

data is read from lmage memory. i

Set to high impedance when uPD72185 is Bus

Slave,
MREQ High-level output signal requests use of image
(Memory memory bus when wPD72185 Is Bus Slave on
Request) the image bus. Becomes active for a DMA

transfer between uPD72185 and image memory.
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~————— CLK
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~———= GND

ASTB
AEN
MREQ
MACK
MRD
MWR
READY

Cade Line
DMAC Counter

>
>

MH/MR
Analyzet

> Encoder
Image i
Generation

Image
Bus ﬁ
Ag-A7

Ag-A15/Dg-D15,
A16 -A23/Do-D7

RESET ~——»

INT |

UBE ——

c§ ————»

H IORD ~———=|
st 1OWR —————»| Host Commiand/
Bus '< lowr Interface <:> Rer:gige
DREQ ~—— Register

DACK —

10Ag-10Ag [:>

0Do 10D15 <:>

.
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- Reference
> Line

Counter
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e}

————|

U

L
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83SL.56838

Absolute Maximum Ratings

DC Characteristics

Tp = +25°C Tp = —40to +85°C; Vpp = +5V %10%
Power supply voltage, Vpp -05t0 +70V Parameter Symbol Min Typ Max Unit Conditions
Input voltags, Vi ~06toVpp + 0.3V Input voltage, Vi -06 +0.8 V CLKpin
Output voltage, Vo —05toVpp + 03V lowlevel VL  -05 108 V Otherplns
Operating temperatute, Topt -40to +85°C Input voltage, Ving +33 Vop V CLK RESET
Storage temperature, TsTa @0t +125c  Nighvlevel +038 pins
- Vin +22 Vpp: V Other pins
+ 03

Output valtage, Vor. +04 V loL=285mA

low-level

Qutputveltage, Vou 0.7 Vpp V loy = -400 A

high-level :

Input leakage lu *10 pA Vi =0toVpp

current

Outputleakage Ilio *10 pA Vour =0to

current Vbp )

Supply current  Ipp 50 100 mA While operating
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AC Characteristics
Ta = —40to +85°C; Vpp = 5V £10%
Parameter Figure Symbol Min Max Unit Condition
Clock
CLK cycle 2 tovk 125 1000 ns
CLK low-level width 2 KL 50 ns
CLK high-lsvel width 2 tkkH 80 ns
CLK rise time 2 tkR 10 ns 1530V
CLK fall time 2 tee 3015V
Image Memory Interface
MREQ 1 delay time from GLK 1 3 tomaH 100 ns
MREQ | delay time from CLK ¢ 3 toMmaH 100 ns
MACK 1 setup time to CLK ¢ 3 tsMA 35 ns
MACK | hold time from CLK 1 3 tHMA 20 ns
AEN 1 delay time from CLK 1 3 tDAEH 100 ns
AEN ] delay time from CLK 1 3 thAEL 100 ns
ASTB 1 delay time from CLK | 3 tosTH 70 ns
ASTB high-level width 3 tsTsT tekH — 16 ns
ASTB | delay time from CLK 1 3 tosTL 100 ns
Addross/date/MAD/MWH delay time from GLK } 3 oA 100 ns
Address/data/MRD/MWR float time from CLK | 3 tFA 25 70 ns
Address setup time to ASTB |} 3 tsasT tkkH - 35 ns
Address hold time from ASTB } 3 tHsSTA kKL — 20 ns
MAD | delay time from Address float 3 AR 0 ns
MRAD | delay time from GLK | 3 toRL 70 ns
MAD low-level width 3 taRL2 2igyk - 50 ns WAIT = 0
MFD1 delay time from CLK ¢ 3 toRH 70 ns
Input data setup time to MRD ¢ 3 tspr 70 ns
Input data hold time from MRD 1 3 t4rp 0 ns
MWRU delay time from CLK | 3 towL 70 ns
MWR low-lavel width 3 twwee 2tgyk - 50 ns WAIT = 0
MWH?T delay time from CLK 1 3 towH 70 ns .
READY setup time to CLK 1 3 tsRy 35 ns
READY held time from CLK { 3 tHay 20 ns
Host Interface ‘
DACTK/TS recovery time 4,5 tapc 200 ns ‘
TORD low-level width 4,7 tRRL 150 ns |
Address/CS | setup time to TORD | 4 tsar 35 ns
Address/CS |, hold time from IORD t 4 tHRA 0 ns
Output data delay time from [ORD | 4 torD 120 ns
Output data float time from [ORD 4 teRD 10 70 ns
TOWR low-lovel width 5 twwi 100 ns
TS | hold time from IOWR 1 5 twwecs 0 ns

