SBM S006

Not Recommended for New Designs

BURR - BROWN®

For most current data sheet and other product
information, visit www.burr-brown.com

FEATURES

e 12-BIT, 12MHz A/D CONVERTER

e GUARANTEED NO MISSING CODES

Soeed,, - 12-Bit, 12MHz
CCD/CIS SIGNAL PROCESSOR

e 3-CHANNEL, 4MHz COLOR SCAN MODE:
Correlated Double Samplers
8-Bit Offset Adjustment DACs
0dB to +13dB PGAs

A/D INPUT MONITOR

INTERNAL VOLTAGE REFERENCE
SINGLE +5V SUPPLY

3V OR 5V DIGITAL OUTPUT

LOW POWER: 500mW typ (CCD Mode)

APPLICATIONS

e CCD AND CIS COLOR SCANNERS
e FAX AND MULTI-FUNCTION MACHINES
e INDUSTRIAL/MEDICAL IMAGING SYSTEMS

VSP3010

DESCRIPTION

The VSP3010 is a complete, three-channel image
signal processor for Charge Coupled Device (CCD)
or Contact Image Sensor (CIS) systems. Each chant
nel contains sensor signal sampling, Black Level
adjustment and a programmable gain amplifier. The
three inputs are multiplexed into a high speed, 12-bit
analog-to-digital converter. Input circuitry can be

configured, by digital command, for CCD or CIS

sensors. A Black Clamp and Correlated Double
Samplers (CDS) are provided for CCD sensors. For
CIS devices, the VSP3010 provides a single-ended
sampler and a reference input. The VSP3010 is
available in a 48-lead LQFP package and operateg
from 0°C to +85C with a single +5V supply.
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Not Recommended for New Designs

SPECIFICATIONS

At T, = full specified temperature range, Vppa = 5V, Vppp = +5V, fapcck = 6MHz, ey = 2MHz, feoy, = 2MHz, and PGA gain = 1, unless otherwise specified.

VSP3010Y
PARAMETER CONDITIONS MIN TYP MAX UNITS
RESOLUTION 12 Bits
CONVERSION CHARACTERISTICS
3-Channel CCD Mode 12 MHz
3-Channel CIS Mode 12 MHz
ANALOG INPUTS
Full-Scale Input Range 0.5 3.5 Vp-p
Input Capacitance 10 pF
External Reference Voltage Range 0.25 1.75 \%
Reference Input Resistance 800 Q
Input Limits GND4 - 0.3 Vppa + 0.3 \Y,
DYNAMIC CHARACTERISTICS
Integral Non-Linearity (INL) +1 +2 LSB
Differential Non-Linearity (DNL) 0.3 0.75 LSB
No Missing Codes 12 Bits
Input-Referred Noise 0.3 LSBs rms
PSRR Vppa = +5V +£0.25V 0.04 % FSR
DIGITAL INPUTS
Logic Family CMOS
Convert Command Start Conversion Rising Edge of ADCCK
High Level Input Current (Vg = Vppp) 20 HA
Low Level Input Current (V,y = 0V) 20 HA
Positive-Going Threshold Voltage 3.00 3.40 3.80 \%
Negative-Going Threshold Voltage 1.25 1.65 2.05 \%
Input Capacitance 5 pF
DIGITAL OUTPUTS
Logic Family CMOS
Logic Coding Straight Binary
Vprv Supply Range +2.7 +5.3 \%
Output Voltage, Vpry = +5V
Low Level loL = 50pA +0.1 \Y,
High Level loy = 50pA +4.6 \Y
Low Level loL = 1.6mA +0.4 \%
High Level lon = 0.5mMA +2.4 \%
Output Voltage, Vpry = +3
Low Level loL = 50pA +0.1 \Y,
High Level lon = 50pA +2.5 \Y
3-State Enable Time OE = LOW 20 40 ns
3-State Enable Time OE = HIGH 2 10 ns
Output Capacitance 5 pF
Data Latency 6 Clock Cycles
Data Output Delay C, = 15pF 12 ns
DC ACCURACY
Zero Error 0.8 % FS
Gain Error 15 % FS
POWER SUPPLY REQUIREMENTS
Supply Voltage: +Vg Operating 4.7 5 5.3 \Y
Supply Current: +lg 3-Channel Mode 100 108 mA
1-Channel Mode 82 90 mA
Power Dissipation 3-Channel Mode 500 540 mwW
1-Channel Mode 410 450 mwW
Thermal Resistance, 6;, 100 °C/IW
SPECIFIED TEMPERATURE RANGE 0 +85 °C

