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10-Bit CCD Signal Processor with

Precision Timing™ Gore

FEATURES

Correlated Double Sampler (CDS)

0 dB to 18 dB Pixel Gain Amplifier (PxGA®)

6 dB to 42 dB 10-Bit Variable Gain Amplifier (VGA)
10-Bit 25 MSPS A/D Converter

Black Level Clamp with Variable Level Control
Complete On-Chip Timing Driver

Precision Timing Core with 800 ps Resolution
On-Chip 3 V Horizontal and RG Drivers

40-Lead LFCSP Package

APPLICATIONS
Digital Still Cameras
High Speed Digital Imaging Applications

GENERAL DESCRIPTION

The AD9948 is a highly integrated CCD signal processor for
digital still camera applications. Specified at pixel rates of up to
25 MHz, the AD9948 consists of a complete analog front end
with A/D conversion, combined with a programmable timing
driver. The Precision Timing core allows adjustment of high
speed clocks with 800 ps resolution.

The analog front end includes black level clamping, CDS, PxGA,
VGA, and a 25 MHz 10-bit A/D converter. The timing driver
provides the high speed CCD clock drivers for RG and H1-H4.
Operation is programmed using a 3-wire serial interface.

Packaged in a space-saving 40-lead LFCSP package, the
AD9948 is specified over an operating temperature range of
-20°C to +85°C.
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AD9948—-SPECIFICATIONS

GENERAL SPECIFICATIONS

Parameter Min Typ Max Unit
TEMPERATURE RANGE
Operating -20 +85 °C
Storage -65 +150 °C
MAXIMUM CLOCK RATE 25 MHz
POWER SUPPLY VOLTAGE
AVDD, TCVDD (AFE, Timing Core) 2.7 3.0 3.6 \%
HVDD (H1-H4 Drivers) 2.7 3.0 3.6 \Y%
RGVDD (RG Diriver) 2.7 3.0 3.6 A%
DRVDD (D0-D9 Drivers) 2.7 3.0 3.6 \%
DVDD (All Other Digital) 2.7 3.0 3.6 \%
POWER DISSIPATION
25 MHz, HVDD = RGVDD =3V, 100 pF H1-H4 Loading* 220 mW
Total Shutdown Mode 1 mW

*The total power dissipated by the HVDD supply may be approximated using the equation

Total HVDD Power = (Cy4p X HVDD x Pixel Frequency) x HVDD X (Number of H — Outputs Used)
Reducing the H-loading, using only two of the outputs, and/or using a lower HVDD supply will reduce the power dissipation.

Specifications subject to change without notice.

DIGITAL SPECIFICATIONS ,, to 1, AvDD = DVDD = DRVDD = HVDD = RGVDD = 2.7V, €, = 20 pF, unless otherwise noted.)

Parameter Symbol Min Typ Max Unit
LOGIC INPUTS

High Level Input Voltage Vi 2.1 \%

Low Level Input Voltage \%i9 0.6 \%

High Level Input Current Iy 10 UA

Low Level Input Current I 10 UA

Input Capacitance Civ 10 pF
LOGIC OUTPUTS

High Level Output Voltage, Iog = 2 mA Vou 2.2 \%

Low Level Output Voltage, Io;, = 2 mA VoL 0.5 \%
CLI INPUT

High Level Input Voltage

(TCVDD/2 + 0.5 V) Vig_cu 1.85 \Y

Low Level Input Voltage Vir_cL 0.85 \Y
RG AND H-DRIVER OUTPUTS

High Level Output Voltage

(RGVDD - 0.5 Vand HVDD - 0.5 V) Vou 2.2 \%

Low Level Output Voltage VoL 0.5 \Y

Maximum Output Current (Programmable) 30 mA

Maximum Load Capacitance 100 pF
Specifications subject to change without notice.
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AD9948

(Tyuy t0 Tyay, AVDD = DVDD = 3.0 V, fy, = 25 MHz, Typical Timing Specifications,

ANALUG SPEC'F'CAT'ONS unless otherwise noted.)

