National Semiconductor

General Description

tionally compatible.

Applications

® Color Flatbed Document Scanners

® Color Sheetfed Scanners

® Multifunction Imaging Products

* Digital Copiers

* General Purpose Linear CCD Imaging

The LM9810 and LM9820 are high performance Analog Front
Ends (AFEs) for image sensor processing systems. The
LM9810/20 performs all the analog and mixed signal functions
(correlated double sampling, color specific gain and offset cor-
rection, and analog to digital conversion) necessary to digitize
the output of a wide variety of CIS and CCD sensors. The
LM9810 has a 10 bit 6MHz ADC, and the LM9820 has a 12 bit
6MHz ADC. The LM9810 and LM9820 are pin-for-pin and func-

Features

pixels

® Output Data Resolution
* Pixel Conversion Rate
® Supply Voltage

* Power Dissipation

* 6 million pixels/s conversion rate
¢ Digitally programmed gain and offset for red, green and blue

July 1998

LM9810/20 10/12-Bit Ima ge Sensor Processor Analo g Front End

® Correlated Double Sampling for lowest noise
* TTL/CMOS input/output compatible

Key Specifications

10/12 Bits
6MHz
5V+5%
300mwW

Connection Diagrams

Vrer. O] 1 20 [0 DGND
Vrermip & 2 190 vb
Vrers O 3 18 [0 MCLK
RefBypass [ 4 LM9810 17 [0 D5
0osg O 5 16 [0 D4
0sg O] 6 & 151 D3
0sg 7 LM9820 14 [ D2 (SCLK)
AGND ] 8 13 [1 D1 (Latch)
VA 9 12 [0 DO (SDI)
SampCLK ] 10 11 [3 NewLine
Ordering Information
Commercial (0°C < T, <+70°C) Package

LM9810CCWM
LM9810CCWMX
LM9820CCWM
LM9820CCWMX

20 Pin Wide SOIC
20 Pin Wide SOIC, Tape & Reel
20 Pin Wide SOIC
20 Pin Wide SOIC, Tape & Reel

TRI-STATE® is a registered trademark of National Semiconductor Corporation.

©1997,1998 National Semiconductor Corporation
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Block Diagram
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Absolute Maximum Ratings

Positive Supply Voltage (V*=vA=VD)
With Respect to GND=AGND=DGND
Voltage On Any Input or Output Pin
Input Current at any pin (Note 3)
Package Input Current (Note 3)
Package Dissipation at T, = 25°C
ESD Susceptibility (Note 5)

Human Body Model
Soldering Information

Infrared, 10 seconds (Note 6)
Storage Temperature

Electrical Characteristics

(Notes 1 & 2)

-0.3V to V*+0.3V

Operating Temperature Range

-65°C to +150°C

6.5V vA Supply Voltage
VD Supply Voltage
+25mA [VA-vD|
*50mA  OSR, 0Sg, OSg
(Note 4)  Input Voltage Range
NewLine, SampCLK, D0-D2, MCLK
2000V Input Voltage Range
300°C

Operating Ratings  (Notes 1 & 2)

Tuin=0°C<TpsTyax=170°C

+4.75V to +5.25V
+4.75V to +5.25V

<100mVv

-0.05V to VA + 0.05V

-0.05V to vD + 0.05V

The following specifications apply for AGND=DGND=0V, VA=VD=+5.0V, fycLk=24MHz, R;=25Q. Boldface limits apply for
TA=T;=Tuin t0 Tyax; all other limits T,=T,=25°C. (Notes 7, 8, & 12)

. Typical Limits Units
Symbol Parameter Conditions L
4 (Note 9) (Note 10) | (Limits)
CCDI/CIS Source Requirements for Full Specified Accuracy and Dynamic Range (Note 12)
Sensor’'s Maximum Peak Differential Ga!n =0933 21 M
Vos PEAK Signal Range Gain = 3.0 0.65 \%
Gain =9.0 0.21 \%
Analog Input Characteristics
OSg, 0OSg, OSg Input Capacitance 5 pF
Measured with OS = 3.5Vpc
CDS disabled, selected OS input 20 25 WA (max)
OSg, OS¢, 0Sg Input Leakage Current
CDS disabled, unselected OS
. 10 nA
input
Coarse Color Balance PGA Characteristics
Monotonicity 5 bits (min)
. . L .90 VIV (min)
Gg (Minimum PGA Gain) PGA Setting =0 0.93 96 VIV (max)
) . L 2.96 VIV (min)
G3; (Maximum PGA Gain) PGA Setting = 31 3.0 315 VIV (max)
) x3 Boost Setting On 2.93 VIV (min)
X3 Boost Gain (bit B5 of Gain Register is set) 3.0 3.05 VIV (max)
Gain Error at any gain (Note 13) +0.4 1.67 % (max)
Internal Reference Characteristics
VREEMID Mid Supply Output Voltage 25 \%
VREF+ Positive Reference Output Voltage 35
VRer- Negative Reference Output Voltage 15
MNVeer Differential Reference Voltage 20 v

VRrer+ - VRer-
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LM9810 Electrical Characteristics

The following specifications apply for AGND=DGND=0V, VA=VD=+5.0V, fyc k=24MHz, R;=25Q. Boldface limits apply for
TA=T,=Tyin t0 Tyax; all other limits T,=T,=25°C. All LSB limits are in units of the LM9810's 10 bit ADC. (Notes 7, 8, & 12)

Typical Limits Units

Symbol Parameter Conditions -
y " (Note 9) (Note 10) | (Limits)

ADC Characteristics

Resolution with No Missing Codes 10 bits (min)
INL Integral Non-Linearity Error (Note 11) +0.35 +15 LSB (max)
DNL Differential Non-Linearity +0.25 +1.0 LSB (max)

Full Channel Linearity (Note 14)

INL Integral Non-Linearity Error (Note 11) +0.9 LSB

DNL Differential Non-Linearity +0.40 LSB

Static Offset DAC Characteristics

Monotonicity 6 bits (min)

. L 34 LSB (min)
Offset DAC LSB size PGA gain=1 5 6.4 LSB (max)
Offset DAC Adjustment Range PGAgain=1 +150 +140 LSB (min)

