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1. Sensor Overview

1.1 Introducing The HDCS Family

HDCS-2020(VGA) and HDCS-1020(CIF) are CMOS active pixel image sensors with integrated A/D conversion and
full timing control. They provide random access of sensor pixels which allows windowing and panning capabilities.
The sensor is designed for video conferencing applications and still image capabilities. The HDCS family achieves
excellent image quality with very low dark current, high sensitivity, and superior anti-blooming characteristics. The

devices operate from asingle DC bias voltage, are easy to configure and control, and feature low power
consumption.

1.2 Features

Availablein two image array sizes: VGA (640 x 480) and CIF (352 x 288)

RGB Bayer color filter array

Programmable window size ranging from the full array down to a 4 x 4 pixel window

Programmabl e panning capability which allows a specified window(minimum 4x4 pixels) to be located
anywhere on the sensor array

Independent X and Y sub-sampling modes (2:1 each) providing up to a4X frame rate increase
HDCS-1020 Full frame video rate at 8 bit resolution: 30 fps CIF at 30 MHz and 25.8 fps at 25 Mhz
HDCS-2020 Full frame video ratesat 10 bit resolution: 14 fpsVGA at 25 MHz

Still image capability

Mechanical shutter and external flash mode

Low power modes

Shadow gain and exposure registers

Integrated analog to digital converters. HDCS-2020 (10 bit), HDCS-1020 (8 bit)

Integrated programmable gain amplifiers with independent gain control for each color (R, G, B)
Integrated voltage references

Automatic subtraction of column fixed pattern noise

Internal register set programmable via either the UART or Synchronous seria interface

Integrated timing controller with rolling el ectronic shutter, row/column addressing, and operating mode
selection with programmable exposure control, frame rate, and data rate

Digital image data output via 8 bit(HDCS-1020) and 10 bit(HDCS-2020) synchronous parallel interface or serial

interface

Programmable horizontal, vertical, and shutter synchronization signals
Programmable horizontal and vertical blanking intervals

A Single 3.3 volt power supply is al that is needed
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1.3 Applications

Digital till camera
PC Camera
Handheld Computers
Cellular Phones
Notebook Computers
Toys

1.4 Typical Electrical Specifications

Electrical Specifications

Pixel size 7.4x7.4um
Maximum Clock Rate 25 MHz (VGA), 30Mhz (CIF)
Effective Sensor Dynamic Range 65 db

Effective Noise Floor

45 electrons

Dark Signal [1]

1500 electrons/sec at 22 C ambient

Sensitivity [2]

20 V/(Lux-S) at 20 fps

Peak Quantum Efficiency [1, 2]

20%

Saturation Voltage

1.3V

Full Well Capacity

71,000 electrons

Conversion Gain [2]

18 u V/electron

Programmable Gain Range

1 - 40 (8 bit resolution)

Fill Factor 40%

Exposure Control 0.5 u sec minimum, 0.5 u sec increments
Package 32 pin J Lead optical package

Supply Voltage 3.3v, -5/+10%

Power Consumption

200 mW max operating, 3.3 mW max standby

Operating Temperature

-5to+65 C

Storage Temperature

-40to +125C

Table 1. Electrical Specifications

Notes: (1) Specified over complete pixel area (2) Measured at
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1.5 HDCS Sensor Top Level Block Diagram

I2C/UART

Programmabl Programmabl Programmabl
e Amplifier e Amplifier e Amplifier

o
@x
s
c
>
n

/10 bit Digital

Figure1l. Top Level Architectural Block Diagram
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1.6 High Level Description of Operation

HDCS Sensors are controlled through a serial interface. The serial interface may be configured as a half-duplex
UART dlave, or as a Synchronous Serial slave. The seria interface is used to write the system registers to set up the
viewing window coordinates, integration/exposure time, frame rate, PGA gain, interrupt masks, status pins functions,
output pin switching speed, output data format, and output data timing.

A system reset must be performed by asserting the nRST pin before operation may begin.

The CONFIG register selects one of the operating modes. 1) normal, or 2) mechanical shutter. The CONFIG
register also allows the selection of sub-sampling mode, and either single frame capture mode, or continuous run
mode. Operation begins when the RUN bit in the CONTROL register is set.

The following discussion pertains to operation in normal mode.

When operation begins the timing generator resets the top pixel row of the viewing window. After apixel row is
reset it beginsintegration. After one Row Process time elapses the next row isreset. This continues until the bottom
row of the viewing window isreached. In continuous mode this process repeats by wrapping to the top row of the
viewing window. IN single frame capture mode the process ends when the bottom row of the viewing window is
reached. IN continuous run mode if the integration time is less than the time to cycle through a frame there is no
overhead time between frames. If the integration time is greater than the time to cycle through aframe thereisan
overhead delay between frames equal to integration time minus the time to cycle through a frame.

Row Processing has 2 parts: 1) Row Sample followed by 2) Column Processing. Row Sampling consists of
selecting arow and reading it into the analog row buffer. Column processing consists of reading pixel data out of the
analog row buffer, converting it to digital data, then outputting the digital value from the chip. Column Processing
time depends on the input clock (CLK) speed, and the TCTRL system register. See the Register Set chapter and
Programmer reference for more details.

