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1.2

Introduction

Description

The VSP2264 is a complete mixed-signal IC for CCD signal processing with a CCD timing generator and A/D
converter. The system synchronizes the master clock, HD, and VD. The VSP2264 supports all signal terminals
that the CCD and the vertical driver require. The R driver and H driver synchronize the A/D converter clock
phase to realize ideal performance. The CCD channel has correlated double sampling (CDS) to extractimage
information from the CCD output signal. The digital control gain curve is linear in dB, ranging from —6 dB to
42 dB. A black-level clamping circuit ensures black reference level accuracy and speeds black-level recovery
after a gain change. Input signal clamping with a CDS offset adjustment function is available.

Features

The VSP2264 supports the following features:
» CCD Signal Processing:
— Correlated Double Sampling (CDS)
— Programmable Black-Level Clamping
»  Timing Generator With R and H Drivers
» Programmable Phase Control:
— Fine Step: 0.6 ns
— Wide Step: 8 ns
* Programmable Gain Amplifier (PGA): -6 dB to 42 dB Gain Range
« 12-Bit Digital Data Output:
— Upto 25-MHz Conversion Rate
— No Missing Codes
» Signal-to-Noise Ratio: 79 dB
» Portable Operation:
— Low Voltage: 3.0 Vto 3.6 V
— Low Power: 130 mW at 3.0 V and 20 MHz
— Standby Plus Power Save-Mode: 39 mW
— MCLK-Off Mode: 6 mW
« Recommended CCD: MN39594 (Panasonic)
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1.3 Block Diagram
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Introduction

1.4 Terminal Assignments

1.5 Package/Ordering Information
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OPERATION
PRODUCT PACKAGE PAé:gSEGE TEMPERA- l;AAACRKKAIﬁGE OI\TLIIDI\I/:TBREIE’\IIQG TRANSPORT MEDIA
TURE RANGE
VSP2264GSJ 168-piece tray
VSP2264GSJ BGA 96 GSJ —25°C to 85°C VSP2264
VSP2264GSJR Tape and reel
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1.6 Terminal Functions

TERMINAL
. NO. TYPET DESCRIPTIONS
ADCCK J2 DO Clock for digital output buffer
AVDD A5, B4, C2, E1 P Analog power supply
AVSS B5, C3, C5, E2, E3 P Analog ground
BO J6 DO A/D converter output, bit O
B1 J5 DO A/D converter output, bit 1
B2 K5 DO A/D converter output, bit 2
B3 H5 DO A/D converter output, bit 3
B4 K4 DO A/D converter output, bit 4
B5 J4 DO A/D converter output, bit 5
B6 H4 DO A/D converter output, bit 6
B7 K3 DO A/D converter output, bit 7
B8 J3 DO A/D converter output, bit 8
B9 H3 DO A/D converter output, bit 9
B10 K2 DO A/D converter output, bit 10
B11 K1 DO A/D converter output, bit 11
BYP A2 AO Internal reference C (bypass to ground)
BYP2 Al AO Internal reference P (bypass to ground)§
BYPD Cc7 AO Bypass
BYPM B1 AO Internal reference N (bypass to ground)i
CCDIN A4 Al CCD signal input
CH1 J9 DO Readout pulse 1
CH2 K10 DO Readout pulse 2
CH3 J10 DO Readout pulse 3
CH4 H9 DO Readout pulse 4
CM C1 AO AJD converter common-mode voltage (bypass to ground)f
CcOB B2 AO Optical black clamp loop reference (bypass to ground)t
DVDD B6, B7, B8, C9, C10, P Digital power supply
E10, G1, J8, K7
DVSS A6, A7, A8, B9, D9, P Digital ground
D10, F3, J7, K9

FINDX H6 DO Field index
H1 B10 DO CCD horizontal driver 1
H2 D8 DO CCD horizontal driver 2
HD H7 DI HD input
HL E9 DO H1 last pulse
MCLK C6 DI Master clock input
NC A3, A9, Al10, B3, C4, — No connection

D3, D4, D5, D6, D7,

E4, E7, F4, F7, F8,

G2, G4, G5, G6, G7,

H8, K6

R E8 DO CCD reset driver

t Designators in TYPE column: P—Power supply and ground, DI-Digital input, DO-Digital output, Al-Analog input, AO-Analog output

¥ Should be connected to ground with a bypass capacitor. A value of 0.1 pF to 0.22 pF is recommended; however, it depends on the application
environment. See the Black Level Clamp Loop and 10-Bit DAC (Section 2.9) for details.

8 Should be connected to ground with a bypass capacitor. A value of 400 pF to 1000 pF is recommended; however, it depends on the application
environment. See Voltage Reference (Section 2.13) for details.

1 Should be connected to ground with a bypass capacitor (0.1 uF). See Voltage Reference (Section 2.13) for details.
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TERMINAL
NAME NO. TYPEYt DESCRIPTIONS
REFN D2 AO A/D converter negative voltage (bypass to ground)T
REFP D1 AO A/D converter positive voltage (bypass to ground)T
SCLK H2 DI Clock for serial-data shift
SDATA H1 DI Serial-data input
SLOAD G3 DI Serial-data latch signal
SOUT Ji DO Serial-data monitor out
SuUB F10 DO CCD substrate pulse
SuBsSw F9 DO CCD substrate bias control
SYSRST C8 DI System reset
TPD F1 DI/O SHD, CLPD
TPP F2 DI/O SHP, CPOB, PBLK
V1 H10 DO V1 pulse
V2 G8 DO V2 pulse
V3 G9 DO V3 pulse
V4 G10 DO V4 pulse
VD K8 DI VD input

1 Designators in TYPE column: P—Power supply and ground, DI-Digital input, DO-Digital output, Al-Analog input, AO—Analog output

T Should be connected to ground with a bypass capacitor (0.1 UF). See Voltage Reference (Section 2.13) for details.
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Theory of Operation

2.2

Theory of Operation

Introduction

The VSP2264 is a high-resolution mixed-signal IC that contains key features associated with the processing
of the CCD signal in a digital still camera (DSC). The VSP2264 integrates the analog front end (AFE) and CCD
timing generator (TG) with the H and R drivers.

The AFE block includes a correlated double sampler (CDS), 14-bit analog-to-digital converter (ADC), digital
gain amplifier, black-level clamp loop, input clamp, CDS timing generator, and voltage reference. The built-in
TG generates not only horizontal (H-rate) timing, but also vertical (V-rate) timing for the specified CCD model.
Optimized timing is generated by selecting the CCD model and operating mode through the serial interface.

Timing Generator (TG)
The TG generates both H-rate timing and V-rate timing.

Figure 2—1 shows a high-speed timing block of the TG. This part generates six high-speed pulses for H-rate
timing such as R, H1 and HL/H2, SHP/SHD, and ADCCK. These high-speed pulses are generated from the
master clock, which has a speed of twice the pixel rate. The serial interface sets the amount of phase
adjustment for these high-speed pulses in 16 steps (8 steps for R) with a minimum 0.6-ns pitch (four steps
of 0.6 ns and four steps of 1.2 ns for R). The power mode controls the output driver enable/disable. An on-chip
decoder calculates H clear according to the CCD model and operating mode. H1, HL, H2, and R can drive
the CCD directly. The ADCCK, SHP, and SHD, signals support both the internal generation mode and the
external supply mode.

Sl ECAEA  Marmnk 9002 TeovAc \N/CDYYAA -
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Theory of Operation

An on-chip V-rate timing generator creates all the signals that are required for specific CCD image sensors.
The TG contains the line and pixel counters used to generate V-rate timing. Figure 2-2 is the block diagram
ofthe line and pixel counter circuit. Amaximum 2047 lines and 4095 pixels per line are supported in time scale.

FIF
SYSRST
Vo J RST
11 Bit Decoder
Line Counter H[10:0]
(MAX 2047 Lines)
HD »{ clk
FIF
RST .
13 Bit
Pixel Counter P[12:0]
(MAX 4095 Pixels)
MCLK »{ clk

Figure 2—2. VSP2264 Line and Pixel Counter Block Diagram

Figure 2—-3 shows a V-rate timing generator block diagram. By one H (horizontal line) before CCD readout,
serial data transfer must be completed by the user, and data must be loaded in the registers containing CCD
model, operation mode, integration time, and electronic zoom area information. Just before CCD readout,
information in the registers is supplied automatically to the decoder, which generates the V-rate signal using
line counter and pixel counter data. Not only the signals used for the CCD, but also the strobe light control
signal is supported. The CPOB, CLPD, and PBLK signals support both the internal generation mode and the
external supply mode.