System Characteristics (see section 1.7.1, Internal Offsets)

c Analog Channel Gain Constant Includes voltage reference 502 468 LSB (min)
(ADC Codes/V) variation, gain setting = 1 532 LSB (max)

v Pre-Boost Analog Channel Offset Error, a4 -7.2 LSB (min)
os1 CCD Mode : +15.7 | LSB (max)
v Pre-Boost Analog Channel Offset Error, 45 -6.5 LSB (min)
os1 CIS Mode : +15.2 | LSB (max)
-28 LSB (min)

Vos2 Pre-PGA Analog Channel Offset Error -10 +53 LSB (max)
Vos3 Post-PGA Analog Channel Offset Error -11 -306 LSB (min)

+7.3 LSB (max)

LM9820 Electrical Characteristics

The following specifications apply for AGND=DGND=0V, VA=VD=+5.0V¢, fyc k=24MHz, R;=25Q. Boldface limits apply for
TA=T,=Tyin 0 Tyax; all other limits T,=T,=25°C. All LSB limits are in units of the LM9820's 12 bit ADC. (Notes 7, 8, & 12)

Typical Limits Units

Symbol Parameter Conditions -
y " (Note 9) (Note 10) | (Limits)

ADC Characteristics

Resolution with No Missing Codes 12 bits (min)

INL Integral Non-Linearity Error (Note 11) +1.1 +4.0 LSB (max)
. . . . +1.75

DNL Differential Non-Linearity +0.6 10 LSB (max)

Full Channel Linearity (Note 14)

INL Integral Non-Linearity Error (Note 11) +3.4 LSB

DNL Differential Non-Linearity +0.65 LSB
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LM9820

Electrical Characteristics

(Continued)

The following specifications apply for AGND=DGND=0V, VA=VD=+5.0Vp, f;c k=24MHz, R;=25Q. Boldface limits apply for
TA=T;=Tuin t0 Tyax; all other limits T,=T,=25°C. All LSB limits are in units of the LM9820's 12 bit ADC. (Notes 7, 8, & 12)

L Typical Limits Units
Symbol Parameter Conditions (Note 9) (Note 10) | (Limits)
Static Offset DAC Characteristics
Monotonicity 6 bits (min)
. L 14 LSB (min)
Offset DAC LSB size PGA gain=1 20 26 LSB (max)
Offset DAC Adjustment Range PGAgain=1 +590 +575 LSB (min)
System Characteristics (see section 1.7.1, Internal Offsets)
c Analog Channel Gain Constant Includes voltage reference 2008 1873 LSB (min)
(ADC Codes/V) variation, gain setting = 1 2129 LSB (max)
v Pre-Boost Analog Channel Offset Error, 176 -32.1 LSB (min)
ost CCD Mode i +68.9 | LSB (max)
v Pre-Boost Analog Channel Offset Error, 18 -22.2 LSB (min)
ost CIS Mode +57 LSB (max)
-94.3 LSB (min)
Vos2 Pre-PGA Analog Channel Offset Error 40 +16.4 LSB (max)
-121 LSB (min)
Vos3 Post-PGA Analog Channel Offset Error 44 +28 LSB (max)
DC and Logic Electrical Characteristics
The following specifications apply for AGND=DGND=0V, VA=VD=+5.0Vp, fyc.x=24MHz, Rs=25Q. Boldface limits apply for
TA=T;=Tyn 10 Tyax; all other limits To=T,=25°C. (Notes 7 & 8)
. Typical Limits Units
Symbol Parameter Conditions -
Y . (Note 9) | (Note 10) | (Limits)
DO0-D2, MCLK, NewLine, SampCLK Digital Input Characteristics
Vina Logical “1” Input Voltage VvD=5.25V 2.0 V (max)
Vine) Logical “0” Input Voltage VD=4.75V 0.8 V (min)
V\=VD 0.1 HA(Max)
In Input Leakage Current Vy=DGND o1 HA(max)
Cn Input Capacitance 5 pF
DO0-D5 Digital Output Characteristics
e VD=4.75V, loyr=-360UA 2.4 V (min)
Voura) Logical “1” Output Voltage VD=4.75V, lgyr=-100A a4 v (min)
Vout) Logical “0” Output Voltage VD=5.25V, loyr=1.6mA 0.4 V (max)
| TRI-STATE® Output Current Vour=DGND 0.1 ey
out (D0-D5 only) Vour=VD -0.1 PA
Power Supply Characteristics
Operating 45 57 mA (max)
In Analog Supply Current Standby with input clocks stopped 0.8 0.9 mA (max)
Standby with input clocks running 3.0 mA
Operating 220 320 MA (max)
Ip Digital Supply Current (Note 15) Standby with input clocks stopped 110 200 HA (max)
Standby with input clocks running 220 HA
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AC Electrical Characteristics
The following specifications apply for AGND=DGND=0V, VA=VD=+5.0Vp¢, fyc x=24MHz, tyc x=1/fycik, t=t=5ns, Rs=25Q. Boldface
limits apply for T o=T;=Tyn t0 Tyax; all other limits To,=T,=25°C. (Notes 7 & 8)

. Typical Limits Units
Symbol Parameter Conditions L
y (Note 9) (Note 10) (Limits)
fueLk Maximum MCLK Frequency 24 MHz (min)
40 % (min)
MCLK
CLK Duty Cycle 60 % (max)
tmeLk MCLK period 41 ns (min)
SampCLK falling edge before NewLine .
3
tSCNL falllng edge tMCLK(mm)
tsampcLk | SampCLK period 4 tmewk(min)
tsampLo Low time for SampCLK 50 ns (min)
tsampHi High time for SampCLK 50 ns (min)
SampCLK falling edge before rising .
tsampsu edge of MCLK 4 ns (min)
falling edge of MCLK before new valid
topo datag 9 40 ns (max)
hold time of current data from falling .
tHpo edge of MCLK 15 ns (min)
tscik D2(SCLK) Serial Clock Period 1 tmeLk(min)
Input data setup time before .
0
tosu D2(SCLK) rising edge ns (min)
o Irlu.)ut data hold time after D2(SCLK) 3 ns (min)
rising edge
D2(SCLK) rising edge after bit BO )
3
tscLkia before Di(Latch) rising edge ns (min)
D1(Latch) rising edge before next )
3
fLascLk D2(SCLK) rising edge ns (min)
tLa High time for b1(Latch) 3 tmeLk (min)
; Di(Latch) rising edge before NewLine 3 tsampcLK
LANL falling edge (min)

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is functional,
but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The guaranteed specifications apply
only for the test conditions listed. Some performance characteristics may degrade when the device is not operated under the listed test conditions.