47



N E C ELECTRONICS INC 30E D MWW L427525 0027855 3 M
— NEC
T-52-33-90
AC Characteristics (cont)
Ta = ~40t0 +85°C; Vpp =5V £10%
Parameter Figure Symbol Min Max Unit Condition
Address/UBE/CS | setup time to [OWR | 5 tsaw 0 ns
Address/UBE hold time from {OWR 1 5 tHWA 0 ns
Input data setup time to IOWH 1 5 tspw 100 ns
Input data hold time from [OWR ¢ 5 tHwo 0 ns
RESET low-leve! width 6 7 tRsTL Tioyk ns
Vpp setup time to RESET 6 tsvbo 1000 ns
{OWH/IORD wait time from RESET t ] tsywr 2lgyk ns
TOWR/IORD recovery time 7 tRWR 200 ns
DREQ ! delay time from [ORD § 7 torDQ 140 ns
DREQ { delay time from IOWR { 7 towna 140 ns
Figure 1. Voltage Thresholds for Timing Figure 2. Clock Timing
Measurements
K —of fe— tkp l-—
Input / Qutput e——tKH
24V X 22V 2.2VX: LK -_!S
04V 08V 08V
Je—tKKL
CLK Input tevK |
7 83YL-5480A
O Y
. BIVL-5479A
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Figure 3. DMA Transfer Timing on Image Bus
AYAYAVAW AW AW AW,
‘DMaH '4— toMaL —»
MREQ f
‘SMAl'—* —» tHMA Ic—
MACK ) X
*
tDAEH —» |<— —» 'DAEL
AEN f
—» e |lOSTL
'DSTH —»
ASTS
X
—> tHRY —> |<—‘HRY
tsTsT
READY \ / '\
tsAST __I . . :
toA > [+ "SRY le—tSRY - je—=tFA
i r X
Ag-Az HZz 4 Address } _____ Hz ___
K
> tpwL 'DWH —»
- twwiz -} teA
Hi-Z Hi-Z
WR . | —
DA
tDA l—>]
tHSTA » -] |a—tFA
Ag-Ai5Dg-Dys, . Hi-Z 4 p "z
ddress ] 0 OuputData @0 [Peeememefe
Aqg-A23Mg-Dy Wiite { Address _Jx: Output Data }
DA—» = e LN 'DRH-—‘ e
‘RAL2 ! |-n) trA
s Hi-Z \ 3 HiZ
MRD =~ A L oo SV
DA —» ! [—1DAR le——YSDR
tHAD ~» |
. |
Ag-A1503-Dy5, Hi-Z Vi ) k Hi-Z |
Ayg-A23Dg-Dy Read )LAddress 1}—-— —_— —; Input Data ) |
DA —»] le— ——! je—tEA
» MACK must remain high for atleastane clock cycle after MREQ
becomes high, —
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Bus

Figure 5. Timing for Write to uPD72185 on Host
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Figure 4. Timing for Read from uPD72185 on Host  Figure 6. Reset Timing
Bus
A
Voo
BAGR _/ "\_ _/
troc tRoC fe————tSVDD ~———
S f
— RESET
s K % tsYwR
YRSTL . >
iOWR, \
10A¢- Y4 3 TORD A
IOA% )r Addrese 7K ) 83YL-5484A
tAR [e—wte—" RRL 'HRA Figure 7. Read/Write Cycle Timing
0RO \ <—tRAL tRVWR »
t t
DRD FRD 5 \ {_
[lgg& Hi-2 g Output Data }--—-'-i-l-z—- 'RVWR ‘vaﬁ

—

e—!DRDQ —|

-

le—tDWDQ >

=

B3YL-5485A

4-10




i

N E C pPD72185 7

N E C ELECTRONICS INC 30E D WM Lu27525 0027458 9 M
T-52-33-90
OVERVIEW Table 2. uPD72185 Processing Patterns
The pPD72185 encodes and decodes binary image data  Type  Processing Data Flow, Bus-to-Bus
in accordance with the standard system prescribed by A Encoding Image memory -  Image memory
the CCITT (International Telegraph and Telephone Con- B Decodin Image memoty . — _ Imaae rerm
sultative Committee). See table 1. ' 9 9 Y mag bt
o} Encoding Image memory  — Host
] Decodin Host - I
Table 1. CCITT Standard Systems ccohe - 1899 mAmory
E Data transfer  Image memory  — Host
System CCITT Aecommendation
F Data transfer  Host - Image memory
MW T.4 (G3 Facsimlle) -
- G Data transfer  Image memory — Image memory
MR T4 (G3 Facsimile)
MMR 1.6 (G4 Facsimile)

The uPD72185 has two bus interfaces with which it
connects to the system.One interface is with the host
CPU and the other Is with image memory. Data exchange
with the host CPU is by ordinary 1/0 accesses; data
exchange with image memory is by DMA transfers using
the on-chip DMA controller.

