ASAHI KASEI [AK8404]

AKM —PRELIMINARY= AK S8 4 OLS41

1Chip Image Processing

[ F e a t ur e s ]
(JShading correction and Image processing LSI for CCD/CIS sensor
TInput signal- level 400mV,_,~1.25V,_,

{JProcessing speed max 1.3Msample. sec
[Max. sensor length 4096 (32pixels/step)
(J6bit ADC included (max 64scale)

Contrast adjustment possible by 2x2bit DAC, which are volumes for black reference
voltage and for white reference voltage of ADC.
(JADC(detector) and analog multiplier(correcter) for white correction
Correction 60% range of peak level by 5 bit(actual correction resolution is 6 bit)
[16 bit ADC(detector) and DAC(correcter) for black correction
correction resolution ®7mV(typ.). correction range -135mV~205mV(typ.)
[JABC function(7 bit peak detection/peak hold circuit included)
Programmable tracking range(black/white limitter)
ABC mode when binary scale. AGC mode when gray scale
[JImage data Control function
RAMs for 7 correction(B4x 6bit). RAMs for dither{(64x6bit) included
Error diffusion function(Calculation by 10 bit internally)
Image area separation. MTF correction{(2 dimension. 3X3 or 3x2)
Magnification and reduction(programmable mag/red ratio: 1% step)
magnification with interpolation possible
(200DPI—300DPI, 300DPI—400DPI, 200DPI—400DPI) (external FIFO needed)
(J4 Line-memory supported
Black shading memory(1)VWhite shading memory(1), Image processing data memorv(2 or 3)
External RAM are sequential accessible
(JSensor clock generation (CCD, CIS)
(CJSerial I/F or parallel I/F(DMA) are available
[OClock frequency:450KHz~1. 3MHz(Data rate). PLL included
[ JCMOS monolithic LSI. +5V single power supply(5V=+5%). Constant voltage regulator included
(J80pin QFP
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ASAHI KASEI (AK8404]

L Pin Description ]
Pin No. | Pin Name [ 1/0 ] Function
Power Supply Pins

20, 56, 80 DVDD - Digital power supply pins (5V typ.)

11.21,50 DVSS - Digital VSS

61

33,34 AVDD - Analog power supply pins (5V typ.)

32 AVSS - Analog VSS

Analog Pins
35 AIN I Analog input pin.
External capacitor for clamp is necesarry.

36 YCLP 0 Clamp voltage(l.25V) buffer output. Black corre-
ction is done to be matched to this voltage.
External capacitor is necessary.

40 VBREF 0 Reference voltage(l.66V) buffer output for black
correction. Full scale voltage of black
correction is (VBREF-VCLP).

39 VREF 0 ¥hite-side reference voltage(2.5V) buffer
output.
37 VBLK 0 Black-side reference voltage buffer ocutput for

image data ADC.

38 YWHT Vhite-side reference voltage buffer output for
0 image data ADC.
Clock and Test Pins
42 MCLK I Master clock input. Frequency will be same as

the data rate (max 1. 3MHz).

41 (TEST) 1 Test pin. Pull up to ’H level.
44 TRIG I Line start signal input.
cC C€C D C 1 § Drive Clock Pins
31,30,29 | CLKI, CLK2, CLK3 0 Clock output pins for the sensor.
28 SP 0 Shift clock ocutput pin for the sensor.

Sensor signal Input clock pins

(13> (CKSH) 0 Internal S/H clock output pin. (for monitoring)
Sampled by 'H' level and holded by 'L’ level.
This pin common with TCLK pin.

27 CLAMP 0 Internal clamp clock cutput pin.
Turned ON by "H” 1level and turned OFF by 'L’
level.

ER 0983L35 D000LSS 2Ta WA
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ASAHI KASEI

[AK84041]

Pin No. | Pin Name | 1/0 | Function
Video Data Bus
14 RCLK 0 Read clock output for FIFO.
18~19 VD0~ VD5 1/0 6 bit image data outputs. Or image data inputs
22~25 (3state) | from FIFQO when magnification with interpolation
mode. ’
13 TCLK 0 ¥rite clock output pin for FIFO.
This signal must be used as the 6bit data sampl-
ing clock when magnification with interpolation
mode.
12 RDEN 0 Read enable output pin for FIFO.
16 DEN 0 Video data enable signal, which shows data valid
period.
17 SO 0 Image processed binary data output pin.
15 SCLK 0 Sampling clock ouput for binary or 6bit data.
MCLK can be used as the sampling clock also.
Micro—computer Interface
47 CS I Chip select signal.
48 RD I Internal register read signal.
49 ¥R I Internal register write signal.
51~55 RAQ~RA4 I Internal register address signals.
43 RESET I Internal register reset signal. Registers which
are reset are shown in the section of "Register
Function”.
58~60 DO~DT 1/0 System data bus pins.
62~66 (3state)
57 DREQ 0 DMA request output pin.
45 DACK I DMA acknowledge input pin.
Line memory interface pins
TT~1T9 LAO~LA12 0 Line memory address pins. Max 4096 pixel sensor
1~10 available. An extra bit is for magnification
with interpolation mode.
T3~74 BAQ~BAI 0 Line memory bank select signal.
67~172 LDO~LD5 1/0 Line memory data bus pins
(3state)
76 LRD 0 Line memory read signal.
75 LVWR 0 Line memory write signal.
[PRELIMINARY] - -
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ASAHI KASEI [AK8404]

Pin No. | Pin Name [ /0 ] Function
White shading data serial interface pins
(9) (TRCLK) 0 White shading data serial interface clock output

This pin is common with LAll pin.