The output portion of Column Processing is suppressed until the first row finishesintegration. Thereforeif the
integration time equals 8 Row Process times, datafor Row (N) is begin read out, while Row (N+8) is begin reset.
After theinitial overhead of waiting for the first row to integrate, during each Row Process time one row is being
reset, and a different row is being read out.

When the row has finished integration it is transferred to the analog row buffer using double correlated sampling and
reference column subtraction, then Column Processing begins.

Column Processing reads data out of the analog row buffer in pixel pairs. The pixel pairs are processed by 2 parallel
channels. Thefirst row isan even row. Even rows are green-red rows from the bayer filter pattern. Thefirst pixel
of agreen-red row isagreen pixel. Odd rows are blue-green rows of the bayer filter pattern. Thefirst pixel of a
blue-green row isablue pixel. Each pixel istransmitted through a PGA (programmable gain amplifier). Pixelsare
amplified by different values corresponding to the pixel position in the 2 by 2 block of the RGB bayer color filter
pattern. In other words each color (R/G/B) isamplified by a different number. Each ADC (analog to digital
converter) channel converts the analog PGA output to a 10 bit digital value. The ADC values for both channels are
output in sequential order on the parallel DATA pins along with the assertion of the DRDY pin. Thetiming of the
DATA and DRDY pinsis programmable. Column Processing continues until all the pixels for the viewing window
have been output on the DATA pins. The nROW status signal is asserted when the data for the last pixel of the row
has been outpuit.

When nROW is asserted for the bottom row of the viewing window, NFRAME is also asserted.

If the CFC hit of the CONFIG register equals ‘0", then the sensor isin single frame mode. In single frame mode if
the nIRQ_nCC (interrupt/capture complete) status pin is enabled as capture complete, then NIRQ_nCC is asserted at
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the same time as NFRAME. The RF (run flag) is turned off in the STATUS register and the sensor idles until it is
told to run another frame.

If the CFC bit of the CONFIG register equals‘1’, then HDCS sensor isin continuous run mode. In continuous run
mode after the assertion of an NFRAME, the sensor immediately begins the next frame which as already started
integrating. If integration time isless than the time to cycle through 1 frame, then there is no delay between the
processing of the bottom row of frame X and the top of frame X+1. If integration timeis greater than the time to
cycle through 1 frame, then there is a delay between the bottom row of frame X and top row of frame X+1. The
delay equals integration time minus the time to cycle through one frame.

Continuous Run mode is terminated by resetting the RUN bit of the CONTROL register. Single Frame mode may
also be terminated by de-asserting the RUN bit. If the SFC (stop when frame complete) bit of the CONFIG register
is set when the RUN bits is de-asserted HDCS sensor will process until NFRAME is asserted at the normal time, then
returnto idle. If the SFC (stop when frame complete) bit of the CONFIG register is not set when the RUN bit is de-
asserted, the sensor will immediately assert in NFRAME, nROW, and nlIRQ_nCC and return to the idle state. If
enabled for the capture complete function, the nlRQ_nCC (interrupt/capture complete) status flag is asserted at the
same time as NFRAME for the last frame.
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Row 3 INTEGRATE(1)
Row 4 RESET(0)
Row 5
Time =8
Row 0 INTEGRATE(1)
Row 1l RESET(0)
Row 2
Row 3
Row 4 READ(3)
Row5 INTEGRATE(2)
Time =11
Row O
Row1l READ(3)
Row 2 INTEGRATE(2)
Row 3 INTEGRATE(1)
Row 4 RESET(0)
Row 5

Time =3
Row 0 INTEGRATE(2)
Row 1l INTEGRATE(1)
Row2 RESET(0)
Row 3
Row 4
Row 5
Time =6
Row 0
Row 1
Row 2 READ(3)
Row 3 INTEGRATE(2)
Row 4 INTEGRATE(1)
Row5 RESET(0)
Time =9
Row 0 INTEGRATE(2)
Row 1l INTEGRATE(1)
Row2 RESET(0)
Row 3
Row 4
Row5 READ(3)
Time =12
Row 0
Row 1
Row 2 READ(3)
Row 3 INTEGRATE(2)
Row 4 INTEGRATE(1)
Row5 RESET(0)

Figure 2. Example of 6 view window with integration time = 2 rows

March 30, 2000
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Time=1
Row 0 RESET (0)
Row 1
Row 2
Row 3
Row 4
Row 5
Time=4
Row 0 INTEGRATE(3)
Row 1l INTEGRATE(2)
Row 2 INTEGRATE(1)
Row 3 RESET(0)
Row 4
Row 5
Time=7
Row 0 INTEGRATE(6)
Row 1l INTEGRATE(5)
Row 2 INTEGRATE(4)
Row 3 INTEGRATE(3)
Row 4 INTEGRATE(2)
Row5 INTEGRATE(1)
Time =10
Row 0 RESET(0)
Row1l READ(8)
Row 2 INTEGRATE(7)
Row 3 INTEGRATE(6)
Row 4 INTEGRATE(5)
Row5 INTEGRATE(4)
Time =13
Row 0 INTEGRATE(3)
Row 1l INTEGRATE(2)
Row 2 INTEGRATE(1)
Row 3 RESET(0)
Row 4 READ(8)
Row5 INTEGRATE(7)