Note 2: All voltages are measured with respect to GND=AGND=DGND=0V, unless otherwise specified.

Note 3: When the input voltage (Vy) at any pin exceeds the power supplies (V|\<GND or V|>VA or VD), the current at that pin should be limited to 25mA. The 50mA
maximum package input current rating limits the number of pins that can simultaneously safely exceed the power supplies with an input current of 25mA to two.

Note 4: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tymax, ©,, and the ambient temperature, T5. The maximum allow-
able power dissipation at any temperature is Pp = (Tymax - Ty) / ©;4. Tymax = 150°C for this device. The typical thermal resistance (9;,) of this part when board mounted
is 84°C/W for the M20B SOIC package.

Note 5: Human body model, 100pF capacitor discharged through a 1.5kQ resistor.

Note 6: See AN450 “Surface Mounting Methods and Their Effect on Product Reliability” or the section titled “Surface Mount” found in any National Semiconductor Linear
Data Book for other methods of soldering surface mount devices.
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Note 7: Two diodes clamp the OS analog inputs to AGND and VA as shown below. This input protection, in combination with the external clamp capacitor and the output
impedance of the sensor, prevents damage to the LM9810/20 from transients during power-up.

TO INTERNAL
CIRCUITRY

Note 8: To guarantee accuracy, it is required that VA and VD be connected together to the same power supply with separate bypass capacitors at each supply pin.
Note 9: Typicals are at T;=Ty=25°C, fyyc x = 24MHz, and represent most likely parametric norm.
Note 10: Tested limits are guaranteed to National's AOQL (Average Outgoing Quality Level).

Note 11: Integral non-linearity error is defined as the deviation of the analog value, expressed in LSBs, from the straight line that best fits the actual transfer function of the
ADC.

Note 12: Vger is defined as the CCD OS voltage for the reference period following the reset feedthrough pulse. Vi g is defined as the peak CCD pixel output voltage for
a white (full scale) image with respect to the reference level, Vger . Vger is defined as the peak positive deviation above Vggp of the reset feedthrough pulse. The maximum
correctable range of pixel-to-pixel V\yytg Vvariation is defined as the maximum variation in Vi e (due to PRNU, light source intensity variation, optics, etc.) that the
LM9810/20 can correct for using its internal PGA.

CCD Output Signal

--x-

VwHiTE

Note 13: PGA Gain Error is the maximum difference between the measured gain for any PGA code and the ideal gain calculated by using the formula

. Vo _ PGA code _ _ 32
GamPGAE\/D = GO+X—32 where X = (631 60)31 .

Note 14: Full Channel INL and DNL are tested with CDS disabled, negative signal polarity, and a single OS input with a gain register setting of 1 (000001b) and an offset
register setting of 0 (000000b).

Note 15: The digital supply current (ID) does not include the load, data and switching frequency dependent current required to drive the digital output bus on pins (D5 - DO0).
The current required to switch the digital data bus can be calculated from: Isw = 2*Nd*Psw*CL*VD/tSampCLK where Nd is total number of data pins, Psw is the probability
of each data bit switching, CL is the capacitive loading on each data pin, VD is the digital supply voltage and tSampCLK is the period of the SampCLK signal. Since Nd is
6, Psw should be .5, and VD is nominally 5V, the switching current can usually be calculated from: Isw = 30*CL/tSampCLK. For example, if the capacitive load on each dig-
ital output pin (D5 - DO) is 20pF and the period of tSampCLK is 1/6MHz or 167ns , then the digital switching current would be 7.2mA. The calculated digital switching current
will be drawn through the VD pin and should be considered as part of the total power budget for he LM9810/20.
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Pin Descriptions

Analog Power

VA

This is the positive supply pin for the analog
supply. It should be connected to a voltage

source of +5V and bypassed to AGND with a
0.1uF monolithic capacitor in parallel with a
10uF tantalum capacitor.

Digital Power

VD

This is the positive supply pin for the digital

supply. It should be connected to a voltage

source of +5V and bypassed to DGND with a
0.1pF monolithic capacitor.

AGND

This is the ground return for the analog sup-
ply.

DGND

This is the ground return for the digital sup-
ply.

Analog I/O

Digital IO

0Sg, 0Sg, OSg,

Analog Inputs. These inputs (for Red,
Green, and Blue) should be tied to the sen-
sor's OS (Output Signal) through DC block-
ing capacitors.

RefBypass

Internally generated reference voltage
bypass pin. It should be bypassed to AGND
through a .05uF monolithic capacitor.

D5-DO

Data Input/Output pins. When NewLine is
low, the 10 or 12 bit conversion results of
the ADC are multiplexed to D5-D0. When
NewLine is high, the output drivers enter TRI-
STATE and D2, D1 & DO act as a serial inter-
face for writing to the configuration regis-
ters.

VREF+, VREFMID,
VREF-

Voltage reference bypass pins. They should
each be bypassed to AGND through a .05uF
monolithic capacitor.

LM9810
Output Mode
(NewLine Low)

MCLKO, MCLK1, MCLK2, MCLK3

Input & Timing Control

MCLK

Master Clock. The ADC conversion rate will
be a maximum of ¥ of MCLK. Nominally
24MHz.

SampCLK

Sample Clock. SampCLK controls the con-
version rate of the ADC (up to ¥ of the
MCLK rate) and sample timing. The signal
level is sampled while SampCLK is low and
held on the rising edge of SampCLK. When
CDS is enabled, the falling edge of SampCLK
causes the CCD reference level to be held.
If CDS is not enabled, Vggg, OF Vgee. is held
on the falling edge of SampCLK, depending
on the programmed signal polarity. SampCLK
is also used with NewLine to clamp the exter-
nal coupling capacitors.

D5 b9, b9, b3, b3
D4 b8, b8, b2, b2
D3 b7, b7, b1, bl
D2 b6, b6, bO, b0
D1 b5, b5, 0, 0

DO b4, b4, 0, 0
LM9820 MCLKO, MCLK1, MCLK2, MCLK3

Output Mode
(NewLine Low)

NewLine

New Line signal. Used to indicate the start
of active pixels on a new line, to allow
clamping of the AC coupling caps, and to
allow programming of the configuration reg-
ister. When NewLine is high and SampCLK is
low, the OS inputs will be connected to
either Vger. O Vger.. On the first rising edge
of MCLK after NewLine goes low, the internal
mux and the offset and gain settings will be
set to the appropriate values for the first
color of the next line set in the color mode
setting in the Sampler and Color Mode Reg-
ister. When NewLine is low, D[5-0] transmit
the pixel conversion data from the ADC.
When NewLine is high, D[5-0] enter TRI-
STATE and D2, D1 and DO act as a serial
interface for programming the configuration
registers.