Sl ECAEA  Marmnk 9002 TeovAc \N/CDYYAA a



Theory of Operation
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Figure 2-3. VSP2264 Vertical-Rate Timing Block Diagram
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2.3

2.4

Analog Front End

Figure 2—4 shows a simplified AFE block diagram of the VSP2264. The AFE circuit includes the correlated
double sampler (CDS), a 14-bit analog-to-digital converter (ADC), digital gain amplifier, black-level clamp
loop, input clamp, CDS timing generator, and voltage reference. An off-chip emitter-follower buffer or
preamplifier is needed between the CCD output and the VSP2264 CCDIN input.

CPOB ADCCK CLPOB SYSRST
Off Chip } On Chip \ |

. %i%

\
[ |
% 1] | DAC Decoder
\
\
\
\

a

4

CCD 14-Bit Output 12-Bit
Input | I cos p < ADC Register [7 > Output
CLPD — ¥ + *
\

ADCCK PBLK  SYSRST

Input Clamp
Figure 2—4. VSP2264 AFE Simplified Block Diagram

Correlated Double Sampler (CDS)

The output signal of a CCD image sensor is sampled twice during one pixel period, once during the reference
interval and again during the data interval. Subtracting these two samples extracts the video information of
the pixel and removes noise which is low frequency—the kTC and CCD reset noise. Figure 2-5 is a block
diagram of the CDS.

The CDS is driven through an off-chip coupling capacitor Cjy_ (A 0.1-uF capacitor is recommended for Cpy).
AC coupling is highly recommended because the dc level of the CCD output signal is usually too high (several
volts) for the CDS to work properly. The appropriate common-mode voltage for the CDS isaround 0.5V-1.5 V.
The reference-level sampling is performed while SHP is active, and the voltage level is held on sampling
capacitor C4 at the trailing edge of SHP. The data-level sampling is performed while SHD is active, and the
voltage levelis held on sampling capacitor C, at the trailing edge of SHD. Then the subtraction of the two levels
is performed by the switched-capacitor amplifier. The off-chip emitter follower or equivalent buffer must be able
to drive more than 10 pF because the 10-pF sampling capacitor is seen at the input terminal. (Usually
additional stray capacitance of a few pF is present.) The analog input signal range of the VSP2264 is about
1 Vp-p.

Sl ECAEA  Marmnk 9002 TeovAc \N/CDYYAA 11
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2.5

2.6

2.7

Off Chip | On Chip
| SHP 00

| 1

e
o ! ;ﬂ

i) SHD 00

SHP —»

CM
Figure 2-5. CDS and Input Clamp Block Diagram

Input Clamp

The buffered CCD output is capacitively coupled to the VSP2264. The input clamp restores the dc component
of the input signal which was lost with the ac-coupling and establishes the desired dc bias point for the CDS.
Figure 2-5 also shows the block diagram of the input clamp. The input level is clamped to the internal
reference voltage CM (1.5 V) during the dummy pixel interval. More specifically, the clamping function
becomes active when both CLPD and SHP are active.

14-Bit A/D Converter

The ADC uses a fully differential pipelined architecture of 1.5 bits per stage, which is well-suited for low-power,
low-voltage, and high-speed applications. The ADC provides 14-bit resolution for the entire scale. The
1.5-bit-per-stage structure of the ADC is advantageous in realizing better linearity for a smaller signal level.
Improved linearity occurs because large linearity errors tend to occur at specific points in the full scale, and
the linearity improves for a signal level below any such specific point.

Digital Programmable-Gain Amplifier (DPGA)

Figure 2—6 shows the characteristics of the DPGA gain. The DPGA provides a gain range of —6 dB to 42 dB,
which is linear in dB. The gain, controlled by a digital code with 10-bit resolution, can be set through the serial
interface; see the Serial Interface Timing Specification (Section 3) for details. The default value of the gain
control code is 128 (PGA gain = 0 dB).

After powering on, the gain control value is undetermined. For this reason, it must be set to an appropriate
value by using the serial interface or reset to the default value by strobing the SYSRST terminal.

19
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Figure 2—6. PGA Gain Characteristics
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Figure 2—7. Digital PGA and Black-Level Clamp Loop Block Diagram

2.8 AFE Operating Timing

The CDS and the ADC are operated by SHP, SHD, and their derivative timing clocks are generated by the
internal on-chip timing generator. The DPGA output register and decoder are operated by ADCCK. The digital
output data is synchronized with ADCCK. The timing relationship between the CCD signal, SHP, SHD,
ADCCK, and the output data is shown in the VSP2264 timing specification. CPOB activates the black-level
clamp loop during the OB pixel interval and CLPD activates input clamping during the dummy pixel interval.

Sl ECAEA  Marmnk 9002 {’} TeovAc \N/CDYYAA 19
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2.9

2.10

Black-Level Clamp Loop and 10-Bit DAC

To extract the video information correctly, the CCD signal must be referenced to a well-established black level.
The VSP2264 has an auto-zero loop (calibration loop) to establish the black level using the CCD optical black
(OB) pixels. Figure 2—7 shows the block diagram of this loop. The input signal level from the OB pixels is
identified as the real black level, and the loop is closed during this period (actually during the period while
CPOB is active). While the auto-zero loop is closed, the difference between the ADC output code is evaluated
and applied to the decoder, which then controls the 10-bit current DAC. The current DAC can charge or
discharge the external capacitor at COB, depending on the sign of the code difference. The loop adjusts the
voltage at COB, which sets the offset of the CDS to make the code difference zero. Thus the ADC output code
converges to black level while CPOB is active and maintains the black level derived from the OB pixels after
the loop has converged. CPOB performs the OB clamping of both channels simultaneously.

To determine the loop time constant, an off-chip capacitor is required and should be connected to the COB
terminal. The time constant T is calculated using the following equation:
t.__C
(16384 X lyn) (1)

where C is the capacitor value connected to COB, Iy is the minimum current (0.15 pA) of the control DAC
in the OB level clamp loop, and 0.15 pA is equivalent to 1 LSB of the DAC output current. When C is 0.1 pF,
then the time constant T is 40.7 us for ADC output codes from 0 LSB to 1543 LSB (the convergence curve
becomes exponential).

For output codes above 1543 LSB, the current DAC injects constant (maximum) current into the capacitor and
the convergence curve becomes linear. The slew rate SR is calculated using the following equation.
|
SR = W&
C @)
where C is the capacitor value connected to COB. Iy ax is the maximum current (153 pA) of the control DAC
in the OB level clamp loop, and 153 pA is equivalent to 1023 LSB of the DAC output current.

Generally, OB level clamping at high speed causes clamping noise. However, the noise can be reduced by
making C large. On the other hand, alarge C requires amuch longer time to restore from the power-save mode
or right after the power goes ON. Therefore, 0.1 puF to 0.22 uF is considered a reasonable value for C. If the
application environment requires a value outside this range, making careful adjustments by trial and error is
recommended.

The OB clamp level (the pedestal level) is programmable through the serial interface; see the Serial Interface
Timing Specification (Section 3) for details. Also see the Serial Interface Timing Specification section for the
relationship between input code and the OB clamp level.

The black-level clamp loop not only eliminates the CCD black-level offset, but also eliminates the offsets of
the VSP2264 CDS and ADC themselves.

Preblanking and Data Latency

The VSP2264 has a preblanking function. When PBLK = LOW, the digital outputs all become zero at the ninth
rising edge of ADCCK, counting from the time when PBLK becomes LOW, to accommodate the clock latency
of the VSP2264.

Data latency of this device is seven clock cycles. The digital output data come out on the rising edge of ADCCK
with a delay of seven clock cycles.

Some CCDs have a large transient output signal during blanking intervals. If the input voltage is higher than
the supply rail or lower than the ground rail by 0.3 V, then protection diodes are turned on, limiting the input
voltage. Such a high-swing signal can cause device damage to the VSP2264 and should be avoided.

1A
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2.11

2.12

2.13

2.14

2.15

Power-Save Mode

For the purpose of power savings, the VSP2264 can be put into the power-save plus standby mode by serial
interface command. In this mode, all the function blocks are disabled, the A/D outputs all go to zero and the
TG output goes to high or low status as determined by the configuration of the serial interface command. The
power consumption drops to 39 mW. Because all the bypass capacitors discharge during this mode, a
substantial time (usually on the order of 200—300 ms) is required to restore from the power-save plus standby
mode.