BURR - BROWN®
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ABSOLUTE MAXIMUM RATINGS

Supply Voltage, (Vppa: Vooo:Vory) -
Analog Input
Logic Input ........cc.e.
Operating Temperature
Case Temperature .....
Junction Temperature
Storage Temperature

.. (=0.3V) to (+Vppa + 0.3V)
.. (=0.3V) to (+Vppp + 0.3V)
... 0°C to +85°C

PACKAGE/ORDERING INFORMATION

b ELECTROSTATIC
(@A DISCHARGE SENSITIVITY

This integrated circuit can be damaged by ESD. Burr-Brown
recommends that all integrated circuits be handled with
appropriate precautions. Failure to observe proper handling
and installation procedures can cause damage.

ESD damage can range from subtle performance degradation
to complete device failure. Precision integrated circuits may
be more susceptible to damage because very small parametric
changes could cause the device not to meet its published
specifications.

PACKAGE SPECIFIED
DRAWING TEMPERATURE PACKAGE ORDERING TRANSPORT
PRODUCT PACKAGE NUMBER® RANGE MARKING NUMBER® MEDIA
VSP3010Y LQFP-48 340 0°C to +85°C VSP3010Y VSP3010Y 250-Piece Tray
" " " " " VSP3010Y/2K Tape and Reel

NOTES: (1) For detailed drawing and dimension table, please see end of data sheet, or Appendix C of Burr-Brown IC Data Book. (2) Models with a slash (/) are
available only in Tape and Reel in the quantities indicated (e.g., /2K indicates 2000 devices per reel). Ordering 2000 pieces of “VSP3010Y/2K” will get a single 2000-
piece Tape and Reel. For detailed Tape and Reel mechanical information, refer to Appendix B of Burr-Brown IC Data Book.

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN
assumes no responsibility for the use of this information, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject
to change without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not
authorize or warrant any BURR-BROWN product for use in life support devices and/or systems.
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PIN CONFIGURATION
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PIN DESCRIPTIONS
PIN | DESIGNATOR |TYPE | DESCRIPTION PIN DESIGNATOR | TYPE DESCRIPTION
1 CLP DI Clamp Enable 25 BO (DO) LSB DIO | A/D Output (Bit 0) and Register Data Port (Bit 0)
2 GND,p P Analog Ground 26 B1 (D1) DIO | A/D Output (Bit 1) and Register Data Port (Bit 1)
3 RINP Al Red-Channel Analog Input 27 B2 (D2) DIO | A/D Output (Bit 2) and Register Data Port (Bit 2)
4 RINN Al | Red-Channel Reference Input 28 B3 (D3) DIO | A/D Output (Bit 3) and Register Data Port (Bit 3)
5 GND,p P Analog Ground 29 B4 (D4) DIO | A/D Output (Bit 4) and Register Data Port (Bit 4)
6 GINP Al Green-Channel Analog Input 30 B5 (D5) DIO | A/D Output (Bit 5) and Register Data Port (Bit 5)
7 GINN Al | Green-Channel Reference Input 31 B6 (D6) DIO | A/D Output (Bit 6) and Register Data Port (Bit 6)
8 GND,p P Analog Ground 32 B7 (D7) DIO | A/D Output (Bit 7) and Register Data Port (Bit 7)
9 BINP Al Blue-Channel Analog Input 33 B8 (A0) DIO | A/D Output (Bit 8) and Register Address (Bit 0)
10 BINN Al | Blue-Channel Reference Input 34 B9 (A1) DIO | A/D Output (Bit 9) and Register Address (Bit 1)
1 GND, P Analog Ground 35 B10 (A2) DIO | A/D Output (Bit 10) and Register Address (Bit 2)
12 Vopa P Analog Power Supply, +5V 36 B11 MSB DO | A/D Output (Bit 11)
13 STRT DI Start Line Scanning 37 Vpry P Output Driver Voltage Supply
14 ADCCK DI A/D Converter Clock Input 38 Voo P Digital Power Supply, +5V
15 CK1 DI Sample Reference Clock 39 GNDp P Digital Ground
16 CK2 DI Sample Data Clock 40 TPO AO | A/D Converter Input Monitor Pin
17 GNDp P Digital Ground 41 GND, P Analog Ground
18 RD DI Read Signal for Registers 42 Vopa P Analog Power Supply, +5V
19 WRT DI Write Signal for Registers 43 Veer AIO | Reference Input/Output
20 PIS DI | Parallel/Serial Port Select; 44 GND, P | Analog Ground
HIGH = Parallel, LOW = Serial 45 REFB AO | Bottom Reference
21 SD DI Serial Data Input 46 CM AO Common-Mode Voltage
22 SCLK DI Serial Data Clock 47 REFT AO Top Reference
23 Voop P Digital Power Supply, +5V 48 Vopa P Analog Power Supply, +5V
24 OE DI AID Converter Output Enable
BURR - BROWN®
VSP3010 4
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TIMING DIAGRAMS

Timing specifications =ty to tyax With +5V power supply.