In this document, the bus on the host CPU side is called
the host bus, and the the bus on the image memory side ;
is called the image memory bus. . 4§

In addition to encoding/decoding, the pPD72185 can
perform data transfers between the image memory and
the host CPU. Also, it can perform image enlargement
and reduction on expansion and compression and logi-
cal operations (AND, OR, XOR,) while transferring data.
Table 2 and figure 8 show the processing patterns.

411
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Figure 8. uPD72185 Processing Patterns
Host Bus Image Host Bus Image
Memory Bus Memory Bus
A E
> Image
Data
wPD72185 Data pPD72185 K Data
<: Codes
B F
* Image
Data
uPD72185 Data pPD72185 > Data
< Codes
o} G
<: Data
Codes uPD72185 | Image uPD72185
> Data
D
Godes RPD72185 > ['Bage

A3SL-5534B
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PROCESSING

Modes

The two processing modes of the uPD72185—block and
line—are selected by commands from the host CPU. In
block mode, which is more commonly used, one com-
mand controls processing of multiple lines. In line mode,
one command is required for each line. Line mode allows
encoding/decoding methads other those prescribed by
the CCITT.

Line Processing

A compressed line consists of a header and code as
shown in figure 9. In the header, commands from the
host CPU specify the number of filler bits (0 to 65,535),
the presence/absence of the EOL code, and the number
of bits in the tag pattern (0 to 8).

The code that follows the header consists of encoded
binary image data. The encoding method can be speci-
fied per line by commands from the host CPU.,

At the time of encoding, a line is generated In this order:
filler + EOL code + tag pattern + code. This filler is
appended to the immediately preceding line.

Decoding is performed one line at a time in this order:
code + filler + EOLcode + tag pattern. If a page starts
with an EOL code, the nPD72185 detects the EQL code
and the following tag pattern and processes them before
starting line-by-line decading.

Figure 9. Line Composition (Line Mode)

Filler EOL Tag pattern
(01065535bits) | code | (0308 bie) Code
|<——- Header part _>|<-——- (i;zgte
BIYL-5648A

EXTERNAL INTERFACE

The uPD72185 exchangss data with image memory by
DMA transfers via the on-chip DMA controller. When the
1PD72185 needs to access image memory, it requests
use of the image memory bus by activating MREQ. Data
is exchanged with a host CPU (including an external
DMA controller) by normal 1/O accesses. The host CPU
reads and writes data through the uPD72185 1/O ad-
dresses.

MULTITASKING

Multitasking means using the uPD72185 to process mul-
tiple image areas in parallel by time division.

The pPD72185 processes an image area specified by the
host CPU as a unit. On completion of processing, the
pPD72185 sends back to the host CPU in the form of a
response: memory manage ment information, process-
ing information, counter information, etc.

As an example, consider a case in which image data
encoded by one method is to be recoded by another
method. When the recoded data extends over multiple
image areas, the following two methods can be em-
ployed.

(1) All encoded data in the muitiple image areas is
decoded. This image data is then reencoded all at
once.

(2} Encoded data in multiple image areas is decoded in
small blocks. This image data is then recoded a
block at a time, processing only a section of each
image each time..

Depending on the systenrdesign, pipelining with method
2 may improve processing efficiency. This method can
be implemented through the host CPU's management of
responses sent back by the uPD72185.

ENLARGEMENT/REDUCTION

The uPD72185 can reduce an image when encoding and
enlarge image data when decoding. Reduction is per-
formed by a simple thinning-out operation, and enlarge-
ment by repeating the sams data. Enfargement/reduction
types are shown in table 3.

Table 3. Enlargement/Reduction Types
Enlargement and (Reduction) Factors

Type Horlzontal Vertical
A 1 () 1 Q)

B 1 (1) 2 (1/2)

C 2 (1/9) 2 (1/2)

D 2 (172 4 (14)
WHITE MASK

The pPD72185 can perform white mask processing on
the right edge and left edge of image data. The amount
of white masking is specified separately for each edge in
word units (0 to 255 words)

The uPD72185 automatically white masks data on en-
coding Image data. It is not able to perform decoding
and white mask processing at the same time. Hence,
white mask processing is performed once decading is
completed

4-13
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BIT BOUNDARY

Some image areas consist of lines not terminated in
either byte or word units but with an odd number of bits.
The pPD72185 handles image areas of this kind with bit
boundary processing.