D5 b11, b11, b5, b5

D4 b10, b10, b4, b4

D3 b9, b9, b3, b3

D2 b8, b8, b2, b2

D1 b7, b7, b1, bl

DO b6, b6, bo, b0

Input Mode

(NewLine High)

D5-D3 Don'’t Care

D2 (SCLK) Serial Data Clock.

D1 (Latch) Latch and shift enable signal. When
D1(Latch) is low, data is shifted into DO(SDI).
When D1(Latch) goes high, the last nine bits
shifted into DO(SDI) will be used to program
the addressed configuration register. To
avoid erroneous writes to the configuration
registers, D1(Latch) should be pulled low
when NewLine is high.

DO (SDI) Serial input data. Data is valid on D2(SCLK)

rising edge. Three address bits followed by
six data bits (MSB first) should be shifted
into DO before D1(Latch) goes high.
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Timing Diagrams

Lk M zampeLk * oLk
MCLK
Hold n Hald ﬂ+1
_ Vief ™, Vref
SampCLK
Hnld n_~ Hn\d n+1 7
ADC Clock — tSampCLIﬂ( Wsig
ocl
(internal signal) ]—,—I—,—I—,_S
p5-D0 @ ——mm W enbe  b5b0 ) b1l-be [: Y b11be §  bsb0 § B11-B6 X b5-bD
Sample n-B Data Sample n-7 Data Sample n Data Sample n+1 Data
NewLine —:)1
[Z=

Diagram 1: Pixel Conversion Timing and Latency

hiciLie
wew ] [ [ LT LI 1L _T 1 _1T1

II: tSampLo + tSampHi
SampCLK Htsmsu |
% toampCLi 4
= —thoo — F—tDDo
D5 - DO bg - bd b3 - b0 ]:::

Diagram 2: SampCLK and Output Data Timing ( NewLine low)

1
scLK
—
Ay igigigigigigigigigigiy —
(sCLi)
Newline | s bttt o U sctiLa k4 Lascik T
D5.D0 |
(outpit) S

t
[Lla)t!h] —_— t:’lLf—

Diagram 3: Timing for Programming the Configuration Registers
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Timing Diagrams

NewLine
RS | | | | | |
OS Optical Black Pixel Optical Black Pixel First Active Pixel
' CLAMP OFF '
Clamp Signal
(Internal)
' Clamp On '

SampCLK |

Diagram 4: CCD Clamping Timing

o1

(Even/Odd Mode) | |
@2 |

(Even/Odd Mode) |

o1 I—l I—l I—l
(Standard Mode)

@2 —l I—l I—l |
(Standard Mode)
CCD Reset
signal
o [

SampCLK | |-

Diagram 5: CDS Timing
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Table 1: Configuration Register Address Table

Address Address Data Bits
(Decimal) (Binary)
A2 Al A0 B5 | B4 | B3 | B3 | B2 | Bl
Sampler and Color Mode
0 0 0 0
CDS | Polarity | N/A | Mode2 | Model | ModeO
Red DAC Offset Setting
1 0 0 1
Polarity | MSB | | | | LSB
Green DAC Offset Setting
2 0 1 0
Polarity | MSB | | | | LSB
Blue DAC Offset Setting
3 0 1 1
Polarity | MSB | | | LSB
Red Gain Setting
4 1 0 0
o | we | | [ s
Green Gain Setting
5 1 0 1
X3 | MSB | | | | LSB
Blue Gain Setting
6 1 1 0
x3 | MSB | | | LSB
Production Test and Power Down
7 1 1 1
Test | Test | Test Test | Test | PD

11
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Table 2: Configuration Register Parameters

Parameter .
(Address) Control Bits Result
Sampler and Color Mode (0)
BS
DS (%')‘ab'e 0 CDS Enabled
1 Single Ended (CDS disabled)
. . B4
Signal (Z())Iarlty 0 Negative Polarity
1 Positive Polarity
B2 Bl BO
Line Rate Color - Mux, Gain & Offset change at the line rate:
*1st line: Mux = 0Sg, Gain & Offset = R
o o o 2nd line: Mux = 0Sg Gain & Offset = G
3rd line: Mux = 0Sg Gain & Offset = B
repeat...
* state of the first line after a write to this register
Single Input Color - Mux select®sg input. Gain & Offset change at thg
0 0 1 pixel rate:
Gain & Offset = R,G,B,R,G,B...
0 1 0 RESERVED
Color Mode 0 1 1 Monochrome Mux select®sg input. Gain & Offset = R
© 1 0 0 Monochrome Mux select®sg input. Gain & Offset = G
1 0 1 Monochrome Mux select®sg input. Gain & Offset = B
Bayer - Mux select®sg input. Gain & Offset change at the pixel rate:
*1st line: Gain & Offset = G,R,G,R,...
1 1 0 2nd line: Gain & Offset = B,G,B,G,...
repeat...
* state of the first line after a write to this register
Green Stripe - Mux select®sg input. Gain & Offset change at the pixe
rate:
1 1 1 *1st line: Gain & Offset = R,G,B,G,R,G,B,...

2nd line: Gain & Offset = B,G,R,G,B,G,R,...
repeat...
* state of the first line after a write to this register
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Table 2: Configuration Register Parameters  (continued)