Timing for 3-Channel CCD/CIS Mode

3-Channel CCD Mode
|
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CK1 | ‘ |
tADCCKl tCNV
- teck took—w- l
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SYMBOL PARAMETER MIN TYP MAX UNITS
tekiap 3-Channel Conversion Rate 200 250 ns
tekia CK1 Pulse Width 15 70 ns
tekoa CK2 Pulse Width 15 70 ns
tock ADCCK Pulse Width 35 42 ns
tekp ADCCK Period 83 ns
tg Sampling Delay 10 ns
tekioa CK1 Falling Edge to CK2 Rising Edge 15 ns
teko1a CK2 Falling Edge to CK1 Rising Edge 50 ns
tser ADCCK Falling Edge to CK1 Rising Edge 10 ns
tapccke ADCCK Falling Edge to CK2 Falling Edge 20 ns
tapcek ADCCK Falling Edge to CK1 Falling Edge 20 ns
teny Conversion Delay 22 ns
tst Start Conversion Time 20 100 ns

VSP3010
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TIMING DIAGRAMS (cont.)

Timing specifications =ty to tyax With +5V power supply.

Timing for 1-Channel CCD/CIS Mode

1-Channel CCD Mode
CCD Output
Pixel 1
-y -~
STRT /
tekin
tekiep
CK1
tCKZB
tekizn tekois
CK2
tTR
~—— tekaseT — - lckiapc = tabccke
ADCCK Pixel 1 |
teex teek
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1-Channel CIS Mode
cis / Pixel 1 \
—- — tS
STRT _/
tekipp tekip —m
CK1
tSET tCNV
teek
ADCCK Pixel 1 |
teek
tekp
SYMBOL PARAMETER MIN TYP MAX UNITS

tekiep 1-Channel Conversion Rate 66 83 ns
tekis CK1 Pulse Width 15 20 ns
tekos CK2 Pulse Width 15 20 ns
teek ADCCK Pulse Width 35 42 ns
tekp ADCCK Period 83 ns
tg Sampling Delay 10 ns
tekios CK1 Falling Edge to CK2 Rising Edge 10 ns
tekots CK2 Falling Edge to CK1 Rising Edge 30 ns
tekiseT ADCCK Rising Edge to CK1 Rising Edge 10 ns
tckiabe CK1 Rising Edge to ADCCK Falling Edge 10 ns
tappCK2 ADDCK Falling Edge to CK2 Falling Edge 20 ns
teny Conversion Delay 22 ns
trr Transmission Time 5 ns
tser ADCCK Falling Edge to CK1 Rising Edge 10 ns

BURR - BROWN®
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TIMING DIAGRAMS (cont.)

Timing for Parallel Port Writing

Timing for Reading

‘<—tpR->‘ = tor =
PS [ Ps _f
a2-a0 - [IOCEERNCEERNIT Stable Register  OO000000N00X Valid
= ~— Tty _>‘ - tpp
D7-DO  {0u0E0U0O00 Stable A2-A0  F0O00R000000N00GODNDX Stable
—— ‘<—tDA — - toy
WRT [ RD
—»‘ ‘<— tW — - ‘<— tRD —-— <—tRH
Register  LUOOUO0000C00000MI0C00000000GX Valid D7-D0  IRCRRUGCOC0000RO0NUCCOOC00NINX Valid X000
SYMBOL PARAMETER MIN TYP MAX UNITS SYMBOL PARAMETER MIN TYP MAX UNITS
tor Parallel Ready Time 20 ns trw Address Setup Time 20 50 ns
tw WRT Pulse Width 30 50 ns toa Data Setup Time 30 50 ns
trw Address Setup Time 20 50 ns trp Readout Delay 20 ns
toa Data Setup Time 30 50 ns trH Readout Hold Time 1 ns
ter Parallel Ready Time 20 ns
Timing for Serial Port Writing
PIS
t
X ot
SCLK® AF | ; | } ‘ | ‘ | ‘ | ‘ | ‘ I
L’ “'tSCKP"
- lsp
sp —{ A2 AL X A0 X D7 X D6 X D5 X D4 X D3 X D2 X D1 XDOo| }—m
tSW -+
ty -
WRT
o |
Data SN HXHXI XXX XX XXHXHXHXHXOXIXIXIXHXHXIXHNIN)