Lines with an odd number of bits are processed by
specifying void bits up to the byte or word boundary. See
tigure 10.

Figure 10. Bit Boundary Processing (Word Units)

Word boundary Word boundary Word boundary

{ { {
| L)

g~ Void bils - j4—————  Partactually -—-—5
{Q o 15) processed

Start address
8IYL-5645A

IMAGE MEMORY

Image Area

Image memory means the whole area of memory acces-
sible by the uPD72185. An image area, on the other hand,
is a rectangular area within image memory (figure 11),
the size and location of which is specified by commands
from the host CPU. The unit of pracessing is an image
area.

The pPD72185 can append and also detect the code
indicating the end of a page using commands from the
host CPU. Page management, however, is performed by
the host CPU.

Figure 11. Image Area Examples

—— Orlgin
3
Image Memory

Image Area
Image
Area

Image Area

83YL-5550A
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Memory Organization

Under control of the host CPU, image memory can be
either byte-organized (8-bit units) or word-organized
(16-bit units). One pPD72185 address corresponds to one
byte or one word in memory. In both cases the pPD72185
does its internal processing and writes to image memory
in 16-bit units. Thus, when image memory is byte-
organized, two accesses are required, one to an odd-
numbered address and one to an even-numbered ad-
dress.

The 24-line address bus allows access to a large amount
of image memory. Table 4 shows image memory capac-
ity for byte and word organization,

Table 4. Image Memory Capacity

Organization Size *Capacity
Byte 16M bytes 64 A4 sheets
Word 32M bytes 128 A4 sheets

*A4 sheet = 210 mm wide by 297 mm long
Horizontal: 8 dots/mm
Vertical: 4 dots/fmm

Data Storage

Image memory can store code and other general data as
well as binary jmage data. Binary image data is con-
verted to white/black levels shown in table 5 and stored
as follows.

(1) The first bits scanned are packed in sequence start-
ing from the LSB of a byte/word.

(2) The first data byte/word scanned is packed in se-
quence in byte/word units starting from the lower
address side.

Code transferred serially is stored as follows.

(1) The first bits transmitted are packed in sequence
starting from the LSB of a byte/word.

(2) The first data byte/word transmitted is packed in
sequence starting from the lower address side.

Table 5. Binary Image Data Levels

Leovel Binary Notation
White 0
Black 1

ENCODING/DECODING SYSTEMS

Table 6 lists the encoding/decoding systems the
#PD72185 can handle, including CCITT standard sys-
tems. Figure 12 shows coded data formats for MH, MR,
and MMR systems. .
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Table 6. Encoding/Decoding Systems

System Summary

MH One-dimensional encoding/decoding system,
G3 facsimile, CCITT standard.

MR Two-dimensional encoding/decoding system,
G3 facsimile, CCITT standard.

MMR Two-dimensional encoding/decoding system,
G4 tacsimile, CCITT standard.

Other Systems otherthan CCITT standards thatcan

be implemented by selecting line

mode

T-52-33-90
Picture Elements

Image data that exceeds 2623 picture elements {pixels)
per scan line is processed using the run-length code
table expansion method stipulated in CCITT Recom-
mendation T.6. )

Figure 12. Code Data Formats in MH, MR, and MMR Systems

Data praceeds In time —=

MH System

Cade for Code for Code for Code for
Dummy | EOL 1Une | EOL 1LIne Fliter | EOL 1 Une Flller ‘Si EOL 1tine | RTCOummy
Code for one scan line
MR System
Data proceeds in time ~—»
Tag Cade for Tag Cade for Cade for " Tag Cade for
Dummy | EOL| gis | Tune [EOL| Bius | tline |EO tling | Fifler | EOL) gy | Yijpe |RTC|Dummy
Cade for one scan line
MMR System
Data proceeds In ime —»-
Code far | Code far | Code lor | Code for Code for Padding
NoDummy | "\ine | 1line | 1line | 1Line Ws Tune |FOFBI “aps
Cade for one scan line

Item MH System MR System MMR System
Start of each scan line EOL EOL No EOL
Filler Insertable Insertable None
RTC Normally EOL x 6 (EOL+1)x6 EOLx2
K-paramster Undefined Present None
Tag bits None Nomally 1 bit Nane
EQL for head of page Nane None None
22624 run length code Make-up code x n + termination code

Symbols
ECFB End of facsimile block
EOL End of line
ATC Return to control
Dummy  Variable-length slring of zeros
83YL.5651B
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K-Parameter

In the MR system, the K-parameter determines the cod-
ing technique and the transmission errar recovery pro-
cedures. The value of the K-parameter can be specified
as a number from 1 to 255 or as infinity («).

