ASAHI KASE| AK8408

2N = PRELIMINARY = AK8408

Shading Correction Pre-Processor for color sensor

Features

OShading correction LSI for color sensor

OSupports various sensor’s interface
1ch sensor, G/R/B 3ch sensor
Sensor clock generation
Max. input level 1.25Vp-p
Processing speed:

ich: 10M samples / sec

3ch: 3.3Mx3 samples / sec
Max. sensor length 8192x3 ( programmable by 8pixles / step )
Max. dummy pixel 260 ( programmable by 1lpixel / step )

0O10bit ADC included
Contrast adjustment possible by 2x8bit DACs, which are volumes for black
reference voltage and for white reference voltage of ADC.

DADC (detector) and programmable gain amplifier (corrector) for white shading
Correction 60% range of peak level (actual correction resolution is near 10bit)
External memory necessary ( 9bitx number of pixels) ‘

OADC(detector) and DAC(corrector) for black shading
Correction range is £50mV~x200mV. ( programmable by +50mV / step )

Pixel to pixel correction (external memory necessary ( 8bitx number of pixels)
Internal register for R/G/B access (R/W) possible
Offset adjustment registers for internal black offset

[J8bit PGA for 3ch gain adjustment (x1~x4). Support logic for gain adjustment.

OPulse width adjustment type gain control for 1ch CIS

O8bit peak detect / hold

OOffset calibration circuit(Input ~ 10bit ADC)

OSerial I/F

OShading memory interface
Shading data averaging circuit
Access possible to the shading memory by external device

OClock frequency 1.5~10MHz (data rate). PLL generate x4 clock or x12 clock

OCMOS monolithic LSI. +5V single power supply (5V£5%). Constant voltage regulator.

[J100pin LQFP

<01564-E-01> 1999/4

n
-
[}




v/666 1}

I10ds
NAas/
LN0odas
NIAS
LASHY/
SLSH.L/

TLSHL/
T10d

NUAZND

NHCIND
NHJOND
~LHMA
+HLHMA

6-0dA

SITdA
+TIA

80V8MY

L}
o
it

SITOI NHAOV/ YMS/ QUS/ 8-04S ¢-0Vd ¢1-0VS

<{0-3-¥SL0>

daaT 4aaT OAIT ATON HdA DIYL

] ] ] 1
T T T
adeIaIUIL -
foryuod QU1 TId
| ugrsroay Azomour Hﬁwﬁm OQV 3148 =
6 30939p hOuNanmU
WHOM_“H.ZOO 3utpeys yov[g
JINOIID SULdeIaAY
.* 6
* S
7991100
—6— VD I8 Surpeys e NN ST
axsidex W M /s
pIOYseay], 1991100 ﬁ DAV 196
| Sutpeys ayypm  |j0039p 9T\
1snfpe ures Ioj _ _
I93UN0d J1qQ f L 2 E
% ovaas PIoYy
j AN 90UBIJAI SITY M ead
OV 1901 19850
o1 0av ppv
: — ova 198 Tojemasy
N aouaIafadl Yoerqg adejjon
juRIsuU0)
{ — b~ — — | [ ]
SSAJ dUAd SSAV AV DdA HHYA FAAYGA WODA  dTOA

13SVXM

IHVSYVY



ASAHI KASEI

AK8408

Pin Assignment
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ASAHI KASEI AK8408

Pin Function

Pin name| 1/0 I Function

Shading memory I/F
SAQ-12 O(Tri) [Shading memory address bus.
BAO0-2 O(Tri) |Shading memory bank select signal.
SDO0-8 1/0(Tri) |Shading memory data bus.
/SRD O(Tri) |Shading memory read signal.
/SWR O(Tri) |Shading memory write signal.

/ACEEN |O(Tri) |Shading memory access enable ( for external device )

Control register I/F
/SDEN 1 Serial interface enable signal
SDCLK 1 Serial clock input
SDIN 1 Serial data input
SDOUT O(Tri) [Serial data output.
Video output data I/'F
VDO0-9 O  |Video output data bus

CNODEN O  |Video data enable signal
1ch: The video data which corresponds to LEDG enable signal
3ch: The video data which is sampled at CNO enable signal

CN1DEN O  |Video data enable signal
1ch: The video data which corresponds to LEDR enable signal
3ch: The video data which is sampled at CN1 enable signal

CN2DEN O  |Video data enable signal
1ch: The video data which corresponds to LEDB enable signal
3ch: The video data which is sampled at CN2 enable signal

DCLK O  |Video data sampling clock
Please get the video data at DCLK falling timing externally

Main clock and etc.

MCLK 1 Main clock input

VPE I Image processing enable signal input

TRIG I TRIG signal input. This signal should be always running.

ICLK O Internal main clock (x4 or x12 of main clock, which depends on the

mode )
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ASAHI KASEI

AK8408

Pin namel 1/0 l

Function

Sensor clock

CKCL O |Internal clamp switch clock output (for monitoring )
CKSH O |Internal Sample / Hold clock output (for monitoring )
CLPEN O |Line clamp enable (for monitoring )
CK1-6 O [Sensor clock
SP1-2 O |Shift pulse for sensor
LED O |LED control signal for sensor
(GRB)
Other digital pin
/RESET I |Reset
/TEST1 I |Test pin. Pull up to high level externally
/TEST2 I |Test pin. Pull up to high level externally
Analog pin
CNO I |[Sensor signal input
In case of using 1lch sensor, please input sensor signal to this pin.
CN1 I [Sensor signal input
CN2 I |Sensor signal input
VCLP 0O |Clamp voltage buffer output. External capacitor is necessary.
VREF O |Reference voltage buffer output. External capacitor is necessary.
VCOM O |Internal reference voltage buffer. External capacitor is necessary.
VBREF+/-| O |Reference voltage buffer output for black correction / detection
(differential output).
External capacitor is necessary for each pin.
VWHT+/- O |White-side reference voltage buffer output for 10bit ADC
(differential output).
External capacitor is necessary for each pin.
VBLK+/- O |[Black-side reference voltage buffer output for 10bit ADC
(differential output).
External capacitor is necessary for each pin.
BIAS O |Bias current setting pin. Connect 15KQ between BIAS and AGND.
VBG O |Reference voltage buffer output.
External capacitor is necessary between this pin and Ground.
<0154-E-01> 1999/4
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ASAHI KASEI AK8408

Pin name | 1/0 I Function
Power supply
DVDD I Digital power supply (5V+5%)
DVSS I | Digital VSS
AVDD 1 Analog power supply (5V=5%)
AVSS 1 Analog VSS
<0154-E-01> 1999/4
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ASAHI KASEI AK8408

Function Description

BMAnalog circuit

(1) Reference voltage generator
«Clamp reference voltage (Vclp = 2.1V typ.) is generated by the resistor ladder
network
oInternal white-side reference voltage (Vref = 0.85V typ.) is generated by the

constant voltage regulator.

(2) Sensor signal input circuit
sPolarity of input signal is white downward. If the polarity is opposite such as
CIS sensor, input signal should be inverted externally.
+3ch clamp circuits and 3ch sample/hold circuits are included. 1ch sensor (10M) or
3ch sensor (3.3Mx3) can be selected by a control register.

oInternal analog switch and external capacitor makes up the clamp circuit.

(3) Black shading detect ADC / correction circuit

«Correction data, which shows the difference between clamp level and analog
signal level of each pixel ( pixel to pixel mode ) or of the specified pixel ( black
offset cancel mode ) is detected by 8bit ADC. Both of positive and negative black
shading to the clamp level can be detected and corrected.

*Black correction is achieved by subtracting the correction voltage, which is
generated by the pre-detected correction data, from analog input signal.
Tt is possible to select the full scale of the range (Brange) from =50mV to =200mV
by +50mV step by control register. Please note that 26mV(MAX) of full scale is
consumed for LSI internal offset cancel, so actual detection / correction range is

decreased to Brange - 25mV.

(4) PGA circuit
*To adjust the signal level of each channel, AK8408 has a gain adjust circuit.
*Gain adjustment is achieved by amplifying the black corrected signal. The gain

is set by 3 PGA gain setting registers (x1~x4) for each channel.
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ASAHI KASEI AK8408

(5) Peak detection / hold circuit
ePeak detection / hold circuit is structured by a low speed 8bit ADC, a 8bit DAC,
and some digital logic.
oInput signal into the peak detection circuit is the black shading corrected signal
at the peak detect mode, and black and white shading corrected one when

ABC/AGC is on at the document scanning mode.

(6) White shading detect ADC / correction circuit
sWhite shading detector 9bit ADC, whose full scale is between VPEAK and 40%

of VPEAK, detects the white shading data.
*White correction is achieved by amplifying the black corrected analog signal by

the pre-detected correction data.

() Reference voltage generator for the video ADC ( DAC1, DAC2)
*DAC1 and DAC2 are 8bit DACs which generate the black and white reference

voltage for the ADC. Reference voltage can be defined by the programmable
relative ratio of the difference between VPEAK and VCLP.

(8) 10bit video ADC
*10bit ADC which converts the black and white corrected analog signal to digital
data finally.
*ADC full scale is controlled by the DAC1 and DAC2.

(9) Black offset adjustment circuit
+LSI internal offset(input ~ white shading correction) is canceled by adding or
subtracting detected offset automatically. Calibration data are stored in the
internal registers(R23, R27, R28) by each channel.
(10) ADC offset adjustment circuit
+LSI internal offset(ADC) is canceled by adding or subtracting detected offset

automatically. Calibration data is stored in the internal register(R29).
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ASAHI| KASEI
VCLP+150mV =
VCLP=2.1V

8bit
VCLP-150mV it Frh

Black shading detection/correction
(In case that correction range is set £150mV)

VCLP=2.1V
VCLP-0.4x(VCLP-VPEAK)
Oh
9bit
1FFh
VPEAK
VREF=0.85V-

White shading detection/correction

<0154-E-01>
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VCLP=2.1V
00h
8bit
VREF=0.85V FFh
Peak detection/hold
VCLP=2.1V
VBLK
Oh
10bit
3FFh
VWHT
VPEAK
VREF=0.85V-
Video 10bit ADC
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ASAHI KASEI AK8408
Supported sensors and _sensor signal control
BInput multiplexer circuit control
Supported sensors are shown below.
Sensor color / nomo R12 /D7 R12 /D6 data rate

3ch color sensor color * 1 3.3Mx3
monochrome * 1 3.3Mx1

1ch color sensor color 0 0 10M
monochrome 1 0 10M

1ch monochrome sensor| monochrome 1 0 10M

Please refer to the section which describes the “channel enable register” about the

details of using for each sensor or each color / monochrome mode.

<0154-E-01>

1999/4




ASAH! KASE! AKB8408
O3ch color sensor ( color mode )

(1) Sampling rate is 3.3M/sec (max).

Processing speed is 10M/sec (max).

(2) Input signals from all 3ch are sampled at the same time. And the multiplexer

circuit is automatically switched according to the pre-defined processing order.

(3) The sampled Nx3 data are re-ordering as shown next page, and treat as pseudo

1line data internally.

[3ch sensor output]

(ex. CNO is green signal, CN1 is red signal, CN2 is blue signal )

TRIG [ | EE [ L
McLk [[MTAAR A AR

eno LU UL U

Sensor G output Sensor G output Sensor G output

ent LU L

Sensor R output Sensor R output Sensor R output
CN2 _lSLLLkL%kLLLU_—%L&LL%LLLLU_%LLLLL%LLLLU—TJ

<0154-E-01> 1999/4
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ASAHI KASEI AK8408

[3ch sensor processing]
(ex. Processing order setting is CNO>CN1->CN2)

A 2 [ar[cefas[oefas[asleres] [ [ [ [ [ [ [ [ &
w2 foelalamlefeel |11
= [B1[pems[Balms[BalBr[ms] | | | | [ [ | [ [m

Sampling circuit(3channel input signal is sampled at the same time)

Gi[Ri[B1]cz[re[Be[cs[ra[Ba[calra[Be] [ [ [ [ T [ [ [ [ |ovmnmy
Nx3 sampled data are treated as 1 line data

O3ch color sensor ( monochrome mode )

Monochrome image processing is possible by using the specified channel among 3
channels. In this case, maximum sampling and processing rate is 3.3M samples / sec.
The correction data which have detected already may be used as they are.

Or, it is possible to change the main clock to max. 10MHz, and treat as a monochrome
sensor. We recommend the correction data should be taken again for the new
conditions in this case. Please refer the section 1lch color sensor (monochrome mode)

section. And please refer to the sensor data sheet also.

<0154-E-01> 1999/4
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ASAH! KASEI AK8408
O1ch color sensor ( color mode )

(1) Sampling rate and processing speed are 10M/sec (max).

(2) Please input sensor signal to CNO.

(3) The color of sensor signal changes line by line. The processing color in AK8408

automatically changed.

(4) The color processing order is set by the register. The sampled GRB data from

consecutive 3lines is treated as a pseudo 1lline data.

[1ch color sensor output]

{ex. Sampling, Processing order setting is G>R>B)

TRIG | | [ 1 1 L
McLk [T RN RUUTRA

oo LU UL

Sensor G output Sensor R output Sensor B output

[Lch color sensor processing]

(ex. Sampling, Processing order setting is G>R->B)

v 0 [o1]czefcs] | [eRalRe[rs| | [mn[milpe[es] | &N
MUX TRIG [ 1 11

N

Sampling circuit(only CNO input is sampling)

aifczlcs[ca] | [ [aVrafrefma[ra[ [ [ [rv[mr[mefmsfms] [ [ [mN

Nx3 sampled data are treated as a pseudol line data

<0154-E-01> 1999/4
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ASAHI KASEI AK8408
O1ch color sensor ( monochrome mode )

(1) Sampling rate and processing speed are 10M/sec (max).

(2) Please input sensor signal to CNO.

[1ch sensor monochrome output]

TRIG [ | [ ] [ [ L
McLk [N rnaammn

oNo LU UL

monochrome output monochrome output monochrome output

[1ch sensor monochrome processing]

(20 el ol ] | T
MUX TRIG | | I [l
N

Sampling circuit(only CNO input is sampling)

ifvlvslvg] [ | |y

OMonochrome sensor

Same as lch color sensor ( monochrome mode).

<0164-E-01> 1999/4
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ASAHI KASEI AK8408

CChannel switching mode in CIS(Color)
This is special mode in case of CIS.
(1) Sampling rate, image processing speed are 10Mpixels/sec.
(2) Sampling channel is switched line by line. The channel multiplexer is switched in
accordance with the defined order.
(8) Data set which composed by green, red, blue data is seemed to be 1 set data from
peak detect or ABC/AGC point view.