Additional Output Delay Control

The VSP2264 can control the delay time of output data by setting registers through the serial interface. In some
cases, the transition of output data affects analog performance. Generally, this is avoided by adjusting the
timing of ADCCK. In case the ADCCK timing cannot be adjusted, the additional output delay control is effective
for reducing the influence of transient noise. Refer to the Serial Interface Timing Specification (Section 3) for
details.

Voltage Reference
All the reference voltages and bias currents used on the device are created from internal band-gap circuitry.

The CDS and the ADC mainly use three reference voltages, REFP (1.75 V), REFN (1.25 V) and CM (1.5 V).
REFP and REFN are buffered on-chip. CM is derived as the midvoltage of the resistor chain connecting REFP
and REFN internally. The ADC full-scale range is determined by twice the voltage difference between REFP
and REFN.

REFP, REFN, and CM should be heavily decoupled with appropriate capacitors.

Table 2-1. Function Table

OPERATION MODE
FUNCTION 5A CCDt
FRAME | MONITOR
LONG INTEGRATION (CHDEL) Vv v
POWER SAVE (PWSV) Vv v
STILL (STIL) Vv v
E-SHUTTER Vv v

t Recommended CCD MN39594 (Panasonic)

Operating Modes
» Frame mode enables each pixel output with interlace.

* Monitor mode enables the output of four from every 16 lines.

Functions

» The long integration function stops CCD readout (CH1, CH2, CH3, CH4 pulse) at the end of one frame,
as defined by the serial data instruction.

» The power save function stops all clocks and preserves high or low levels according to the serial data
instruction.

» The e-shutter function enables electronic shutter operation by the serial data instruction.
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Theory of Operation

2.16 TG Vertical-Rate Operation
2.16.1 Frame Mode Operation
2.16.1.1 Operation Outline

Horizontal output of the CCD is generated by reading out individual pixels vertically at 2-pixel intervals, and
successively repeating the readout for each pixel column. Either the odd field or the even field is selectable.

2.16.1.2 Operation Sequence
1. Set serial data address 000100 bits 6-5 = 01.
2. Define odd/even by the relation of VD and HD or by serial address 000100 bits 8—7.

2A CCD, 2B CCD

odd
Pix } Field

Even

Field PIX

{
==
e
- !
{
j

PIX

PIX

{ pix

U

Signal Transfer Direction
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Theory of Operation

2.16.2 Monitor Mode Operation (5A CCD)

2.16.2.1 Operation Outline

Horizontal output of the CCD is generated by summing pixels vertically in groups of two, and successively
repeating the readout for each pixel column.The second and sixth of every 16 consecutive vertical pixels are
selected for summing together, as are the ninth and 13th.

2.16.2.2 Operation Sequence
1. Set serial data address 000100 bits 6-5 = 11.

2. Operation proceeds without regard for odd-/even-field considerations.

5A CCD

PIX

PIX

PIX

[}

PIX

PIX

PIX

[}

PIX

PIX

Pix }

PIX

PIX

PIX

[}

PIX

U

Signal Transfer Direction
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Theory of Operation

2.17 Still Function
2.17.1 Operation Outline

Smear dump operation is available.
SUB output is controlled by using the serial data instruction.

The SUBSW level follows the still mode condition. SUBSW can be used for the SUB bias control circuit when
using a mechanical shutter. It is recommended to set the toggling position of SUBSW after the mechanical
shutter has closed.

2.17.2 Operation Sequence

1. Setthe serial data address 000101.
Input bit 2 = H, and set to the still mode.
The SUB output is defined by the serial data instruction. Integration time is defined by ES 000111, and
can be performed after step 2, following.

2. Input a pulse to SLOAD and send the serial data. Upon going to the still mode, during the horizontal scan
time preceding a readout operation, a SUB output is made for every H and charge is drained. After the
end of the SUB pulse, the SUB output goes high and charge integration starts.

Set the serial data address 001010. Input the STVV data in bits 0-5 for SUBSW rise time definition.
4. Input a pulse to SLOAD and send the serial data.

Input a VD rising edge. SUBSW goes high at the position defined by the serial data. Positioning uses the
next HD input pulse as 1. A vertical high-speed pulse, which corresponds to more than the number of one
field to V-CCD, is applied.

6. After one field of signal has been read out, input a VD pulse again and read out the signal, which was not
read out during step 5. Input serial data for address 000101 and bit 2 = L to exit from the still mode.

7. Input a VD pulse after one field of CCD output signal has completed. SUBSW goes low at the next HD
rising edge.
NOTES:
1. Do not use the electronic shutter in the still mode, when SUBSW is high.
2. For the VD-to-VD interval, more than 90 counts of the HD-to-HD interval are required.

1Q
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Theory of Operation

2.18 Readout Function
2.18.1 Operation Outline

This mode can control a pair of pixels, which are mixed in the vertical transfer CCD. Control is not
accomplished by the HD-VD phase, but by the serial data instruction.

2.18.2 Operation Sequence

1. Setserialdataaddress 000100. Atthe same time, input data bit 7 = H and set the serial data control mode.
In this case, readout timing is defined by the value of bit 8. When bit 8 = L, the odd field is read out; when
bit 8 = H, the even field is read out.

2. Input a pulse to SLOAD and transfer the serial data.
NOTE:
If bit 7 = L, odd/even readout recognition is made by the HD-VD phase difference.

2.19 Power-Save-1 Function Explanation
2.19.1 Operation Outline

Power save by stopping H1, HL, R, V3, V4, CH1, CH2, CH3, CH4, SUB = Fixed high
H2, SHP, SHD, ADCCK, V1, V2 = Fixed low
2.19.2 Operation Sequence
1. Set serial data 000100. Set data bit PWSV1 = H to enter the power-save mode.
2. Input a pulse for SLOAD and transfer the serial data.
3. Transfer data into the TG.

NOTES:
1. After release from this mode, signal performance is not assured during 1 V.

2. Do not use both power-save modes 1 and 2 at the same time.
2.20 Power-Save-2 Function Explanation
2.20.1 Operation Outline
Power save by stopping H1, HL, H2, R, SHP, SHD, ADCCK, V1-V4, CH1-CH4, SUB.

2.20.2 Operation Sequence
(same as power-save mode 1)

NOTES:
(same as power-save mode 1)
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Theory of Operation

2.21 TG Pixel-Rate Operation
2.21.1 High-Speed Pulse Adjustment

For a high-speed pulse, the CCD signal sampling time is adjustable (see serial data addresses from 001100
to 010111). The default value is set as follows.

(25-MHz Operation)

I I I I I I
Ons 8.2~14.8 ns

I
I
ccD I
I
I
|

SHP (Deault)

2.21.2 Default Timing Value
¢ R: Standard reset duration is 25% of cycle.

e SHP: Standard rise point is 50% of cycle, based on a 3-ns CCD signal delay. Actual delay depends on
the system.

* SHD: Standard rise point is 100% of cycle, based on a 3-ns CCD signal delay. Actual delay depends on
the system.

e H1: Standard duration is 50% of cycle.

¢ H1 and H2 are complementary. The crossover point of the H1 rising edge and H2 falling edge should be
higher than VDD/2.

e H2: Standard duration is 50% of cycle.

« ADCCK: Standard rise and fall points are 25% and 75% of cycle, respectively, based on a 3-ns CCD signal
delay.
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Theory of Operation

2.22 High-Speed Clock Timing Adjustable Range

The timing reference for the values in the following table is the R pulse rising edge.

25-MHz OPERATION 20-MHz OPERATION 12-MHz OPERATION
TERMINAL | EDGE MIN STD MAX MIN STD MAX MIN STD MAX NOTE
Rising 0 0 0 0 0 0 0 0 0 0%
R Falling 8.2 10 14.8 10.7 12.5 17.3 19.0 20.8 25.6 25%
Rising 15.2 20 24.2 20.2 25 29.2 36.9 41.7 45.9 50%
SHP Falling 1.2 6 10.2 6.2 1 15.2 22.9 27.7 31.9 14 ns
Rising 35.2 40 44.2 45.2 50 54.2 78.5 83.3 87.5 100%
SHD Falling 24.2 29 33.2 34.2 39 43.2 67.5 72.3 76.5 11 ns
Rising -4.2 0 4.8 -4.2 0 4.8 -4.2 0 4.8 0%
HL HL Falling 15.8 20 24.8 20.8 25 29.8 37.5 41.7 46.5 50%
Rising 15.8 20 24.8 20.8 25 29.8 375 41.7 46.5 50%
H2 Falling -4.2 0 4.8 4.2 0 48 4.2 0 4.8 0%
ADCCK Rising 3.6 6 12.6 7.1 9.5 16.1 15.1 17.5 24.1 25%
(phase 00) | Falling 23.6 26 32.6 32.1 345 41.1 56.7 59.1 65.7 75%

2.22.1 ADCCK Clock

The signal can be monitored on the ADCCK 1/O terminal. External input is available via the serial data

instruction.
L 0
TG Circuit —o/o AFE Circuit
1
ADCCK_EXT ADCCK_MON
ADCCK
(PAD)
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Theory of Operation

2.22.2 SHP, SHD, PBLK, CLPOB, and CLPDM Clocks

Signal monitoring and signal input for SHP, SHD, PBLK, CLPOB, and CLPDM are available using the
corresponding I/O terminal.