SYMBOL PARAMETER MIN TYP MAX UNITS
tw WRT Pulse Width 30 50 ns
two Data Valid Time 30 ns
tsp Data Ready Time 15 50 ns
tsek Serial Clock Pulse Width 30 50 ns
tsckp Serial Clock Period 60 100 ns
tss Serial Ready Time 100 200 ns
tsw WRT Pulse Setup Time 50 ns
NOTE: SCLK must be LOW before WRT goes HIGH.
BURR - BROWN®
7 Vil [=1=1 |
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TIMING DIAGRAMS (Cont)

Channel CCD Mode

Pixel (n)
CCD Output /

Pixel (n + 1)

Pixel (n +2)

STRT
—| -— g
- [ [ [ [
- [ [ [ M_
I B e R TCINY "‘ ~* fony "‘ ~* leny "‘ = lony
LSS N N I U Y I I I
CDS Output (n) (n+1) (n+2)
mux < [R®D R X G X B RXG XBXRXG X B R X G XB X X X
AD Input  ——— R() R X G X B R(n) X G(n) X B(n) XR(n+1DXGn+1XBn+HXR0n+2XGn+2XB 0 +2)X X X
| I
Y
AID Output XROX R X G X B XR()XG () XB(n) XR{+1XG (n+)X

NOTE: (1) Depends on the D4 and D5 bits of the Configuration Register and sets to “R” right after the power supply goes ON.

SYMBOL PARAMETER MIN TYP MAX UNITS
teny Conversion Delay 22 ns
tst Start Conversion Time 20 100 ns

Timing for A/D Output
_ OEP |t
PIS \ f
OE
- e
DOUT
ADcck s N\

SYMBOL PARAMETER MIN TYP MAX UNITS
toes ADC Output Enable Setup Time 20 ns
torw OE Pulse Width 100 ns
toer Output Enable Time 20 40 ns

tae 3-State Enable Time 2 10 ns
tackp Data Output Delay 12 ns
toep Parallel Port Setup Time 10 ns

BURR - BROWN®

VSP3010




Not Recommended for New Designs

TYPICAL PERFORMANCE CURVES

At Tp = +25°C, Vppa = +5V, Vppp = +5V, fapcck = 6MHz, fcky = 2MHz, and fey, = 2MHz, unless otherwise specified.

PGA TRANSFER FUNCTION POWER DISSIPATION vs POWER SUPPLY
Sample Quantity, N = 100 (3-Channel Mode)
5.0 650
4.5 /‘
4.0 / s 550 —
35 é //
= / = | —
> 30 7/ S 450
< 25 / -1
o 20 / o 350
15 // %
1.0 & 250
0.5
0 150
0 5 10 15 20 25 30 35 4.70 4.80 4.90 5.00 5.10 5.20 5.30
PGA Gain Setting (Setting Code) Power Supply Voltage (V)

POWER DISSIPATION vs POWER SUPPLY
(1-Channel Mode)
500

L —

400

300

200

Power Dissipation (mW)

100

0
4.70 4.80 4.90 5.00 5.10 5.20 5.30

Power Supply Voltage (V)

BURR - BROWN®
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TH EORY O F O P ERATIO N DAC (+50mV to —150mV). A 3-to-1 analog MUX follows

the CIS signal processing circuits and feeds a high perfor-

The VSP3010 can be operated in one of the following four mance 12-bit A/D converter. The analog MUX can be
modes: programmed to cycle between red, green, and blue or blue,

3-Channel CCD Mode green, and red.

3-Channel CIS Mode
1-Channel CCD Mode

When the STRT signal is HIGH, the conversion is initiated
on the rising edge of ADCCK. The STRT signal indicates
the first sample for a scan line. When STRT goes LOW, the

1-Channel CIS Mode analog MUX is switched to the first sample of the sequence.
As specified in the “3-Channel CIS Mode” timing diagram,
3-CHANNEL CCD MODE the falling edge of CK1 must be in the LOW period of

In this mode, the VSP3010 can simultaneously process threéADCCK. If the falling edge of CK1 is in the HIGH period
output CCD signals. These signals are AC-coupled to theof ADCCK (in the timing diagram, ADCCK for sampling B
RINP, GINP, and BINP inputs. RINN, GINN, BINN are not channel), the VSP3010 will not function properly.

used in this mode and should be grounded. The CLP signal

enables internal biasing circuitry to clamp these inputs to a1.cHANNEL CCD MODE

proper voltage, enabling internal CDS circuitry to operate
properly. VSP3010 inputs may be applied as DC-coupled
inputs, which need to be level-shifted to a proper DC level.