[CIS output]
(Example) Sampling order G>R->B)

TRIG | | I 11 L
scLk TR AR AU

eno LI UL U

Sensor G output (Invalid output) (Invalid output)

et LU UL

(Invalid output) Sensor R output (Invalid output)

ez L™ L

(Invalid output) (Invalid output) Sensor B output

[3 channel image processing]
(Example) Sampling order CNO->CN1->CN2

A Elelsl ]

— ] me] | [
TRIG "] M M
The output of sensor changes by TRIG signal. 7
Sampling circuit(Sampling channel change every line.) is invalid input data
i lcalorlca] | T lelmlma] | | Teerfelssle | [ =

Nx3 sampled data are treated as 1 line data.

<0164-E-01> 1999/4



ASAHI| KASEI AK8408

OSample / hold, clamp timing

TRIG T
CLPEN % % |

CKCL
Line cl
e = 2 |
RF/D7:1I7/ /AI ” H H || H ||
Bit clamp

RF/D7=1I// %” JI " H__”__ﬂ J J J Jl_

(1) MCLK frequency is the same as the sensor data rate.

In Ich mode, maximum rate is 10MHz, and in 3ch mode, maximum rate is 3.3MHz.

(2) In case of 3ch mode, the sample / hold and clamp is done simultaneously for all

channels.

(3) In the bit clamp mode (RF/D6=0), clamp pulse can be changed by register RF/D7.

RF/D7=0 RF/D7=1
Bit clamp 1/4 MCLK 1/8 MCLK

(4) In the line clamp mode(RF/D6=1), clamp pulse form can be changed by register
RF/D7.

RF/D7=0 RF/D7=1
Line clamp CLPEN ' CLPENNCKSH

<0154-E-01> 1999/4



ASAHI KASEI AK8408

Offset calibration

B Offset calibration mode
Black shading correction circuit, white shading correction circuit, and ADC in this
LSI have offsets. There are two modes for canceling the offsets.
Offset calibration mode 1,2 continuously execute before Black shading detection and

White shading detection.

O Offset calibration mode 1
This mode is for canceling internal offset of the path from input to white shading
correction circuit. This mode takes 2 lines time.
In this mode input of each channel(CNO, CN1, CN2) signal should not be cared.
(1) 1¢t line operation
Setting an appropriate practical gain(R15,R16,R17) for each channel, and
executing this mode, calibration starting data is detected and stored in the
internal register.
(2) 27d  line operation
Updating the starting calibration data for minimizing the code difference
between by unity gain and by maximum gain. After that operation, BUSY flag
becomes ‘L’ state.
This sequence must be done for each channel(CN0,CN1,CN2) or each color(B,R,G)
one by one. Channel(Color) appointment set Channel enable register(R12/D2-
DO)(total 3 times).Monochrome mode(R12/D7=1) don’t need channel appointment
(total 1 times).
Calibrated offset depends on the black shading correction range. Namely the
smaller that range is, the smaller residual offset is.
(Note) In this mode the pixel number setting(ROC/ROD) must be more than 128.

O Offset calibration mode 2
This mode is for canceling internal offset of 10bit ADC. This mode takes 2 lines
time.
In this mode input of each channel(CNO, CN1, CN2) signal should not be cared.
This mode execute 1 times both color mode and monochrome mode.
(1) 1st line operation
Setting the same gain in the offset calibration mode 1 for each channel, and
executing this mode, calibration starting data is detected and stored in the
' internal register.
(2) 224 line operation

Updating the starting calibration data till 10bit ADC code O appears.

<0154-E-01> 1999/4
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ASAHI KASE! AK8408
Calibrated offset depends on the black shading correction range.
(Note) In this mode the pixel number setting(ROC/ROD) must be more than 128.

(Note) Please set up Pre-dummy pixel counts(RE) register temporarily as showing

below before offset calibration mode 1 is operated.

(1)1 ch Mode (R12/D6=0)
+CK1,CK2 clock mode =mode 1,2(CCD)(RF/D3=0)
Dummy pixel number set up odd.(Ex. 1,3::*)
+CK1,CK?2 clock mode =mode 3,4(CIS)(RF/D3=1)

Dummy pixel number set up even. (Ex. 0,2:++)

(2)3 ch Mode (R12/D6=1)
*CK1,CK2 clock mode =mode 1,2(CCD)(RF/D3=0)
Dummy pixel number set up even. (Ex. 0,2+++*)
+CK1,CK2 clock mode =mode 3,4(CIS)(RF/D3=1)
Dummy pixel number set up odd. (Ex. 1,3:-+)

Please set RE register to the original(previous) Dummy pixel number after offset

calibration mode 1 is finished.

<0154-E-01> 1999/4



ASAHI KASE! AK8408

Black shading detection

mBlack shading detection mode setting
O3set data / 1set data

(1) 3set data mode
«In case of detecting each black offset for each channel of 3 channel sensor, or for
each color of 1 channel color sensor, this mode should be used. In the black offset
cancel mode, internal 3set offset register pairs are available. In the pixel to pixel

mode, external 3set memory bank are available.

(2) 1set data mode
*In case of detecting common black offset for every channel of 8 channel sensor, or
for every color of 1 channel color sensor, this mode should be used. In the black
offset cancel mode, internal 1set offset register pair ( Register R04 and R05 ) is
available. In the pixel to pixel mode, external memory bank BA[2..0]=011B is
available.
In case of the 1 channel color sensor ( monochrome mode ) or 1 channel

monochrome sensor, this mode should be used.

OBlack offset cancel mode / Pixel to pixel mode

(1) Black offset cancel mode
*The two black shading data whose location is set by black reference register are
detected by the black detection 8bit ADC, and these data are stored to internal
register pair as even/odd black offset data.
oIt is possible to choose whether 3set data mode or 1set data mode.
In 1set data mode, black shading detection is done by scanning the same line 2
times. In 3set data mode, black shading detection is done by scanning the same
line 2 times for each channel or color ( total 6 times ).
In case of 1set data mode,
The first scanning, black shading data of the pixel which is located at
(black reference pixel position)x8th is detected and stored as even black offset.
The second scanning, black shading data of the pixel which is located at
(black reference pixel position)x8+1th is detected and stored as odd black
offset.

<0154-E-01> 1999/4



ASAHI KASEI AKB8408

In case of 3set data mode,
The first to third scanning, black shading data of the pixel for each channel or
color which are located (black reference pixel position)x8th are detected and
stored as even black offset.
The 4th to 6th scanning, black shading data of the pixel for each channel or
color which are located (black reference pixel position)x8+1th are detected and
stored as odd black offset.

*The completion of the execution can be confirmed by BUSY flag (RO /D7) . But
we recommend waiting for the specified time to prevent the noise injection
because of the AK8408 is accessed by the microcomputer all the time during the

operation.

(2) Pixel to pixel mode

eDetects the black shading data by the black detection 8bit ADC, and all of
shading data are stored to external SRAM.

oIt is possible to choose whether 3set data mode or 1set data mode.
In lset data mode, black shading detection is done by scanning the same line 2
times. In 3set data mode, black shading detection is done by scanning the same
line 2 times for each channel or color ( total 6 times ).
At the first scanning, shading data of the pixels which are located
1,17,...,16n+1th are detected.
At the m-th scanning, shading data of the pixels which are located 16n+mth are
detected, and stored to external SRAM.
In 3set data mode, repeat this process 3times for each channel or color, and
detected data are stored to each memory bank.

+The completion of the execution can be confirmed by BUSY flag (RO / D7) . But
we recommend waiting for the specified time to prevent the noise injection
because of the AK8408 is accessed by the microcomputer all the time during the

operation.

®Procedure for each sensor and mode

O3ch color sensor ( color mode )

(1) Select the processing channel by the channel enable register. Only 1 channel must

be enabled among 3 channels.

(2) In the pixel to pixel mode, after 17 lines scanning, black shading detection mode is

<0154-E-01> 1999/4
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ASAH! KASEI AK8408

(2) In the pixel to pixel mode, after 17 lines scanning, black shading detection mode is
automatically finished. In the fixed black offset cancel mode, after Slines or 7lines
scanning, black shading detection mode is automatically finished. Shading data is
stored to external SRAM bank or internal register correspond to processing

channel.

ic _ L L e re e eIl

st End 3rd Eth 5th

canning[Scanning{Scanning[Scanning

Internal
Proc. ) ) ) canning

1 t

Command issued Preparing the execution

(8) When 1set mode is selected, black shading detect mode is completed at this point.
(4) When 3set mode is selected, repeat this process 3 times for CNO,CN1 and CN2.

(5) The completion of execution needs 17 lines time, but because that the command
issue and execution are asynchronous, additional 1 line time is necessary. The
completion of execution can be verified by BUSY flag (RO / D7) . But we recommend
waiting for 18 lines time to prevent the noise injection because the AK8408 is
accessed by the microcomputer all the time during the operation.

(In case of the fixed black offset cancel mode, the completion of execution needs 3
lines time. So, recommended wait time is 4 lines time.)
When 3set mode is selected, 18x3 =54 (pixel to pixel mode) lines time or 4x3=12

(fixed black offset cancel mode) lines time is necessary.

(6) When you change the PGA gain, please get the correction value again.

O3ch color sensor ( monochrome mode )

In case that shading data has been detected as a color sensor and the sampling rate
may be the same as the color mode, the same shading correction data can be used.

Or, it is possible to change the main clock to 10MHz(max.), and treat as a monochrome
sensor. As for details, please refer to the section of 1ch color sensor (monochrome

mode).

<0154-E-01> 1999/4
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Oich color sensor ( color mode )

In case of taking each shading data correspond to each color ( ex. in case that black

reference sheet is available ), please set to 3set data mode.

®

Black shading detection is achieved according to the pre-set processing / sampling

order.

(ex. Sampling, Processing order setting is G>R>B)

@)

®3)

)

<01

mic L o rrmnrn.rJ‘f.’m /|

LEDG [ 1 [

LEDR [ Z {1 1

LEDB [ Z [ I [ |
Internal

Proc - . ; x G R B G R

1 T [ N R |

Command issue Glst Rlst Blst G2nd R2nd
Preparing the execution

In the pixel to pixel mode, after 16x3+1 lines scanning (3set mode) or 16+1 lines
scanning (1set mode), black shading detection mode is automatically finished. In
the black offset cancel mode, after 6+1lines (3set mode) or 2+1lines (1set mode)

scanning, black shading detection mode is automatically finished.

The completion of the execution needs 16x3 + 1 or 16+1 lines time, but because the
command issue and execution are asynchronous, additional 1 line time is
necessary. The completion of execution can be confirmed by BUSY flag (RO / D7).
But we recommend waiting for 50 lines time or 18 lines time to prevent the noise
injection because the AK8408 is accessed by the microcomputer all the time during
the operation.

(In case of the fixed offset cancel mode, the completion of execution needs 7 or 3

lines time. So, recommended wait is 8 or 4 lines time.)

When you change the PGA gain, please get the correction value gain.
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O1ch color sensor ( monochrome mode )

)

@)

3

4

The processing channel is automatically set to CNO.

In the pixel to pixel mode, after 16+1 lines scanning, black shading detection mode
is automatically finished. In the fixed offset cancel mode, after 2+1lines scanning,

black shading detection mode is automatically finished.

'v:) e o A o N o N A O A

1st 2nd 3rd dth 5th
ScanninglScanning[Scanning[Scanning Scanning

Internal
Proc.

t 1

Command issued Preparing the execution

In case that black shading correction mode is the fixed offset cancel mode, offset

data are stored to R4 and R5 register.

The completion of execution needs 16+1 lines time, but because that the command
issue and execution are asynchronous, additional 1 line time is necessary. The
completion of execution can be verified by BUSY flag (RO / D7). But we recommend
waiting for 18 lines time to prevent the noise injection because AK8408 is accessed
by the microcomputer for all time during the operation.

(In case of the fixed offset cancel mode, the completion of execution needs 3 lines

time. So, recommended wait time is 4 lines.)

OMonochrome sensor

Same as 1lch color sensor ( monochrome mode).
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OOffset cancel for internal offset after black shading correction circuit

Because the black correction circuit is not able to cancel the internal offset after black
correction circuit, there is some offset remained in video ADC output. It is possible to

cancel this offset by setting the black offset adjustment register.

(1) Executes black shading correction for the black reference signal (ex; by using
pre-detected black shading detected data), and monitors the video ADC output.

(2) Sets the black offset adjustment register for the video ADC output to become close
to 0. Black offset adjustment register value is -128 to 127, and it is possible to

increase or decrease black correction voltage for every pixel uniformly.

(3) This function is always available regardless black offset cancel / pixel to pixel mode,

or lset data / 3set data mode.

DOAveraging circuit

In the black shading detect mode, it is possible to execute the detection cycle (N+1)
times, and to average (N+1) set of shading data automatically. It is possible to reduce

the noise of shading data.

(1) Averaging number is set to R24 register. In case that averaging number is N,
shading detection cycle is executed ( N+1 ) times, and averaged shading data is
stored to the external SRAM automatically. In case that averaging number is O,

averaging function is disabled.

(2) It is possible to reduce the noise error by averaging. Averaging operation precision

is about 2LSB ( this value may be changed by data pattern ).
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Gain control

W 3ch sensor gain control

In case of 3ch color sensor, to adjust the signal level of the each channel, it is
necessary to adjust PGA gain. For the measurement of signal level, AK8408 has a 8bit
counter, a 8bit equal comparator, and a 8bit register for a threshold value, which are
used for monitoring 10bit ADC output data. Comparing the threshold value and 10bit
ADC output data, and if 10bit ADC output data is greater than the threshold value, the
counter is incremented. Gain adjustment can be done by updating the gain data
register till contents of the counter for each channel is in almost the same range.

This adjustment is done by each channel.

(1) In this mode, automatically peak hold value is set to FFh, and black / white

reference voltage register is set to 00h, as that result 10bit ADC becomes full scale.

(2) Select a processing channel by the channel enable register. Only lch must be
enabled.

(3) Analog input signal is black shading corrected one. White shading correction is

automatically disabled.

(4) The number of pixels whose 10bit ADC output are greater than a preset threshold
is detected and accumulated by a equal comparator and a counter. After 2 lines
scanning, PGA gain adjust mode is automatically finished.

The completion of execution needs additional 1 line time, but because that the

command issue and execution are asynchronous, 1 more line wait is necessary.

mic L LT e e r e e Ji

Internal
Proc.

- - X executio - - - -

Command issue I Execution end
Preparing the execution

(6) Check the counter, and adjust PGA gain according to this value. Repeat these

sequence until the counter value becomes an appropriate value.
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(6) Repeat the same sequence to each 3 channel.

(7) When you change the PGA gain, please execute the offset calibration mode and the

black shading detection mode again.

(Note) In case that (1) 3ch color sensor is used in monochrome mode,(2) 1ch color sensor
is used, (3) monochrome sensor is used, PGA gain register corresponded to the used
channel should be set for the amplified analog signal to be within the AK8408 input

range.

