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Introduction

The current trend in storage devices is toward larger, .
faster, better-performing products, There is a comple-
mentary trend toward the development of storage
devices designed’ for specific purposes. The video
buffer Is an -example of a dedicated device. Line
buffers, field (frame) buffers for TV and broadcast
equipment, and graphics buffers for computers are
examples of video storage devices. Table 1 shows some
of NEC's dedicated video buffers. i

Table 1. Video Buffers _

Funetion Product Storage Configuration Serlal Cycls Time Application in Video/Optical Systems

Line buffers uPD42505 5048 x 8 500r75ns Line storage in facsimile machines,

. ; copiers, and scanners
uPD41101/,PD42101 ; 910x8 34 0r 69 ns Double-speed scan conversion for
-- 7 ° NTSC TV, luma/chroia separation
1PD41102/uPD42102 1135x8 -~ 28 or 56 ns Double-speed scan conversion for
s .. PAL TV, luma/chroma separation

Field buffer uPD42270 263%910x4 60ns = Image field storage’

Dual-port graphles - uPD41264 64K x 4/256 x 4 . 400rB0ns High-speed drawing device

buffars WPDAZ2T4] uPDA22T3 256K x 4/512 x4 Wordons - . 7 .

Triple-port graphics 1PD42232 32K xB/256K x 1/128x 8 40 0r 60 ns High-speed drawing/image. ~

butfer i - processing device

Bldirectional data 1PD42532 2K x 8 ~~ 100ns . .. . Datatransfer rate conversion

buffer

This application note introduces the #uPD42505, a high-
speed serlal access device with the same general
Interface specifications as those of the uPD41101. The-
uPD42505 was developed specifically for office auto-
matlon equipment that handles a large amount of data

in each horizontal line, equipment such as G3 and G4
digital facsimile machines, high- performance copiers,
and Image scanners.

There has been a great deal of technlcal progress
toward higher quality and performance in the devel-
opment of this image-processing equipment. For.
example, there are already advances in image quality
using two-dimensional filtering, image contraction
and expansion, and high-speed video signal transfer,
The uPD42505 achieves optimal processing with a
storage array of 5048 x 8 bits, and by use of an internal
algorithm to read out data in the order in which it was
Input. The fast cycle time of 50 ns allows the uPD42505
to perform various types of image processing.

Figure 1 shows a typical application for the uPD42505
using a digitai copler as an example,

A digital coplier mainly consists of a reader and a
printer section, The image reflected from the original
document placed in the scanner section is input to an
image sensor (e.g.,, a CCD or contact-type image
sensor) and photoelectrically converted to a digital
signal. The digital signal is then input to the image
processing section forimage quality improvement and
processing. The electronic image signal processed in
the reader hiock s sent to the printer block, converted
to light | |n the laser moduiation section, developed,
fixed, and printed out. If a communication faclility is
added to this copier, it can function, as a facsrmlle
machine. ’

Digital copiers and facslmile machines configured in
this way can use dedicated video buffers in the image
processing or transmission section.
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Figure 1, Contiguration and Dafa Flow In a Digital Copler
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Uses for the 4xPD42505

The following discussion describes the types of
applications for which the uPD42505 was developed:
frequency (speed) conversion, adata delay line forone
horizontal scanning line, and buffering for data trans-
fer operations in a simple configuration with simple
control, :

Consider the need for a device that asynchronously
converts the read and write speed for frequency
conversion, e.g., a serial access device used forimage
contraction or expanston, with a word length of one to
two horizontal lines. The buffer must be written to and
read from asynchronously and at different rates. High
speed Is also a requirement. Figure 2 illustrates a
frequency conversion application,

Figure 2, Frequency Conversion
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Another application might require a data delay line
with a delay length of one to two lines. This type of
buffer could be used for image quality improvement in
two-dimensional flitering, especially for filtering in the
vertical direction, because it could be written to and

read from simultaneously in synchronization with a

single clock signal. Figure 3 illustrates two-dimen-
sional filtering.

A third application Is & buffer for data transfer
operations. This application requires a device large
enough to store the amount of data handled, with the
capabllity to read and write asynchronously, simul-
taneously, and at different speeds. An outputsuchasa
flag to indicate the amount of data in the storage array
mightalso be required. Figure 4 illustrates buffering for
data transfer.

Figure 3. Two-Dimenslonal Filtering
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These applications typically require a double-buffer
configuration using high-speed SRAMs for data stor-
age in bits, as shown in figure 5.

Inthefirst phase, data is written to the first SRAM while
data in the second SRAM is read simultaneously,
alternating operations between the two SRAMs. How-
ever, this operation requires components such as read
and write address counters, a multiplexer to switch
address signals according to the read and write state of
each device, a multiplexer to switch write data Input
and read data output, and a sophisticated controller to
control the SRAMs and the other components. The
uPD42505, by performing some of these functions
itself, considerably simplifies these applications.