(SHP Signal) O

TG Circuit O /0—07 AFE Circuit
SHP_EXT

1 @

| (cLPOB signal) 9
TG Circuit |———O ® AFE Circuit

CLPOB_EXT 1 0

~_|(PBLK Signal)0
TG Circuit f———O ® AFE Circuit
PBLK_EXT
1 0O SHP_MON
TP023A =1, TP23B = 0
TP023A =0, TP23B = 1
TP023A=1,TP23B =1 P2
(PAD)
TP023A =1, TP23B =0
TP023A =0, TP23B = 1 <
TP023A=1,TP23B =1 TN
o (SHD Signal) 0
TG Circuit O * AFE Circuit =

SHD_EXT ™ | (

0
.| (CLPDM sSignal)
TG Circuit f——O AFE Circuit

SHD_MON

CLPDM_EXT

TP23C =0
TP23C =1

TP23C =0
TP23C =1
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Theory of Operation

2.22.3 H1, HL, H2, and R Clocks
High-speed signals for the CCD (H1, HL, H2, R) are available using the corresponding I/O terminals.

(H1 Signal)

TG Circuit (PAD)

(PAD)

VIV

(H2 Signal)

TG Circuit (PAD)

\

(R Signal)

TG Circuit

(PAD)

\

] [ M
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Serial Interface Timing Specification

3  Serial Interface Timing Specification
& txs M tXH —N‘ -
|
|
|
|
|

\
SLOAD % \ }Z
\
‘ PEENE
tCKH —H—“—J— tcKL tckp

soux -\f%f&fﬁ Iaunw

—,4—»@—»&—

o Y 2ntuntunten W o
SDATA MsSB X >< X X >< LSB
‘ S/ W ) W ‘
< 2 Bytes >
PARAMETER MIN TYP  MAX UNIT

tckp Clock period 100 ns
tCKH Clock high-pulse duration 40 ns
tckL Clock low-pulse duration 40 ns
tps Data setup time 30 ns
tDH Data hold time 30 ns
txs SLOAD to SCLK setup time 30 ns
tXH SCLK to SLOAD hold time 30 ns

A data shift operation should decode at the rising edge of SCLK while SLOAD is LOW. At the rising edge of
SLOAD, 2 bytes of input data are loaded into the parallel latch in the VSP2264.

When the input serial data is longer than 2 bytes (16 bits), the last 2 bytes become effective and the previous
bits are lost.

SD15 | SD14 | SD13 | SD12 | SD11 | SD10 | SD9 SD8 SD7 SD6 SD5 SDh4 SD3 SD2 SD1 SDO
MSB LSB

A5 A4 A3 A2 Al A0 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

Register address (default) Register data (default value)

Serial data for the AFE is applied to the operation at every ADCCK edge (addresses 000000 to 000011).
Serial data input for the TG should be made when the CCD operation is changed.

Serial data for the TG is applied to the operation 1 H before every readout. (CCD) starting point (addresses

000100 to 011000).
Horizontal | CCD | Horizontal } CCD }
Transfer *‘ READOUT ‘* Transfer * READOUT *
\ \ \ \
o [ 1L LJUULFLH_MJ LJLd LM_M_ILH_M
SERIAL DATA is SERIAL DATA is
Applied to Operation ‘ ‘ Applied to Operatlon
11
SOuUT N

Serial data output, starting from address 000000, occurs during CCD readout.
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Serial Interface Timing Specification

3.1 Serial Data Format

Register [ A5 | A4 | A3 | A2 [ A1 | AO D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

Name MSB LSB
Configura | 0 0 0 0 0 0 0 03 02 o1 (e]0] P2 P1 PO J1 JO

-tion

PGA gain 0 0 0 0 0 1 G9 G8 G7 G6 G5 G4 G3 G2 G1 GO

Reserved 0 0 0 0 1 0 — — — — — — — — — —

AFE 0 0 0 0 1 1 0 0 0 0 0 Co 0 0 0 0
standby

Operation | 0 0 0 1 0 0 ES10 CHMOD2 | CHMOD1 DRV2 DRV1 1 0 1 PWSV2 PWSV1
mode MSB

Function 0 0 0 1 0 1 0 0 0 0 0 1 0 STILL 0 CHDEL

Reserved 0 0 0 1 1 0 — — — — — — — — — —

E-shutter 0 0 0 1 1 1 ES9 ES8 ES7 ES6 ES5 ES4 ES3 ES2 ES1 ESO
LSB
VDHD 0 0 1 0 0 0 | OBSEL2 | CLPDSEL | POLHV 0 0 0 1 FINDX 0 0
polarity
SUBSW 0 0 1 0 0 1 | SUBSW9 | SUBSW8 | SUBSW7 | SUBSW6 | SUBSW5 | SUBSW4 | SUBSW3 | SUBSW2 [ SUBSW1 | SUBSWO
MSB LSB
V-transfer | 0 0 1 0 1 0 0 0 0 0 STVV5 STvV4 STVV3 STVV2 STWV1 STVVO
MSB LSB

Reserved 0 0 1 0 1 1 — — — — —_ — — — — —

H1 0 0 1 1 0 0 0 0 0 0 0 0 H1lfa3 Hilfa2 Hifal H1fa0
MSB LSB

Reserved 0 0 1 1 0 1 — — — — —_ — — — — —

Reserved 0 0 1 1 1 0 — — — — — — — — — —

H2 0 0 1 1 1 1 0 0 0 0 0 0 H2ri3 H2ri2 H2ril H2ri0
MSB LSB

Reserved 0 1 0 0 0 0 — — — — — — — — — —

R 0 1 0 0 0 1 0 0 0 0 0 Rfa4 Rfa3 Rfa2 Rfal Rfa0
MSB LSB

SHP 0 1 0 0 1 0 SHP SHP 0 0 0 0 SHPfa3 SHPfa2 SHPfal SHPfa0
ext mon MSB LSB

Reserved 0 1 0 0 1 1 — — — —_ — — — — — —

SHD 0 1 0 1 0 0 SHD SHD 0 0 0 0 SHDfa3 SHDfa2 SHDfal SHPfa0
ext mon MSB LSB

Reserved 0 1 0 1 0 1 — — — —_ — — — — — —

ADCCK 0 1 0 1 1 0 ADCCK ADCCK 0 0 0 0 ADCCKri3 | ADCCKri2 | ADCCKril | ADCCKri0
ext mon MSB LSB

ADCCK2 0 1 0 1 1 1 | ADCKQ1l | ADCKQ2 0 0 0 0 0 0 0 0

Test AFE 0 1 1 0 0 0 TP23 TP23 TP23 0 CLPDM 0 PBLK 0 CLPOB 0
MSB LSB ext ext ext

Do not input values into reserved registers.
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3.2 Register Default Values

REGISTER NAME

>
o

>
>

>
w
>
N

>
-

>
o

DEFAULT VALUE

Configuration 0 0 0 0 0 0 01 0000 0000
PGA gain 0 0 0 0 0 1 00 1000 0000
Reserved 0 0 0 0 1 0 00 0000 0000
AFE standby 0 0 0 0 1 1 00 0000 0000
Operation mode 0 0 0 1 0 0 00 0111 0100
Function 0 0 0 1 0 1 00 0001 0000
Reserved 0 0 0 1 1 0 00 0000 0000
E-shutter 0 0 0 1 1 1 01 1101 1001
VDHD polarity 0 0 1 0 0 0 00 0000 1100
SUBSW 0 0 1 0 0 1 00 0000 0000
V-transfer 0 0 1 0 1 0 00 0000 0000
Reserved 0 0 1 0 1 1 00 0000 0000
H1 0 0 1 1 0 0 00 0000 0111
Reserved 0 0 1 1 0 1 00 0000 0000
Reserved 0 0 1 1 1 0 00 0000 0000
H2 0 0 1 1 1 1 00 0000 0111
Reserved 0 1 0 0 0 0 00 0000 0000
R 0 1 0 0 0 1 00 0000 0000
SHP 0 1 0 0 1 0 01 0000 1000
Reserved 0 1 0 0 1 1 00 0000 0000
SHD 0 1 0 1 0 0 01 0000 1000
Reserved 0 1 0 1 0 1 00 0000 0000
ADCCK 0 1 0 1 1 0 01 0000 0100
ADCCK2 0 1 0 1 1 1 01 0000 0000
Test AFE 0 1 1 0 0 0 00 0000 0000
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Serial Interface Timing Specification