M 1ch sensor gain control

In case of 1ch color sensor,
*Each color signal level should be almost the same.
*Sensor signal level should be adjusted to be a specified level which are
recommended by the sensor suppliers.

To meet these demand, LED on-time and / or PGA gain value must be set. For the
measurement of signal level, AK8408 has a 8bit counter, a 8bit equal comparator and a
8bit register for a threshold value, which are used for monitoring 10bit ADC output
data. Comparing the threshold value and 10bit ADC output data, and if 10bit ADC
output data is greater than threshold value, the counter is incremented. Gain
adjustment can be done by updating the LED on-time register or PGA gain till contents

of the counter for each channel is in almost the same range.

(1) This mode consists of
*LED pre-lighting cycle,
*Detecting cycle,
and execution time is 2 lines time.
( Because command issue and starting this mode are asynchronous, additional 1

line time is necessary. Total execution time is 3 lines time.)

(2) In this mode, peak hold value is set to FFh, black / white reference voltage register
is set to 00h automatically, as that result 10bit ADC becomes full scale.

(3) Select a processing channel by the channel enable register. Only 1 color must be
enabled. '
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(4) Set an appropriate value to LED on-time register and PGA gain register, and

execute this mode. This mode starts synchronized with the next TRIG signal.

(5) Analog input signal is black shading corrected one. White shading detection is
automatically disabled.

(6) In the first cycle, the LED control pin which is enabled by the channel enable
register becomes High level during the time which is defined by a LED on-time

register. Other color LED control pins become Low level.

(7) In the second cycle, the number of the pixels whose 10bit ADC output are greater
than a pre-set threshold is detected and accumulated by a equal comparator and a

counter. After 1 line scanning, this mode is automatically finished.

(ex. Sampling order setting is G>R->B , adjust color is Red.)

(2 N I N I N N N I O I A e |
LEDG [/ 7 [ ]

LEDR W A p

LeDb 7 Zi ]

Internal
Proc.

- - x R B G

1 I T

Command issue Renew counter

Command accept. LEDR becomes High level. Preparing the execution

(8) Check the counter, and adjust LED on-time according to this value. Repeat

these sequence until the counter value becomes an appropriate value.

(9) Repeat the same sequence to each 3 colors.

(Notel) All of PGA gain registers should be set for the amplified analog signal to be
within the AK8408 input range when gain control is done by LED on-time control.

(Note2) All of LED control register should be set for the amplified analog signal to be
within the AK8408 input range when gain control is done by PGA gain control.
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(Note3) In case that the 1ch color sensor is used as monochrome mode, the LED on-time

register contents should be 1/3.
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Peak detect and ABC/AGC

WPeak detection before the white shading detection

Before the white shading detection, the peak signal level is detected to be matched
with ADC full scale. This mode is executed after finishing the black shading detection
mode, and PGA gain adjustment or LED on-time control, and as a result signal level of
each 3 colors has been adjusted to almost the same level. This mode consists of peak

detection cycle and peak hold cycle.

(1) In this mode, peak hold value is set to FFh, and black / white reference voltage
register is set to 00h automatically, as a result 10bit ADC becomes full scale.

(2) Peak detect cycle
*The white reference signal is scanned by 10bit video ADC, and detects the
maximum signal level (PPK). Internally, analog black correction to the white

reference signal is achieved as shown below.

( Pixel to pixel mode)
(black corrected signal )i = (input white reference signal )i
-{A( black shading data)izA( offset adjust data)}

( Black offset cancel mode)
(black corrected signal)2i = (input white reference signal)2i
- {A(even pixel offset data)+A( offset adjust data)}
(black corrected signal )2i+1 = (input white reference signal)2i+1
- {A( 0dd pixel offset data)+=A( offset adjust data)}
Besides, A(D) is an analog value which is DA-converted voltage of D.

And, signal level is amplified by PGA circuit.

(8) Peak fix cycle
*The peak value is fixed by 8bit peak detect circuit with re-scanning the same
white reference signal after the initial value around PPK being set to the peak

detect counter internally.

Detection width is the same as the available full length of a sensor. A limitter function

for ABC is automatically inhibited. Following speed is 1LSB per a pixel.

<0154-E-01> 1999/4

=29 =




ASAH| KASEI AK8408

(4) Finishing these 2 cycles, the peak detect counter value is automatically loaded into

the peak hold register.

(5) The completion of the execution can be confirmed by BUSY flag (RO / D7). But we
recommend waiting for the specified time to prevent the noise injection because the

AKB8408 is accessed by the microcomputer all the time during the operation.

MProcedure for each sensor and mode
O3ch color sensor ( color mode)

(1) The peak value of pseudo 1ch signal that consists of 3ch signal after multiplexing
is detected. Each signal levels of 3ch should be adjusted to almost the same level by
PGA gain control.

mic 1M re e e Jrt eIt

Internal eak detect|Peak fixed
Proc - - - X ycle kycle - - -

Video ADC Peak counter Execution end
operation  operation

Command issue

Preparing the execution

(2) The completion of execution needs 3 lines time, but because that the command
issue and execution are asynchronous, additional 1 line wait time is necessary. The
completion of execution can be verified by BUSY flag (RO / D7) . But we recommend
waiting for 4 lines time to prevent the noise injection because the AK8408 is

accessed by the microcomputer all the time during the operation.

O3ch color sensor ( monochrome mode )

The peak value of the input signal that selected by the channel enable register is
detected.

Or, it is possible to change the main clock to max. 10MHz, and treat as a monochrome
sensor. As for details, please refer to the section of 1ch color sensor (monochrome

mode).
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O1ch color sensor ( color mode )
(1) The peak value of pseudo Ich signal that consists of 3 color signal for GRB is

detected. Each signal levels of 3 colors should be adjusted to almost the same level

by LED on-time control or PGA gain adjustment.

me L L oo e re e

LEDG [ 2 1 N 1

LEDR [ ] I [ 1

LEDB [z ) [ l I I
Internal
Proc. - - - x G R B G R B

T Y Y
. Peak detect Peak fixed
Command issued .
. _ Video ADC Peak counter the execution
Preparing the execution gperation start operation start end

(2) The completion of the execution needs 6+1 lines time, and also because that the
command issue and execution are asynchronous, additional 1 line time is
necessary. The completion of execution can be confirmed by BUSY flag (RO / D7).
But we recommended waiting for 8 lines time to prevent the noise injection
because the AK8408 is accessed by the microcomputer all the time during the

operation.
O1ch color sensor ( monochrome mode )

(1) The peak value after being adjusted the LED on-time is detected.

wmie L L T e rere e

Internal Peak detect|Peak fixed

Proc. - - - X kycle yele - - -

Command issue I Video ADC Peak counter Execution end

operate operate
Preparing the execution

(2) The completion of the execution needs 2 lines time, but because that the command
issue and execution are asynchronous, 1 more line wait is necessary. The

completion of the execution can be confirmed by BUSY flag (RO /DT7).
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But we recommend waiting for 3 lines time to prevent the noise injection because

the AK8408 is accessed by the microcomputer all the time during the operation.

OMonochrome sensor

Same as 1ch color sensor ( monochrome mode).
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MABC,AGC function

The purpose of ABC function is to read clearly regardless groundwork density by
following the white reference voltage of the video ADC to the change of groundwork
density line by line.

ABC function supports two mode, which are called “ABC mode ( for the document with
characters ) “ and “AGC mode ( for the document with photograph ) “.

(1) Enable or disable of ABC / AGC mode is selected by register R1/Da3.

(2) ABC /AGC following speed is selected by register R1/D2-0.

D2 D1 DO Mode / Following speed
0 0 0 ABC mode / 1/4LSB
0 0 1 ABC mode / 1/2LSB
0 1 0 ABC mode / 1LSB
0 1 1 ABC mode / 2LSB
1 * * AGC mode

(3) The peak detection counter is reset to 00h at the head of line. And detects the peak
value (PEAK) among the selected pixels by R2 and R3 registers.

(4) The next line peak hold value ( PHDk+1) is decided by the following formula.

ABC mode

PEAK=PHDk - PHDk+1=PEAK

PEAK < PHDk - PHDk+1 =PHDk - ( following speed )
AGC mode

PEAK = PHDk - PHDk+1=PEAK

PEAK <PHDk - PHDk+1=PHDk

Disabled channel or disabled color which is set by channel enable register is not

effect to peak value.
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(5) ABC/AGC peak following range is selected by R1E and R1F registers.
RIE : the limit value of black side.
R1F : the limit value of white side.
The peak hold value (PHDK) is changed within the range of the following formula.
(R1E) < PHDk < (R1F)
Please take case that the initial peak hold value at the top of the page should be

satisfied this formula also.

(6) In case of using 3ch color sensor ( color or monochrome mode) , 1ch color sensor
(monochrome mode) or monochrome sensor, peak hold value is up-dated by every

line.

(7) In case of using lch color sensor ( color mode ), three line data are treated as a

pseudo 1line data, and peak hold value is updated by every 3 lines.

(ex. 1ch color sensor, Sampling and processing order setting is G>R>B)

v 3 Cc N N I I I I Y N IO I
LEDG _[ | [ 1 [ 1
LEDR 1 ‘ [ 1 [ 1

LEDB [ 1 [ 1 L

piternal B |lea|rR|B|a|rR|[B|]ac|R
TOCESsSs
Peak hold value Peak hold value Peak hold value
Update point Update point Update point
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White shading detection

MWhite shading detection

The purpose of white shading correction is to remove the deviation of the light
emission and the sensor sensitivity among pixels. Correction value is detected before

the scanning.

(1) In this mode, black reference of the 8bit ADC for white shading detection is
automatically set to 40% of Vpeak (typ.), and full scale of the ADC is from 0.4Vpeak
to Vpeak. The Vpeak is the voltage, which correspond to the peak hold register

value, and usually this value is detected in peak detect mode.

(2) The input signal to the white shading detection circuit is black corrected by the
black shading data and gain amplified by PGA.

(3) Scanning white reference signal, the output of 9bit ADC for white shading
detection is stored to the external SRAM.

(4) The white shading detection is done with the same scanning line 16 times.
The first scanning, the position of 1,17,...,16n+1 pixel’s shading data are detected.
The m-th scanning, the position of 16n+m pixel’s shading data are detected and

stored into the external memory bank.

(5) The completion of the execution can be confirmed by BUSY flag (RO / D7). But we
recommend waiting for the specified time to prevent the noise injection because the

AK8408 is accessed by the microcomputer all the time during the operation.
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BProcedure for each sensor and mode
O3ch color sensor ( color mode )

Detect the white shading data by each channel.

(1) Select the processing channel by channel enable register. Only 1 channel must be
enabled.

v e i A A N A N O A

st 2nd Brd [th 5th
canning{Scanning[ScanningfScanning[Scanning

Internal
Proc.

t t

Command issued Preparing the execution

(2) After scanning 16+1 lines, white shading detection mode is automatically finished.
(3) Repeat this process 3 times for CNO,CN1 and CN2.

(4) The completion of the execution for each channel needs 17 lines time, but because
the command issue and execution are asynchronous, additional 1 line time is
necessary. The completion of execution can be confirmed by BUSY flag (RO / D7).
But we recommend waiting for 18 lines time to prevent the noise injection because

of the AK8408 is accessed by the microcomputer all the time during the operation.

O3ch color sensor ( monochrome mode )

In case that shading data has been detected as a color sensor and the sampling rate
may be the same as color mode, the same shading correction data may be used.

Or, it is possible to change the main clock to max. 10MHz, and treat as monochrome
sensor. As for details, please refer to the section of 1lch color sensor (monochrome

mode).
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O1ch color sensor ( color mode )

(1) White shading detection is achieved according to the pre-set processing / sampling

order.

(ex. Sampling order setting is G>R->B)

mic Lo rr rmn . re - ft|

LEDG [Z 1 1

LEDR [/ 7 [ 1

LEDB [Z Z I l | L
Internal

- x G R B G R

1 T t ottt 1

Command issue Glst Rlst Blst G2nd R2nd
Preparing the execution

Proc.

(2) After 16x3+1 lines scanning, white shading detection mode is automatically
finished.

(3) The completion of the execution needs 16x3+1 lines wait, but because the
command issue and execution are asynchronous, additional 1 line time is
necessary. The completion of execution can be confirmed by BUSY flag (R0 /D7) .
But we recommend waiting for 50 lines time to prevent the noise injection because

the AK8408 is accessed by the microcomputer all the time during the operation.
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O1ich color sensor ( monochrome mode )

(1) The processing channel is automatically set to CNO.

v (A A Y T O A

1st nd Brd Mth 5th
canning{Scanning Scanning[Scanning

Internal
Proc.

canning

1 1

Command issued Preparing the execution

(2) After 16+1 lines scanning, white shading detection is automatically finished.

Shading data is stored to fixed external memory bank.

(3) The completion of the execution needs 16+1 lines time, but because the command
issue and execution are asynchronous, additional 1 line time is necessary. The
completion of execution can be confirmed by BUSY flag (RO / D7). But we
recommend waiting for 18 lines time to prevent the noise injection because the

AK8408 is accessed by the microcomputer all the time during the operation.

OMonochrome sensor

Same as lch color sensor ( monochrome mode).

OAveraging circuit

In the white shading detect mode, it is possible to execute the detection cycle (N+1)
times, and to average (N+1) set of shading data automatically. It is possible to reduce

the noise of shading data.

(1) Averaging number is set to R24 register. In case that averaging number is N,
shading detection cycle is executed ( N+1 ) times, and averaged shading data is
stored to the external SRAM automatically. In case that averaging number is 0,

averaging function is disabled.

(2) It is possible to reduce the noise error by averaging. Averaging operation precision

is about 2LSB ( this value may be changed by data pattern ).
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Channel enable register

To select a processing channel or channels, the AK8408 has 3bit control register.

3ch mode CN2 enable CN1 enable CNO enable
1ch mode B enable R enable G enable

0: Disable
1: Enable

Following is recommended register setting for each sensor.

O3ch color sensor ( color mode )

(M

@)

3

)

®)

(6)

Offset calibration mode 1 must be done channel by channel, and a processing
channel should be selected by this register. In this mode, please take case that only

1 channel must be selected.

In the offset calibration mode 2, all channels are enabled automatically regardless

of register setting.

Black shading detection must be done channel by channel, and a processing
channel should be selected by this register. Black shading detection and storing
the shading data to the external SRAM is done for only the enabled channel. In

this mode, please take case that only 1 channel must be enabled.

PGA gain control must be done channel by channel, and a processing channel
should be selected by this register. By monitoring the counter, gain adjustment

should be done. In this mode, please take case that only 1 channel must be enabled.

In the peak detect mode, all channels are enabled automatically regardless of

register setting.