Parameter .
(Address) Control Bits Result
Red, Green and Blue Offset DAC Settings (1, 2 & 3)
" BS
Oﬁ?it;;l:;'ty 0 Positive Offset
’ 1 Negative Offset
Offset Value LM9810: Offset = 5LSBs * Offset Value * PGA Gain
(1,2&3) B4(MSB) B3 B2 Bl BO(LSB) LM9820: Offset = 20LSBs * Offset Value * PGA Gain
] ) o
BS B4 B3 B2 Bl BO
(SIGN) | (MSB) (LSB) LMO810 | SBs. LM9820 1 SBs.
0 0 0 0 0 0 0.00 0.00
0 0 0 0 0 1 +5 +20
0 0 0 0 1 0 +10 +40
vp ica‘l' Offset 0 1 1 1 1 0 +150 +600
\f’z‘fss 0 1 1 1 1 1 +155 +620
@ ) 1 0 0 0 0 0 0 0
1 0 0 0 0 1 -5 20
1 0 0 0 1 0 -10 -40
1 1 1 1 1 0 -150 -600
1 1 1 1 1 1 -155 -620
Red, Green and Blue Gain Settings (4,5 & 6)
Boost Gain B
Enable 0 Boost Gain = 1V/V
(4,5 & 6) 1 Boost Gain = 3V/V
PGA(ES'Q gf"“e B4 B3 B2 B1 BO PGA Gain (V/V) =.933 + 0.0667 * (PGA Gain Value)
Gain Gain = Boost Gain * PGA Gai
(4Y5 & 6) ain = BOOS! ain ain
BS B4 B3 B2 Bl BOQ Tvpical Gain
(x3) (MSB) (LSB) (VIV)
0 0 0 0 0 0 0.93
0 0 0 0 0 1 1.00
0 0 0 0 1 0 113
) ) 0 1 1 1 0 1 2.87
Typ\'/?lljfsa'” 0 1 1 1 1 0 2.93
ST R IS I BTN R I 50
1 0 0 0 0 0 2.79
1 0 0 0 0 1 3.00
1 0 0 0 1 0 3.20
1 1 1 1 0 1 8.60
1 1 1 1 1 0 8.80
1 1 1 1 1 1 9.00

13
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Table 2: Configuration Register Parameters

(Continued)

Parameter
(Address)

Control Bits

Result

Production Test and Power Down (7)

Production Test

) B5 B4 B3 B2 B1 Should all be set to zero for normal o peration
Power Down BO
Enable 0 Normal Operation
(7) 1 Power Down

14
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Applications Information

1.0 Programmin g the LM9810/20

1.1 Writing to the Configuration Register

When NewLine is high, D2, D1 & DO act as a serial interface for writ-
ing to the configuration registers. D2 is the input serial clock
(SCLK), DO is the input data pin (SDI), and D1 is the latch and
shift enable signal (Latch). When D1(Latch) is low, serial data is
shifted into DO(SDI), and must be valid on each rising edge of
D2(SCLK). Three register address bits followed by six data bits
should be shifted into Do(sbl), MSB first. When D1(Latch) transi-
tions from low to high, the last 6 data bits will be stored into the
configuration register addressed by the previous 3 address bits
(as shown in Diagram 3). D1(Latch) must remain high for at least
3 cycles of the serial clock on D2(SCLK) to write to the configura-
tion register.

1.2 CDS Mode

The LM9810/20 uses a high-performance CDS (Correlated Dou-
ble Sampling) circuit to remove many sources of noise and error
from the CCD signal. It also supports CIS image sensors with a
single sampling mode.

Figure 1 shows the output stage of a typical CCD and the result-
ing output waveform:

Q
RS (RESET) >——]
e_

(from shift register)

Vss
2111 | N —
RS
oS
1 2| 3 4 5)

SampClk _—1____

Figure 1: CDS
Capacitor C1 converts the electrons coming from the CCD’s shift
register to an analog voltage. The source follower output stage
(Q2) buffers this voltage before it leaves the CCD. Q1 resets the
voltage across capacitor C1 between pixels at intervals 2 and 5.
When Q1 is on, the output signal (OS) is at its most positive volt-
age. After Q1 turns off (period 3), the OS level represents the
residual voltage across Cl (Vgesipual): VResipuaL includes
charge injection from Q1, thermal noise from the ON resistance
of Q1, and other sources of error. When the shift register clock
(1) makes a low to high transition (period 4), the electrons from
the next pixel flow into C1. The charge across C1 now contains
the voltage proportional to the number of electrons plus Vyggp.
uaL, an error term. If OS is sampled at the end of period 3 and
that voltage is subtracted from the OS at the end of period 4, the
VRrEsipuaL term is canceled and the noise on the signal is

reduced ([VsignaL*VResibual-VResibuaL = Vsignal)- This is the
principal of Correlated Double Sampling.

If the LM9810/20 is programmed for correlated double sampling
(bit B5 of register 0 is cleared), then the falling edge of SampCLK
should occur toward the end of period 3 and the rising edge of
SampCLK should occur towards the end of period 4. While Samp-
CLK is high, the Reference level (VresipualL) is sampled, and it is
held at the falling edge of SampCLK. While SampCLK is low, the sig-
nal level (VgignaLt VREsiDual) is sampled and it is held at the ris-
ing edge of SampCLK. The output from the sampler is the potential
difference between the two samples, or VgignaL-

1.3 CIS Mode

The LM9810/20 supports CIS (Contact Image Sensor) devices by
offering a sampling mode for capturing positive going signals, as
opposed to the CCD’s negative going signal. The output signal of
a CIS sensor (Figure 2) differs from a CCD signal in two primary
ways: its output increases with increasing signal strength, and it
does not usually have a reference level as an integral part of the
output waveform of every pixel.

0S (CIS) ""1____(—________

0S (CCD)

1

SampClK _ 1 —

2| 3 4 5

Figure 2: CIS

When the LM9810/20 is in CIS mode (Register 0, B5=1), it uses
either Vger, Or Vger. depending on the signal polarity setting (B4
of the Sampling and Color Mode register) as the reference (or
black) voltage for each pixel. If the signal polarity is set to one,
then Vgee. will be held on the falling edge of SampCLK and the OS
signal will be held on the rising edge of SampCLK. If it is set to
zero, then Vger, Will be held on the falling edge of SampCLK and
the OS signal will be held on the rising edge of SampCLK. The ris-
ing edge of SampCLK should occur near the end of period 4, and
at least 50ns after the falling edge of SampCLK.

1.4 Multi plexer/Channel Switchin g

The offset and gain settings automatically switch after each ADC
conversion according to the color mode setting in the Sampler
and Color Mode register (register 0). For example, if the color
mode (bits B2,B1 & B0) is set to 001, the offset and gain will alter-
nately switch between the R, G and B settings after each conver-
sion. The input multiplexer never changes during a line, but if the
color mode is set to Line Rate Color (000), the mux will automati-
cally switch after each new line.

The offset and gain settings will always start with the first channel
of the programmed mode after a falling edge on NewLine. For
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example, the R offset and gain settings will be used for the first
conversion following a falling edge on NewLine if the color mode is
set to Single Input Color (001).