3.2.1 Configuration Register

SD15 | SD14 | SD13 | SD12 | SD11 | SD10 | SD9 SD8 SD7 SD6 SD5 SD4 SD3 SD2 SD1 SDO
0 0 0 0 0 0 0 03 02 o1 00 P2 P1 PO Ji JO
default 0 1 0 0 0 0 0 0 0 0

BIT NAME DEFAULT VALUE DESCRIPTION

SD8-SD5 O[3:0] 1000 Programmable OB clamp level
0000=2LSB

0001 =18LSB
0010=34LSB

0011 =50LSB

0100 =66 LSB

0101 =82LSB

0110 =98 LSB

0111 = 114 LSB

1000 = 130 LSB (default)
1001 = 146 LSB

1010 = 162 LSB

1011 =178 LSB

1100 = 194 LSB

1101 =210 LSB

1110 = 226 LSB

1111 = 242 LSB

SD4 P2 0 SHP/SHD clock polarity
0 = Polarity of SHP/SHD is active low.
1 = Polarity of SHP/SHD is active high.

SD3 P1 0 CLPOB clock polarity
0 = Polarity of CLPOB is active low.
1 = Polarity of CLPOB is active high.

SD2 PO 0 CLPDM clock polarity
0 = Polarity of CLPDM is active low.
1 = Polarity of CLPDM is active high.

SD1-SD0 J[1:0] 00 Additional output delay

00 = Additional delay is 0 ns.

01 = Additional delay is 5 ns (typical).
10 = Additional delay is 10 ns (typical).
11 = Additional delay is 13 ns (typical).

3.2.2 PGA Gain Register

SD15 | SD14 | SD13 | SD12 | SD11 | SD10 | SD9 SD8 SD7 SD6 SD5 SD4 SD3 SD2 SD1 SDO

0 0 0 0 0 1 G9 G8 G7 G6 G5 G4 F3 G2 Gl GO
default 0 0 1 0 0 0 0 0 0 0
BIT NAME DEFAULT VALUE DESCRIPTION
SD9-SD0 G[9:0] 00 1000 0000 PGA gain characteristics

00 0000 0000 = —6 dB
00 0011 0101 =-3 dB
00 1000 0000 = 0 dB
00 1011 0101 =3dB
001111 1111 =6 dB
01 0111 1111 =12 dB
10 0010 0000 = 20 dB
11 0100 1000 = 34 dB
11 1111 1111 = 42 dB
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3.2.3 AFE Standby Register

SD15 | SD14 | SD13 | SD12 | SD11 | SD10 | SD9 SD8 SD7 SD6 SD5 SD4 SD3 SD2 SD1 SDO
0 0 0 0 1 1 0 0 0 0 0 Cco 0 0 0 0
default 0 0 0 0 0 0 0 0 0 0
BIT NAME DEFAULT VALUE DESCRIPTION
SD4 Co 0 AFE operation mode (normal/standby)

0 = AFE normal operation mode
1 = AFE standby mode

3.2.4 Operation Mode Register

SD15 | SD14

SD13 | SD12 | SD11

SD10 | SD9 SD8 SD7 SD6 | SD5 | SD4 | SD3 | SD2 SD1 SDO

0 0

0 1

0

0 ES10 | CHMOD2 | CHMOD1 | DRV2 | DRV1 1 0 1 PWSV2 | PWSV1

MSB

default

0 0 0 1 1 1 0 1 0 0

BIT

NAME

DEFAULT
VALUE

DESCRIPTION

SD9

ES10

0

SUB (SUB pin) pulse number instruction.
MSB of the 11 bits ES[10:0]. The 10 bits ES[9:0] are located in SD9 through SDO at address 000111.

SD8-SD7 | CHMODJ[2:1]

00

Operation mode:
X0 = HD-VD phase (default)
01 = Odd field
11 = Even field

SD6-SD5

DRV [2:1]

11

Operation mode:
00 = Reserved
01 = Frame mode
10 = Reserved
11 = Monitor mode (default)

SD4-SD2

— 101

Reserved; input required

SD1

pwsv2T

Output pin state:
0 = normal operation
1=(H1, R, V3, V4, CH1, CH2, CH3, CH4, SUB, SHP, SHD, CPOB, CLPDM, PBLK, H2,
ADCCK, V1, V2= Fixed low)

SDO

pwsvit

Output pin state:
0 = normal operation:c
1=(H1, R, V3, V4, CH1, CH2, CH3, CH4, SUB, SHP, SHD, CPOB, CLPDM, PBLK = Fixed
high)
(H2, ADCCK, V1, V2 = Fixed low)

T When PWSV1 = PWSV2 =1, automatically set to PWSV1 = 1, PWSV2 = 0.
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3.2.5 Function Register

SD15 | SD14 | SD13 | SD12 | SD11 | SD10 | SD9 SD8 SD7 SD6 SD5 SD4 SD3 SD2 SD1 SDO
0 0 0 1 0 1 0 0 0 0 0 1 0 STILL 0 CHDEL
default 0 0 0 0 0 1 0 0 0 0
DEFAULT
BIT NAME VALUE DESCRIPTION
SD4 — 1 Reserved; input required
SD3 — 0 Reserved; input required
SD2 STILL 0 Function:
0 = normal operation
1 = Still function (see Still Function, Section 2.17)
SD1 — Reserved; input required
SDO CHDEL Output pin:
0 = normal operation
1 =CH1, CH2, CH3, CH4 terminals are fixed high for longer integration.
3.2.6 E-Shutter Register
SD15 | SD14 | SD13 [ SD12 | SD11 | SD10 | SD9 SD8 SD7 SD6 SD5 SD4 SD3 SD2 SD1 SDO
0 0 0 1 1 1 ES9 ES8 ES7 ES6 ES5 ES4 ES3 ES2 ES1 ESO
LSB
default 0 1 1 1 0 1 1 0 0 1
BIT NAME DEFAULT VALUE DESCRIPTION
SD9-SD0 ES[9:0] 01 1101 1001 SUB (SUB terminal) pulse number instruction
SUB pulse number is defined using a binary code from 0 < n < A-3.
Note that A is an HD number between two successive VD pulses.
When n = 0, SUB pulse is zero.
SUB pulse starts 2 H after readout (CH1 to CH4).
Integration time is defined by (A —n —1) H.
Initial: 70.3 ms integration at 50 MHz (MCLK) in frame mode
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3.2.7 VDHD Polarity Register