White shading detection must be done channel by channel, and a processing
channel should be selected by this register. White shading detection and storing
the shading data to the external SRAM is done for only the enabled channel. In
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M

this mode, please take case that only 1 channel must be enabled.

In the document scanning mode, all channels should be enabled.

O3ch color sensor ( monochrome mode )

1

@)

In case that 3ch color sensor is used at monochrome mode, a specified 1ch is set to
enable state. Maximum sampling rate is 3.3M samples / sec. The correction data

which is detected in color mode can be used.

Tt is possible to change the main clock to max. 10MHz, and treat as monochrome
sensor. In this case, the correction data should be taken again. Please refer to the

section 1ch color sensor (monochrome mode).

O1ch color sensor ( color mode )

@

@

@)

(4)

®)

©

Offset calibration mode 1 must be done by each color and the processing color

should be selected by this register. Only 1 color must be enabled.
In Offset calibration mode 2, all channels are enabled regardless of register setting.

In the black shading detection mode, all channels are enabled regardless of

register setting.

The LED on-time control or PGA gain control must be done by each color
corresponding to LEDG, LEDR and LEDB, and the processing color should be
selected by this register. By monitoring the counter, gain adjustment or LED on-
time control is done color by color. In the LED on-time control mode, only 1 color

must be enabled.

In the peak detect mode, all colors are enabled automatically regardless of register

setting.

In the white shading detection mode, all colors are enabled automatically

regardless of register setting.
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(7) In the document scanning mode, all colors should be enabled.

(Note) In case of using lch color sensor ( monochrome mode) or monochrome sensor,

this register doesn'’t have to be set.
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Document scanning mode

(1) Black correction is done by the following formula.
( Pixel to pixel mode)
(black corrected signal )i = (input signal )i
-{A( black shading data)izA( offset adjust data)}
( Black offset cancel mode)
(black corrected signal )2i = (input signal)2i
- {A(even pixel offset data)+A( offset adjust data)}
(black corrected signal )2i+1 = (input signal)2i+1
- {A( odd pixel offset data)=A( offset adjust data)}

Besides, A(D) is an analog value which is DA-converted voltage of D.
(2) White correction is done by the following formula.
(black and white corrected signal)i =
(black corrected signal)i x 2555 / ( 1022 + 3x( white shading data)i)
(3) CNODEN, CN1DEN, CN2DEN and DCLK timing is shown below.
«3ch color sensor ( color mode)

VDO-9

0 Bout G out R out B out

CNIDEN l'_—l N
CN2DEN l—_—| T 1
e riririgd

<0154-E-01> 1999/4

=42 =



ASAHI KASEI AK8408

«1ch color sensor ( color mode)

TRIG —ﬂ |_| j
:MCLKx4|H”””””HH”““””“””“”“””HH””””““”“””””””HHH”“”“
I o oo froe

CN1DEN

CN2DEN

DCLK |||||| |||| ||||

*3ch mode (in case that CN2 is disabled)

VDO0-9

CN1DEN

CN2DEN

Because that CN2 is disabled, CN2DEN and DCLK correspond to CN2 are not
outputting. VD0-9 become low level.
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s1ch color sensor ( monochrome mode) , monochrome sensor

CN1DEN

CN2DEN

MLl rir
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0O3ch color sensor ( color mode / monochrome mode )
(1) Input signals from all 3ch are sampled at the same time.

(2) The multiplexer circuit is automatically switched according to the pre-defined

processing order.
(3) The 10bit video data outputs according to the pre-defined processing order.

(4) It is possible to use monochrome mode by using specified 1ch among 3ch color
sensor. In this case, maximum sampling rate is 3.3M samples / sec. The correction
data which is detected in color mode is used.

Or, it is possible to change the main clock to max. 10MHz, and treat as
monochrome sensor. In this case, the correction data should be taken again. Please

refer the section 1ch color sensor (monochrome mode).

e L T rer Tt ri

Internal 1st 2nd Brd th 5th
Proc. ) . Scanning[Scanning[ScanningScanning|Scanning

1 1 t

Command issued Preparing the execution Scanning start

DCLK IR [T (I AR (T
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O1ch color sensor ( color mode )
(1) Scanning is started with 1 line delayed from command issue.

(ex. Sampling order setting is G>R->B)

we [ 1 M LT JL T
wavo 7 /0 T

ek 7 7 L
avs 7 7 1 ]

Internal i i . G R B G

Proc.
1 L

Command issue pyeparing the execution Scanning start

DCLK T T T O

(2) Stop and re-start of processing are controlled by the VPE pin. At the re-starting, it
is possible to select the start color by re-writing the sampling and processing order

register.

(Ex) In case that the processing order is G>R->B, and image processing is stopped
during the color B, it is possible to restart at color B by the re-writing the processing
order register to B>G>R.

(8) As for the disabled color by the channel enable register, 10bit video data and its

sampling clock are not generated.

<0154-E-01> 1999/4

=46 =



ASAHI KASEI

O1ch color sensor ( monochrome mode )

(1) Scanning is started with 1 line delayed from command issue.

AK8408

ric (L L o re e e re I

Internal
Proc.

DCLK

- - x

1st

canning

2nd

canning

Brd

canning

4th

Scanning

bth

Scanning

1 t

L—__—|

Command issued Preparing the execution Scanning start

0 0

(2) Stop and re-start of processing are controlled by the VPE pin.
(3) Channel Enable register setting is invalid. Channel fixed CNO pin.
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LED on-time control

(1) For the purpose of CIS LED on-time control or CCD shutter function control, the
AK8408 supports LEDG, LEDR and LEDB pins.

(2) Tt is possible to program the LEDG, LEDR and LEDB pins’ high level period by
following registers. ( In the example below, register is for Green )
LEDGs : LED on start point.
LEDGw: LED on-time period

Each register is 8bit and unit is 32 pixels.
(ex. LED on timing  1ch color sensor ( color mode ) )

MCLK

TRIG _ﬂ ﬂ ﬂ ﬂ
LEDG h B

s

Ttl o t2
LEDR | |
g a
LEDB ﬂ

——r—>
th © t6

i)nte rnal B G
rocess

t1: LEDGsx32 pixel
t2: LEDGwx32 pixel
t3: LEDRsx32 pixel
t4: LEDRwx32 pixel
t5: LEDBsx32 pixel
t6: LEDBwx32 pixel
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(ex. LED on timing  1lch color sensor ( monochrome mode) )

MCLK

TRIG _ﬂ [
LEDG |_'| [

ETROETI
LEDR | |
t3 Tt

LEDB I |

t5 16

A
vY...
A

t1: LEDGsx32 pixel
t2: LEDGwx32 pixel
t3: LEDRsx32 pixel
t4: LEDRwx32 pixel
t5: LEDBsx32 pixel
t6: LEDBwx32 pixel

(ex. CCD sensor with shutter function)

SP2 J_] [
LEDG " | —

(SHUT)

r
. A

t2

tl: LEDGs =0
t2: LEDGwx 32pixel
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Serial interface

It is possible to access to control register and/or shading memory access window by 4

wired serial interface. Timing chart is as following diagram.

(1) Write to AK8408

SDIN

SDOUT

mEv | i

(2) Read from AK8408

o R DEMEEDE

SboUT

wEv ] r

<0154-E-01> 1999/4
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Shading memory interface

BShading memory interface

AK8408 supports two kind of shading memory access modes. In mode2, address buses,
data buses and control signals are becomes Hi-Z while the AK8408 does not access to
shading memory. So it is possible for external device to access to shading memory.

( following charts are in document scanning mode. )
When AKB8408 is in the idle mode (R0/D7=0), it is possible for external device to access

to shading memory at access mode 2.

*model
1 pixel
wowod [T [ L L[ L[
Black data access White data access
/SWR High
/SRD Low

Mode 1 has long access period for black data or white data access, so it is suitable for
high speed sampling or low speed memory.
Required access speed of shading memory is about
(Access speed) = 1/ (2F) -20 (nS): 1ch mode
=1/ (6F) -20 (nS): 3ch mode
Besides, F is sampling rate (MHz).
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*mode2
: 1 pixel :
s [ [ L[ L LI
Black data access |White data access No access
/ISWR  — High l Hi-Z
/SRD — Low T Hi-Z

/ACEEN | High | Low
ICLK I

0

In this mode, it is possible for external device to access to shading memory at /ACEEN
signal low level period.
Required access speed of shading memory is about
(Access speed) = 1/ (4F) -10 (nS): 1ch mode
= 1/(12F) -10 (nS):3ch mode
Besides, F is sampling rate (MHz).
If sampling rate is high, this mode can not be used. We recommend that in case that

sampling rate is over 4Mpixel / sec, model should be used.

<0154-E-01> 1999/4

=52

"



ASAHI KASEI AK8408
OSRAM connection

Because AK8408 white shading correction is done by 9bit resolution, 9bit width
external shading memory is required. If white shading correction do 8bit, it is possible

to use 8bit width memory.

(1) 9bit width SRAM is used
«Set white shading correction precision to 9bit (R25 /D3=1).
«Connect SD0-8 to SRAM data bus.

(2) 8bit width SRAM is used
+Set white shading correction precision to 8bit ( R25 /D3=0).
eConnect SD1-8 to SRAM data bus.
SDO should be opened.

You can access to SRAM by two method. One is the access through window register of
AK8408 and another one is direct access. In case of direct access, memory interface

signals become Hi-Z when AK8408 is in idle mode and shading memory access mode is

mode 2. Please note that address bus is output by block gray code.

OAddress bus output

Shading memory address bus (13bit) is output by block gray code.

(MSB) 12'11‘10 9|8|7|6|5|4 3|2|1|O'(LSB)
liner 6bit gray code 4bit gray code

When the size of SRAM is selected, please take case of this addressing method.

(ex) Black shading data 1 set data mode
White shading data R,G,B 3set data
Pixel number 2,592
4Kbytex4bank = 16Kbyte = 128Kbits

Please use SRAM whose size is bigger than 128Kbits.
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Sensor clock generation

mSensor clock generation circuit

(1) The AK8408 generates following clocks for the sensor.

(2) There are 4 kinds of CK1 output modes, which is selected by a register.

(8) The CK2isan inverted output of the CK1.

(4) Tt is possible to delay CK1, CK2, SP1 and SP2 by MCLK/4 unit by a register.
(5) It is possible to invert the SP1, SP2, CK3-6 by a register.

MODE1, MODE2

TRIG M % / %)

CKSH : : : : :

SP1
SP=0

SP2
SP=0

CK1
MODE1

o VAT L 5

SP=3

A T ]

oo AL T Ixigipipt
LT L

MODE2 W Z H

CK4

CKb

vep W) se=0 e ';
(G/R/B) : . :
SP=3 I—

' SP=0.start position s SP=3 start position A .
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MODE3, MODE4

mic [ [ 77 %

CKSH

CK1
MODE3

case 1 l

case2

SP1
SP=3
SP2
SP=3

Y

%
P17

z

SP=0

SP2
SP=0

CK4

CK5

CK6 m ” 1L ” I | | L] L0 I 1L I 1L LILT LA L1 [ L1 L
LED i
GRIB) 2 1

CIS start position e

The above timing diagram shows the case of LED ON start timing position=0
(R19,R1B,R1D).

Details of timing is shown in the next page.
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AK8408
ODetails timing diagram(A)
Model,2
:
(RF/D7=0) 1H
(RF/D7=1) | | [ I
CK1
MODE1,2 J
<0154-E-01> 1999/4
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ODetails timing diagram(A)

Mode3,4
MeLK | | | L
_ckoL | 5 SEESERREE :
Bit clamp| : zsssggg;gs ;
wmreo [ JLfl T
aror-n_]| nﬂ
MODE4 | - l | |
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ODetails timing diagram(B)

Mode3,4 V
| MCLK] | -1

MCLKx4

CKSH

SP1

CK5

CK6

‘RF"”-°>ﬂ JE -

.........
........

MODES _| [__||-—| l__l_

---------
..........

o 1999/4
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ORelationship between SP pulse width and SP1, SP2, CK1(Model,2)
When SP width register(R26) = N, the timing of SP1/SP2/CK1 in model, mode2,

are as follows.

wRIGc ] [ U Y

MCLK |[] |||”||H||”||H||H||H|||”l|”||”||”||”||”||”||”|||I|H||”|

g > - o
L L L) o

—— >

{6(N+1)+5} clock Stat position of the /v-
dummy pixels :

Start position of the dummy pixels number in mode3 or mode4 doesn’t change
regardless of SP width, namely 5 clocks after the TRIG is detected. That one in
model or mode2 change depending on the SP width, namely {6x(N+1)+6} clocks-after
TRIG is detected .

There is some limits in timing adjustment range as follows.

(D)Relationship between SP2 falling edge and start pixel of sensor

MCLK:fl rlflft_FL_Fl_

MCLKx4
sP2 |
oxst [ L NJL_ 1T [T T1
\ start pixel
SP=50 SP=51

The above timing diagram is when dummy pixel number is 255 and, SP width is 50.
Every increasing of 1 clockQMCLK) timing, SP2 falling edge is shifted 5 clocks after.
The limitation of SP width is 50, because SP2 falling edge is after the starting pixel.
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(2)Relationship between SP1 falling edge and start pixel of sensor

wek | | [ L L L | ||
s T/ ML N
/startpixel /
SP=128 SP=129

Because of the same reason with the case of SP1, the limitation of SP pulse width is
128.
Both SP1 and SP2 are applicable as the sensor start clock, please take care of
following points.
¢Case of SP1
Pulse width limitation is 128. But there is lclock gap between LED control timing
signal and SP1 falling edge.
*Case of SP2
Pulse width limitation is 50. The timing of SP1 falling edge can be adjusted not to

make any gaps.
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Registers
Addr. | RW | init D7 Dé D5 D4 D3 » D2 l D1 | DO ‘
00 |®rw | O0Oh Opéi'.;'vf?‘?_ VPE : | LED control SME ?tdw&ﬁng mod settmg ;,,i.i,;‘
Eﬁébléf A control Bl T R
01 W | 01h | PLL Black [ Black | Limitter ABC/ | ABC/ | ABC speed
stop correct. | correct. | enable AGC oL AGC
mode 1 | Mode 2 éﬁabgl.‘e;f" select
02 W - ABC start pixel position
03 W | - ABC end pixel position
04 [RW - Even pixel offset register 0 ( CNO or Green )
05 |RrRW 0dd pixel offset register 0 ( CNO or Green )
06 |rRwW| - Even pixel offset register 1 (CN1 or Red )
07 | rRW - 0dd pixel offset register 1  (CN1 or Red )
08 ([rwW Even pixel offset register 2 ( CN2 or Blue )
09 |rRW 0dd pixel offset register 2  ( CN2 or Blue )
0A W | O0h White reference voltage DAC
0B W | 00h Black reference voltage DAC
0oC w | *1 | CIS Black correction reference pixel position Sensor pixel
CN sel counts(MSB2bit)
0D w Sensor pixel counts (LSB 8bit)
0E W - Pre-dummy pixel counts
OF W | O0h [ Clamp | Clamp [ SP CK 3-6 | CK 1,2 mode SP,CK3-6
pulse mode polarity | polarity phase
width
10 W | 00h Line clamp enable start position
11 W | 00h Line clamp enable end position
12 W | - color/ 1ch/3ch | Processing channel order | Processing channel enable
mono select
select
13 W Gain adjustment threshold
14 R | 00h Gain adjustment counter
15 W | 00h PGA gain 0 (CNO)
16 W | 00h PGA gain 1 (CN1)
17 W | 00h PGA gain 2 (CN2)
<0154-E-01> 1999/4

=61 =




ASAHI KASEI AK8408

Addr. | RW | init D7 l D6 ’ D5 D4 ‘ D3 l D2 D1 DO
18 W | O0h LED G period
19 W | 00h LED G start position
1A W | 00h LED R period
1B W | 00h LED R start position
1C W | 00h LED B period
1D W | O0h LED B start position
1E W | 00h ABC limitter for black side
1F W | FFh ABC / AGC limitter for white side
20 R Peak detect counter
21 rRw | 80h Peak hold register
22 |\RW| *2 White Peak detect / hold circuit calibration value
*3 x1
23 R/W | OCh Black shading data offset adjustment(CNO)
24 W | O0h White shading detection Black shading detection
averaging line count averaging line count
25 W | 00h | Black correction |ICLK |SM WSD Shading memory
range enable | access |access |bank select
method | width
26 W | 00h SP width
27 | rRw | O0Oh Black shading data offset adjustment(CN1)
28 [mrw | O0Oh Black shading data offset adjustment(CN2)
29 R/wW | O0h ADC offset adjustment
2A [rw | --- Shading memory access window
(Note)

I.D is initialized by /RESET.(Only D7 is initialized *1.Initial value set 0. Only D5 is
initialized *2.Initial value set 0.)