For the Single Input Color, Bayer and Green Stripe modes, the
mux will always connect the 0Sg input to the sampler. The offset
and gain settings will alternate values every pixel according to the
order indicated by the Sampler and Color Mode register (see
Table 2). The first falling edge of NewLine following a write to the
Sampler and Color Mode register will ready the offset and gain to
cycle through the colors of the first line of the programmed color
mode. Each subsequent falling edge of NewLine will switch the off-
set and gain settings to the first color of the next line. The
LM9810/20's unused OS inputs should not be left unconnected.
All three OS inputs should be tied together on the LM9810/20
side of the clamp capacitor (see Figure 3).

CecLamp
0s L0Sg
SENSOR 0Sg
DOS — NC
0Sg
LM9810/20

Figure 3: OS Connections for single output sensors

For the Line Rate Color mode, the mux will cycle through the OSg,
0S¢ and 0OSg inputs after each falling edge of NewLine. The R, G
and B offset & gain settings will be used when the mux is set to
the OSg, OSg and OSg input, respectively. 0Sg and the R offset &
gain settings will always be used on the first line following a write
register 0.

1.5 Data Latency

The latency through the LM9810/20 is 8 SampCLK periods plus
one MCLK period. The data output on D5 - DO (MSBs b11 - b6 or
b9 - b4) represents data whose reference signal was sampled 8
tSampCLK + tMCLK + tSampSU earlier (see Diagram 1).

1.6 Programmable Gain

The output of the Sampler drives the input of the x3 Boost gain
stage. The gain of the x3 Boost gain is 3V/V if bit B5 of the cur-
rent color’s gain register (registers 4,5, and 6) is set, or 1V/V if bit
B5 is cleared. The output of the x3 gain stage is the input to the
offset DAC and the output of the offset DAC is the input to the
PGA (Programmable Gain Amplifier). The PGA provides 5 bits of
gain correction over a 0.93V/V to 3V/V (-0.6 to 9.5dB) range. The
x3 Boost gain stage and the PGA can be combined for an overall
gain range of .93V/V to 9.0V/V (-.6 to 19dB). The gain setting for
each color (registers 4, 5 and 6) should be set during calibration
to bring the maximum amplitude of the strongest pixel to a level
just below the desired maximum output from the ADC. The PGA
gain is determined by the following equation:

PGA Gain %E = 0.933 + .0667 (value in bits B4-BO)
Equation 1: PGA Gain

If the x3 Boost gain is enabled then the overall signal gain will be
three times the PGA gain.

1.7 Offset DAC

The Offset DAC removes the DC offsets generated by the sensor
and the LM9810/20’s analog signal chain (see section 1.7.1,
Internal Offsets). The DAC value for each color (registers 1,2 and
3) should be set during calibration to the lowest value that still
results in an ADC output code greater than zero for all the pixels
when scanning a black line. With a PGA gain of 1V/V, each LSB
of the offset DAC typically adds the equivalent of 5 LM9810 LSBs
or 20 LM9820 LSBs, providing a total offset adjustment range of
+150 LM9810 LSBs or 590 LM9820 LSBs. The Offset DAC’s
output voltage is given by:

Vpac = 9-75mV [Qvalue in B4 - BO)
Equation 2: Offset DAC Output Voltage

In terms of output codes, the offset is given by:

Offset = 5LSBs [{value in B4 - BO) (PGA Gain
Equation 3: LM9810 Offset Equation

Offset = 20LSBs [{value in B4 - BO) (PGA Gain
Equation 4: LM9820 Offset Equation

The offset is positive if bit B5 is cleared and negative if B5 is set.
Since the analog offset is added before the PGA gain, the value
of the PGA gain must be considered when selecting the offset
DAC values.

1.7.1 Internal Offsets

Figure 4 is a model of the LM9810/20's internal offsets. Equation
5 shows how to calculate the expected output code given the
input voltage (VIN), the LM9810/20 internal offsets (VOS1, VOS2,
Vos3), the programmed offset DAC voltage (VDAC), the pro-
grammed gains (GB, GPGA) and the analog channel gain con-
stant C.

C is a constant that combines the gain error through the AFE, ref-
erence voltage variance, and analog voltage to digital code con-
version into one constant. Ideally, C = 2048 codes/V (4096
codes/2V) for the LM9820 and 512 codes/V (1024 codes/2V) for
the LM9810. Manufacturing tolerances widen the range of C (see
Electrical Specifications).

X3 Boost PGA
1V or 0.93V/V to
3VIV 3VIV

Figure 4: Internal Offset Model
Doyt = (((Vin*Vos1)Gs + Vpac + Vos2)Cpea* Vos1)C
Equation 5: Out put code calculation with internal offsets

Equation 6 is a simplification of the output code calculation,
neglecting the LM9810/20’s internal offsets.
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Doyt = (ViNGB * Vpac)CpaaC

Equation 6: Simplified output code calculation

1.8 Power Down Mode

Setting the Power Down (bit BO of register 7) puts the device in a
low power standby mode. The analog sections are turned off to
conserve power. The digital logic will continue to operate if MCLK
continues, so for minimum power dissipation MCLK should be
stopped when the LM9810/20 enters the Power Down mode.
Recovery from Power Down typically takes 50us (the time
required for the reference voltages to settle to 0.5 LSB accuracy).

2.0 Clamping

To perform a DC restore across the AC coupling capacitors at the
beginning of every line, the LM9810/20 implements a clamping
function. When NewLine is high and SampCLK is low, all three OS
inputs will be connected to either Vggr, 0Or Vgee., depending on B4
of the Sampling and Color Mode register. If B4 is set to one (pos-
itive signal polarity), then the OS inputs will be connected to Vggr.
. If B4 is set to zero (negative signal polarity), then they will be
connected to Vggr,.

2.1 Clamp Capacitor Selection

This section explains how to select appropriate clamp capacitor
values.

C
os Ci_TMP os | »
SENSOR
DOS |~ NC
VReF+ OF VRer.

LM9810/20

Figure 5: OS Clamp Capacitor and Internal Clamp

The output signal of many sensors rides on a DC offset (greater
than 5V for many CCDs) which is incompatible with the
LM9810/20’s 5V operation. To eliminate this offset without resort-
ing to additional higher voltage components, the output of the
sensor is AC coupled to the LM9810/20 through a DC blocking
capacitor, Cc_amp The sensor’'s DOS output, if available, is not
used. The value of this capacitor is determined by the leakage
current of the LM9810/20’s OS input and the output impedance of
the sensor. The leakage through the OS input determines how
quickly the capacitor value will drift from the clamp value of Vggr,
or Vger., Which then determines how many pixels can be pro-
cessed before the droop causes errors in the conversion (+0.1V
is the recommended limit for CDS operation). The output imped-
ance of the sensor determines how quickly the capacitor can be
charged to the clamp value during the black reference period at
the beginning of every line.