(73) (TREND 0 ¥Yhite shading data serial interface enable
' signal. This pin is common with BAQ pin.

(10 (TXD) 0 ¥hite shading data serial data output.
This pin is common with LA12 pin.

(45) (RXD) 0 ¥hite shading data serial data input.
J This pin is common with DACK pin.

Other pins
26 LEDC 0 Peripheral output port suit for ON/OFF control
of LED. Cleared by RESET signal.

46 VPE I Processing enable signal which determines
vhether to do processing next line data or not.

B 0983535 0000LLO 95L =
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ASAHI KASEI [AKB404]

[ Function Description 1

MAnalog circuit

[CJReference Voltage generator

(1)Clamp reference voltage(Vc,r,) is generated by constant voltage regulator
Verr=1. 25V(typ. h)

(2)White-side reference voltage is generated by 2 V¢, ..
VREF:2X VcLP:2. 5V(typ. )

(3)ADC reference voltage(Vgrer) for black shading detection/correction is

generated by dividing Veer and Veoos.

Verer=1. 66V

[JSensor signal input circuit
(1)Polarity of input signal is white upward. If the polarity is inverted such as CCD
sensor, input signal should be inverted.
(2)Internal analog switch and external capacitor makes up DC circuit.
(3)Bit-clamp and line-clamp modes are supported. In the line-clamp mode, clamp period
is able to be set by (CLPEN). (CLPEN) is set by the control register.

[(JBlack distortion detect ADC/correction circuit
(1)Correction data, which shows the difference between the clamp level and the signal
level of each pixel, is detected by 6-bit ADC.
(2)Correction is achieved to subtract correction voltage, which is generated by the
pre-detected correction data, from analog input signal.
(3)Detection range is 350mV(typ. ).

[JPeak detection/hold circuit
(1)Peak detect circuit is a low speed 7-bit ADC.
(2)Peak hold circuit is T7-bit DAC.
(3)Input signal into the peak detect circuit is the normalized one which is only
black shading corrected signal when the peak fixed cycle of the peak detect mode,
or black and white shading corrected one when scanning mode.

[(J¥hite shading detect ADC/correction circuit
(1)¥White correction value is detected 5-bit ADC.
(Full-scale is 60% of difference between Vpgax and Vcop.)
(2)Correction is achieved to amplify the black corrected analog signal by
the pre-detected correction data.

(JReference voltage generator for 2-step flash ADC (DACI, DAC2)
(1)DAC1,DAC2 are 2-bit DAC which generates black and white reference voltage
for the ADC, which are relative voltage by Vecax and Vevpr.

[J2-step flash ADC
(1)6-bit ADC which converts the normalized analog signal finally.
Reference voltage is programmable by setttig above mentioned DACs.

CJPLL
(1)Generate x 16 clock from sensor data rate clock(l. 3MHz max).

MR 0943535 0000LLL &892 WA
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ASAHI KASEI [AKB404]
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Fig.1-1 Black shading detect/correct Fig.1-2 Peak detect/hold
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’ Vore2=Veort — ———3Fy

Veurt R P N

0.4xX (Vegax-Verp)

[T S

VDACIZVCLP+
BX(VegaxVerr)
VCLPZI. 25V Vch=1.25V

Fig. 1-3 White shading detect/correct Fig. 1-4 2-step flash ADC

¥%1)Vpac: and Voac. are the voltage of DACl1 and DACZ that generate reference voltage of
image data ADC

M 0983L35 0000LL2 729 =W
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ASAHI KASEI [AK8404]

BIBlack shading detect
Analog input includes following error.
(1)Pre-amplifier offset, AK8404 internal switch feed-through, and internal amplifier
offset.
(2)Sensor offset and deviation occuring from dark current.

AK8404 supports following correction mode.

(1)Pixel to pixel correction mode (Uses external memory)
(2)Fixed offset cancel mode (Uses internal register)

[JPixel to pixel correction mode (Uses external memory)
(1)Detects the black shading data by 6-bit ADC and stores the data into the
external SRAM with scanning black reference signal.

Fixed offset cancel mode (Uses internal register)
(1)Detects the black shading data by 6-bit ADC and stores the data into internal
register with scanning black reference signal.Before that, the position of
the reference pixel by the control register.

B Peak detect

This mode is used to set the peak before white shading detect(the signal amplitude,
to be matched with the full scale of the white shading detect use ADC),

or to set initial peak value before scanning.

This mode consists of the 2 cycles.

[CJPeak pre-detect cycle
(1)AK8404 detects the maximum value(PPK) of 2-step flash ADC output to scan the
white reference signal, with DACI, DAC2 and peak hold circuit are set to the
full scale.
(Internally, analog black correction to the white reference signal is achieved

as shown below.)

(Pixel to pixel correction mode)
(black corrected white reference signal). =
(white reference signal),- A(black shading data),
(Fixed offset cancel mode)
(black corrected white reference signal),=
(white reference signal), — A(BOFF)
Besides, A(D) is an analog value which is DA-convert D.
BOFF 1is a contents of black correction register.
(2)¥idth of detect is same as the available length of sensor.

[JPeak fix cycle

(1)The peak value is fixed by 7-bit peak detect circuit with re-scanning the
white reference signal after setting the initial value arround PPK to
the peak detect counter internally.

(2)¥idth of detect 1s same as the available length of sensor.

(3)PBL/PYL limitter is automatically inhibi ted.

(3)Finishing this mode, peak detect counter value is automatically loaded into
the peak hold register.