2] | is enabled by the first TRIG/ after command issued.

3.D5 is enable write, D4-D0 is enable read/write for *3.

4.R21 register cannot be accessed during the execution of peak detection and the white
shading detection modes. Setting value become effective ,after effective pixel of next
section finish. This register set 80h,before black shading detect mode. This register
set FFh, before peak detect mode and gain adjustment mode and LED on-time
adjustment mode.(Peak hold register is set fix value on one line after mode setting.
Each mode operation start from two line.

5.R21 register write inside limit value than R1E,RI1F register setting value.

6.For confirmation of R/W of R21 register ,supply TRIG signal and 1 line at minimum
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before reading back the data after writing it.

7.RA,RB register setting value keep after setting value. RA and RB registers become
effective when operation enable is set.

8.R4-R9 register cannot be accessed during the black shading detect mode.

9.R22 register cannot be accessed during the black shading detect mode.
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Register explanation

*RO register
D7: Operation enable (read possible)

0: Disable (after reset)
1: Operation enable
When RO/D7=1, the operation which is selected by the operation mode register
starts at the next TRIG. In case of black shading detection mode, white shading
detection mode, peak detect mode, gain adjust mode and LED on-time control mode,
this register is automatically reset after the execution is completed. In case of
scanning mode, the operation continues till this register is reset.
This bit can read, and can be used for the purpose of checking that pre-processing

like black shading detection etc. is completed or not.

D6: Video processing enable
0: Video processing disable (after reset)
1: Video processing enable
This register has the same function with VPE pin. When VPE pin is used, this

register must be 0.

D5,D4: LED control
Controls LEDG, LEDR and LEDB pins.
D5 D4 Function
0 LED pins become low level regardless of R18-1D register.

1 LED pins become high level regardless of R18-1D register.

0 LED pins are automatically changes corresponding to R12, R18-1D
register.

1 1 LED pin output in reverse D5,D04=10 case.

( After reset : 00)
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D3: Shading memory access enable
0: Shading memory access disable (after reset)
1: Shading memory access enable
In case that this register is set to 1, it is possible to access the shading data
through R2A register ( shading memory access window ). Shading memory address
counter is reset by changing this register data 0 to 1, and automatically

incremented by accessing R2A register one by one.

D2,D1,D0: Operation mode

Select the operation mode.

D2 D1 DO Processing mode
0 0 0 Document scanning mode (after reset)
0 0 1 Black shading detect mode
0 1 0 White shading detect mode
0 1 1 Peak detect mode
1 0 0 Gain adjustment mode
1 0 1 LED on-time adjustment mode
1 1 0 Offset calibration mode 1
1 1 1 Offset calibration mode 2

In case of using 3ch sensor (R12/D6=1), please use gain adjustment mode.

In case of using 1ch sensor (R12/D6=0), please use LED on-time adjustment mode.
When R0/D7=1,0ffset calibration mode start at first TRIG after mode setting and
the other mode start at second TRIG after mode setting.

*R1 register
D7: PLL control
0: PLL on (after reset)
1: PLL off

D6: Black shading correction mode 1
Select the black shading correction mode.
0: pixel to pixel mode (after reset)

1: fixed offset cancel mode
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D5: Black shading correction mode 2
Select the black shading correction method.
0: 3set register mode that is each black shading data for GRB or CNO-2 (after reset)
1: 1set register mode that is common black shading data for GRB or CNO-2
In case of using the common black shading data for GRB or CNO-2, shading data is
stored to bank BA[2..0] = 011.

D4: ABC / AGC limitter enable
0: disable (after reset)

1: enable

D3: ABC / AGC enable
0: disable (after reset)
1: enable

When R0/D7=1,this operation start at first TRIG after read mode setting.

D2: ABC / AGC mode
0: ABC mode (after reset)
1: AGC mode
When R0O/D7=1,this operation start at first TRIG after read mode setting.

D1,D0: ABC speed
Set the following speed in ABC mode.

D1 DO Following speed
0 0 1/4 LSB
0 1 1/2 LSB (after reset)
1 0 1 LSB
1 1 2 LSB

When R0/D7=1,this operation start at first TRIG after read mode setting.
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*R2 register: ABC start pixel position
Set the peak detect start pixel in ABC/ AGC mode. The unit is 32 pixels.
Dummy pixel is not included.

PS = 32x( register value ) (register value = 0~255)

*R3 register: ABC end pixel position
Set the peak detect end pixel in ABC / AGC mode. The unit is 32 pixels.
Dummy pixel is not included.
PE = 32x( register value + 1) ( register value = 0~255)

*R4, R6, R8 register: Even pixel offset
In case of the fixed black offset cancel mode, a detected even pixel offset data is set.
In case that the same fixed black offset data for GRB or CNO-2 is used, offset data

is set to R4 register.

«R5, R7, R9 register: Odd pixel offset
In case of the fixed black offset cancel mode, a detected odd pixel offset data is set.
In case that the same fixed black offset data for GRB or CNO-2 is used, offset data

is set to R5 register.
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*RA, RB register: Reference voltage DAC
Set the white reference voltage (VWHT) and the black reference voltage (VBLK) of
10bit video ADC. Resolution is ( 0.45 / 255 ) of (VCLP - VPEAK), and actual
reference voltages and coefficient (a,f) are shown below.
( After reset : 00h)

VWHT=VCLP - o (VCLP-VPEAK)
VBLK=VCLP - g (VCLP-VPEAK)

Setting value a B
00h 1.0000 0.0000
01h 0.9982 0.0018
02h 0.9965 0.0035
03h 0.9947 0.0053
04h 0.9929 0.0071
FCh 0.5553 0.4447
FDh 0.5535 0.4465
Feh 0.5518 0.4482
FFh 0.5500 0.4500
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*RC register
D7: Select input channel CIS sensor
Select input channel CIS sensor.
0:Fixed CNO

1:Input channel change each color.

D6-2: Fixed offset cancel reference pixel

In case of black offset cancel mode, set the reference pixel to take correction data. It

is possible to set by 8 pixels unit.

D1,D0, RD register: Sensor pixel number
Set the sensor pixel number. The unit is 8 pixels. Dummy pixel is not included.

Sensor pixel count S = 8x( register value + 1)

*RE register: Dummy pixel number

Set the dummy pixel number. The unit is 1 pixel.

*RF register
D7: Clamp pulse
Set the clamp pulse width.

RF / D7 = 0 (after reset) RF/D7=1
RF/D6=0 (after reset) 1/4 MCLK 1/8 MCLK
Bit clamp mode
RF/D6=1 CLPEN CLPENNCKSH
Line clamp mode

D6: Clamp mode
Select the clamp mode.
0: Bit clamp (after reset)

1: Line clamp

D5: SP clock polarity
Select the sensor clock SP1 and SP2 polarity.
0: Active high (after reset)

1: Active low
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D4: CK3-6 clock polarity
Select the sensor clock CK3-6 polarity.
0: Active high (after reset)

1: Active low

D3,D2: CK1, CK2 clock mode
Select the sensor clock CK1 and CK2 mode.
D3 D2 mode
0 |model (CCD) (after reset)
1 |mode2 (CCD)
0 |mode3 (CIS)
1 mode4 (CIS)
CK2 is inverted one of CK1.

i L (=T o]

D1,D0: CK1, CK2, SP1, SP2 phase
Select the sensor clock SP1,SP2 CK1 and CK2 phase.

D1 DO phase
0 0 Not delayed (after reset)
0 1 1xMCLK / 4 delayed
1 0 2xMCLK / 4 delayed
1 1 3xMCLK / 4 delayed
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The relationship between RF register D1,D0 setting and sensor clock
CK1,CK2,SP1 and SP2 shown below ( CK2 is inverted to CK1).

MODE1, MODE2

TRIG @ %

MCLK

N

CK1 MODE1 E :
N
A |
WAl
N

CK1 MODE2 § :

w20 ]
WAl T
w0 |
wbzan |

“25 coh

SP1

SP2

TT%? N
N[NNI\
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MODE3,MODE4

TRIG % l W A
we | LI U U UUL

CK1 MODE3

OOW
OIW
10
IIW

CK1 MODE4

OOW
N
10r/
IIW

7
Y,
7,
2,
OOW %
N 2,
%,
2,
2
2
2,
7

SP1

IOV
IIV

00r
OIV
10
u

SP2
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*R10 register: Line clamp start pixel position
In case of line clamp mode, set the clamp start pixel position. The unit is 1 pixel.
Dummy pixel is include.
Register set data = N, and actual rising edge position is CLP
CLPAM=N(N=0~255)
( After reset : 00h )

*R11 register: Line clamp end pixel position
In case of line clamp mode, set the clamp end pixel position. The unit is 1 pixel.
Set CLPEN to fall in dummy pixel section.
( After reset : 00h )

TRIG J_| Dummy pixel counts(n): Sensor pixel counts:

CKSH
CLPEN
Line clamp end (R11) Line clamp start (R10)
*R12 register

D7: Color / monochrome mode
Select color / monochrome mode.
0: color mode
1: monochrome mode

This register is available when R12 /D6 =0 ( 1ch sensor mode ).
(Note) This register is not initialized by reset.

D6: Sensor type
Select color sensor type and internal clock.
0: 1ch color sensor  MCLK x4
1: 3ch color sensor ~MCLK x12
When this register is changed, please wait about 100mS for PLL stabilization and
reset AK8408. l

(Note) This register is not initialized by reset.
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D5,D4,D3: sampling order

Set the sampling order.

AK8408

D5 D4 D3 Processing order
0 0 0 |G>R->B (1ch mode)
CNO->CN1->CN2 (3ch mode)

0 0 1 |B>G-R (1ch mode)
CN2->CNO->CN1  (3ch mode)

0 X |R=>B-=>G (1ch mode)
CN1->CN2->CNO (3ch mode)

1 0 0 |G>B->R (1ch mode)
CNO0->CN2->CN1 (3ch mode)

1 0 1 |R=G=>B (1ch mode)
CN1->CNO>CN2  (3ch mode)

1 X |B>R>G (1ch mode)
CN2->CN1->CNO (3ch mode)

(Note) This register is not initialized by reset.

D2,D1,D0: Channel enable register

Select the processing channel or the processing color.

0: disable
1: enable
D2 D1 DO
3ch mode CN2 enable CN1 enable CNO enable
1ch mode B enable R enable G enable

(Note) This register is not initialized by reset.
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*R13 register: Gain / LED on-time adjustment threshold
Set the gain / LED on-time adjustment threshold.
(threshold ) = (register value ) x 4 + 2 (register value = 0~255)

*R14 register: Gain / LED on-time adjustment counter
In gain adjustment mode and LED on-time adjustment mode, the pixel number
whose level is bigger than the threshold(R13) is set to this register. At the
execution starting, this counter is reset to 0.
( After reset : 00h) ( register value = 0~255)

*R15, R16, R17 register: PGA gain
Set the PGA gain (CN0,CN1,CN2 or GRB).
(After reset : O0h)
Gain = 335/ ( 335 - register value)

Register value Gain
FFh 4.1875(12.43dB
C .lh 2.3591(.7.46dB)
81h 1.6262(4.22dB)
41h 1.2407(1.87dB)
00h 1.0000(0.00dB)

(Note) Please don’t use the code which are multiple of 4.

*R18, R1A, R1C register: LED on-time period
Set the LED on-time period(GRB). The unit is 32 pixels.
LED(GRB) active period = 32x( register value ) ( register value = 0~255)
(After reset : 00h)

*R19, R1B, R1D register: LED on start pixel
Set the starting pixel of LEDG, LEDR, LEDB. The unit is 32 pixels. Dummy pixel

is include.

( After reset : 00h)
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*R1E register: ABC black side limitter
Set the limitter for black side in ABC mode.
( After reset : 00h)

*R1F register: ABC white side limitter
Set the limitter for white side in ABC / AGC mode.
( After reset : FFh)

*R20 register: Peak detect counter
It is possible to read peak detection counter value.
This register cannot be accessed during the execution of the peak detect and the
white shading detect modes. Generally, R21 register read is recommended for the

peak value read.

*R21 register: Peak hold register

After the peak detection mode, peak value is set.

*R22 register: calibration value of peak detect circuit
DO~D4: Peak detect circuit calibration
After the black shading detection mode, internal calibration value is set. This

register can be written.

D4 | D3 [ D2 | D1 | DO calibration data
0 +16
+15
0 1 0 +14
0 1 1 0 1 +3
0 1 1 1 0 +2
0 1 1 1 1 +1
1 0 0 0 0 0
1 0 0 0 1 -1
1 0 0 1 0 -2
1 0 0 1 1 -3
1 1 0 1 -13
1 1 1 1 0 -14
1 4 1 1 1 1 -15
(After reset 00h)
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D5:White shading correction by unity gain
0: Disable(Reset)
1: Enable

This bit is set to be enabled, white shading correction gain is fixed to unity gain.