In this mode, the VSP3010 processes only one CCD signal.
The CCD signal is AC-coupled to RINP, GINP, or BINP (as
selected by the data in the Configuration Register). RINN,
The correlated double samplers take two samples of thegNN, BINN are not used in this mode and should be
incoming CCD signals; the CCD reference levels are takengrounded. The CLP signal enables internal biasing circuitry
on the falling edge of CK1 and the CCD information is taken g clamp this input to a proper voltage so that internal CDS
on the falling edge of CK2. These two samples are thencijrcuitry can work properly. The VSP3010 input may be
subtracted by the CDSs and the result is the CDS’ output. applied as a DC-coupled input, which needs to be level-
Three channels are used to process three inputs simultashifted to a proper DC level.

neously. Each consists of a 5-bit PGA (0dB to +13dB) The cDS takes two samples of the incoming CCD signal.
and an 8-bit offset digital-to-analog converter (+50mV The CCD reference value is taken on the falling edge of
to —150mV). A 3-to-1 analog MUX follows the CDS K1 and the CCD information is taken on the falling edge

channels and feeds a high performance 12-bit A/D con- ot ck2. These two samples are then subtracted by the CDS
verter. The analog MUX can be programmed to cycle gng the result is the CDS’ output.

between red, green, and blue or blue, green, and red. . .
g ¢ In this mode, only one of the three channels is enabled. Each

When the STRT signal is HIGH, the conversion is initiated cps consists of a 5-bit PGA (0dB to +13dB) and an 8-bit
on the rising edge of ADCCK. The STRT signal indicates gffset DAC (+50mV to —150mV). A 3-to-1 analog MUX is
the first samples for a scan line. When STRT goes LOW, thejnserted between the CDSs and a high performance 12-bit
analog MUX is switched to the first sample of the sequence. o/p converter. The analog MUX is not cycling between
As specified in the “3-Channel CCD Mode” timing diagram, channels in this mode. Instead, the analog MUX is con-
the falling edge of CK2 must be in the LOW period of nected to a specific channel, depending on the data in the
ADCCK. If the falling edge of CK2 is in the HIGH period ~Configuration Register.

of ADCCK (in the timing diagram, ADCCK for sampling B A5 specified in the “1-Channel CCD Mode” timing diagram,

channel), the VSP3010 will not function properly. the rising edge of CK1 must be in the HIGH period of
ADCCK and the falling edge of the CK2 must be in the
3-CHANNEL CIS MODE LOW period of ADCCK. Otherwise, the VSP3010 will not

In this mode, the VSP3010 is operated as 3-channel Samfunction properly.

plers and a digitizer. Unlike the CCD mode, VSP3010 takes
only one sample on the falling edge of CK1 for each input. 1-CHANNEL CIS MODE

Since only one sample is taken, CK2 is grounded in this | this mode, the VSP3010 is operated as a 1-channel
operation. The input signal is DC-coupled in most cases. Forsampler and digitizer. Unlike the CCD mode, VSP3010
example, for the red channel, RINP is the CIS signal input, takes only one sample on the falling edge of CK1. Since
and RINN is the CIS reference signal. The same applies tognly one sample is taken, CK2 is grounded in this operation.
the green channel (GINP and GINN) and blue channel The input signal is DC-coupled in most cases. Here, the
(BINP and BINN). VSP3010 inputs are differential. For example, for the red
In this mode, three CDSs become CIS signal processingchannel, RINP is the CIS signal input, and RINN is the CIS
circuits (acting like a track-and-hold) to process three reference signal. The same applies to the green channel
inputs simultaneously. Each CIS signal processing circuit (GINP and GINN) and blue channel (BINP and BINN).
consists of a 5-bit PGA (0dB to +13dB) and an 8-bit offset