B 09a83L35 0000LL3 LLS WA
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B ¥hite shading detect

White shading detect is done for removing the deviation of the light emmition and
the sensor sensitivity. Correction value is detected before the scanning.

(1)Black reference of white correction detect use 5-bit ADC is automatically set
to 40% of Veeax. Full scale of the ADC is from 0.4XVegak 10 Vrgax.
Detects the white shading data by 5-bit ADC and stores the data into the
external SRAM with scanning white reference signal.

M Shading correction in the scanning mode

[ 1 Black correction
Gets black shading corrected video signal by the following way.

(Pixel to pixel correction mode)

(Black corrected video signal),=(Video signal),- A(Black correction value),
(Fixed offset cancel correction mode)

(Black corrected video signal), =(Video signal), — A4 (BOFF)
Besides, A(D) is an analog value which is DA-converted D.
BOFF is a contents of black correction register.

(] White correction
Gets black/white shading corrected video signal by the following way.

(Black & white corrected video signal);=
(Black corrected video signal); x51.7/(20. T+(¥hite correction data),)

M 0983535 0000kLY ST). mm
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B ABC function

The purpose of ABC function is to read clearly regardless groundwork density
by following the white refewrence voltage of 2-step flash ADC to the change of

groundwork density.
ABC function supports two modes, which are called "ABC mode (for the document with

characters)” and "AGC mode (for the document with photographs)” .
ABC functions are enabled or disabled by the control register, and are also
automatically disabled when VPE(line active)=0.

[JABC mode

Detects the peak value of black and white shading corrected video signal during ABC
enable(ABCEY), and that value should be as PEAK..

The peak hold value of the next line(PHD,.,) is determined by comparing the peak
value(PEAK,) with the peak hold value of the present line(PHD.) according to the
following equations.

PEAK. < PHD, —  PHDk.,=PHD.-f
PEAKK = PHDk - PHDK.o.l:PEAKk

Peak detect counter starts from reset state(0y) for the every each line.

ABC range is programmable by black and white limitter.
Following speed to the black-side is selectable as shown below.

FSEL Following speed (f)
0 1 LSB is by 4 LINE (1/4LSB)
1 1 LSB is by 2 LINE (1/2LSB)
2 1 LSB is by 1 LINE (1LSB)
3 2 LSB is by 1 LINE (2LSB)

ABC following speed to the black-side

JAGC mode

In AGC mode, peak value is determined by the following equations.

PEAKx < PHD.  — PHDy..=PHDy
PEAK, = PHD. — PHDy.,=PEAK,

ABC range is programmable by white limitter.

R 0933635 0000LLS 433 WM
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ASAHI KASEI [AK8404 ]
M Sensor clocks generator

AK8404 support two types of clock generation modes, which are called as "MODE A”
and "MODE B” for every CIS or CCD.

MCLK

TRIG

/ Stasrt polmt for dummy couwnt,ofteet Gancel relfareance plxel
wnd Jline clamp anable

SP

CKSH

CLK1
(mode A )

CLK?2
(mode A )

CLKS3
{(node A )

CLK1
(modeB )

CLK?2
(mode B )
CLK3
(modeB )

Detail timing for the above

x16

CLK1
(pode A )

CLK2
(mode A )

CLK3
(mode A )

CLK1
(nodeB )

L

CLK2
{podeB)

CLK3

(mode B )

(Notel)

CLAMP I I

(Bit clamp)
(Notel)Line clamp mode A:CLPEN itself should be the CLAMP clock.
Line clamp mode B:CKSH&CLPEN should be the CLAMP clock.

‘w BN 0983L35 0000LLL 37y |
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MTiming control signals generator

AK8404 generates following 5 signals used for timing control.

1. (EN) :Input video signal enable

2. (ABCEW) :ABC enable width

3. (CLPEN) :Line clamp enable

4. (BOFFEN) :Black reference pixel enable
5. DEN :Qutput image data enable

O lInput video signal enable (EN)
This is the video signal enable width, which is determined by dummy pixel

count and pixel count registers.

[CJABC enable (ABCEW)
This signal is the ABC enable when scanning mode mode.
Start pixel and end pixel can be set by each every 256 pixels by the control
registers.

(JLine clump enable(CLPEN)
This signal is the clamp enable width among a line in the line clamp mode,
which can be set by every 1 pixel by the control register.
It should be set in dummy pixels.

[JBlack reference pixel enable (BOFFEN)
This signal is used to determine the black reference pixel when offset cancel
mode, which can be set by every 16 pixel by the control register.
It can be set either in the dummy pixels or the effective pixels.

[1Output image data enable DEN
This signal shows the data valid period in the line.
This signal becomes active at the line, which is determined as the enable line
by VPE.
VPE is sampled at the beggining of the 1line.

(PRELIMINARY | 12 -  94/04
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BSerial interface for white shading data

¥hen the white shading data are stored in another SRAM, which is one controlled by
another LSI, this interface can be used for transfer/receive the shading data.

¥hen this interface is enabled, it transfers the shading data to the exernal in the
white shading detect mode, and it receives the shading data from the external in the
scanning mode.

MCLK

TRI1G

CLK1
(£—FA)

CLK2
(- FA)

CKSH

TREN

o ~ onaanc
TREN | [I LJ LJ LJ LJ
e | DR
R T DR LR

TRCLK

SRAM

White shading
data

AK8404

White shading | 'Mage Processing
data LS|

The total system configulation supposed to be by this interface is as the above.

In this system, the functions utilized are limited to shading correction, v correction
and magnification and reduction and so on.