*R23/R27/R28 register: Offset calibration data
The results of offset calibration model is stored in this register.
(actual black shading data ) = ( black shading data’) + (register value )
(-128 = register value < 127)
In case that the calculated value is under 0 or over 255, automatically set to O or
255 respectively.
( After reset : 00h)

*R24 register
D7-4: White shading detection averaging number

Set the average number of white shading detection.
In the white shading detection mode, white shading detect mode is automatically
executed ( register value + 1 ) times and detected ( register value + 1 ) set of
shading data are automatically averaged, and the results are set to the external
SRAM.
It is possible to reduce the noise error by averaging. Averaging operation precision
is about 2LSB ( this value may be changed by data pattern ).
(After reset : 0) ( register value = 0~15)

D3-0: Black shading detection averaging time
Set the average number of black shading detection.
In the black shading detection mode, black shading detect mode is automatically
executed ( register value + 1 ) times and detected ( register value + 1) set of
shading data are automatically averaged, and the results are set to the external
SRAM.
It is possible to reduce the noise error by averaging. Averaging operation precision
is about 2LSB ( this value may be changed by data pattern ).
( After reset : Q) ( register value = 0~15)
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*R25 register
D7-6: Black correction range

Select the black shading detection / correction range.

D7 D6 Detection / Correction range
0 0 +50mV
0 1 +100mV
1 0 +150mV
1 1 +200mV

(After reset: 01)

D5: ICLK output enable
Select Internal main clock output enable.
0: Output disable
1: Output enable (after reset)

D4: Shading memory access method
Shading memory access mode select
0: model (after reset)

1: mode2

In case that sampling rate is over 4Mpixel / sec, mode2 is not available.
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D3: White shading data accessing bit width
Select the white shading data accessing bit width.

0: 8bit (after reset)

1: 9bit

1. 8bit access

It is possible to access MSB 8bit at one time read / write.

2. 9bit access
It is possible to access
MSB 8bit at first read / write

LSB 1bit at second read / write.

AK8408

D7 D6 D5 D4 D3 D2 D1 DO
First W8 W7 W6 W5 W4 W3 w2 W1
Second 0 0 0 0 0 0 0 WO

The address counter of shading memory is automatically incremented after the

second access.

(Note) White shading detection is done by 9bit regardless this register setting.
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D2,D1,D0: Shading memory bank select

Shading memory bank can be selected as following table.

D2 | D1 | Do memory bank BA2 | BAl1 | BAO

0| 0| 0 [3ch CNOWhite shading data 0 0 0

lch White shading data(Green)
Also 1ch monochrome mode is supported

0§ 0| 1 [3h CN1 White shading data 0 0 1
lch White shading data(Red)

0 1 | O |3ch CN2 White shading data 0 1 0
Ich White shading data(Blue)

0 1 1 [1set data mode Black shading data 0 1 1
Also 1ch monochrome mode is supported

1| 0 | O |3ch CNO Black shading data 1 0 0
1ch Black shading data(Green)

110 1 [3ch CN1 Black shading data 1 0 1
1ch Black shading data(Red)

1 1 | 0 |3ch CN1 Black shading data 1 1 0
Ich Black shading data(Blue)

(After reset 000)

*R26 register: SP width
SP pulse width can be set by every 1 pixel unit.
W=N+1(N=0~255,Reset:N=0)

*R29 register: ADC offset adjustment
The results of offset calibration mode2 is stored in this register.
(-128 < register value < 127 )
( After reset : O0h )

*R2A register
It is possible to access shading data through this register.

The address counter is automatically incremented by accessing this register.
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Absolute maximum rating

Parameters Sym. Min. max. Unit Remarks

Supply voltage ‘ Must be VA=2VD
Digital VD -0.3 6.5 \'% iat all time.
Analog VA -0.3 6.5 )\

Digital applied VTD -0.3 VD+0.3 A%

voltage

Analog applied VTA -0.3 VA+0.3 \"

voltage

Operating temp. Ta 0 70 °C

Storage temp. Tstg -55 125 °C

Soldering temp. Tsol 260°C,10sec

and time

All voltage defined to their corresponding ground,AVSS,DVSS=0V

Recommended operating condition

Parameters Sym. min. typ. max. | Unit Remarks
Supply voltage Must be VA=VD
Digital VD 4.75 5.0 5.25 V |at all time.
Analog VA 4.75 5.0 5.25 \'
Operating temp. Ta 0 70 °C

All voltage defined to their corresponding ground,AVSS,DVSS=0V
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AK8408

Electronic specification

BDC specification

(Unless otherwise specified, VD,VA=5V+5%,Ta=0~70°C)

Parameters Sym. Pins min. | typ. | max. | Unit| Conditions
Supply current 1ch mode
Digital ID 30 | mA |[MCLK=10MHz
Analog IA 80 | mA |3ch mode
MCLK=3.3MHz
No load
High level VIH |Digital input | 2.4 V |except
input voltage pins /TEST2 and
/RESET pin
3.5 V |[/TEST2 and
/RESET pin
Low level VIL |Digital input 0.8 V |except
input voltage pins /TEST1 and
/TEST2 pin
0.2 V |/TEST1 and
/TEST2 pin
High level VOH |Digital output] 3.0 V |IOH=- 1ImA
output voltage pins
Low level VOL |Digital output 0.4 V {IOL=4mA
output voltage pins
Leakage current IL |Digital input | -10 10 A |VI=DVDD
pins VI=DVSS
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BAnalog specification

(Unless otherwise s

AK8408

pecified, VD,VA=5+5%, Ta=0~70°C)

Parameters min. typ. Max. Unit Remark
Analog input
Maximum signal 1.25 Vp-p
input level
Sampling rate 1.5 10 Mpix/S {1ch mode
0.5 3.3 3ch mode
Input capacitance 20 pF |CNO-CN2
Input resistance 1 MQ |CNO-CN2
Black shading detection / correction circuit
Detect/correction 100 mV |Set up 100mV units
enable voltage ~400
Minimum correction |VCLP=25]VCLPx50 mV |range setting=100mV
range VCLP+75 [VCLP=100 mV |range setting=200mV
VCLP+125|VCLP+150 mV__|range setting=300mV
VCLP=175|VCLP2200 mV _ |range setting=400mV
Resolution 8 bit
Correction accuracy +3 +4 LSB |10MHz sampling. Black
correction range:200mV
Video ADC full scale
Remain offset voltage 13 mV
after offset
calibration 1,2
'Voltage reference
'VCLP voltage 2.1 \%
'VREF voltage 0.85 \
Peak detection / hold circuit
Maximum detection /| 1.15 1.25 1.35 Vp-p |White side is positive
output voltage against VCLP.
Resolution 8 bit
Settling time 70 uS |10LSB change:C=0.1uF
40 uS _[1LSB change:C=0.1uF
<0154-E-01> 1999/4
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(Unless otherwise specified VD, VA=5V+5%,Ta=0~70°C

Parameters min. typ. Max. Unit Remarks

DACs for reference voltage generation of 10bit video ADC

Resolution 8 bit
Settling time 70 uS |10LSB change:C=0.1uF
40 uS }1LSB change:C=0.1uF
Clamp circuit
Switch ON resistance 50 Q {Analog input=2.0V
Include Amp. ON
resistance

Sample and hold circuit

Set up time 20 nS |show next page

Hold time 10 nS |show next page

Dloop voltage at line 5 mV |C=1uF 8192pixels

clamp VCLP-1.25V

Remain offset voltage 13 mV |C=1uF 8192pixels

after Dloop recovery| MCLK=10MHz

time finish VCLP-1.25V RF/D7=1
Dloop recovery time=100uS
(Notel)

PGA circuit

Resolution 8 bit |(Note2)

Maximum Gain 4 4.187 times

range

White shading detection / correction circuit

Resolution 9 bit

Detection / correction 60 %Vpk |Rate of VPEAK-VCLP
range

Correction accuracy =4 +5 LSB |Video ADC calculation

VWHT-VBLK=1.256V

Video 10bit ADC

Resolution 10 bit |No code missing

Maximum signal 1.25 Vp-p

input level

(Notel)Not production tested. Parameters guaranteed by design and characterization.

(Note2) PGA gain is not linear. Please don’t use the codes which are multiple of 4.
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B Digital AC timing

AK8408

(Unless otherwise specified, VD,VA=5+5%, Ta=0~70°C)

No. Parameters Pins min. typ. | max. | unit | Condition
1 | MCLK cycle time (T) MCLK 100 667 nS | 1ch mode
300 2000 | nS | 3ch mode
2 | MCLK high level width | MCLK 30% 70% T
MCLK low level width MCLK 30% 70% T
4 | TRIG set up time TRIG 20 nS
(to MCLK1)
5 [ TRIG hold time TRIG 20 nS
(to MCLKM)
6 | VPE set up time VPE 0 nS
(to MCLKM)
7 | VPE hold time VPE T/2+20 nS
(to MCLKM)
8 | /RESET pulse width /RESET 20 nS
9 | ICLK cycle time ICLK 1/4 T | 1ch mode
1/12 T | 3ch mode
10 [ ICLK high level width ICLK 1/8 T | 1ch mode
1/24 T | 3ch mode
11 | ICLK low level width ICLK 1/8 T | 1ch mode
1/24 T | 3ch mode
12 | ICLK delay time ICLK 25 nS | C=20pF
(to MCLKM)
13 | (PLLCLK) delay time (PLLCLK) -5 +5 nS
(to MCLKM)
14 | ICLK delay time ICLK 20 nS | C=20pF
(to PLLCLKM)
15 | CK1,2 low level width(3) | CK1,CK2 3(N+1) T | (Note)
(model, after TRIG)
16 | CK1,2 high level width(3) | CK1,CK2 3(N+1) T [ (Note)
(model, after TRIG)
17 | CK1,2 cycle time(1) CK1,CK2 2 T
(model, mode4)
18 | CK1,2 high level width(1) | CK1,CK2 1 T

(model, mode4)

(Note)N is SP width register set up value.
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(Unless otherwise specified, VD,VA=5+5%, Ta=0~70°C)
No. Parameters Pins min. typ. | max. | unit | Condition
19 | CK1,2 low level width(1) | CK1,CK2 1 T
(model, mode4)
20 | CK1,2 delay time(1) CK1,CK2 5T/8 | nS | C=20pF
(model, mode4) +33
to MCLKM)
21 | CK1,2 delay time(2) CK1,CK2 7T/8 nS | C=20pF
(model, mode4) +33
(to MCLKM)
22 | CK1,2 delay time(3) CK1,CK2 9T/8 | nS | C=20pF
(model, mode4) +33
(to MCLKM)
23 | CK1,2 delay time(4) CK1,CK2 11T/8 | nS | C=20pF
(model, mode4) +33
(to MCLKM)
24 | CK1,2 low level width(4) | CK1,CK2 3(N+1) T
(mode2, after TRIG)
25 | CK1,2 high level width(4) | CK1,CK2 3(N+1) T
(mode2, after TRIG)
26 | CK1,2 cycle time(2) CK1,CK2 1 T
(mode2, mode3)
27 | CK1,2 high level width(2) | CK1,CK2 1/2 T
(mode2, mode3)
28 | CK1,2 low level width(2) | CK1,CK2 1/2 T
(mode2, mode3)
29 | CK1,2 delay time(5) CK1,CK2 T/8 nS | C=20pF
(mode2, mode3) +33
(to MCLKM)
30 | CK1,2 delay time(6) CK1,CK2 3T/8 | nS | C=20pF
(mode2, mode3) +33
(to MCLKM™M
31| CK1,2 delay time(7) CK1,CK2 5T/8 | nS | C=20pF
(mode2, mode3) +33
(to MCLKM)
32 | CK1,2 delay time(8) CK1,CK2 7T/8 | nS | C=20pF
(mode2, mode3) +33
(to MCLKM
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AK8408

(Unless otherwise specified, VD,VA=5+5%, Ta=0~70°C)

No. Parameters Pins min. typ. | Max. | unit | Condition
33 | SP1,2 delay time SP1,SP2 5T/8 | nS | C=20pF
(to MCLKDM) +33
34 | SP1,2 pulse width SP1,SP2 N+1 T | mode 1,2
(to MCLKM)
1 T | mode 3,4
35 | CK3 delay time CK3 5T/8 | nS | C=20pF
(to MCLKDM) +33
36 | CK4 delay time CK4 7T/8 | nS | C=20pF
(to MCLKM) +33
37 | CK5 delay time CK5 T/8 nS | C=20pF
(to MCLKM) +33
38 | CK6 delay time CKeé 5T/8 | nS | C=20pF
{to MCLKM) +33
39 | CK6~3 cycle time CK6~3 1 T
40 | CK6~3 high level width | CK6~3 1/4 T
41 [ CK6~3 low level width CK6~3 3/4 T
42 | CKSH delay time CKSH T/8 nS | C=20pF
(to MCLKM) +35
43 | CKSH cycle time CKSH 1 T
44 | CKSH high level width CKSH 1/4 T
45 | CKSH low level width CKSH 3/4 T
46 | CLPEN delay time CLPEN 5T/8 | nS | lch mode
(to MCLKM) +35 C=20pF
11T/24 | nS | 3ch mode
+35 C=20pF
47 { CKCL delay time CKCL 5T/8 | nS | lch mode
(line clamp, mode0) +35 C=20pF
(to MCLK) 11T/24 | nS | 3ch mode
+35 C=20pF
48 | CKCL delay time CKCL 5T/8 | nS | C=20pF
(line clamp, mode1) +35
(to MCLKM)
49 | CKCL cycle time CKCL 1 T

(line clamp, model) °
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AK8408

(Unless otherwise specified, VD,VA=5+5%, Ta=0~70C)