The minimum clamp capacitor value is determined by the maxi-
mum droop the LM9810/20 can tolerate while converting one
sensor line. The minimum clamp capacitor value is much smaller
for CDS mode applications than it is for CIS mode applications.
The LM9810/20 input leakage current is considerably less when

the LM9810/20 is operating in CDS mode. In CDS mode, the
LM9810/20 leakage current should be no more than 20nA. With
CDS disabled, which will likely be the case when CIS sensors are
used, the LM9810/20 leakage current can be as high as 25uA at
the maximum conversion rate.

2.1.1 CDS mode Minimum Clamp Capacitor Calculation:

The following equation takes the maximum leakage current into
the OS input, the maximum allowable droop, the number of pixels
on the sensor, and the pixel conversion rate, fgampcLk, and pro-
vides the minimum clamp capacitor value:

i
dvdt

_ leakage current (A)number of pixels
max droop(V) fSampCLK
Equation 7: CDS mode C ¢ avp min Calculation

CcLaMP MIN =

For example, if the OS input leakage current is 20nA worst-case,
the sensor has 2700 active pixels, the conversion rate is 2MHz
(tsampcLk = 500ns), and the max droop desired is 0.1V, the mini-
mum clamp capacitor value is:

_ 20nA 2700

CCLAMP MIN = 5.1V 2Mfz

. = 270pF
Equation 8: CDS mode C ¢ avp min Example

2.1.2 CIS mode Minimum Clamp Capacitor Calculation:

If CDS is disabled, then the maximum LM9810/20 OS input leak-
age current can be calculated from:

IIeakage = VSATfSampCLKCSAMP
Equation 9: CIS mode Input Leakage Current Calculation

where VSAT is the peak pixel signal swing of the CIS OS output
and CSAMP is the capacitance of the LM9810/20’s internal sam-
pling capacitor (2pF). Inserting this into Equation 7 results in:

gt

CoLaMP MIN = v
\% t
SAT SampCLK .
= num pixels
tsampCLK SAMPmax droop(V)

Equation 10: CIS mode C ¢ povp min Calculation

with CSAMP equal to 2pF and VSAT equal to 2V (the LM9810/20's
maximum input signal), then Equation 10 reduces to:

4p(F)(V,

max droop(V)num pixels

CeLamp MIN =
Equation 11: CIS mode C ¢ amp min Calculation

In CIS mode (CDS disabled), the max droop limit must be much
more carefully chosen, since any change in the clamp capacitor’s
DC value will affect the LM9810/20’s conversion results. If a
droop of one 10 bit LSB across a line is considered acceptable,
then the allowed droop voltage is calculated as: 2V/1024, or
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approximately 2mV. If there are 2700 active pixels on a line then:
4p(A)YV) 570
2mv

5.4uF

C

CLAMP MIN

Equation 12: CIS mode C ¢ avp min Calculation Example

2.1.3 Maximum Clamp Capacitor Calculation:

The maximum size of the clamp capacitor is determined by the

amount of time available to charge it to the desired value during

the optical black portion of the sensor output. The internal clamp

is on when NewLine is high and SampCLK is low. If the applied

SampCLK is low for half its cycle, then the available charge time

per line can be calculated using:

_ Number of optical black pixels
2fSampCLK

Equation 13: Clamp Time Per Line Calculation

teLamp

For example, if a sensor has 18 black reference pixels and fSamp-
CLK is 2MHz with a 50% duty cycle, then tCLAMP is 4.5ps.

The following equation takes the number of optical black pixels,
the amount of time (per pixel) that the clamp is closed, the sen-
sor's output impedance, and the desired accuracy of the final
clamp voltage and provides the maximum clamp capacitor value
that allows the clamp capacitor to settle to the desired accuracy
within a single line:

t 1

¢ R In(accuracy)

CLAMP MAX ~
_ letawp 1
RCLAMPIn(accuracy)

Equation 14: CCLAMP MAX for a single line of charge time

Where tc avp is the amount of time (per line) that the clamp is
on, R¢ avp is the output impedance of the CCD plus 50Q for the
LM9810/20’s internal clamp switch, and accuracy is the ratio of
the worst-case initial capacitor voltage to the desired final capaci-
tor voltage. If tCLAMP is 4.5us, the output impedance of the sen-
sor is 1500Q, the worst case voltage change required across the
capacitor (before the first line) is 5V, and the desired accuracy
after clamping is to within 0.1V (accuracy = 5/0.1 = 50), then:

c _ 45us 1
CLAMP MAX ~ 1550Qin(50)
= 728pF

Equation 15: Ccamp max Example
The final value for Cc amp should be less than or equal to

CcLamP max, but no less than Cci amp MIN-

In some cases, depending primarily on the choice of sensor,
CcLamp max may actually be less than Co amp min, Meaning that
the capacitor can not be charged to its final voltage during the
black pixels at the beginning of a line and hold it's voltage without
drooping for the duration of that line. This is usually not a problem
because in most applications the sensor is clocked continuously
as soon as power is applied. In this case, a larger capacitor can
be used (guaranteeing that the Cc| amp min FEQUirement is met),
and the final clamp voltage is forced across the capacitor over
multiple lines. This equation calculates how many lines are

required before the capacitor settles to the desired accuracy:

CcLaMPD,_[initial Error Voltage
to amp O UFinal Error Voltage U

i g
lines = R amp
Equation 16: Number of Lines Required for Clamping

Using the values shown before and a clamp capacitor value of
0.01pF, this works out to be:

0.01pFO, OS5V O ;

4515 DIn o 10 13.5 lines

Equation 17: Clamping Lines Required Example

lines = %.550

In this example, a 0.01pF capacitor takes 14 lines after power-up
to charge to its final value. On subsequent lines, the only error will
be the droop across a single line which should be significantly
less than the initial error. If the LM9810/20 is operating in CDS
mode and multiple lines are used to charge up the clamping
capacitors after power-up, then a clamp capacitor value of
0.01pF should be significantly greater than the calculated
CcLamvp min Value and can virtually always be used.