Please note that the related pins with this interface are all common with other
functional pins.

[PRELIMINARY] S 14 - o404
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ceacuo [T UUUUUUUUUUU UL UL YUY UYL
I |

e LD L L L L L LML L L L LT
CKSH N picel l“"" plxei

L |

N pixal N+1 pixel

|

MC LK

TREN

il

(A) Transfer timing(White shading detect mode)

TRCLK

CKSH N=1 pixai N pixsl l

- L

TREN | | j
RXD Daquse) x ualm X n —XE"‘”’L oacuse) § oa )
(B) Receive tining(Scanning mode)
Details timing
(PRELIMINARY] - 15 - '84/04
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ASAHI KASEI [AK8404]

M Inage processing
[JImage processing mode

AK8404 support 4 types of Image processing mode. Each Image processing mode is
shown in the following flow chart.

(1)Bi-level processing
Character area is by Bi-level processing(with edge enphasis), and image area is
by simple Bi-level processing(without edge enphasis).
Edge emphasis for character area is set by the control register.

Image area

Character area

(/EEEQ emphasi

Edge emphasis

Level =Set Level

1 (White) O (Black)

(2)Dithering
Character area is by Bi-level processing, and image area is by dithering.
Edge emphasis for character area is set by the control register.

START

mage area
judgement

Image area

Character area

Edge emphasis>

Edge emphasis

Slice leval
=Set value

Stice leve!
=Dithering pattern

le

Leve | = Set Level

1 (White)

O (Black)

[PRELIMINARY] e - s
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(3)Error diffusion A
Character area is by Bi-level processing, and image area is by error diffusion.
Edge emphasis for character area is set by the control register

. START

Image area
udgeaent

Character are

Edge emphasi

Levei=Levei+Error

Edge emphasis

N
Level =32
Level =Set Leavsl|
Y
RB/W=1 RB/W= 0 RED=1 RED= O
Character area (Note} *¥1 & #2 are the same judgement

R = RB/W R = RED

(4)Error diffusion B
All area is by error diffusion.
Edge emphasis for character area is set by the control register.

mage area image area

judgement

Character area

N
Edge emphasi
Y

Edge emphasis

Leve |=Leve +Error

Leval =32

Y

1 (White) O (Black)

- [PRELIMINARY] - 17 - "94/04
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(5)Line memory for the image processing

AK8404 controls 4 banks of line memory.The contents of this memory is as
the below table, depending on the image processing mode or other conditions.

Image Image Black
processi]processi|correcti Contests
&gﬁe @?ﬁdow f?ge
Bi-level| X X Black shading data
Dither
3x2 X Black shading data
sank 0| BFFGL;d4 5 1o ‘
pixel to Black shading data
pixel
offset 6 bit image data for the
cansel before the previous line
Bank 1 X X X ¥hite shading data
Bank 2 X X X 6 bit image data for the
before the previous line
Bi-level| X X 6 bit image data for the
Bank 3 {Dither before the previous line
Error dij X X Error data
-ffusion

[AK8404]

As shown in the above table, pixel to pixel type black correction, error diffusion
3% 3 window set at the same time is inhibited.

In this case,
As that result, when these parameters are set,

automatically 3 x 2.

[PRELIMINARY]
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ASAHT KASET [AK8404]

[dImage area detect

Image area detection is performed by comparing target pixel level, differential
data between target pixel level and surrounding pixels’ one(3x2, 3x3 window)
with each thereshold parameter.

Three parameters can be set by the control registers.

[_IMTF compensation

MTF compensation is performed by the Laplacian filter (3x 2, 3% 3window).
Coefficients are fixed.

TIDithering
AK8404 executes dithering according to the arbitrary pattern in the internal RAM,

which is defined by customers.Dithering RAM consists of 8x 8 matrix, and all 64 bits
of this matrix must be filled up.

(Example) 16 gray scale w5 T57aTr1a TP1T 1915 1513 P13

P21 |P22 |P23 |P24 |P21 {P22 |P23 [P24
P31 |P32 |P33 |P34 |P31 |P32 |P33 |P34
P41 P42 |P43 |P44 [P41 |P42 [P43 [P44
P11 P12 |P13 (P14 |P11 |P12 [P13 |Pl4
P21 | P22 |P23 |P24 |P21 |P22 |P23 |P24
P31 |P32 |P33 [P34 |P31 |P32 [P33 |P34
P41 P42 |P43 |P44 |P41 | P42 |P43 |P44

32 gray scale 15T T5Ts P13 P14 [PI5 |P16 P17 P18

P21 |P22 |P23 |P24 |P25 |P26 |P27 |P28
P31 |P32 |P33 P34 |P35 |P36 |P37 |P38
P41 P42 |P43 [P44 |P45 [ P46 |P47 (P48
P11 |P12 |P13 (P14 |P15 |P16 |P1T (P18
P21 |P22 |P23 |P24 |P25 |P26 |P27 P23
P31 |P32 |P33 |P34 [P35 (P36 |P37 |P38
P41 P42 |P43 |P44 |P45 (P46 |P47 |P48

[PRELIMINARY] - 19 - "94/04
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ASAHI KASEI [AK8404]

64 gray scale eI TSTo TPI3 [P14 P15 |P16 P17 |P18

P21 P22 |P23 |P24 |P25 (P26 P27 |P28
P31 P32 |P33 |P34 |P35 |P36 |P37 |P38
P41 (P42 |P43 P44 |P45 |{P46 |P4T |P48
P51 |P52 |P53 P54 (P55 P56 |P57 |P58
P61 |P62 |P63 (P64 |PG5 |P66 |P67 |P63
P71 P72 |P73 |PT4 |PT5 |PT6 |PT7 [P78
P81 |P82 |P83 (P84 |P85 |P86 |P87 |P8S

Slice level of bi-level processing is converted form 4bit format to 6bit format
by the following equation.