BURR - BROWN®
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In this mode, the CDS becomes a CIS signal processingCHOOSING AC INPUT COUPLING CAPACITORS

circuit (acting like a track-and-hold). Each CIS signal pro- tpe hyrmose of the input coupling capacitor is to isolate the

cessing circuit consists of a 5-bit PGA (0dB to +13dB) and b output of the CCD array from affecting the VSP3010.
an 8-bit offset DAC (+50mV to ~150mV). A 3-to-1 analog Thg jnternal clamping circuitry restores the necessary DC

mur:( fOI:COWS the Clli ts)i_g'r&z/alljprocessing _f_ir:CUits ?nd I::S;j(s & component to the CCD output signal. The internal clamp
i erformance 12-bit converter. The analo is ; ;
n(?t cr;/cling between channels in this mode. Ingtead, the\éoltage, \eLawp: 1S denveo! from the reference.clave

: o - “depends on the value ok if Vgeris set to 1V, ¥ amp
analog MUX_ is connect_ed to a speC|f_|c channel, dependingig 5 5v and if \her is Set 10 1.5V, ¥ ayp iS 3V. There are
on the data in the Configuration Register. many factors that determine the size of the input coupling
As specified in the “1-Channel CIS Mode” timing diagram, capacitors including CCD signal swing, voltage droop across
the active period of CK1{k;g) must be in the LOW period the input capacitor since the last clamp interval, leakage
of ADCCK. If it is in the HIGH period of ADCCK, the current of the VSP3010 input circuitry, and the time period

VSP3010 will not function properly. of CK1. Figure 2 shows a simplified equivalent circuit of the
VSP3010 inputs. In this equivalent circuit, the input cou-
ANALOG PGA pling capacitor, ¢, and the sampling capacitor,,CGare

constructed as a capacitor divider (during CK1). For AC
%nalysis, op amp inputs are grounded. Therefore, the sam-
pling voltage, \§ (during CK1) is:

There is one analog PGA on each channel. Each analog PG
is controlled by a 5-bit PGA gain register. The analog PGA
gain varies from 1 to 4.44 (0dB to +13dB). The transfer

function of the PGA is: Vs = (Cn/Ciy + C)) * Vin
Gain = 4/(4 - 0.1 * X) From this equation, we see that a larger valuepitakes

) ) ) ) . Vgcloser to . In other words, the input signaj\will be
where X is the integer representation of the 5-bit PGA gain yenyated less if Gis large. However, there is a disadvan-

register. Figure 1 shows the PGA transfer function plot. tage to using a large value of Cthe larger the [, the
more dummy or optical black pixels must be used to restore
the DC component of the input signal.

PGA TRANSFER FUNCTION

4.5

40 CK1

35 C,
/ 4pF

3.0 Cin l— +
/ Ve O I Vs oP
25 / N I " AMP
1 -
2.0 G,
cLp o—”: 4pF
1.5
— cK2

1.0
0 5 10 15 20 25 31 CK1 O—| lj

PGA Gain Setting

Gain

(@]
PGA TRANSFER FUNCTION Verave
14
12 FIGURE 2. Equivalent Circuit of VSP3010 Inputs.
/
10
_ // CHOOSING Cyax AND Cyn
g 8 . . . .
=t As mentioned previously, a large\ds preferable if there is
5 6 enough time for the CLP signal to charge yp. Cypically,
4 0.01uF to 0.1F of Gy can be used for most cases. In order
to optimize G, the following two equations can be used to
2 calculate Ggax and Gy :
0
0 5 10 15 20 25 31 Cwax = (feka * NY[Rsw * 0 (Vo/VerroR]
PGA Gain Setting
where, tiq is the time when both CK1 and CLP are HIGH
FIGURE 1. PGA Transfer Function Plot. and N is the number of black pixelsgRis the total switch

BURR - BROWN®
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resistance, ¥ is the droop across,Cand Verror is the For Reading/Writing to the Configuration Register, the ad-
difference between ¥and \; avp- The nominal value of  dress will be:

Rsy is 4kQ plus the driver's impedance. 0.1V should be A2 =0 Al = ‘0. and AO = ‘O’

tolerable for \Lgrror @and still keep the VSP3010 working ’ an

properly. Example:
Y ¢ A 3-channel CCD with internal referencegd = 1V (2V
mn = (Verror full-scale input), the mode will be:
where, | is 10nA, the typical leakage current of the VSP3010 =>D0="0, D1 ="0and D3 =0’
input circuitry and t is the time between clamp pulses. For this example, ¥ge will be 1V.

Bypass \kge with 1QuF and O0.1uF capacitors when internal
PROGRAMMING THE VSP3010 reference mode is used.