No. Parameters Pins min. typ. max. | unit | Condition
50 | CKCL high level width CKCL 1/4 T
(line clamp, model)
51 | CKCL low level width CKCL 3/4 T
(line clamp, model)
52 | CKCL delay time CKCL 5T/8 | nS [ C=20pF
(bit clamp, mode0) +35
(to MCLK/)
53 | CKCL cycle time CKCL 1 T
(bit clamp, mode0)
54 | CKCL high level width CKCL 1/4 T
(bit clamp, modeQ)
55 | CKCL low level width CKCL 3/4 T
(bit clamp, mode0)
56 | CKCL delay time CKCL 3T/4 | nS | C=20pF
(bit clamp, model) +35
(to MCLKD)
57 | CKCL cycle time CKCL 1 T
(bit clamp, model)
58 | CKCL high level width CKCL 1/8 T
(bit clamp, model)
59 | CKCL low level width CKCL 7/8 T
(bit clamp, model)
60 | LED(G/R/B) delay time LED T2 nS | C=20pF
(to MCLKDM) (G/R/B) +37
61 | VD9~0 delay time VD9~0 T/2 nS | C=20pF
(1ch mode) +33
(to MCLKM)
62 | DCLK delay time DCLK T/2 nS | C=20pF
(1ch mode) +33
(to MCLKM)
63 | DCLK cycle time DCLK 1 T | 1ch mode
1/3 T | 3ch mode
64 | DCLK high level width DCLK 1/2 T | 1ch mode
1/6 T | 3ch mode
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(Unless otherwise specified, VD,VA=5x5%, Ta=0~70°C)
No. Parameters Pins min. typ. | max. | unit | Condition
65 | DCLK low level width DCLK 1/2 T | 1ch mode
1/6 T | 3ch mode
66 | VD9~0 set up time VD9~0 Ti2 nS | C=20pF
(1ch mode) -10
(to DCLKY)
67 | VD9~0 hold time VD9~0 T/2 nS | C=20pF
(1ch mode) -10
(to DCLKV)
68 | CNODEN delay time CNODEN T/2 nS | C=20pF
(1ch mode) +33
(to MCLKM)
69 | CN2~0DEN set up time | CNODEN T/2 nS | C=20pF
(to DCLKV) CN1DEN -10
CN2DEN
70 | CN2~0DEN hold time CNODEN T/2 nS | C=20pF
(to DCLKY) CN1DEN -10
CN2DEN
71 | VD9~0 delay time(1) VD9~0 3T/4 | nS | C=20pF
(3ch mode) +33
(to MCLKM™M)
72 | VD9~0 delay time(2) VD9~0 T/12 | nS | C=20pF
(3ch mode) +33
(to MCLK1MM)
73 | VD9~0 delay time(3) VD9~0 5T/12 | nS | C=20pF
(3ch mode) +33
(to MCLKM)
74 | VD9~0 set up time VD9~0 T/e nS | C=20pF
(3ch mode) -10
(to DCLKV)
75 | VD9~0 hold time VD9~0 T/6 nS | C=20pF
(3ch mode) -10
(to DCLKY)
76 | DCLK delay time(1) DCLK 3T/4 | nS | C=20pF
(3ch mode) +33
(to MCLKM)
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(Unless otherwise specified, VD,VA=5+5%, Ta=0~70°C)

No. Parameters Pins min. typ. | Max. | unit | Condition
77 | DCLK delay time(2) DCLK T/12 | nS | C=20pF
(3ch mode) +33
(to MCLK)
78 | DCLK delay time(3) DCLK 5T/12 | nS | C=20pF
(3ch mode) +33
(to MCLK)
79 | CNODEN delay time CNODEN 3T/4 | nS | C=20pF
(3ch mode) +33
(to MCLK1)
80 | CN1DEN delay time CN1DEN T/12 | nS | C=20pF
(3ch mode) +33
(to MCLKM)
81 | CN2DEN delay time CN2DEN 5T/12 [ nS | C=20pF
(3ch mode) +33
(to MCLKM)
82 | CN2~0DEN pulse width | CNODEN 1/3 T
(3ch mode) CN1DEN
CN2DEN
83 | SA12~0 set up time SA12~0 14T-10 nS | lch mode
(to /SWR1) C=20pF
7T-10 nS | 3ch mode
C=20pF
84 | SA12~0 hold time SA12~0 2T-10 nS | 1ch mode
(to /SWRM) C=20pF
9T-10 nS | 3ch mode
C=20pF
85 | /SWR pulse width /ISWR 1/2 T | 1ch mode
1/6 T [ 3ch mode
86 | /SWR delay time /ISWR 2T-10 nS | 1ch mode
(to /SRDA) C=20pF
2T/3 nS | 3ch mode
-10 C=20pF
87 | /SRD pulse width /SRD 1/2 T | 1ch mode
1/6 T | 3ch mode
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(Unless otherwise specified, VD,VA=51+5%, Ta=0~70°C)

No. Parameters Pins min. typ. max. | unit | Condition

88 | SA12~0 hold time SA12~0 2T/9 nS | lch mode
(to /SRDMM) -10 C=20pF

59T/6 nS | 3ch mode
-10 C=20pF

89 | SD8~0 acceptable delay | SD8~0 23T/2 | nS | lch mode
time -20 C=20pF

(to SA12~0) 37T/6 | nS | 3ch mode
-20 C=20pF

90 | SD8~0 acceptable delay | SD8~0 T/2 nS | 1ch mode
time -20 C=20pF

(to /SRDV) T/6 nS | 3ch mode
-20 C=20pF
91 | SD8~0 hold time SD8~0 0 nS | C=20pF

(to /SRD)

92 | SD8~0->Hi-Z SD8~0 2T-10 | nS | lch mode
acceptable delay time C=20pF

(to /SRD1) 2T/3 nS | 3ch mode
-10 C=20pF

93 | SD8~0 set up time SD8~0 T/2 nS | Ich mode
(to /[SWRM) -10 C=20pF

T/6 nS | 3ch mode
-10 C=20pF

94 | SD8~0 hold time SD8~0 T/2 nS | lch mode
(to /SWRM) -10 C=20pF

T/6 nS | 3ch mode
-10 C=20pF

95 | SD8~0 acceptable delay | SD8~0 T/2 | nS | lch mode
time -20 C=20pF

(to SA12~0, BA2~0) T/6 nS | 3ch mode
-20 C=20pF

96 | SA12~0, BA2~0 SA12~0 T/2 nS | lch mode
hold time BA2~0 -10 C=20pF

(to /SRDA) T/6 nS | 3ch mode
-10 C=20pF
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(Unless otherwise specified, VD,VA=5+5%, Ta=0~70°C)

No. Parameters Pins min. typ. | max. | unit | Condition
97 | /SRD cycle time /SRD 1 T [ 1ch mode
1/3 T | 3ch mode
98 | /SRD low level width /SRD 1/2 T | 1ch mode
1/6 T | 3ch mode
99 | /SRD high level width /SRD 1/2 T | 1ch mode
1/6 T | 3ch mode
100 | SD8~0 acceptable delay | SD8~0 T/2 nS | 1ch mode
time -20 C=20pF
(to /SRDV) T/6 nS | 3ch mode
-20 C=20pF
101 | SD8~0 hold time SD8~0 0 nS | C=20pF
(to /SRDM)
102 | SA12~0 set up time SA12~0 15T-10 nS | lch mode
(to /ISWRM) C=20pF
5T-10 nS | 3ch mode
C=20pF
103 | BA2~0 set up time BA2~0 55T/4 nS | lch mode
(to /SWRM) -10 C=20pF
55T/12 nS | 3ch mode
-10 C=20pF
104 [ SA12~0 hold time SA12~0 T-10 nS | lch mode
(to /SWRM) C=20pF
11T nS | 3ch mode
.10 C=20pF
105 | SD8~0 acceptable delay | SD8~0 3T/4 | nS | 1ch mode
time -20 C=20pF
(to BA2~0) T/4 nS | 3ch mode
-20 C=20pF
106 | BA2~0 hold time BA2~0 T/4 nS | 1ch mode
(to /SRD) -10 C=20pF
T/12 nS | 3ch mode
-10 C=20pF"
107 | /ISWR pulse width /ISWR 1/2 T [ 1ch mode
1/6 T [ 3ch mode
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AK8408

(Unless otherwise specified, VD,VA=5+5%, Ta=0~70°C)

No. Parameters Pins min. typ. | max. | unit | Condition
108 | /SRD pulse width /SRD 1/2 T | 1ch mode
1/6 T | 3ch mode
109 | /SWR delay time ISWR 2T-10 nS | 1ch mode
(to /SRDA) C=20pF
2T/3 nS | 3ch mode
-10 C=20pF
110 | SA12~0 hold time SA12~0 7T/2 nS | 1ch mode
(to /SRDM) -10 C=20pF
71T/6 nS [ 3ch mode
-10 C=20pF
111 | SD8~0 acceptable delay | SD8~0 T/2 nS | 1ch mode
time -20 C=20pF
(to /SRDV) T/6 nS | 3ch mode
-20 C=20pF
112 | SD8~0 acceptable delay | SD8~0 T-20 | nS | 1ch mode
time C=20pF
(to SA12~0) T/3 nS | 3ch mode
-20 C=20pF
113 | SD8~0 hold time SD8~0 0 nS | C=20pF
(to /SRD)
114 | SD8~0->Hi-Z SD8~0 2T-10 | nS | 1ch mode
acceptable delay time C=20pF
(to /ISRD1N) 2T/3 { nS | 3ch mode
-10 C=20pF
115 | SD8~0 set up time SD8~0 T/2 nS | 1ch mode
(to /SWRM) -10 C=20pF
T/6 nS | 3ch mode
-10 C=20pF
116 | SD8~0 hold time SD8~0 T/2 nS | 1ch mode
(to /ISWRAN) -10 C=20pF
T/e nS | 3ch mode
-10 C=20pF
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(Unless otherwise specified, VD,VA=51+5%, Ta=0~70°C)

No. Parameters Pins min. typ. | max. | unit | Condition
117 | SA12~0, BA2~0 SA12~0 33 nS | C=20pF
delay time BA2~0
(to PLLCLK™)
118 | SD8~0 acceptable delay | SD8~0 T/2 nS | 1ch mode
time -20 C=20pF
(to SA12~0, BA2~0) T/6 nS | 3ch mode
-20 C=20pF
119 | SD8~0 hold time SD8~0 0 nS | C=20pF
(to PLLCLKM)
120 | SA12~0, BA2~0, SA12~0 33 nS | C=20pF
/SWR, /SRD BA2~0
Hi-Z->output delay time |/SWR
(to PLLCLK) /SRD
121 | /ACCEEN delay time /ACEEN 33 nS | C=20pF
122 | SD8~0 acceptable delay | SD8~0 T/2 nS | lch mode
time -20 C=20pF
(to SA12~0,BA2~0,/SRD) T/6 3ch mode
-20 C=20pF
123 | SA12~0, BA2~0, SA12~0 0 nS | C=20pF
/SWR, /SRD hold time BA2~0
(to PLLCLKM) /ISWR
/SRD
124 | /SWR,/SRD output period | /SWR 1/2 T | 1ch mode
(at read timing) /SRD 1/6 T | 3ch mode
125 | /ACEEN high level width | /ACEEN 1/2 T | 1ch mode
(at read timing) 1/6 T | 3ch mode
126 | /SWR delay time ISWR 2T-10 nS | lch mode
(to /SRD1) C=20pF
2T/3 nS | 3ch mode
-10 C=20pF
127 | SD8~0 hold time SD8~0 0 nS | C=20pF
(to PLLCLKDM)

<0154-E-01>

=95=

1999/4




ASAHI KASEI

AK8408

(Unless otherwise specified, VD,VA=5+5%, Ta=0~70°C)

No. Parameters Pins min. typ. | max. | unit | Condition
128 | SD8~0 »>Hi-z SD8~0 2T nS | lch mode
acceptable delay time C=20pF
(to PLLCLKMN) 2T/3 | nS | 3ch mode
=20pF
129 | SA12~0, BA2~0 SA12~0 T/2 nS | 1ch mode
set up time BA2~0 -10 C=20pF
(to /SWRT) T/6 nS | 3ch mode
-10 C=20pF
130 | SA12~0, BA2~0 SA12~0 T/2 nS | 1ch mode
hold time BA2~0 -10 C=20pF
(to /ISWRM) T/6 nS | 3ch mode
-10 C=20pF
131 | /SWR low level width /SWR 1/2 T | 1ch mode
(at write timing) 1/6 T | 3ch mode
132 | /SWR high level width /ISWR 1/2 T | 1ch mode
(at write timing) 1/6 T | 3ch mode
133 | /SRD output period /SRD 1 T | 1ch mode
(at write timing) 1/3 T | 3ch mode
134 | SD8~0 set up time SD8~0 T/2 nS | 1ch mode
(to [SWRA) -10 C=20pF
T/6 nS | 3ch mode
-10 C=20pF
135 | SD8~0 hold time SD8~0 T2 nS | lch mode
(to /SWRM) -10 C=20pF
T/6 nS | 3ch mode
-10 C=20pF
136 | /ACEEN high level width | /ACEEN 1 T [ 1ch mode
(at write timing) 1/3 T | 3ch mode
137 | /ISWR, /SRD cycle time ISWR 1 T | 1ch mode
/ISRD 1/3 T | 3ch mode
138 | /SWR, /SRD Hi-Z width | /SWR 1/2 T | 1ch mode
/SRD 1/6 T | 3ch mode
139 | /ACEEN cycle time /ACEEN 1 T | 1ch mode
T | 3ch mode
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ASAHI KASEI

(Unless otherwise specified, VD

AK8408
VA=515%, Ta=0~170C)

No. Parameters Pins min. typ. | max. [ unit | Condition
140 | /ACEEN low level width | /ACEEN 1/2 T | 1ch mode
1/6 T [ 3ch mode
141 | SD8~0 acceptable delay | SD8~0 T/4 nS | 1ch mode
time -20 C=20pF
(to SA12~0, BA2~0,/SRD) T/12 | nS | 3ch mode
-20 C=20pF
142 | /SDCLK cycle time /SDCLK 160 nS | memory
access
80 nS
143 | /ISDCLK low level width | /SDCLK 80 nS | memory
access
40 nS
144 | /SDCLK high level width | /SDCLK 80 nS | memory
access
40 nS
145 | serial access cycle time /SDCLK 2600 nS | memory
access
1360 nS
146 | SDIN set up time SDIN 20 nS
(to /SDCLKM™)
147 { SDIN hold time SDIN 20 nS
(to /SDCLKD)
148 | /SDEN set up time /SDEN 40 nS
(to SDCLKV)
149 | /SDEN hold time /SDEN 40 nS
(to /SDCLK)
150 | /SSDEN high level width | /SDEN 40 nS
151 | /SWR delay time /ISWR 30 nS | C=20pF
(to /SDCLKM™)
152 | /SWR pulse width /SWR No.149 nS | C=20pF
-15
153 | /SWR delay time /SWR 25 nS | C=20pF
(to /SDENM)
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ASAHI KASEI

AK8408

(Unless otherwise specified, VD,VA=5+5%, Ta=0~70°C)

No. Parameters Pins min. typ. | max. | unit | Condition
154 | SA12~0 hold time SA12~0 T/4 nS | lch mode
(to /ISWRM) -10 C=20pF
T/12 nS | 3ch mode
-10 C=20pF
155 | SD8~0 set up time SD8~0 No.149 nS | C=20pF
(to /SWRD) -25
156 | SD8~0 hold time SD8&~0 0 nS | C=20pF
(to /ISWRM)
157 | SDOUT delay time SDOUT 30 nS [ C=20pF
(to /SDCLKYV)
158 | SDOUT hold time SDOUT 0 nS | C=20pF
(to /SDEN)
159 | /SRD delay time /SRD 40 nS | C=20pF
(to /SDCLKM)
160 | /SRD delay time /SRD 30 nS | C=20pF
(to /SDCLKY)
161 | SA12~0 hold time SA12~0 T/4 nS | 1ch mode
(to /SRDM) -10 C=20pF
T/12 nS | 3ch mode
-10 C=20pF
162 | SD8~0 acceptable delay | SD8~0 No. nS | C=20pF
time 144
(to /SRDY) -40
163 | SD8~0 hold time SD8~0 0 nS | C=20pF
(to /SDCLKYV)
164 | /SRD pulse width /SRD No.144 nS | C=20pF
-20
165 | LED(G/R/B) delay time LED T/2 nS | 1ch mode
(G/R/B) +33 C=20pF
T/6 nS | 3ch mode
+33 C=20pF
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BTiming specifications

(1) Basic clocks

TRIG ;— .

e ..