Whether the code for a particular line uses one-
dimensional encoding or two-dimensional encoding is
indicated by the value of the tag bit inserted after EOL.
See table 7.

Table 7. Relation Between Encoding System and

Tag Bit
Tag Bit
Encoding System  Value Method of Representation
One-dimensional 1 EOL + 1 (tag bit)
Two-dimensional 0 EOL + 0 (tag bit)
Filler Bits

When encoding, the pPD72185 can adjust the length of
the coded data by adding filler bits. The two methods of
adding filler bits are as follows.

(1) Specify minimum number of bits transmitted with
the BLO command

(2) Specify number of added filler bits with the LNO
command.

When decoding, the uPD72185 ignores the added filler
bits.
Error Detection

When decoding, the pPD72185 can detect errors in the
code and carry out appropriate processing. Table 8 lists
the types of error detection.

Table 8. Types of Error Detection

Applicable
Encoding
Error Dotection Systems
lilegal code MH, MR, MMR
Logically Inconsistent code MR, MMR

Decoded line longer than specified line length MH, MR, MMR
Deceded line shorter than specitied line length
Abnormal page end

Line Number Count

When decoding, the nPD72185 performs three kinds of
line counting.
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(1) The number of normally-decoded lines (normaily-
processed line count).

(2) The number of lines in error (error line count).

(3) The maximum number of consecutive lines in which
errors occurred (consecutive error line count).

The start of error line counting and successive error line
counting can be specified in either of two ways as shown
below. The selection and setting of the initial value of
each line count is done by cornmand.

(1) Start count from occurrence of first error.
(2) Start count from normal decoding of one line.

HOST INTERFACE

Exchanges between the pPD72185 and the host CPU (or
an external DMA controller) are performed by 1/O ac-
cesses over the host interface. In general, writes from
the host CPU to the uPD72185 are in the form of com-
mands and reads from the uPD72185 are in the form of
responses.

The host bus width is 16 data bits but can be accessed
8 bits at a time by manipulation of the logic leve! on pins
I0A, and UBE. See table 9.

Table 9. Host Bus Width

10Ay UBE Bus Width Pins

0 0 16 bits 10D(10D15
1 8 bits 10D¢-10D7

1 0 8 bits 10Dg-10D+5

To get the uPD72185 to start processing, the following
operations are necessary.

(1) Write the command into the command registers.
(2) Write 1 into the CRQ bit of the control register.

When the CRQ bit is set, the uPD72185 begins process-
ing as directed by the command received. Once pro-
cessing has begun, the host CPU cannot write 1 to the
CRQ bit again for the next processing operation until it
confirms that processing has been completed or inter-
rupted.

Basic Timing

Figure 13 is a timing diagram applicable to reads from
the uPD72185 and writes by the host CPU. Figure 14
shows the timing for an external DMA controller in the
word mode and byte mode.
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REGISTERS Figure 14. Read/Write Timing With External DMA
Exchanges between the pPD72185 and the host CPU, Controller
including commands and responses, utilize the registers Word Mode
and the data FIFO area illustrated in figure 15. The
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Figure 15. Regisler Organization
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Control Register

The control register is used in writes from the host CPU.
The functions of bits 0, 1, and 2 are explained below.

Command Request (CRQ). When 1 s written to the
CRQ bit after the host CPU has written a command, the
rPD72185 begins processing according to the com-
mand. The CRQ bit is automatically reset after comple-
tion of processing.

Interrupt Reset (INTRST). When the host CPU writes a
1 to the INTRST bit, the INT pin output and the INTR bit
are reset. After being set, the INTRST bit will be reset
automatically.

Software Reset (SFTRST). Software reset by setting
SFTRST to 1 is functionally identical to hardware reset at
the RESET pin.

418

Status Register

The status register is used in reads from the host CPU.
The functions of bits 0, 1, and 2 are explained below.

Input Ready (INRDY). A 1 in the INRDY bit indicates the
input data FIFO is ready to receive data from the host
CPU.

Interrupt Request (INTR). The INTR bit shows the same
logic level as the INT pin. The pPD72185 sets this bit to
notify the host CPU that processing has been completed
or interrupted.

Command Register

The command register is used in writes from the host
CPU. it has two parts: command type and command
parameter.
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Response Register

The response register is used in reads from the host CPU.
It has two parts: response type and response parameter.

Input/Output Data FIFO

The pPD72185 exchanges image data, code, etc., with
the host CPU via the data FIFOs. The input data FIFO and
the output data FIFO are each two bytes wide.