The VSP3010 consists of three CCD or CIS channels and &xample:
12-bit A/D converter. Each channel (red, green, and blue) hasA
its own 8-bit offset and 5-bit gain adjustable registers to be
programmed by the user. There is also a 7-bit Configuration
Register on-chip to program the different operation modes.= > DO = 1’, D1 = X, D2 = ‘1, D4 = ‘0" and D5 = ‘0’

1-channel CIS mode (red channel) with external 1.2V
reference:

These registers are as follows: For this example, ¥z Will be an input pin, applied with
1.2V. This input will set the full-scale input of the VSP3010
ADDRESS at 2.4V.

A2 Al A0 REGISTER

0 0 0 Configuration Register (7-Bit) Offset Registers

0 0 1 Red Channel Offset Register (8-Bit) ) .

0 1 0 Green Channel Offset Register (8-Bit) Offset registers control the analog offset input to the channel

0 1 1 | Blue Channel Offset Register (8-Bit) prior to the PGA. There is an 8-bit Offset Register on each

1 0 0 [ Red Cha:”e' ?ai” Register (5'(5") ) channel. The offset range varies from —150mV to +50mV.

1 0 1 Green Channel Gain Register (5-Bit : : : (

N 1 o Blue Channel Gain Reigster (5-Bit The Offset Register uses a Straight Binary code. All ‘0’s

1 1 1| Reserved correspond to —150mV and all ‘1’s correspond to +50mV of

the offset adjustment.

These Registers can be accessed by either the parallel or

serial port. In the parallel mode, the address and data port ar@GA Gain Registers

combined with the ADC data output pins. The data bus isThe pGA Gain Registers control the analog gain to the
assigned as DO to D7 (pin 25 to pin 32) and the address bugpannels prior to the A/D converter. There is a 5-bit PGA

is AO to A2 (pin 33 t0 pin 35). In the serial mode, serial data g4in Register on each channel. The gain range varies from
(SD), serial clock (SCLK), and write signal (WRT pin for 1 {5 444 (0dB to +13dB). The PGA Gain Register is a

both parallel and serial writing) are assigned. The following Straight Binary code. All ‘0's correspond to analog gain of

table shows how to access these modes. 0dB and all ‘1's correspond to the analog gain of 13dB.

OE P/S MODE
0 0 A/D Data Output Enabled, Serial Mode Enabled OFFSET AN D GAI N
0 1 Prohibit Mode
1 0 A/D Data Output Disabled, Serial Mode Enabled CALI B RATI O N SEQU ENC E
1 1 A/D Data Output Disabled, Parallel Mode Enabled DIGITAL OUTPUTS
The digital outputs of the VSP3010 are designed to be
Configuration Register compatible with both high-speed TTL and CMOS logic

families. The driver stage of the digital outputs is supplied
through a separate supply pin, VDRV, which is not con-
nected to the analog supply pins. By adjusting the voltage on

The Configuration Register is designed as follows:

BIT LOGIC ‘O’ LOGIC ‘1’ . A .

o oo o VIR VDRV, the digital output levels will vary respectively.

D1 Vo = 1V Ver = 1.5V Thus, it is possible to operate the VSP3010 on a +5V analog

REF — REF — = . . . - .

D2 Internal Reference External Reference supply while interfacing the digital outputs to 3V logic.

D3 | 3-Channel, D4 and DS Disabled 1'C:‘Da:”‘;"5'34 and DS Enabled It is recommended to keep the capacitive loading on the data
o 0 RedChannel lines as low as possible _(typi(_:ally less th_an 15pF). Larger
0 1 Green Channel capacitive loads demanding higher charging current surges
i 2 E'Ue Chzn“e' can feed back to the analog portion of the VSP3010 and

eserve

influence the performance. If necessary, external buffers or
latches may be used which provide the added benefit of
isolating the VSP3010 from any digital noise activities on

D6 R > G > B MUX Sequence B > G > R MUX Sequence
D7 Reserved Reserved

BURR - BROWN®
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the bus coupling back high frequency noise. In addition, bypassed. Figure 3 shows the recommended decoupling
resistors in series with each data line may help minimize theschemes for the entire chip. In most casegi®.deramic
surge current. Their use depends on the capacitive loadinghip capacitors are adequate to keep the impedance low over
seen by the converter. As the output levels change from lowthe wide frequency range. Their effectiveness largely de-
to high and high to low, values in the range of@@6 20 pends on the proximity to the individual supply pin.

will limit the instantaneous current the output stage has to

. : . ) When the VSP3010 is powered on, it will be initialized as a
provide for recharging the parasitic capacitances.