Parameter Min Typ Max Unit Notes
CDS
Gain 0 dB
Allowable CCD Reset Transient® 500 mV
Max Input Range before Saturation*® 1.0 V p-p
Max CCD Black Pixel Amplitude* +50 mV
PIXEL GAIN AMPLIFIER (PxGA)
Gain Control Resolution 256 Steps
Gain Monotonicity
Min Gain 0 dB
Max Gain 18 dB
VARIABLE GAIN AMPLIFIER (VGA)
Max Input Range 1.0 V pp
Max Output Range 2.0 V p-p
Gain Control Resolution 1024 Steps
Gain Monotonicity Guaranteed
Gain Range
Min Gain (VGA Code 0) 6 dB
Max Gain (VGA Code 1023) 42 dB
BLACK LEVEL CLAMP
Clamp Level Resolution 256 Steps
Clamp Level Measured at ADC output
Min Clamp Level (0) 0 LSB
Max Clamp Level (255) 63.75 LSB
A/D CONVERTER
Resolution 10 Bits
Differential Nonlinearity (DNL) -1.0 +0.5 +1.0 LSB
No Missing Codes Guaranteed
Full-Scale Input Voltage 2.0 A%
VOLTAGE REFERENCE
Reference Top Voltage (REFT) 2.0 A%
Reference Bottom Voltage (REFB) 1.0 A%
SYSTEM PERFORMANCE Specifications include entire
signal chain
VGA Gain Accuracy
Min Gain (Code 0) 5.0 5.5 6.0 dB
Max Gain (Code 1023) 40.5 41.5 42.5 dB
Peak Nonlinearity, 500 mV Input Signal 0.2 % 12 dB gain applied
Total Output Noise 0.25 LSB rms | AC grounded input, 6 dB
gain applied
Power Supply Rejection (PSR) 50 dB Measured with step change
on supply
*Input signal characteristics defined as follows:
JNRA
RESSEQIPTn:'F‘{ALYS'TENT \
OPTlcf\?.nl‘s\mél)(( PIXEL |\out gl\éxﬁ(nm e
Specifications subject to change without notice.
REV. 0 -3-



AD9948

TIMING SPECIFIGA“ONS (C, = 20 pF, fg = 25 MHz, Serial Timing in Figure 3, unless otherwise noted.)

Parameter Symbol Min Typ Max Unit
MASTER CLOCK (CLI) (See Figure 4)

CLI Clock Period torr 40 ns

CLI High/Low Pulsewidth tapc 16 20 24 ns

Delay from CLI to Internal Pixel

Period Position tCLIDLY 6 ns

CLPOB Pulsewidth (Programmable)* tcos 2 20 Pixels
SAMPLE CLOCKS (See Figure 6)

SHP Rising Edge to SHD Rising Edge ts 17 20 ns
DATA OUTPUTS (See Figures 7a and 7b)

Output Delay From Programmed Edge top 6 ns

Pipeline Delay 11 Cycles
SERIAL INTERFACE

Maximum SCK Frequency fscix 10 MHz

SL to SCK Setup Time ts 10 ns

SCK to SL Hold Time Ly 10 ns

SDATA Valid to SCK Rising Edge Setup tps 10 ns

SCK Falling Edge to SDATA Valid Hold tpH 10 ns

SCK Falling Edge to SDATA Valid Read tpy 10 ns

*Minimum CLPOB pulsewidth is for functional operation only. Wider typical pulses are recommended to achieve low noise clamp reference.

Specifications subject to change without notice.

ABSOLUTE MAXIMUM RATINGS*

With
Parameter Respect To Min Max Unit
AVDD, TCVDD AVSS -0.3 +3.9 A%
HVDD, RGVDD HVSS, RGVSS -0.3 +3.9 \Y%
DVDD, DRVDD DVSS, DRVSS -0.3 +3.9 \Y%
Any VSS Any VSS -0.3 +0.3 A%
Digital Outputs DRVSS -0.3 DRVDD + 0.3 \Y%
CLPOB/PBLK, HBLK DVSS -0.3 DVDD + 0.3 \Y%
SCK, SL, SDATA DVSS -0.3 DVDD + 0.3 \Y
RG RGVSS -0.3 RGVDD + 0.3 \Y%
H1-H4 HVSS -0.3 HVDD + 0.3 \Y%
REFT, REFB, CCDIN AVSS -0.3 AVDD + 0.3 v
Junction Temperature 150 °C
Lead Temperature (10 sec) 300 °C

*Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress
rating only; functional operation of the device at these or any other conditions above those listed in the operational sections
of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect

device reliability.

ORDERING GUIDE THERMAL CHARACTERISTICS
Temperature Package Package Thermal Resistance
Model Range Description |Option 40631463(12;};:(/:\?; Package
o o JA =
AD9948KCP —20°C to +85°C | LFCSP CP-40 *B;a is measured using a 4-layer PCB with the exposed paddle
AD9948KCPRL -20°C to +85°C LFCSP CP-40 soldered to the board.
AD9948KCPZ* -20°C to +85°C | LFCSP CP-40
AD9948KCPZRL* | -20°C to +85°C | LFCSP CP-40
*This is a lead free product.
CAUTION

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily
accumulate on the human body and test equipment and can discharge without detection. Although
the AD9948 features proprietary ESD protection circuitry, permanent damage may occur on
devices subjected to high energy electrostatic discharges. Therefore, proper ESD precautions are
recommended to avoid performance degradation or loss of functionality.