IMAGE MEMORY INTERFACE

The image memory interface is between the uPD72185
and the image memory, which stores image data and
code. Accesses to image memory from the uPD72185 are
performed by DMA operations using the on-chip DMA
controfler. Via the image memory interface, the
uPD72185 directly controls image memory.

When the uPD72185 completes command processing, it
reports completion or interruption to the host CPU by

Figure 16. DMA Transfer Timing

T-52-33-90

setting the output of the INT pin to high and at the same
time setting the INTR bit in the status register. See figure
15,

The host CPU, meanwhile, confirms completion or inter-
ruption of processing either by sampling the INT signal
level or by software polling the INTR bit.

DMA Transfer Timing

The basic bus cycle in a DMA transfer takes three system
clock pulses: §1, §2, and S3. In this bus cycle, the
pPD72185 reads or writes 1 byte or 1 word. See figure 16.

If the access time to an image memory element is long,
and a read/write is not possible within the basic bus
cycle, then the uPD72185 can insert wait states (SW)
between 82 and 83, extending the read/write pulse
width.

The two methods of inserting a wait state are:
(1) Using the READY pin.
(2) Programming walit states with a command

s2
CLK

Bus Cycle | Bus Cycle |

MREQ /

MACK /

AEN /

R e /N
T S m /_\____

READY

ASTB /x

o/

/\_

X_

A8-A15/D8-Dif ~==—— Addre% Data %ddress x Data >_ ———
Write .

e e o S ) S D S G S
(Read)
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Bus Cycle Modes

The uPD72185 has three modes in which it operates on
the image memory bus as a Bus Master A command
selects the bus cycle mode.

Total Bus Monopolization Mode. The pPD72185 com-
pletely monopolizes the bus. The MREQ and MACK
signals are not used.

Demand Mode. The uPD72185 holds on to the bus by
keeping the MREQ signal high. The length of time held
depends on the data being processed. The uPD72185 will
always surrender the bus on completing the processing
of a line.

Eight Bus Cycle Monopolization Mode. The uPD72185
monopolizes the bus for a maximum of eight bus cycles,
after which it releases the bus by dropping MREQ to low.
It waits at least three clock intervals before raising MREQ
high again .

DMA Break

When the pPD72185 is monopolizing the image memory
bus (MREQ = 1), MACK is normally kept high. if MACK
falls to low while MREQ is. high, the uPD72185 immedi-
ately discontinues the DMA transfer However, because

Table 11. Command Types

T-52-33-90

the MACK signal level is sampled at the rising edge of
$3, there is a maximum delay of 1 bus cycle + 1/2 clock
interval from the fall of MACK until the uPD72185 actu-
ally releases the bus.

In the tatal bus monopolization mode, DMA break does
not operate.

Refresh

The uPD72185 is able to output refresh timing to image
memory, thus facilitating the connection of pseudo-
SRAM. However, the uPD72185 does not output the
refresh address itself. Consequently, when DRAM is used
in image memory, a refresh address generation circuit
must be connected externally or a CAS-before-RAS
cycle must be generated.

The refresh function is enabled with a command and
performed with a read cycle to address 80000H. Pin
Agq/D; used as the refresh timing output pin decreases
the bus width to 23 bits..

COMMANDS

The uPD72185 has five types of commands: assignment,
operation, statistical, CLB switch, and special. Table 11
describes the command types; table 12 describes the
commands

Type Function Command

Assignment Specifies system configuration, storage locations of data pro- MOD, SCDB, SIMB, SPRS, SYS
cessed or to be processed, and processing mode.

Operation Gives directions to uPD72185 for start of encoding/decoding, ABT, BLO, CNT, EOL, LNO, MSK, RTAG, RTC, TRO
data transfer (composition), and similar processing.

Statistical Requests information on processing executed by uPD72185, RCLB. RPRS

CLB switch Specifies use/non-use of compressed line buffer* CLB-ON, CLB-OFF

Special Reads firmware varsion of the nPD72185.

RVER

* The compressed line buffer handles compressed storage of the codas for one line according to the coding mode.
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Table 12. List of Commands (cont)

Name Function Name Function

ABT When a CFE intertupt* is generated, the RPRS Requests statistical information from

(Abort) nPD72185 resumes processing with the ABT (Read process #PD72185 on number ot normally-processed
command, However, this is done only for the status) lines, number of error lines, etc., resulting
line belng processed when the interrupt was from processing.
generated. When this line is completed, the R " : "

N . TAG During decoding, reads tag pattern attached

1PD72185 interrupts processing again. (Read tag to start of a line,
If the ABT command s Issued when an in- pattern)

tersupt has not been generated, the
uPD72186 cancels the continuous processing

mode.
BLO For block mods, specities minimum number
(Block of bits transferred, word length of a line,
operation) number of void bits at left/right side, word

length of white mask at lefy/ right sids, etc.