Slice level=4 X (set value)+3
And bi-level,dither is done as the below equations.

Level = Slice level then 1 (white)
Level < Slice level then 0 (black)

[JError diffusion

AK8404 multiplies the errors(6 bit data with sign:-31~31) which occures
when slicing by the fixed thereshold(32) by fixed coefficients, and diffuses

these errors to the surrounding pixels.

To minimize the error by arithematic operation, AK8404’ s internal operation is done
by 10bits.

¥hen saving temporary products into the external memory, lower 4bits are ignored.

[J ¥ correction

AK8404 performs v correction by setting data into the internal RAM.

(Example)
Input Data RAM Table Qutput Data
(Address) ( v correction)
0 0 0
1 0 0
2 1 1
3 1 1
6 2 6 3 6 3
6 3 6 3 6 3
[PRELIMINARY] - 20 - '94/04
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(COMagnification/Reduction

AK8404 supports reduction from 1% to 99% (1% step) and magnification from l01% to 200%
(1% step). Besides, as to the magnification in the case of 200dpi1i—300dpi, 300dpi—400dpi,
200dpi—400dpi, magnification with interpolation is supported.

Continuity of the image processing in the reduction mode is mainteined by controlling
execution/stop according to the reduction/magnification detector’s judgement.
Magnification is performed by outputting 6 bit or bi-level data 2 times, according to
the reduction/magnification detector's judgement.

Magnification/Reduction position detector circuit works for the left end pixel of
document not to be lost.

In this type of magnification, the special SRAM is not necessary, because that the
processing is done at the real tinme.

¢7———————————— Reduction enable

RCLK 09" Red .
ag/Red position ie Mag/Red ratio
(VDE) detector

Reduction ON

VPE(reqister)
VPE(pin)

Enable clock

genarator SCLK
Do Enable
! 7 iN ouT > Bi-level data
D7 ;I)I.)gggsSIng
6 bit data
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{Magnify interpolation
AK8404 supports magnification with interpolation mode in the following ratio.
200dpi—300dpi(150%), 300dpi—400dpi(133%), 200dpi—400dpi(200%

Interpolating data are created according to the following equations.

(200dpi—400dpi>
Al A2 A3
O @ o
Bl B2 B3 B4 BS
e O e O
BZx—l: Al
BZ\ = (AI + Ax4—1)/2
(200dp1—300dpi>
Al A2 A3 A4 Ab
O O O O O
Bl B2 B3 B4 B5 B6 BT
O @ @ O & & O
Ba.-2 = Az,
B3|71 = 3/8*A2\—1+5/8*A21
Bs, = 3/8%A. . ..1th/8%A2,
(300dpi—400dpi)

Al A2 A3 Ad A5 A6
O O O O O O
Bl B2 B3 B4 B5 B6 BT B8 B9
O @ e e O e e e O

O3

Bsi-s = Asi2

Bei-2 = 1/4%A5, 2 + 3/4%As.-.
Bai-1 = 1/2%As. -1 + 1/2%As,
B4. = 1/4*A3.+1 + 3/4*A3i

[AK8404]

In this mode, line memory size which covers the increased pixel count is necessary.

Memory size = pixel count X magnification ratio X 4

(Example)
In the case of converting B4 size 200dpi(2048 pixel) to 400dpi.

Line memory 2K x2x4=16K byte (256K bit SRAMD

[PRELIMINARY] _ 99 -
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_JFIFO interface

At the magnification with interpolation external FIFO memory is necessary.
2 types of interface clock modes can be selected by the control register.In the either
case FIFO must be static type(SRAM), because AK8404 doesn’ t support the refresh circuit.

Mode A is for ICT FIFO products(ex. IDT7202) use, and mode B is for NEC FIFO products
( 4 PD485505) use.

Necessary word count is according to the following equation.
Memory word = pixel count X (magnification ratio-1) + §

(Example)
In the case of converting A4 size 200dpi(1728 pixel) to 300dpi.

‘ FIFO 1728 x (1.5-1)+5=869 word

When VPE is "L”, FIFO interface clocks, which are TCLK, RCLK and so on don’ t output.
¥rite cycle time equals to video signal rate by magnification ratio, on the other hand
read cycle time and the successive image processing rate equal to video signal rate.

So please note that line time(TRIG pulse period) must be more longer to cover the
increased pixel count.

Mode A
RDE RT
TCLK v
AK84014 IDT7202
RCLK R
VDO~5 DO~D5
Q0~Q5
Mode B
SP RSTR
RSTW
AK 84 04 TCLK ¥CK
tPD485505
RCLK RCK
RDE RE
VDO~5 Dino~Dins
DOUT0~D0UT5
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MCLK

TRIG

ﬁsilri rotnt for dummy count, effset cancel raference pixel
. iine clamp enabie

CLK1
(£—FA)

CKSH

FIFO clock Mode A
|

f ITTTTUr vy vvvv vy

TCLK
(200DP1 —
400DPI)
TCLK
(200DP1—~
300DPI)
TCLK
(300DP1—
400DPI)
RCLK

RDE

TCLK
(2000P1 >
400DP1}
TCLK
(2000P]—
300DPI)
TCLK
(300DP1—+
400DP1)
RCLK

RDE

VDO~
vD5
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M. Output data format

[_JSerial output

AK8404 outputs 6 bit data through VD bus(VD0~VD5) and bi-level data through SO pin.
In both cases, basic sampling clock is SCLK. In the reduction mode, some portion of
SCLK are skipped, and in the magnification mode, some clocks are inserted.