WARNING!

| ESD SENSITIVE DEVICE

REV. 0
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PIN FUNCTION DESCRIPTIONS

Pin No. Mnemonic Type* Description

2-4 D0-D2 DO Data Outputs (D0 is LSB)

5 DRVSS P Digital Driver Ground

6 DRVDD P Digital Driver Supply

7-13 D3-D9 DO Data Outputs (D9 is MSB)

14 H1 DO CCD Horizontal Clock 1

15 H2 DO CCD Horizontal Clock 2

16 HVSS P H1-H4 Driver Ground

17 HVDD P H1-H4 Driver Supply

18 H3 DO CCD Horizontal Clock 3

19 H4 DO CCD Horizontal Clock 4

20 RGVSS P RG Driver Ground

21 RG DO CCD Reset Gate Clock

22 RGVDD P RG Driver Supply

23 TCVSS P Analog Ground for Timing Core
24 TCVDD P Analog Supply for Timing Core
25 CLI DI Master Clock Input

26 AVDD P Analog Supply for AFE

27 CCDIN Al Analog Input for CCD Signal (Connect through Series 0.1 uF Capacitor)
28 AVSS P Analog Ground for AFE

29 REFT AO Reference Top Decoupling (Decouple with 1.0 uF to AVSS)
30 REFB AO Reference Bottom Decoupling (Decouple with 1.0 uF to AVSS)
31 SL DI 3-Wire Serial Load

32 SDI DI 3-Wire Serial Data Input

33 SCK DI 3-Wire Serial Clock

34 VD DI Vertical Sync Pulse

35 HD DI Horizontal Sync Pulse

36 DVSS P Digital Ground

37 DVDD P Digital Supply

38 HBLK DI Optional HBLK Input

39 CLP/PBLK DO CLPOB or PBLK Output

1, 40 NC Not Internally Connected

*Type: Al = Analog Input, AO = Analog Output, DI = Digital Input, DO = Digital Output, P = Power.

REV. 0




AD9948

TERMINOLOGY

Differential Nonlinearity (DNL)

An ideal ADC exhibits code transitions that are exactly 1 LSB
apart. DNL is the deviation from this ideal value. Thus every
code must have a finite width. No missing codes guaranteed to
10-bit resolution indicates that all 1024 codes, respectively,
must be present over all operating conditions.

Peak Nonlinearity

Peak nonlinearity, a full signal chain specification, refers to the
peak deviation of the output of the AD9948 from a true straight
line. The point used as zero scale occurs 0.5 LSB before the
first code transition. Positive full scale is defined as a level 1 LSB
and 0.5 LLSB beyond the last code transition. The deviation is
measured from the middle of each particular output code to the
true straight line. The error is then expressed as a percentage of
the 2 V ADC full-scale signal. The input signal is always appro-
priately gained up to fill the ADC’s full-scale range.

EQUIVALENT CIRCUITS

AVDD

o —
1

AVSS AVSS

Circuit 1. CCDIN (Pin 27)

AVDD

CLI

Circuit 2. CLI (Pin 25)

DVSS DRVDD
DATA —¢—————|
THREE- L—.: L’:l
STATE H pout
o—]
1
|
1
DVSS DRVSS

Circuit 3. Data Outputs DO-D9 (Pins 2-4, 7-13)

Total Output Noise

The rms output noise is measured using histogram techniques.

The standard deviation of the ADC output codes is calculated in
LSB, and represents the rms noise level of the total signal chain
at the specified gain setting. The output noise can be converted
to an equivalent voltage, using the relationship

1 LSB =(ADC full scale/2" codes)

where n is the bit resolution of the ADC. For the AD9948,
1 LSB is approximately 1.95 mV.

Power Supply Rejection (PSR)

The PSR is measured with a step change applied to the supply
pins. The PSR specification is calculated from the change in the
data outputs for a given step change in the supply voltage.

DVDD

*+—O

330

X

DvVSss

Circuit 4. Digital Inputs (Pins 31-35, 38)

HVDD or RGVDD

DATA —4

ENABLE OUTPUT

HVSS or RGVSS

Circuit 5. H1-H4 and RG (Pins 14, 15, 18, 19, 21)

REV. 0
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