Figure 5. Typical System Using High-Speed SRAMSs
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Features of the uPD42505

The uPD42505 is a 5048-word x 8-bit high-speed serial
access device that uses 1.5-um CMOS processing and
dual-port storage cell circuits allowing simultaneous,
asynchronous read and write cycles at different
speeds, An internal algorithm makes an external
address signal unnecessary,

Read and write operations are fully and independently
controlled by their own set of control signals, The
storage array length of 5048 words meets the size
required to sample one line of JIS A3-size paperon the
shorter side (297 mm) with a sampling rate of 16
dots/mm (400 dots/in). On the longer side (418 mm),
the sampling rate Is 12 dots/mm (300 dots/in). The
uPD42505 can easily process document data for each
line. The configuration of 8 bits to 1 word corresponds
to the number of bits for one sampling point, which
allows the device to process nhatural-looking images.

The uPD42505 can be used in video applications that
require high-speed processing because of its minimum
simultaneous write/read cycle time of 50 ns and
maximum access time of 40 ns. For example, the cycle
time of 50 ns is fast enough to digitally process an
NTSC or PAL composite video signal ata sampling rate
of four times the color subcatrrier frequency (4fsc).

The uPD42505 is particularly suitable for use as a
digital delay line with a delay length of up to 5048
cycles in one-cycle steps. The device is mounted in a
300-mil, 24-pin plastic slim DIP. The 300-mil width
allows high-density mounting.
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#PD42505 Pinout N

Pins 1 through 12 control read operatlon (DOUTO-DOUW,
RSTR, RE, and RCK) and the GND pin. Pins 13 through

24 control write operation (Dino-Din7, RSTW, WE, and

WCK) and the power supply (Vco)-

RSTW and RSTR are controf signal inputs that reset
the internal read and write address pointers to starting
address 0, These pins are useful for initializing the chip
after power-on or for returning the address to 0.

Figure 6, uPD42505 Pin Configuration
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WE and RE are control signals that enable (low) or
disable (high) write and read operation. When WE is
high, write operation is disabled and the write address
stops at the current value. When RE is high, read
operation is disabled, the read address stops at the
current value, and the output goes to high impedance.
WE and RE may be Input at any time, but they are
latched in each cycle at the rising edge of WCK or RCK
respectively.

WCK and RCK are the write and read system clock
inputs. One write or read cycle is executed in syn-
chronization with each WCK or RCK input when WE or
RE is low. The write or read address Is incremented
internally In single steps and wraps around auto-
matically from 5047 to 0.

Dino-Diny are the write data input pins. Write data is
clocked into the chip at the rising edge atthe end of the
WCK cycle. DOUTO'DOUT7 are the read data output
pins. Read data is output when the access time has
elapsed from the rising edge at the begmnmg of the
RCK cycle. .- .

IS
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Read and Write Timing

Input a low-leve! signal to RSTW (for writing) or RSTR
(forreading) to satisfy the setup and hold times measured
from the rising edge at the beginning of the WCK or
RCK cycle. This returns the cycle to starting address 0.
Figure 7 shows read and write timing for the uPD42505,

As the figure shows, the RSTW or RSTR signal can end
In one write or read cycle or can be repeated for
successive write or read cycles. Repeating the reset
cycle holds the address at 0. The address is incre-
mented to address 1 only in a cycle when RSTW or
RSTR is set high at the rising edge of the WCK (RCK)
cycle, For write reset, the write data clocked in the last
reset cycle is written to address 0. For read reset, the
data In address O Is output continuously. After the
reset, write or read operation continues as the address
is Incremented by 1 for each cycle in synchronization
with its appropriate clock, When the internal address
reaches 5,047 (i.e., when write or read cycles are
executed 5,048 times), the address returns to address 0
and the write or read operation starts over at that point.

Speed Conversion. Independently controlling the read
and write operations of the uPD42505 allows you to
perform speed conversion. For example, when the read
and write addresses are initialized by RSTWand RSTR,

Figure 7. Read and Write Timing

data is written in synchronization with WCK and the
write data Is written to the chip from device address 0.
Data written can be read out from address 0. In this
case, the reset signal input timing and the clock signal _
speed (cycle time) can be independently controlled for
read and write operation. The uPD42505 can be used
for speed (frequency or time axis) convérsion by
outputting the data previously input with an arbitrary
drive frequency and time at a different drive frequency
and time.

Digital Delay Line. To use the uPD42505 as a digital
delay line, input the same clock to WCK and RCK and
reset the read and write cycles in parallel, Written data
is read out after 5,048 cycles to provide a 5,048-cycle
digital delay line.

There are three ways to control the delay length:
e By controlling the WE and RE signals

® Byinputting RSTWand RSTR at different times (the
delay length is determined by the offset between the
signals)

® By changing the reset signal interval when RSTW
and RSTR are concurrently controlled (the delay
length is determined by the reset signal input
interval)

Ko

RSTR

Notosr __
(1] WE=RE=VjL,
[2) V= Valid data.
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The delay length can be changed in one-cycle steps by
confrolling WE and RE. When WE and RE are high,
write and read operation is disabled. The write and
read addresses remaln where they were when the
operations were disabled, regardless of WCK and RCK.