(2) Reset

/RESET
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(3) PLL clock

AK8408

12

9

10|1 1
ICLK | | I i

14
MCLK | |
(1ch mode) ARPPY
MCLK |
(8ch mode) 13
PLLCLK \ | I

13

(Note) PLLCLK is internal basic clock which is generated by internal PLL.
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(4) Sensor clock timing (model)

MCLK IREEREERERERERERERERRRREEE
15 16 20| 18 19 |17
CK1 | ¢
Phase =00 | | I_
15 16 01| 18 19=17
Phase =01 | |
15 16 09 ‘18 o 117
Phase =10 l I I—
15 16 93 ‘18 o 17
Phase =11 [ | I_
16 15 20 ‘18 1o 17
CK2 —re—ple—>
Phase =00 ‘ I I |_
| 16 15 o1 18 19 V7
Phase =01 ‘ l | I__I
16 15 0 | 18 10 V7
Phase =10 | | | |__
16 15 o3 | 18 19‘17
Phase =11 I l_
<0154-E-01> 1999/4
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(5) Sensor clock timing (mode2)

MCLK ||| |l Ill || || ||| || ||| | l| ||| || ||
.. . 2?2826
CK1 | el
Phase =00 I | | l | |_ I | | I | | | |
24 25 6
> 30 | 2728
Phase =01 | l I | | u I | | | | | l |
24 25 o6
2 e 31| 2728
Phase =10 U I I | l | | |
24 25 26
1 32| 2728
Phase =11 | ' l | I I | I
2 24 ’ 28I2726
CK2 sl
Phase =00 | W l | | | | I l
25 24 26
« » 30 | 12827
Phase =01 | B I I l | | | |
25 24 26
« > a1, 2827
Phase = 10 ’ ﬂ | | | | I | l
25 24 o6
4 ! a2 |
Phase =11 ‘ | i I | | | | |
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(6) Sensor clock timing (mode3)

AK8408

ve [ LTy Ui

29 2712826
CK1 s
Phase=00|||||||‘||II_ILIU|_'|_JLL.IULJI—
272826

30 1,

Phase =01 ||l||i||||||_J|__|I._II_JL:m|_II_II_II

31 |,

Phase=10Illllllll'lll_luuu-l_

32 |,

Phase =11 ll|||||||||l|l|||||—|_

CK2 29

1

Phase=00|||||||||I|||||l||||

30 |,

s iaiaipinipipipipipupipupipngl

31 |,

pmase=10 | L L LU LU LT

32 |,

Phase = 11 lll'lllll‘l|||||||lm

<0154-E-01>

1038 =

1999/4



ASAHI KASEI AK8408

(7) Sensor clock timing (mode4)

wex | LTUUUHHUH YU HULU L
20‘: 18 19 |17
S I o e [ [ I N
21‘:18‘19 17
prase=or L] L[ LT | L
22 ‘18“19 17
SRS e o e s Y Y o O
23 | 18 19 |7
prase-n | L L LT UL LT
20|18 19|
CK2
Prase=00 _| || || L | LT LT
21:18 o |17
prase=o1r _ | || || LI LT 1
22 18_‘19i17
prase=10 L[ LI LI LIl .
23 :18“19‘17
prase=11 || L] L[ ]I [ L
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(8) Sensor clock timing (SP1~2, CK3~6)

wek | L LI | N I O
33 ,l 34
SP1
33 34
SpP2
39
35 40, 41

oks ] | N O S O B

36 ::4dj%41
i T T r
s 1 T JuT
o L1 T oI
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(9) Sensor clock timing (S/H, clamp)

MCLK _‘ l__ \_7§J L-—l I——
» 43 N
42,44 45
CKSH | I i I l
46 46,
/
77
CLPEN
47 ) 47|
/
CKCL(line clamp) 77
(CLPEN) 49
8. 50,1 51
CKCL(line clamp) y |
(CLPENNCKSH) 7 53
52 RN 55
CKCL _—l | | //// J
(bit clamp 1/4MCLK) 57
" 56 58 59
CKCL [—] ]—| /

77
(bit clamp 1/8MCLK)
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(10) LED (G/R/B) timing (variable setting)

MCLK I [/ '794_‘ |_I I
60 60
— —
// /4
7 77 77
LEDG | L ok
60 60
/ [/ /7
77 77 77
LEDR L/ ////
60 60
/ / /
7 77 7
LEDB v
<0154-E-01> 1999/4
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(11) Video data I/F (1ch mode)

MOLK N I I O B B

63

VD9-0 :><

62 64,65

DCLK [ .

68 .69 70,

CNODEN

CN1DEN and CN2DEN are low level fix.
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(12) Video data I/F (3ch mode)

MCLK ‘, | _ __‘. I__J
. 73 1 74,75
. 71 79 ﬂl ’
- X IXC X T X XX
63 ‘_!77 78
76 M 64,65
DCLK | I l | |
.82 N
79 .69 |70
CNODEN l I___
.82
80 e 69.1.70
CN1DEN | |
. 82 R
81 3¢ 69,70 |
CN2DEN
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(13) Memory access timing (black shading detect)

AK8408

SA12-0 X
) 83 L 84
85
JISWR
86

87 88

/SRD
89 1 92

90, o1 93 lo4

SD8-0 iz B AN 77
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(14) Memory access timing (gain adjustment, peak detect)

$A12.0 X X
TR

BA2-0 X X
l‘_&, 96

high

/ISWR
97
98 e 99

/SRD ‘ | I
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(15) Memory access timing (white shading detect)

AK8408

SA12-0 X
102 104
BA20 XX
’ 103
51106, 07
ISWR
109
| 108|108, 110
/SRD
RS S S LR R PPAReT
112 3
SD8-0 B W w

(Note) In case of black offset cancel mode, black data read does not read.

(/SRD will be high level and SD8~0 will be Hi-Z at black data read timing.)
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(16) Memory access timing (document scanning)

ericiol_ JEREREREREEERENS

14

ok |1 e L

SA12-0 X X
118 ‘_,‘

e 117

117
BA2.0 X | X X X

e 18 Ll 118, <—»I117

117 117
jSWR ~ high
/SRD low

119 119
j / \ /

SD8-0 -@Hi-z B a7 \\V/mz \ B /mz \ VW /Smz\
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AK8408

(17) Memory access timing in external access mode (black shading detect)

SA12:0 == — _
129 122 [, 123, 129 |, 130
BA20 7 — _
12071128 [, 123 129 ] 130
124 . 131 | 132
SWR 7 — _
120" 126 >
120
123 ] 133
24
/SRD == . |
-z Hi-Z o4e Tz
1204 128 ,
122 | 127 134 | 135
SD8-0 Hi-Z B Hi-Z B —
12 125 12 136
/ACEEN | |
—Tfr_ﬂ
oLk | INERERERIRERERRRERERREERE)
eceeo L L UL UL LU
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(18) Memory access timing in external access mode (gain adjust, peak detect)

(PLLCLK)| ] | [ | | | [ 11 ] |
14,
ek ] L] } HERN [ 1] 1 [ 1.1 [ |
-
SA120 iy oz iz
12g 2 23
-~
BA2-0 7 iz iz
12 2 23
24 124 T 138
_ Lades 137 ’
/SWR 02 123 HiZ 7
| 137 )
120 124 | ) 138 |
SRD ™z Hiz EE%7
{123
22 o7
) (B )
SD8-0 oz B oz T
139
121 L 1925 | 140

/ACEEN I
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(19) Memory access timing in external access mode (white shading detect)

SALZ0 =57 iz Tz -

120 pog |azs, 120 h2d L2} o0l | 100 | 130 |
BA2-0  —7 oz oz >_

120] 122 L123] 120 12g 123 120] | 129 | 130

" 12 120l .| he 120 | 131 |, 132
BWR =z 129 Wiz 124 HiZ |

123 123 ) 133
124 124
/SRD =577 iz Tz '
120 112 198

120 122 L127 T 134,135,
SD8-0 =7 B Tz w T, N

121 | 125] | 12 | 125 120 | 136
/ACEEN

145
ICLK I—U—Lﬂ‘ | | Uiy Uut
e ninnnnnnnnnnnann
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(20) Memory access timing in external access mode (document scanning)

sa120 ) ) {
_ /S mZ il Wiz \
120> 123
14]
N\ A\
BA20 /7w Tz < ><
Logkoes 1236141 Ll 10a
141
— —
ISWR TZ  qpgene 124 k Wz
1236
23
/SRD [ miz = Tz |
Logene 124
olaq 127 27
T w )
$D8-0 W )iz B )(W Tz <B >
1216 125
/ACEEN | |
14|
ek L[ L] R -
ek | | | I LT L]
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(21) Memory access timing (shading memory access)

1. Data write

142,
43,144 ,
/7
/SDCLK (1) ) | | (15} 16) |
} 145
')iﬁ 147
/
/7
SDIN f //// )( >< x
/ /
SDOUT =77 77 7
448 149,150
/SDEN //
77
153
//
/
SA12-0 /
77 4_"
154
//
/7
BA2-0
/7
153 152
/
/
/SWR
B //
/SRD high
55.1 1156
SD8-0 iz 7 iz

<0154-E-01> 1999/4
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(21) Memory access timing (shading memory access)

AK8408

2. Data read
142
143 144 ,
7
/SDCLK (1) 2 8) | 19)| | 1101 16) |
145
fiﬁ 147
//
77
XX XX
X XL )
SDOUT =47 77 ; iz
77 58
48 157 149 ,1150
/SDEN j / //
77 7
161
. h
SA12-0 ; // X //
/ /7
77 7
BA2-0 s //
/
high
[SWE 159, |164
60
/ /7
77 7
/SRD
.16
162
SD8-0 Tz 77 7 Tz
<0154-E-01> 1999/4
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(22) Serial I/F timing
1. Data write
142 |
43,144 y
/7
/SDCLK 1 ) | | as) 16 -
145
46, 147
//
/7
//
SDOUT =17 77 iz
148 49 /150,
/SDEN y
LED(G/R/B) ) ”"1165
/
/ X
<0154-E-01> 1999/4
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2. Data read

142
43,144

> /]
|-7‘7‘| r 77
/[SDCLK 1) 2 8 { (9) I ' 5101 16]

145

L[

th( X XX

/7
/ /
SDOUT =377 77 >< //>< 4> 7

58

148 157 149 1150

/SDEN [l /
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External recommended circuit example

1%

*liouF [0.038uF

E 0.1uF

luﬂ 0. 1u§F‘ luf?.lu
13

0.1uF

£8

OND| 66
SSAY| 86
IND| L6
aaav] 96
aNO} 56
aaav| ¢8
SSA
1Lsa4 08
215a1f 6L
1asmyf 8L |——LasT
gdN IL FdA

+LHMA

CN2DEN| 73 ——C
CNIDEN| 72—

CNODEN|

VD[ T2

DCLK
SDOUT
SDEN| 58 ——SDEN
1SDCLK| §7 }———SDCLK
SDIN [ 56 }——SDIN

A1

BA2| 55

LG |SSAQ
0g jras
1€ |sas
%€ |9as
€€ [Las
S8 |ovs
0¢ | 1vs
L€ |avs
8€ |evs

Vs
0% |gvs
v |ovs
o jLvs
e¥ |svs
¥¥ |evs
¥ pivs

el
V€ j8as

a
ea
¥a
sa
9a
La
80
ov
v
v
144
144
gV
oV
A4
8v
[14

[144

L s FRAM

D{8:0}
WR
OE

(Note)
(1)When there is the other device than AK8408(ex.CPU) which accesses to

SRAM(shading memory),tri-state buffer in above figure is necessary. If there
isn’t ,the buffer is not necessary.

(2)When bit clamp mode sélect, capacitor is 0.01uF-0.1uF to connect sensor input.’
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Package

BMarking

(1) Pin 1indicated ( The chamfered corner indicates pin number 1.)
(2) Date code : XXXXXXX ( 7 digits )
Higher order four digits : week code
Lower order three digits: In-house control code
(8) Marking code : AK8408
(4) Manufacturing Country Name Indication : Japan
(5) Asahi Kasei Logo

AK8408

- [TToInoeoooomoonne
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ASAHI KASEI AK8408

MPackage
16+0.3 ] 170MAX
Di4 &.1010.10
7675ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂsl50
= =
. E =
=] — =
3 = =
== =
A JooromoomrooyUangotes
0.5 0.1820.10 So10[@] 0.1720.05
1.0TYP
%OMIO°
e— Unit:mm
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IMPORTANT NOTICE

® These products and their specifications are subject to change without notice. Before
considering any use or application, consult the Asahi Kasei Microsystems Co., Ltd. (AKM)
sales office or authorized distributor concerning their current status.

® AKM assumes no liability for infringement of any patent, intellectual property, or other
right in the application or use of any information contained herein.

® Any export of these products, or devices or systems containing them, may require an
export license or other official approval under the law and regulations of the country of
export pertaining to customs and tariffs, currency exchange, or strategic materials.

® AKM products are neither intended nor authorized for use as critical components in any
safety, life support, or other hazard related device or system, and AKM assumes no
responsibility relating to any such use, except with the express written consent of the

Representative Director of AKM. As used here:

(a) A hazard related device or system is one designed or intended for life support or
maintenance of safety or for applications in medicine, aerospace, nuclear energy, or
other fields, in which its failure to function or perform may reasonably be expected to
result in loss of life or in significant injury or damage to person or property.

(b) A critical component is one whose failure to function or perform may reasonably be
expected to result, whether directly or indirectly, in the loss of the safety or
effectiveness of the device or system containing it, and which must therefore meet
very high standards of performance and reliability.

® |t is the responsibility of the buyer or distributor of an AKM product who distributes,
disposes of, or otherwise places the product with a third party to notify that party in
advance of the above content and conditions, and the buyer or distributor agrees to
assume any and all responsibility and liability for and hold AKM harmless from any and
all claims arising from the use of said product in the absence of such notification.