Normally, encoding/decoding by the
#PD72185 is performed through this

command. )

GLB-ON/OFF User specifies use of compression line buffer

(Compression by CLB-ON or CLB-OFF command. Valid

line buffer only in line mode.

onjoff)

CNT When the CNT command is issued, the

{Continue) uPD72185 processes the next consecutive
image area equal in size to the area previ-
ously prooessed using the same processing
mode and encoding/decoding system,
By means of the CNT command, the
rPD72185 can resume processing even
when a CFE Interrupt has been generated,

EOL During enceding, adds EOL code to coded

(End of line) data; during decoding, detects added EQL
code,
If the detected EOL cods is judged to be
part of the RTC code, the uPD72185 starts
RTG search,

FILL During encading, adds fill bits to coded

((x1l] data,

LNO For line mode, specifies number of fill bits to

(Line operation) be added, word length of a line, number ot
vold bits at left/right slde, tag bit, etc.

MOD Asslgns pracessing mode, encoding/ decod-

(Mode) Ing format {transfer mode in case of a
transfer), K-parameter, RTC, enlargement/
reduction, ete.

MSK For line-to-receive mask processing, speci-

(White mask) fies word length, word length of left/right
side white mask, number of vold bits on left/
right, eto. Also performs white mask pro-
cessing on image buifer.

RCLB When the RCLB command is received, the

(Read compres- 1PD72185 reads the contents of the com-

sioni line buffer) pression line buffer. Pravides user with pixet

distribution data for a lins.

In line mode, interpretation of the tag pattern
by the host CPU allows an individual non-
CCITT standard encoding/decoding system
to be implemented.

RTC During encoding, adds RTC code to coded
(Return ta data; during decoding, detects added RTC
centrol) code.

RVER Reads firmware versions built Into

(Read version uPD72185

number)

SCDB Speclfies start address, size, and start bit
(Set code position of image area (code buffer) that
buffer) stores code,

When the coded data Is coming from the
host GPU side, the start address should be

setto 0.
SiMB Specifles start address of reference line in
(Setimage image memory, and start address and size
buffer) of Image area (image buffer) that stores im-
age data.

When a transfer Is performed, specifies
transfer source/destination address and size

of transfer.
SPRS Specitles initialization values for normal pro-
(Set process cessing line count, maximum error line
status) count, ete.,, and abort if error line count ex-
ceeds maximum,
8YS Asslgns specific system parameters such as
(System) Image memory organlzation, bus cycle

mode, word length of a line, etc. Also Initial-
izes Internal uPD72185 parameter table,

TRO Performs data transfer/composition for Im-

(Transfer age buffer specified by IMB command.

operation)

* CFE Interrupt is generated if a CEMPT or CFULL response is
returned,

RESPONSES

The uPD72185 has four types of responses: confirma-
tion, error, statistical, and special. Table 13 describes
the response types; table 14-describes the responses.
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Table 14. List of Responses (cont)

Type

Function Response

Name

Function

Confirmation Reports normal com- BCDOK, BDCOK,ECDOK,
pletion of processing ~ EDCOK, FILLOK, LCDOK,
requested by acom-  LDCOK, MODOK,
mand MSKOK, POK, RCDOK,

RDCOK, SCDBOK, SIM-
BOK, SOK, 8YSOK, TAG-
PAT, TRNOK, VEROK

Error Returned when an BLABT, CMDERR,
error odours during DBLCRQ LNABT
processing requested
by a command.

Statistical Returns statistical in- PRSTBL
formation in response

toa

command,

Special Other than abave,

CEMPT, CFULL, CLBTBL

Table 14. List of Responses

Name

Function

BCDOK
(Block code okay)

Indicates normal termination of encoding by
BLO command.

Sends back to host CPU: number of lines
processed; start address of image data
butfer following processed image data
buffer; start address and start bit position of
code buffer following processed code buffer,

BDCOK
(Block decode
okay)

Indicates normal termination of decoding by
BLO command.

Sends back to host CPU: number of lines
processed; start address of image data
buffer following processed image data
buffer; start address and start bit position of
code butter following processed code buffer.

BLABT
(Block abort)

Indlicates that during decoding by BLO com-
mand, processing was aborted because er-
ror line count exceeded maximum value set
by SPRS command.

Sends back to host CPU: number of lines
processed; start address of Image buffar
following processed Image buffer; start ad-
dress and start bit posltion of code buffer
following processed code bulffer.