When RSTW and RSTR are used to control the delay
length, the data written at address 0 when RSTW Is
Input is read out from address 0 when RSTR is next
input. The offsetbetween RSTW and RSTR determines
the delay length.

In the third method, changing. the reset signal input
interval, the same signal is used for WCK and RCK so
that RSTW and RSTR are controlled together. The
data, written after a reset signal, is read out after the
next reset signal in the order It was written, This
interval determines the delay length. For example, if
the reset signal is input every 4,800 cycles, the delay
length is 4,800 cycles. Figure 8 shows the tlmmg for
this method. .

Figure 8. Controlling Delay Length with the Reset Interval )
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Functional Blocks

The write data Input from pins Dyyo-Din7 goes through  these cells is serially output from the Dourt pins
the Dyy buffer and Is serially written to either a static  through the sense amplifier and the Dour buffer, one
cell in an 8-byte configuration, or a dynamic cellina  byte at a time, in synchronization with RCK. The read
5,040-byte configuration, one byte (8 bits) atatime, In  and write control circuits control these operations.
synchronization with WCK. The data read out from .

Flgure 9. uPD42505 Block Dlagram
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Storage Cells

The uPD42505 uses dual-port storage cells to allow
read and write cycles to be executed asynchronously
and at different speeds. Figure 10 shows a clrcuit
diagram of a static dual-port storage cell, and figure 11
shows a dynamic dual-port storage cell,

In the static cell, read and write data are input as a
differential signal so that it can operate at a higher
speed. The olrcult size is larger because lt requlres
more components,

Figure 10. Static Dual-Port Storage Cell
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Flgure 11, Dynamic Dual-Port Storage Cell
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The- dynamic cell has only one bit line-for read
operation and one for write operation. It requires a
Iongerdatasense phase, reducing the speed. However
it can be conflgured with fewer compaonents.

Both types of cells are used | in the uPDA42505 to exploit
the advantages of each. Other than initializing the
internal address pointer to the starting address with the
reset signal, the uPD42505 is configured so that the
internal address Is incremented one bit at a time and
data is serially accessed. After a reset operation
(immediately changing the addressing sequence), a
static dual-port storage cell that can operate at higher
speed is accessed. Simultaneously or subsequently, a

_ dynamic cell is used as a pipeline, allowing both types

of cells to be accessed at high speed.

Pipeline operation refers to an instance where the word
line (row) to be selected next is set to the selected level
ih advance, so that it can be written or read at high
speed in the time required to select a column in
dynamic statlc-column mode.

Shift registers are used as read and write column and
row selectors to enable the sequential selection of
write or read addresses in pipeline processing.

" Applications .
“Signal processmg technology aims toward higher

quality in the development of digital copiers and

.facsimile machines. As examples, consider image

quality improvement processing such as the adaptive

*bilevel control technique, which produces a stable and

accurate binarization regardless of the original docu-
ment type, and the two-dimensional equalizing filter,
which corrects fading in photoelectric signal conver-

-sion. The uPD42505 fits easily into these processes. It
“can also reduce system size and cost.

Two-DImenéiona_I Filter

In handliﬁg an image with half-tones, e.g., a photo-

" graph, there is some deterioration in the image quality,

such as thin lines and small characters fading out;
fading is usually caused by the lens or photoelectric
signal conversion system in a CCD sensor. A two-
dimensional filter is very effective in enhancing
contours where contrast changes sharply and in

" reducing the fading problems. Figure 12 shows a

contour enhancement circuit.
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Figure 12, Contour Enhancement Clrcult
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In this example, the video input is handled as a 4-bit
signal so that a clrcuit with a delay length equal to two
scanning lines can be configured with a single
#PD42505. Adding adders or subtractors and multi-
pliers to the uPD42505 completes the contour
enhancement configuration.

The video signal of the n+1th line (delayed by one
scanning line) is Input to Dyyo-DiN3 and output from
Douto-Dours as the nth line. Applying this output
directly to Diy4-Din7 delays the videa signal another
scanning line before It Is output from Dout4-DoyTy as
the n—1th line. There is a delay of one scanning line
between the signal input to Dino-Dina and the signal
output from Doyto-Douts, and a delay of another
scanning line between the signal input to Dins-Din7
and the signal output from DoyT4-Doyt7 Processing
these signals In the adders and multipliers provides

contour enhancement In the vertical direction. You can
control the delay length by controlling the reset signais
(RSTW and RSTR) and the clock signals (WCK and
RCK) In common, and by controlling the reset signal
input interval.

The delay length of one scanning line is used in various
applications for two-dimensional data processing. The
#PD42505 can also be used in applications such as
VTR jitter compensation (time axis variation) caused
by the variance in head drum rotation rate or the expansion
or shrinkage of the tape, applications requiring
variable-length delay lines to contract or expand a
video image in the horizontal direction, applications
involving the synchronization of two or more digital
signal inputs, and as a line buffer in data transfer
operations between devices using different data trans-
fer rates,



P
¢

uPD42505

Flgure 13. PD42505 5048 x 8 Line Butfer . )
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