SD15 | SD14 | sSD13 | sD12 | SD11 | SD10 SD9 SD8 SD7 SD6 | SD5 | SD4 | sSD3 | sD2 | sD1 | SDO
0 0 1 0 0 0 OBSEL2 | CLPDSEL | POLHV 0 0 0 1 FINDX 0 0
default 0 0 0 0 0 0 1 1 0 0
BIT NAME DEFAULT VALUE DESCRIPTION
SD9 OBSEL2 0 V-rate OB selection:
0 = Vertical-rate CPOB timing
1 = negative
SD8 CLPDSEL 0 V-blank CLPD selection:
0 = V-blank
1 = Continuous CLPD
SD7 POLHV 0 VD, HD polarity selection:
0 = positive
1 = negative
SD6-SD4 — 0 Reserved; input required
SD3 Reserved; input required
SD2 FINDX 1 Field indes selection:
0 = Active
If CHMOD][1:0] = 00, FINDX follows the VD-HD phase.
If CHMOD[1:0] = 01, FINDX = 0.
If CHMOD][1:0] = 10, FINDX follows the VD-HD phase.
If CHMOD[1:0] = 11, FINDX = 1.
1 = Fixed low
3.2.8 SUBSW Register
SD15 | sD14 | sD13 | sb12 | spil | SD10 SD9 SD8 sSb7 SD6 SD5 Sb4 SD3 SD2 Sb1 SDO
0 0 1 0 0 1 SsuBsw9 | suBsws | suBsw7 | suBswe | suBsws | suBsw4 | suBsw3a | suBsw2 | suBswi | suBswo
MSB LsB
default 0 0 0 0 0 0 0 0 0 0
BIT NAME DEFAULT VALUE DESCRIPTION
SD9-SD0O | SUBSWI9:0] 00 0000 0000 SUBSW signal output position when in the still function.
SUBSW signal output position is defined by 1 H step using a binary code from
0 < SUBSW <A - STW —40.
Note that A is an HD number between two successive VD pulses.
When n0 = 0, SUBSW must be kept 0.
Count as 1 the first HD after VD or after a trigger pulse.
3.2.9 V-Transfer Register
SD15 | SD14 | SD13 | SD12 | SD11 | SD10 | SD9 SD8 SD7 SD6 SD5 SD4 SD3 SD2 SD1 SDO
0 0 1 0 1 0 0 0 0 0 STVV5 | STVV4 | STVV3 | STVV2 | STVV1 | STVVO
MSB LSB
default 0 0 0 0 0 0 0 0 0 0
BIT NAME DEFAULT VALUE DESCRIPTION
SD9-SD8 — 00 Reserved; input required
SD6 — 0 Reserved; input required
SD5-SD0 | STVV[5:0] 00 0000 Vertical high speed transfer position control when in the still function.
Position is controlled by 1-H steps, counting in binary code from 0 < STW < 63, where
STW < A — SUBSW —40. Note that A is an HD number between two successive VD
pulses.
When n0 = 0, vertical high speed transfer synchronizes to the SUBSW rising edge.
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3.2.10 H1 Register
SD15 | SD14 | SD13 | SD12 | SD11 | SD10 | SD9 SD8 SD7 SD6 SD5 SD4 SD3 SD2 SD1 SDO
0 0 1 1 0 0 0 0 0 0 0 0 H1lfa3 | Hifa2 | H1fal | H1fa0
MSB LSB
default 0 0 0 0 0 0 0 1 1 1
BIT NAME DEFAULT VALUE DESCRIPTION
SD3-SDO0 H1fa[3:0] 0111 H1 delay definition using 4 bits:
1111 = H1 delay, maximum
0111 = H1 delay, typical (default)
0000 = H1 delay, minimum
3.2.11 H2 Register
SD15 | SD14 | SD13 | SD12 | SD11 | SD10 | SD9 SD8 SD7 SD6 SD5 SD4 SD3 SD2 SD1 SDO
0 0 1 1 1 1 0 0 0 0 0 0 H2ri3 H2ri2 H2ril H2ri0
MSB LSB
default 0 0 0 0 0 0 0 1 1 1
BIT NAME DEFAULT VALUE DESCRIPTION
SD3-SD0 H2ri[3:0] 0111 H2 delay edge definition using 4 bits
1111 = H2 delay, maximum
0111 = H2 delay, typical (default)
0000 = H2 delay, minimum
3.2.12 R Register
SD15 | SD14 | SD13 | SD12 | SD11 | SD10 | SD9 SD8 SD7 SD6 SD5 | SD4 SD3 SD2 SD1 SDO
0 1 0 0 0 1 0 0 0 0 0 Rfa4 Rfa3 Rfa2 Rfal Rfa0
MSB LSB
default 0 0 0 0 0 0 0 0 0 0
BIT NAME DEFAULT VALUE DESCRIPTION
SD4-SDO0 Rfa[4:0] 0 0000 R falling edge definition using 5 bits
R duration, maximum = 111XX
110XX
101XX
100XX
R duration, typical = 0XX00
0XX01
0XX10
R duration, minimum = 0XX11
o9 \/CDO2°c A l TEYAQ ClECNEO Marceh 20NN
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3.2.13 SHP Register

SD15 | SD14 | SD13 | SD12 | SD11 | SD10 | SD9 SD8 |SD7 | SD6 | SD5 | SD4 SD3 SD2 SD1 SDO
0 1 0 0 1 0 SHP SHP 0 0 0 0 SHPfa3 | SHPfa2 | SHPfal | SHPfa0
ext mon MSB LSB
default 0 1 0 0 0 0 1 0 0 0
BIT NAME DEFAULT VALUE DESCRIPTION
SD9 SHP ext 0 External selection:
0 = Without using external SHP clock
1 = Using external SHP clock
SD8 SHP mon 1 Monitor selection:
0 = SHP clock monitor
1 = SHP clock without monitor
SD3-SD0 SHPfa[3:0] 1000 SHP delay edge definition using 4 bits
1111 = SHP delay, maximum
1000 = SHP delay, typical
0000 = SHP delay, minimum
3.2.14 SHD Register
SD15 | SD14 | SD13 | SD12 | SD11 | SD10 | SD9 SD8 |SD7 | SD6 | SD5 | SD4 SD3 SD2 SD1 SDO
0 1 0 1 0 0 SHD | SHD 0 0 0 0 SHDfa3 | SHDfa2 | SHDfal | SHDfa0
ext mon MSB LSB
default 0 1 0 0 0 0 1 0 0 0
BIT NAME DEFAULT VALUE DESCRIPTION
SD9 SHD ext 0 External selection:
0 = Without using external SHD clock
1 = Using external SHD clock
SD8 SHD mon 1 Monitor selection:
0 = SHD clock monitor
1 = SHD clock without monitor
SD3-SD0 SHDfa[3:0] 1000 SHD delay edge definition using 4 bits
1111 = SHD delay, maximum
1000 = SHD delay, typical
0000 = SHD delay, minimum
’ \/CDO29°C A 2
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3.2.15 ADCCK Register

SD15 | SD14 | SD13 | SD12 | SD11 | SD10 | SD9 SD8 SD7 | SD6 | SD5 | SD4 SD3 SD2 SD1 SDO
0 1 0 1 1 0 ADCCK | ADCCK 0 0 0 0 ADCCKri3 | ADCCKri2 | ADCCKril | ADCCKri0
ext mon MSB LSB
default 0 1 0 0 0 0 0 1 0 0
BIT NAME DEFAULT VALUE DESCRIPTION
SD9 ADCCK ext 0 External selection:
0 = Without use of external ADCCK clock
1 = Use external ADCCK clock
SD8 ADCCK mon 1 Monitor selection:
0 = ADCCK clock monitor
1 = ADCCK clock without monitor
SD3-SD0 ADCCKTri[3:0] 0100 ADCCK delay edge definition using 4 bits
1111 = maximum delay
0100 = typical delay
0000 = minimum delay
3.2.16 ADCCK?2 Register
SD15 | SD14 | SD13 | SD12 | SD11 | SD10 SD9 SD8 SD7 SD6 SD5 SD4 SD3 | SD2 | SD1 | SDoO
0 1 0 1 1 1 ADCCK [ ADCCK 0 0 0 0 0 0 0 0
Q1 Q2
default 0 1 0 0 0 0 0 0 0 0
BIT NAME DEFAULT VALUE DESCRIPTION
SD9-SD8 ADCCKQI1:2] 01 ADCCK 90° adjustment:
00 = ADCCK phase is lagging 0° with respect to CLKO
01 = ADCCK phase is lagging 90° with respect to CLKO
10 = ADCCK phase is lagging 180° with respect to CLKO
11 = ADCCK phase is lagging 270° with respect to CLKO
3.2.17 Test AFE Register
SD15 | SD14 | SD13 | SD12 | SD11 | SD10 | SD9 SD8 SD7 SD6 SD5 SD4 SD3 SD2 SD1 SDO
0 1 1 0 0 0 TP23 TP23 TP23 0 CLPDM 0 PBLK 0 CLPOB 0
MSB LSB ext ext ext
default 0 0 0 0 0 0 0 0 0 0
BIT NAME DEFAULT VALUE DESCRIPTION
SD9-SD7 TP23[2:0] 000 TP23 input source selection:
000 = open
001 = SHP and SHD
110 = CLPOB and CLPDM
111 = PBLK and CLPDM
SD5 CLPDM 0 CLPDM input source selection:
ext 0 = Use internally generated CLPDM clock, with or without monitor
1 = Use external CLPDM clock
SD4 — Reserved; input required
SD3 PBLK PBLK input source selection:
ext 0 = Use internally generated PBLK clock, with or without monitor
1 = Use external PBLK clock
SD2 — Reserved; input required
SD1 CLPOB CLPOB input source selection:
ext 0 = Use internally generated CLPOB clock, with or without monitor
1 = Use external CLPOB clock
SDO — 0 Reserved; input required
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4  Timing Specification