If the LM9810/20 is operating in CIS mode, then significantly
larger clamp capacitors must be used. Fortunately, the output
impedance of most CIS sensors is significantly smaller than the
output impedance of CCD sensors, and RCLAMP will be domi-
nated by the 50Q from the LM9810/20’s internal clamp switch.
With a smaller RCLAMP value, the clamp capacitors will charge
faster.

3.0 Performance Considerations

3.1 Power Supply

The LM9810/20 should be powered by a single +5V source. The
analog supplies (VA) and the digital supply (VD) are brought out
individually to allow separate bypassing for each supply input.
They should not be powered by two or more different supplies.

In systems with separate analog and digital +5V supplies, all the
supply pins of the LM9810/20 should be powered by the analog
+5V supply. Each supply input should be bypassed to its respec-
tive ground with a 0.1puF capacitor located as close as possible to
the supply input pin. A single 10uF tantalum capacitor should be
placed near the VA supply pin to provide low frequency bypass-

ing.

To minimize noise, keep the LM9810/20 and all analog compo-
nents as far as possible from noise generators, such as switching
power supplies and high frequency digital busses. If possible, iso-
late all the analog components and signals (OS, reference inputs
and outputs, VA, AGND) on an analog ground plane, separate from
the digital ground plane. The two ground planes should be tied
together at a single point, preferably the point where the power
supply enters the PCB.

3.2 SampCLK Timing

SampCLK is used to time the stages of the LM9810/20's sampler,
offset DAC and programmable gain amplifier. To allow for opti-
mum input signal sampling times, SampCLK may be applied asyn-
chronously to MCLK. The LM9810/20's ADC is synchronized with
the its AFE (including the sampler, the offset DAC and the PGA)
by MCLK.

The LM9810/20’s internal ADC clock is created through a combi-
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nation of the applied SampCLK and MCLK signals. MCLK is used to
synchronize the applied SampCLK signal. The internal ADC clock
will go low after the falling edge of SampCLK is clocked by a rising
of MCLK. The ADC clock will stay low for two MCLK cycles and
then go high. It will stay high until the next falling edge of SampCLK
is clocked by MCLK. Figure 6 illustrates this SampCLK, MCLK, and
ADC clock timing relationship.

e |1 T
/e

SampCLK

ADC Clock
(internal)

D5 - DO X bii-b6 X b5-b0 X

Figure 6: LM9810/20 Relative Event Timing

The LM9810/20 is a densely designed, mixed-signal, monolithic
semiconductor. In creating the timing for the LM9810/20, it must
be considered that internal events, such as ADC sampling, and
output data bus switching can potentially affect coincident events
such as input signal sampling or offset DAC settling. One event
can interfere with another by coupling noise on shared resources
such as the supply lines, internal voltage references, or the silicon
substrate.

To optimize the performance of the LM9810/20, SampCLK should
be timed so that the input signal hold times do not coincide with
output data switching and ADC clock transitions. In other words,
the rising and falling edges of SampCLK should not be placed
close to ADC clock edges or to output data transitions. SampCLK
edges should be at least 20ns away from ADC clock edges to
avoid interference between the ADC and the sampler. SampCLK
edges should also be placed at least 40ns after output data tran-
sition times to avoid transition noise coupling.

Figure 6 is an example of SampCLK timing that will meet these
requirements at the maximum MCLK frequency of 24MHz. In dia-
gram 6, SampCLK transitions occur on MCLK falling edges which
will keep them more than 20ns away from ADC transitions, and
40ns after output data transitions.
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KomnaHus ((3J'IeKTpO|_|J'|aCT» npeanaraeT 3akKn4vyeHmne onrocpoYHbIX OTHOLLIEHUN npu
NOoCTaBKaxX MMMNOPTHbIX 3NTEKTPOHHbIX KOMMOHEHTOB Ha B3aMMOBbLIFO4HbIX yCJ'IOBI/lFlX!

Hawwn npeumyuiectsa:

e OnepaTuBHbIE NOCTABKM LUMPOKOrO CMeKTpa 3NeKTPOHHbIX KOMMNOHEHTOB OTEYECTBEHHOIO U
MMMOPTHOrO NPON3BOACTBA HANPAMYO OT MPOM3BOAMTENEN U C KPYNMHENLLNX MUPOBbLIX
CKNaaos.;

MocTaBka 6onee 17-TM MUNIIMOHOB HAMMEHOBAHWUIN 3NEKTPOHHbLIX KOMMNOHEHTOB;

MocTaBka CNoXHbIX, AeULNTHBIX, MMOO CHATLIX C MPOM3BOACTBA NO3ULIUIA;

OnepaTtunBHbIE CPOKM NOCTABKM Nof 3aka3 (0T 5 pabounx gHewn);

OKcnpecc goctaska B Nnobyto Touky Poccuu;

TexHnyeckas nogaepkka npoekTa, NomMoLLlb B nogdope aHanoros, NocTaBka NPOTOTUMOB;

Cuctema MeHeXMeHTa KavyecTBa cepTuduumnposaHa no MexayHapogHomy ctaHgapTty 1ISO

9001;

o JlnueHausa ®CH Ha ocyulecTBneHne paboT ¢ NCNONb30BaHWEM CBEOEHUIN, COCTABAOLLINX
rocygapCTBEHHYIO TalHy;

o [locTaBka cneumnanmampoBaHHbIX KOMNoHeHToB (Xilinx, Altera, Analog Devices, Intersil,
Interpoint, Microsemi, Aeroflex, Peregrine, Syfer, Eurofarad, Texas Instrument, Miteq,
Cobham, E2V, MA-COM, Hittite, Mini-Circuits,General Dynamics v gp.);

MoMMMO 3TOro, O4HMM M3 HanpaBnNeHU koMnaHum «AnekTpollnacT» ABNseTca HanpaBneHne

«UcTouHmkn nutaHua». Mel npeanaraem Bam nomoub KoHCTpyKTOpCKOro otaena:

e [logGop onTuManeHOro peleHus, TexHn4eckoe 060CHOBaHME Npu BbIOOpPE KOMMOHEHTA;
Monbop aHanoros.;
KoHcynbTaumm no NpUMEHEHMIO KOMMOHEHTA;
MocTaBka 06pa3yoB M NPOTOTUMNOB;
TexHn4veckasn noaaepka npoekTa;
3awmTa OT CHATMSA KOMMOHEHTA C NPON3BOACTBA.
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