3-channel CCD, 1V internal (2V full scale) reference mode
with analog gain of 1. This mode is commonly used for CCD
GROUNDING, BYPASSING, AND POWER SUPPLY scanner applications. The calibration procedure is done at the
RECOMMENDATIONS very beginning of the scan. Once calibration is done, regis-
Proper grounding, bypassing, short lead length and the uséers on VSP3010 will keep this information (offset and gain
of ground planes are particularly important for high fre- for each channel) during the operation.

quency designs. Multi-layer PC boards are recommendedTo calibrate the VSP3010, use the following procedure:

for the best performance since they offer distinct advantagess,[ep 1: Set the VSP3010 to the proper mode
such as minimizing ground impedance, separation of signal | '

layers by ground layers, etc. It is recommended that analog>teP 2: Set analog PGA gain to 1 (codg;)nd offset to

and digital ground pins of the VSP3010 be joined together OmV (code: C).
at the IC and connected only to the analog ground of theStep 3: Scan a dark line.
system.

Step 4: Calculate the pixel offsets according to the ADC
The VSP3010 has analog and digital supply pins, however, output.

the convert_er should be treated as an analog component Emgtep 5. Readjust input Offset Registers.
all supply pins should be powered by the analog supply. This o
will ensure the most consistent results since digital supply Step 6: Scan a white line.

lines often carry high levels of noise that would otherwise be Step 7: Calculate gain. It will be the ADC full scale divided

coupled into the converter and degrade the achievable per- by the ADC output when the white line is scanned.
formance. Step 8: Set the Gain Register. If the ADC output is not
As the result of the high operation speed, the converter also close to full scale, go back to Step 3. The calibration
generates high frequency current transients and noise that is complete if the output is close to full scale.

are fed back into the supply and reference lines. This
requires that the supply and reference pins be sufficiently

BURR - BROWN®
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APPLICATION EXAMPLES
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FIGURE 4. CCD Application Example.

15

VSP3010

BURR - BROWN®



Not Recommended for New Designs

+5V +5V
O
welurlue] Jue]
TPO
ﬂ%%%Mmzumﬁﬁﬁ
g & Lo 8 g 8 &
o > E.':J HE =>4 3 = =
t—{1]c (MSB)B11 [36]—= (MsB) B11
+— 2| oo, B10 (A2 [35}— B10(A2)
RINP & BES B (A1) [34}—= B9 (A1)
(4] rinn B8 (A0) [33}—= B8 (A0)
+— 5 | oo, 87 (07) [32]— B7(07)
GINP & (6] cne B6 (06) [31]—= B6(D6)
(7] o VSP3010 BS (D5) [30]—= B85(05)
+—1 8] eno, B4 (04) |29 F—» B4 (Da)
BINP O BES B3 (03) [28]— B3(DY)
BINN (10] BinN B2 (D) [27}— B2(02)
11| onp, B1 (1) |26 —= 81 (DY)
12| vopa (LsB) B0 (D0) [25 ——= (LsB) B0 (DO)
12 g 25
= Q 3 x
Fe2%%2e8253 8
T e
O O O O
= STRT & CK1 WRT SD &
ADCCK SCLK

FIGURE 5. CIS Application Example.

BURR - BROWN®

VSP3010 16



H PACKAGE OPTION ADDENDUM

13 TEXAS
INSTRUMENTS

www.ti.com 7-Mar-2014

PACKAGING INFORMATION

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

© Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer:The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

Addendum-Page 1

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@) Drawing Qty @ ©) @ (/5)
VSP3010Y NRND LQFP PT 48 250 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 85 VSP3010Y
& no Sh/Br)
VSP3010Y/2K NRND LQFP PT 48 2000  Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 85 VSP3010Y
& no Sh/Br)
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In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
+ —> KO |e— P1—»]
% { I
iy’
& & & || 8o
x | l
A T {
Cavity AR <
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
v W | Overall width of the carrier tape
P1 Pitch between successive cavity centers
E W1
TAPE AND REEL INFORMATION
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
VSP3010Y/2K LQFP PT 48 2000 330.0 17.4 9.5 9.5 2.0 12.0 | 16.0 Q1

Pack Materials-Page 1
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TAPE AND REEL BOX DIMENSIONS
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4
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Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
VSP3010Y/2K LQFP PT 48 2000 367.0 367.0 38.0
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No Tl components are authorized for use in FDA Class Ill (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
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logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
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Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers
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