CEMPT
(CDB empty)

Indicates specitied cods buffer has becomse
smpty during decoding.

At this point, the xPD72185 enters the CFE
interrupt state and subsequently accepts
only §YS, SCDB, CGNT, ABT, RPRS, and
RCLB commands. If other commands are
Issued, a CFEERR response is returned.

CFEERR
(CDB8 fullfempty
error)

In the CFE interrupt state, indicates a com-
mand other than SYS, SCDB, CNT, ABT,
RPRAS, or RCLB has been issued.
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CFULL
(CDB full)

Indicates specified code buffer has become
full during encoding.

Atthis point, the pPD72185 enters the CFE
interrupt state and subsequently accepts
only 8YS, SCDB, CNT, ABT, RPRS, and
RCLB commands, If other commands are
issued, a CFEERR response Is returned.

cLBTBL
(CLBTBL table)

Reports compression line buffer contents in
response to RCLB command.

CMDERR
(Command errot)

Indicates that there is no command cotre-
sponding to Input command code.

DBLCRQ
(Double CRQ
error)

Indicates receipt of duplicate command re-
quests during processing, and notifies host
CPU that precessing being executed is in-
validated.

ECDOK
{EOL code okay)

Indicates EQL code has been added and
output to cade butfer by EOL command.

Sends back to host GPU: start address and
start bit position of code buffer following
processed code buffer.

EDCOK
(EOL decode
okay)

Indicates detection of EOL code in ¢ode
buffer by EOL command, '

Sends back to host GPU: address and post-
tion of it following detected EOL code.

FILLOK
(FILL okay)

Indicates that the number of fill bits speci-
fled by a FILL command have been output.

Sends back to host CPU: start address and
bit position of buffer code following fill bits.

LCDOK
(Line cade okay)

Indicates normal termination of encoding by
LNO command.

Sends back to host CPU: number of lines
remaining in image buffer; start address of
image buffer following processed Image
buffer; start address and start bit position of
code buffer following processed code butfer.

LDCOK
(Line decode okay)

Indicates normal termination of decoding by
LNO command.

Sends back to host CPU: number of lines
remalning in image buffer; start address of
image buffer following processed image
buffer; start address and start bit position of
code buffer following processed code buffer.

LNABT
(Line abort)

Indicates that during execution of decoding
by LNO commiand, processing was aborted
bacause error line count exceeded maxi-
mum value set by SPRS command.

Sends back to host CPU: number of lines
remaining in image buffer; start address of
image buffer following processed image
buffer; start address and start bit position of
code buffer following processed code butfer,
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Table 14. List of Responses (cont)

Name Function

MODOK Indicates normal termination of MOD com-

(MOD okay) mand processing.

MSKOK Indicates normal terrination of processing

(Mask okay) by MSK command.
Sends back to host CPU: start address of
next image buffer to be pracessed,

POK When the uPD72185 Is in continuous

(Process okay) processing mods, and the object of execu-
tion by an ABT command is BLO, LNO,
RTAG, EOL., or RTC, then POK indicates con-
tinuous processing mode has been
discontinued.
Sends back to host CPU: start address and
start bit position of code buffer following
processad code buffer.

PRSTBL Reports contents of statistical information

(Process status
table)

table befors it Is initialized by SPRS com-
mand.

Also reports current contents of table in re-
sponse to RPRS command.

RCDOK Indicates RTC code has been added and
(RTG code okay) output to code buffer by RTC command.
Sends back to host CPU: start address and
start bit position of code butfer following
processed code buftfer.
RDGOK Indicates detsction of RTC code In code
(RTC decods okay)  buffer by RTC command.
Sends back to host CPU: address and pos-
tlon of bit following detected RTC code,
SCDBOK Indicates normal termination of SCDB com-
(SCDB okay) mand processing.
SIMBOK Indicates normal termination of SIMB ¢om-
{SIMB okay) mand processing.
SOK Indicates that when a CNT or ABT command
(Set okay) has been issued and the command to be
executed doss not exist, the uPD72185 has
terminated processing.
SYSOK Indicates normal termination of SYS com-
(SYS okay) mand processing. .
TAGPAT Indicates tag pattern specified by an RTAG
(Tag pattern) command has been read,
Sends back to host CPU: start address of
code buffer following read tag pattern and
start bit position of that code buffer.
TRNOK Indicates normal termination of data
(Transfor okay) transfer/composition processing by TRO
command.,
Sends back to host CPU: next transfer
source/destination address.
VEROK Returns firmware version to the host CPU.,
(RVER okay)
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SYSTEM CONFIGURATION

Figure 17 is a diagram of low-end and high-end system
configurations.
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Figure 17. System Configurations
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