4.1 HD-MCLK Relation

q

HD i

MCLK I

[&—— tpcLK(latency) 4J|

N S

“—’l—l tCH1 " :
l 55 :
P[12:0] X N (Pix) y X 0 (Pix)
)7 |
()() I
H[10:0] N (H) X 0 (H)
55
PARAMETER MIN TYP MAX | UNIT
tCH1 CLKO rising edge to HD rising edge -9 9 ns
tcH2 MCLK rising edge to HD rising edge 4 12 ns
tcH3 HD rising edge to MCLK falling edge 0 ns
tMCK Master clock period 20 41.7 ns
tPCLK(latency) Clock start latency 10 Tt

1 Unit T is the master clock cycle duration.
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4.2 VD-HD Relation

(1) Odd Field

w /
e AT\ /N

H tyHA — tqy —¥

H[10:0] X 0 (H) >< 1(H)

T \
&P tHcLK(latency)

(2) Even Field

w s
o /TN N

\ \ \
¢ ———tqyp ————P&—— tyyp ————PE—— tH —P

H[10:0] >< N (H) >< 0 (H)

PARAMETER MIN TYP MAX | UNIT
tVHA HD rising edge to VD rising edge (odd field) >0 <200 ns
tHVB HD rising edge to VD rising edge (even field) >30 us
tVHB VD rising edge to HD rising edge (even field) > 30 us
tH HD duration 1 10 us
tHCLK (latency) H clock start latency 10 11 Tt

T Unit T is the master clock cycle duration.

: / \

PARAMETER MIN TYP MAX | UNIT

tvD VD duration >1HD HD-HD
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4.3 High-Speed Timing Specifications

MCLK
tckp
(See Note 1)
CLKO TT _
Hi /| tH12
_.//l/‘_ (See Note 2)
Iy
H2 /] [
/ ‘
R I |
T/

tRCCD
(See Note 3)

CCD

SHP g
J tpp &P H—h— tpp I_I o _’/ “ |

SHD
tINHIBIT —K—P‘ P twp 4 tapc —Ple—— tckp ——»
ADCCK ‘ ‘ ‘
[4»— oo top 1¢—H & tapc ¥
B[11:0] :X N-8 X N-7 X N-6 X N-5
PARAMETER MIN TYP  MAX UNIT
tckpD Clock period 40 83.3 ns
tH12(2) Horizontal transfer pulse delay 1 ns
trccp(®  Reset-to-CCD reset delay (varies with CCD model and wiring) 3 ns
tPE CCD CDS rising edge to SHP falling edge delay 5 ns
tPR SHP rising edge to CCD CDS falling edge delay 5 ns
DR SHD rising edge to CCD signal-out rising edge delay 5 ns
twp SHP pulse duration 14 ns
twD SHD pulse duration 11 ns
tpD SHP trailing edge to SHD leading edge 8 ns
tpp SHD trailing edge to SHP leading edge 12 ns
tINHIBIT Inhibited clock period 20 ns
tADC ADCLK high/low pulse duration 20 41.7 ns
tHOLD Output hold time 2 ns
toD Output delay (no load) 27 ns
DL Data latency, normal operation mode 9 (fixed) ADCCK
cycles

NOTES: 1. Clock period varies by CCD model.
Adjust horizontal transfer pulse delay as required by the printed circuit board pattern and layout.
3. Reset-t0-CDS delay depends on CCD signal response delay. Default setting is 3 ns.

n
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4.4 Horizontal Timing Chart (for 5A CCD)

Ot = 6240t
HDT(+10t)
' 116t 118t 920t 976t 1000t
ccp_outt OB:58  f Dummy 2 Pix - PD: 2620 Pix
P Dummy:28 Pix~_ -
| | ' OB:12 Pix (ngfgg‘)’e
| l110t 920t |
H1
110t 920t
H2
:2m got | |
CPOB I | :
| 110t | 9%t
—_
PBLK | I
I | 924t 970t
CLPD | | i
| I |
1) Frame Mode : Enlarged Section |
| | 208t 608t |
V1 I i I
I
| I 368t 768t
V2 : I I
I
| : 288t 528t
»V3 l | I
| I 448t 688t |
oV4 l | I
| l120t 204t
_—
®SUB | :
2) Monitor Mode : Enlarged Section |
l 94ti 224t 302t 432t 510t 640t 718t 848t
oVl | I I
I | 146t 276t 354t 484t 562t 692t 770t 900tl
V2 | } |
I
I 120t 198t 328t 406t 536t 614t 744t 822t |
V3 | I
—_
| | 172t 2sor 380t 458t 588t 666t 796t 874t
I
o | |
| 120t 204t
—_— }
®SUB I |

T External Input
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4.4 Horizontal Timing Chart (for 5A CCD) (continued)

Ot = 6240t
HDT(+10t)
116t 118t 920t 976t 1000t
ccp_outt 0B:58 ‘DWWWZHX v PD: 2620 Pix
- Pix ) )

Dummy:28 Pix OB:12 Pix (Effective
| | I Pixels)
| 1109t 920t

H1
119t 920t
H2
izm Bot |
CPOB | | :
| 110t | 996t
PBLK | I
|
| | 924t 970t
CLPD | | I
| | |
3) Long Integration : Enlarged Section |
! | 288t 688t
V1 i I :
| | 208t 448t |
V2 : } :
| 128t 368t 608t 848t
oV3 | l l
| I 528t 768t
oVa l :
I I
| | I
I I

PSUB ]

t External Input
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4.5 Vertical Timing Chart (for 5A CCD)

1) V-Rate Readout Detailed Timing Chart (Frame Mode, Odd Field)

ot

HDT(+10t) I

208t 608t

oVl

368t

V2

288t

368t 768t

288t 528t

V4

448t 688t

®CH1, 3

282t 428t

|
|

|

T

|

|

|

|

|

|

oV3 !
|

|

|

i

;

|

!
PCH2, 4 |
|

2) V-Rate Readout Detailed Timing Chart (Frame Mode, Even Field)
I

ot

HDT(+10t) I

| 208t

608t

208t 608t

V1

368t

PoV2

768t

368t 768t

528t

V4

288t 528t

288t 688t

448t 688t

282t 428t

|
|
|
|
|
®CH1, 3 i
|
®CH2, 4 }

T External Input
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4.5 Vertical Timing Chart (for 5A CCD) (continued)

1) V-Rate Readout Detailed Timing Chart (Monitor Mode)

ot

(
HDT(+10t) ) |

! 94t : 608t I 04t 224t 302t 432t 510t 640t 718t 848t
o T L
| (( L |
)) |
| | |
| 146t | 770t | 146t 276t 354t 484t 562t 692t 770t 900t
| 1 —
o~ gligiiy
| |
| T |
|
| 120t | 528t I 120t 198t 328t 406t 536t 614t 744t 822t
)
e | T LT
| | |
: l 288t 688t l 172t 250t 380t 458t 588t 666t 796t 874t
>V4 | | | | | | | | | | |
| (( L .
I )T T |
| | |
| | |
i ) — i
®CH1 | | |
| | |
| | |
l o | |
1)
®CH2 : : :
| | |
| | |
| | 282t 428t |
i 4 — i
®CH3 | | |
| | |
| | |
| | 764t 910t |
()()
dCH4 } } }
1t External Input
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4.6 Vertical High-Speed Transfer Timing Chart (for 5A CCD)

High-Speed Transfer Start Point

208t 338t 416t 546t
oV1
| 260t 390t| 468t 598t | | | |
1
V2 |
I | | I I I
I I I I I I
| 234t 312t | 442t 520t | | | |
I I I I I I
ov3 | | | | | |
I I I I I I
| 286t 364t | 494t 572t | | |
oV4 | I I I I I
| | | | |
I I I I I I
(0) (€ ) ®3) 4 ©)
High-Speed Transfer End Point
1664t 1794t 1872t
I T
oV | |
| |
| | | | | 1716t 1846t
| | i i | |
V2 | | | | | I
| | | | | |
I | : I 1690t 1768t |
| I I |
V3 | | I |
I I I I
I I | | | 1742t 1820t
ova | | | | | |
I I | |
| I | [
(1148)
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4.7 Vertical-Rate CPOB Timing Chart (for 5A CCD)

When serial data address 001000 data bit 9 is high, the OB line following readout has special CPOB timing.