6 bit data outputs through VD bus connected to FIFO at the magnification with
interpolation mode also.In this case sampling clock should be TCLK, which is
FIFO write clock.

MCLK also can be used as the sampling clock only in the cases without
reduction/magnification.

[JParallel output (DMA interface)

Bi-level data can be read through the system bus(D0~DT7) after serial to parallel

conversion.
¥hen DMA controller receives AK8404 DREQ signal, it can read out 8 bit data
by DACK=L.
[JTCLK/SCLK/DREQ

In serial or parallel interface case, SCLK, DREQ, and TCLK count are shown below.

¥ithout magnification and reduction
N : pixel number(multiple of 32)
Dscox=N
nDREQ:N/8=n

¥ith magnification or reduction
N : pixel number(multiple of 32)
k : Magnification or reduction ratia
[(M] : Minimum integer which are not smaller than M

Nscrx= [Nxk]
noree= [[Nxk]/8]

(Example 1) N=1728, k=0.71
Nscex = [1728x0.711=(1266.88]=1267
Noreo = [[1728%0.711/81=[[1266.88]/8]
[1267/81=(158.3751=159

(Example 2) N=1728, k=1.15
Nscux = [1728x1.151=[1987.27=1988
flopreQ ~ [[1728)(1.15]/8]:[[1987.2]/8]
= [1988/81-[248.5]-249

With magnification with interpolation

Nrcuk™
NscLk™

NprEQ™

In the case of parallel interface, shortage data are filled by 0’ to satisfy that

data count number should be multiple of 8.
Please note that in the magnification mode, SCLK, TCLK, and DREQ fregquency becomes twice.

- 25 - "94/04
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MCLK

TR1G

LT TUR AES Ay s RS
: EEDZZEST IS T

CLK1
(£—FA)

CKSH

VDO
~VDS5

SCLK

DEN I

LM EE— F

vDO
~V¥D5

TCLK : . } ] l | I H

DEN : : |
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HMOperation control
{JPre-processing stage

Before scanning the document, it is needed to detect shading data of the image
sensor. Basic operation sequence of the pre-processing stage is

(1) Initial parameters set

(2) Black shading detect

(3) Peak detect

(4) Yhite shading detect
After these operations are finished, shading data or peak value are stored in the
in the external RAM or in the internal register.

¥hen executing pre-processing modes such kind of procedure is typical, that
setting OPERATION MODE bits and OPERATION ENABLE bit, the command becoming valid
at the first TRIG after it is issued, waiting adequate time, and checking BUSY flag
to confirm that executing each operation mode is finisfed.

In the mode except scanning mode, AK8404 turn into idle mode after execution of
each operation mode.

Black shading detect mode., white shading detect mode takes 1 line cycle.
Peak detect mode takes 2 cycle. In this period, wait state by the timer should be
inserted.

[[JScanning stage

In the scanning mode, please set VIDEO PROCESSING ENABLE bit or VPE pin, and
PAGE START bit to "H” state, in addition to OPERATION ENABLE bit
and OPERATION MODE bits.

Command becomes valid at the first TRIG after it is issued.

After | line image processing, PAGE START bit is automatically cleared, and image
data and sampling clocks(TCLK, SCLK), DMA request(DREQ) begins to output.

Because of | line output delay of the image data, the extra 1 line image proccesing
is necessary to send out all data.

¥Yhen reduction of sub-scan axis is done by skipping lines, or paper feed is stopped,
image processing must be stopped. In this case please reset VIDEQO PROCESSING ENABLE
bit or VPE pin into "L” state. Same as enable command case, this command becomes
valid at the first TRIG after it is issued.

(OMemory access

It is possible to access internal RAM( y correction table RAM or dithering pattern
RAM) or external line memory through AK8404. In this mode, please reset
VIDEO PROCESSING ENABLE bit and VPE pin to "L” state, and set LINE MEMORY ACCESS
ENABLE bit to "L”, and after that, to "H” state.

After that, you can read/write through the window register sequentially.

Bank select of black/white shading data, image data for the previous line, image data
before for the previous line, and error data, which are all stored in the external
RAM, and also 7 correction table or dithering pattern., which are stored in the
internal RAM.

Access to the internal RAM is also sequential.

Dither pattern RAM can be accessed in order that Pij(j=1 to 8(i=1 to 8)).
v correction table RAM can be accessed in ADC s code order(0 to 63).
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[AK8404]