952t

920t

1008

112

80

48

16

CPOB

4.8 \Vertical Rate Timing (for 5A CCD) [frame mode—odd field]
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4.9 Vertical Rate Timing (for 5A CCD) [frame mode—even field]
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odd field]

4.10 Vertical Rate Timing (for 5A CCD) [frame mode—still function
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even field]

4.11 Vertical Rate Timing (for 5A CCD) [frame mode—still function
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4.12 Vertical Rate Timing (for 5A CCD) [frame mode—still function turnoff]
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4.13 Vertical Rate Timing (for 5A CCD) [monitor mode]

0c

6T
8T
LT

9T
ST

4
€T
T
i

0T

T9¢
09¢
65C

8G¢
AT

9G6¢
jeier4

vSe

€9¢

¢se

HD¥

VL

S9

89

61

44

€e

9¢

LT

0T

cd0

vD¥

g0

66T

G861

8.6T

6961

2961

€561

9v61

1€6T

0€6T

ccp_out#

O oo I

PBLKT

SuB

R

cpost

cLppt

e

e

f!
|

Data Latcht

T Internal Use

¥ External Input

MNMarcrh 20N

Cl ECNEQ

\/CDO2°c A

NQ



Timing Specification

4.14 Vertical Rate Timing (for 5A CCD) [frame mode—Ilong integration function]
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4.15 Vertical Rate Timing (for 5A CCD) [monitor mode—long integration function]

Timing Specification
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Electrical Characteristics

5
5.1

Electrical Characteristics

Absolute Maximum Ratings Over Operating Free-Air Temperature Range (unless
otherwise noted)t

Supply voltage, VDD ... -0.3Vto4V
Supply voltage differences, VDD ... ... .. 0.1V
Ground voltage differences, VS S ... ... 0.1V
Digital INpUt VOltage . ... ot -0.3Vto (VDD +0.3V)
Analog input voltage . ... ... i -0.3Vito (VCC+0.3V)
Input current (any terminals except SUPPIIES) .. ..ot +10 mA
Ambient temperature under bias ... —25°C to 85°C
S OragE LMD AU ... .ttt e e e e e —55°C to 125°C
JUNCHION tEMIPEIAIUNE . . ..ottt ettt e e e et e et e e e e e e 150°C
Package temperature (IR reflow, peak) ... 250°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

5.2 Electrical Characteristics, All Specifications at Tp = 25°C, All Power Supply
Voltages = 3V, and Conversion Rate = 20 MHz (unless otherwise noted)
VSP2267GSJ
PARAMETER TEST CONDITIONS MIN P MAX UNIT
Resolution 12 Bits
Conversion rate 12 25| MHz
Clock rate 24 50 | MHz
DIGITAL INPUTS
Logic family CMOS
VT+ LOW to HIGH threshold voltage 1.7
\% Input voltage HIGH to LOW threshold voltage 1 v
lIIH Logic HIGH, V|N=3V +20
L Input current Logic LOW, VjN=0V 20| M
Input capacitance 5 pF
Maximum input voltage -0.3 5.3 Y,
DIGITAL OUTPUTS (DATA)
Logic family CMOS
Logic coding Straight binary
VOH Logic HIGH, IoH =-2mA 2.4
VoL Output voltage Logic LOW, IgL=2mA 0.4 v
J[1:0] = 00
J[1:01=01
Additional output data delay 3[1:0] = 10 10 ns
J[1:0]=11 13
i
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Electrical Characteristics

5.2 Electrical Characteristics, All Specifications at Tp = 25°C, All Power Supply
Voltages = 3V, and Conversion Rate = 20 MHz (unless otherwise noted)

(continued)

VSP2267GSJ
PARAMETER TEST CONDITIONS MIN ey MAX UNIT
H-DRIVER OUTPUTS
Output votage (SUB) Logfc HIGH (VonH) loH = -0.85 mA VDD-0.6 v
Logic LOW (VoL) loL =0.85 mA 0.4
Output voltage (HL, V1...V4, CH1...CH4, Logic HIGH (VoH) loH = -1.7 mA VDD-0.6 v
SUBSW, FI) Logic LOW (VoL) loL = 1.7 mA 0.4
Logic HIGH (VoH) loH = 0 mA VDD-0.05
Output voltage (R) Logic HIGH (VoH) loH = 6.8 mA VDD-0.6 \%
Logic LOW (VoL) loL = 6.8 mA 0.4
Logic HIGH (VoH) loH =0 mA VDD-0.05
Output voltage (H1, H2) Logic HIGH (VoH) loH = -13.6 mA VDD-0.6 \%
Logic LOW (VoL) loL = 13.6 mA 0.4
TP output voltage (TPP, TPD, ADCCK) Logfc HIGH (Vo) lon = -1.7 mA Vbb-06 \%
Logic LOW (VoL) loL = 1.7 mA 0.4
REFERENCE
Positive reference voltage 1.75 \%
Negative reference voltage 1.25 \%
ANALOG INPUT (CCDIN)
Input signal level for full-scale out PGA gain=0dB 900 mV
Input capacitance 15 pF
Input limit -0.3 3.3 \%
TRANSFER CHARACTERISTICS
Differential nonlinearity (DNL) PGA gain=0dB +0.5 LSB
Integral nonlinearity (INL) PGA gain =0dB +1 LSB
No missing codes Specified
Step response settling time Full-scale step input 1 pixel
Overload recovery time Step input from 1.8 Vto OV 2 pixels
Data latency (fixe dg; cCyISIfel;
) . . Grounded input cap, PGA gain=0dB 79
Signal-to-noise ratio (see Note 1) - - dB
Grounded input cap, Gain =12 dB 67
CCD offset correction range -180 200 mV
INPUT CLAMP
Clamp-on resistance 400 Q
Clamp level 15 \%
PROGRAMMABLE GAIN AMP (PGA)
Gain control resolution 10 Bits
Maximum gain Gain code = 11 1111 1111 42 dB
High gain Gain code =11 0100 1000 34 dB
Medium gain Gain code =10 0010 0000 20 dB
Low gain Gain code = 00 1000 0000 0 dB
Minimum gain Gain code = 00 0000 0000 -6 dB
Gain control error +0.5 dB

NOTE 1: SNR =20 log (full-scale voltage/rms noise)

=9 \/CDO2°c A
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Electrical Characteristics

5.2 Electrical Characteristics, All Specifications at Tp = 25°C, All Power Supply
Voltages = 3V, and Conversion Rate = 20 MHz (unless otherwise noted)

(continued)

VSP2267GSJ
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
OPTICAL BLACK CLAMP LOOP
Control DAC resolution 10 Bits
Programmable range of clamp level 2 242
Optical black clamp level LSB
OBCLP level at CODE = 1000 130
Minimum output current for control DAC COB terminal +0.15 pA
Maximum output current for control DAC COB terminal +153 HA
Loop time constant Ccop=0.1pF 40.7 ps
Slew rate CcoB = 0.1 pF, Saturated output current 1530 Vis
of control DAC
POWER SUPPLY
VCC Supply voltage 3.0 3.3 3.6 \%
Power dissipation (AFE) 80
— - Normal operation mode: no CCD load (at
Power dissipation (TG+H, R driver) 3V and 20 MH2) 50 mwW
Power dissipation (total) without CCD load 130
Standby plus power-save mode (at 3 V
Power dissipation (total) and 20 MHz) mw
Master clock-off mode (at 3 V) 6
TEMPERATURE RANGE
Operation temperature -25 85 °C
Rth Thermal resistance 37 °C/IW

clECcNcEO Marcebh 2NN
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Mechanical Data
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NOTES: A.

MicroStar Junior is a trademark of Texas Instruments.

Cow

All linear dimensions are in millimeters.

This drawing is subject to change without notice.
MicroStar Junior package configuration.

Fall within JEDEC

MO-225.
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X2 Texas PACKAGE OPTION ADDENDUM

INSTRUMENTS
www.ti.com 29-Sep-2005

PACKAGING INFORMATION

Orderable Device Status @ Package Package Pins Package Eco Plan @ |ead/Ball Finish MSL Peak Temp ®
Type Drawing Qty
VSP2264GSJ ACTIVE BGA GSJ 96 TBD Call Tl Call Tl
VSP2264GSJR ACTIVE BGA GSJ 96 1000 Pb-Free SNAGCU Level-1-260C-UNLIM
(RoHS)

O 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) or Green (RoHS & no Shb/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.

Green (RoHS & no Sh/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.

Important Information and Disclaimer:The information provided on this page represents Tl'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 TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited
information may not be available for release.

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 TI
to Customer on an annual basis.
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