I R e & i &= t e v |
Address % R/¥W
(HEX) i D7 D6 D5 D4 D3 D2 D1 DO
t.
0 00H] ¥ [Operatio] Page LEDC Image  |Memory |[ABC _ _
(R)|-n Ena.. . . Pro. Epa| Access |Enable .| Operation mode
(BUSY). }. Start (VPE) Enable : -
1 O0H] ¥ |Mag. . Mag. Magnify ABC Yhite ABC
Reduct. |w interp|Interpolation Time constant Limitter Mode
Enable Enable Ratio Enable
2 08H| ¥ {|,Corre- |MTF Cor-|Image Bi-level Slice level
ction rection {Processing mode
Enable |Enable SL6 SL5 SL4 SL3
3 O0H|R/VW ¥indow |Bi-level|Black C- {Internal RAM/Line memory
6bit datjorrecti- Bank select
X X select fa selectjon type
4 00H|R/W CKSH/ ¥ data |FIFO SP clock|Line cl-| Sensor
X X TCLK serial clock polarity|ump pul-{Clock
select |I/F ena.| select }select se sel. [Select
5 XXH| W ABC White side limitter ABC Black side limitter
A¥L3 AWL2 AWL1 AWLO ABL3 | ABL2 | ABL1 | ABLD
6 XXH| ¥ Image area separation Parm. (lower)
X X X PBL4 | PBL3 | PBL2 | PBLL | PBLO
7 XXo| W Image area separation Parm. (upper)
X X X P¥L4 | PWL3 [ PWL2 | PWLL [ PWLO
8 XXH| W Image area separation Parm. (diff.)
X X X b4 [ pPp3 | Pp2 | PD1 | PDO
9 XXH| W Magnification/Reduction ratio
DUM7 DUM6 | DUM5 | DUM4 | DUM3 | DUM2 | DUMI [ DUMO
A 00H] W Clump Line clump enable
Mode  I—~7g CLP5 | CLP4 | CLP3 | CLP2 | CLPI | CLPO
B COH{R/W Offset correction value
X X oF5 | or4 | OF3 | OF2 | OF1L | OF0
C 00H| R Peak detection counter monitor
X PEAK6 | PEAK5 | PEAK4 | PEAK3 | PEAK2 [ PEAK1 | PEAKO
D FFH|R/¥ Peak hold setting
X PHR6 | PHR5 | PHR4 PHR3 | PHR2 PHRI | PHRO
E 00H} W Offset ref. pixel ¥hite ref. Black ref.
X REF2 | REF1 [ REF0 V¥HT1 | VWHTO | VBLKl | VBLKO
F XXH| W Sensor pixel count
X PIX6 [ PIX5 [ PIX4 | PIX3 | PIx2 | PIXl | PIX0
10 00H| ¥ Dummy pixel count
X
DUM6 | DUM5 [ DUM4 DUM3 [ DUM2 [ DUMI | DUMO
11 XXH| W Peak detection width (end) Peak detection width (start)
PKE3 PKE2 PKEl | PKEO PKS3 | PKS2 | PKSI | PKSO
12 XXHB{R/W Access window
X X ACC5 | Acc4 | Acc3 | acc2 | Accl | ACCo
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[AK8404]
Image signal data
%lg\/{éer XXH R VDN~7 VDN—G VDN»S VDN 4 VDN_3 VDN-3 VDN-l VDN
O
is reseted by RESE T.
2. is enabled by TR I G 1 just after writing.
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(1)R0 register

1. DO~D1 : Operation mode

D1 DO
0
1
0
1

0

1

1
¥hen RO/R7-=1,

Scanning mode(reset)

Peak detect wmode

2. D2 : ABC enable
0 : ABC disable(reset)
1 : ABC enable

¥hen RO/RT7=1,

3. D3 : Memory access enable

It is possible to access sequentially to memory selected by R3/D4~D6.

Black shading detect mode
¥hite shading detect mode

In this mode, RO/R7 must be disabled.
0 : Disable(reset)
1 : Enable

4. D4 : Image processing enable

0 : Image processing stop(reset)

1 : Image processing execute

5. D5 : LEDC port control

: LEDC
1 : LEDC

0(reset)
1

6. D6 : Page start

: Normal operation(reset)
1 : Page start

7. DT : Operation enable
: Disable(reset)
1 : Enable
[PRELIMINARY]
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(2)R] register

. DO : ABCM

0 : ABC mode (reset)
1 : AGC mode
2. DI : VW¥hite side limitter enable

Execute enable control of ABC white side limitter.

0 : Disable (reset)
1 : Enable
3. D2~D3 : ABC time constant
Dl D2
0 0 1/4 LSB
0 1 1/2 LSB (reset)
1 0 1 LSB
1 | 2 LSB
4. D4~D5 : Magnification ratio(Magnification with interpolation)

Select magnification ratio .

0 : 133%
1 150% (reset)
2 200%
3 Inhibit

9. D6 : Magnification with interpolation enable
0 Disable (reset)
1 : Enable

6. DT : Magnification/Reduction enable
0 Disable (reset)
1 Enable
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(3)R2 register

1. DO~D3 : Bi-level slice level

(AK8404]

Relationship between set value(N) and actual slice level of Ns is shown below.

Ns=4 X N+3(N=0~15, reset:N=8)

2. D4~D5 : Image processing mode
(MTF correction Enable for character area is set by R2/D6)

D5 D4 Image processing mode (reset)
0 0 Bi-level(Character:bi-level, Image:simple bi-level)
0 1 Dithering(Character:bi-level, Image:dithering)
1 0 Error diffusion A mode(Char:bi-level, Image:error diff)
1 1 Error diffusion B mode(All:error diffusion)
3. D6 : MTF correction enable
0 : Disable (reset)
1 : Enable
4. DT : v correction enable
0 : Disable (reset)
1 : Enable
LI qa303s DoDOLA? OT9 =8 32 -
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(4)R3 register

l. DO~D2 : Internal RAM/Line memory bank select
Memory R3/|R3/|R3/|R2/|R3/|R3/ ~ Contents BA1 | BAO
D2 |D1 |DO (D5 |D6 |D3
0100 XX Black shading data
- 0| X Black shading data 0 0
1 1 0 Black shading data

!l {Image data before for the
previous line

0| 1| X! X! X White shading data 0 1

Bxternal | 0 Y X X [1nage data for the 1 0
previous line

1 1 0| X | X |Image data before for the 1 1

previous line

1 X X Error data
00} X| X | X | Dithering pattern - -
01 ] XXX ¥ correction table - -
Internal | 1 =5 T% T inhibited - .
1 1 X X X inhibi ted - -
2. D3 . Black correction type
0 : All pixel mode (reset)
1 : Offset cancel mode

If black correction type is set into 'Q° then image area detection and MTF
correction windows are set 3% 2, and set into ’'1’ then windows set 3Xx 3.

3. D4 : Bi-level data/6 bit data select
0 : Bi-level(reset)
1 : 6 bit
(PRELIMINARY] - 33 - 794/04
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(5)R4 register
1. DO : Sensor clock mode set

0 : Mode A (reset)
1 : Mode B

2. D1 : Line clump clock set
0 : Mode A (reset)

1 : Mode B
This is available when R7/D6-0.

3. D2 : SP clock polarity select
0 : active high(reset)
1 active low
4. D8 : FIFO clock mode select
0 : node A(reset)
1 : mode B
5. D4 : VWhite shading data use serial interface enable
0 disable(reset)
1 enable
6. D5 : TCLK/CKSH clock select
0 TCLK(reset)
1 CKSH

(B)R5 register

1. DO~D3 (ABC black side limitter)
Black side limitter set register in ABC mode.

Relationship between set value(N) and actual limitter value of N.s is shown belov.
Nis=8 <X N(N=0~15)

2. D4~D7 (ABC white side limitter)
¥hite side limitter set register in ABC mode.

Relationship between set value(N) and actual limitter value of N.w is shown below.
New=8 X N+3(N=0~15)
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(7)R6 register
1. D0~D4 : Image area separation parameter (lower)
Relationship between set value of N and actual parameter of Nrs is shown below.
Nes=N(N=0~31)

[f the data is less than this value, data is .judged character area(black).

(8)R7T register
1. D0O~D4 : Image area separation parameter (upper)

Relationship between set value of N and actual parameter of Npw is shown below.
Nrw=N+32(N=0~31)
If the data is more than this value, data is judged character area(white).
(9)R8 register
1. D0~D4 : Image area separation parameter (differential)
Relationship between set value of N and actual parameter of Nrp is shown below.
NpD:N(N:O~31)
If the data is more than this value, data is judged character area.
(10)R9 register (Magnify/Reduction rate set register)
DO~D7 : Magnify/Reduction rate set(1/100~200/100)
Set numerator value in normal magnification/reduction mode.
(11)RA register
1. DO~D86 : Line clump enable set
Set line clump enable falling edge timing in line clump mode.
Relationship between set value of N and actual falling edge CLP is shown below.
CLP ! =N+1(N=0~127, reset:N=0)
2. D7 : Clump mode

0 : Line clump (re§et)
1 : Bit clump

(12)RB register (Offset correction value register)

In the case to use offset cancel mode, correction value which is correspond with
reference pixel set other register is stored to execute black distortion detection.

(13)RC register (Peak detection counter monitor register)
Read peak detection counter value.
(14)RD register (Peak hold set register)

Set peak value into peak hold register through this register.
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(15)RE register
1. DO~D3 (White/Black reference register)

Set white reference voltage(VWHT) and black reference(VBLK) using full scale of

VPEAK—VCLP'
Resolution is 0.25% 1/4, and actual value of coefficient(a, 8) is calculated

following way.
These set values are available in read mode.

Vwnr=Vernme (1. 25V typ. Jta X (Vegax—Yerur)
Vorx=Veumr (1. 25V typ. 24 B X (Vegaw—Verme)
Veop:Clump voltage, Vppax:Signal peak voltage

Set value a B
0 1. 000 0. 000
1 0.917 0. 083
2 0.833 0. 167
3 0. 750 0.250

2. D4~D6 : Black reference pixel register

In the case to execute black correction with offset cancel wmode, set reference
pixel to take correction value. It is possible to set by lBpixel unit.

Relationship between set value of N and actual reference pixel position B is shown

below.

B = 16 (N+1) (N=0~TD)
It will be counted another counter from dummy counter, in the case to set more than
dummy number, it is possible to set into available pixel.

(16)RF register (Reading pixel number register)

Set available sensor pixel number by 32 pixel unit. It doesn’t include dummy pixel.

Maximum value is 4096 pixel.
Relationship between set value of N and available pixel number S is shown below.

S=32x (N+1) (N=0~12T)
(ITRI0 register (Before dummy pixel number set register)

Set before dummy pixel number of sensor by 1 pixel unit.
Relationship between set value of N and actual pixel number D is shown below.
D=N (N=0~127)

(18)R11 register (Peak detection start width set register)

1. D0~D3 : Peak detection width set (START)
Set peak detection width(PHE¥). Start pixel is set by 256 pixel unit. It doesn't
include dummy pixel.
Relationship between set value of N and start pixel position PS is shown below.
PS=256 x N (N=0~15)

2. D4~D7 : Peak detection width set (END)
Set peak detection width(PHE¥). End pixel is set by 256 pixel unit. It doesn’t

include dummy pixel.
| Relationship between set value of N and start pixel position PE is shown below.

PE=256 x (N+1) (N=0~15)>PS
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ASAHI KASEI

(19JR12 register (Line memory/Internal RAM access register)

(20)DMA register
In the case to output bi-level data in parallel mode by 8 pixel unit, you should
access this register.
The oldest data is stored MSB and the latest data is.stored LSB.
It is needed to use DMA controller in 1-byte transfer mode.
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