Figure 3. Example of 6 row view window with integration time = 7 rows

March 30, 2000

Time =2
Row 0 INTEGRATE(1)
Row 1
Row 2
Row 3
Row 4
Row 5
Time=5
Row 0 INTEGRATE(4)
Row 1l INTEGRATE(3)
Row 2 INTEGRATE(2)
Row 3 INTEGRATE(1)
Row 4 RESET(0)
Row 5
Time =8
Row 0 INTEGRATE(7)
Row 1l INTEGRATE(6)
Row 2 INTEGRATE(5)
Row 3 INTEGRATE(4)
Row 4 INTEGRATE(3)
Row5 INTEGRATE(2)
Time =11
Row 0 INTEGRATE(1)
Row 1l RESET(0)
Row 2 READ(8)
Row 3 INTEGRATE(7)
Row 4 INTEGRATE(6)
Row5 INTEGRATE(5)
Time =14
Row 0 INTEGRATE(4)
Row 1l INTEGRATE(3)
Row 2 INTEGRATE(2)
Row 3 INTEGRATE(1)
Row 4 RESET(0)
Row5 READ(8)

Product Technical Specification HDCS-2020/1020

Time =3
Row 0 INTEGRATE(2)
Row 1l INTEGRATE(1)
Row2 RESET(0)
Row 3
Row 4
Row 5

Time =6
Row 0 INTEGRATE(5)
Row 1l INTEGRATE(4)
Row 2 INTEGRATE(3)
Row 3 INTEGRATE(2)
Row 4 INTEGRATE(1)
Row5 RESET(0)

Time =9
Row 0 READ(8)
Row 1l INTEGRATE(7)
Row 2 INTEGRATE(6)
Row 3 INTEGRATE(5)
Row 4 INTEGRATE(4)
Row5 INTEGRATE(3)

Time =12
Row 0 INTEGRATE(2)
Row 1l INTEGRATE(1)
Row2 RESET(0)
Row 3 READ(8)
Row 4 INTEGRATE(7)
Row5 INTEGRATE(6)

Time =15, go to time=7
Row 0 INTEGRATE(5)
Row 1l INTEGRATE(4)
Row 2 INTEGRATE(3)
Row 3 INTEGRATE(2)
Row 4 INTEGRATE(1)
Row5 RESET(0)
11




Adgilent Technologies HDCS Family of CMOS Image Sensors

2. Register Set

2.1 Register List and Address Map

The registers used to configure and control the HDCS sensor are organized as a sequential array of 8 bit registers.
The register names, mnemonics, size, and offset from the chip base address are listed here:

Register Name Mnemonic | Address (hex)
Identifications Register IDENT 0x00
Status Register STATUS 0x01
Interrupt Mask Register IMASK 0x02
Pad Control Register PCTRL 0x03
Pad Drive Control Register PDRV 0x04
Interface Control Register ICTRL 0x05
Interface Timing Register ITMG 0x06
Baud Fraction Register BFRAC 0x07
Baud Rate Register BRATE 0x08
ADC Control Register ADCCTRL 0x09
First Window Row Register FWROW 0x0A
First Window Column Register FWCOL 0x0B
Last Window Row Register LWROW 0x0C
Last Window Column Register LWCOL 0x0D
Timing Control Register TCTRL 0x0E
PGA Gain Register. Even Row, Even Column ERECPGA OxOF
PGA Gain Register: Even Row, Odd Column EROCPGA 0x10
PGA Gain Register. Odd Row, Even Column ORECPGA 0x11
PGA Gain Register: Odd Row, Odd Column OROCPGA 0x12
Row Exposure Low Register ROWEXPL 0x13
Row Exposure High Register ROWEXPH 0x14
Sub-Row Exposure Register SROWEXP 0x15
Error Control Register ERROR 0x16
Interface Timing 2 Register ITMG2 0x17
Interface Control 2 Register ICTRL2 0x18
Horizontal Blank Register HBLANK 0x19
Vertical Blank Register VBLANK 0x1A
Configuration Register CONFIG 0x1B
Control Register CONTROL 0x1C

March 30, 2000

Table 2. Register Set Declaration
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2.2 Register Descriptions

2.2.1 IDENT: Identification Register

7 6 5 4 3 2 1

TYPE | REV

Figure 4. ldentification Register Format

Mnemonic | Read/Write Description
Control
REV R Revision.
REV
000 . Revision A.
0001 - 111: Reserved.
TYPE R Chip Type.
TYPE
00010 : HDCS - 1020
00011 : HDCS - 2020
00100- 11111: Reserved

Table 3. Identification Register bit descriptions

March 30, 2000 Product Technical Specification HDCS-2020/1020
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2.2.2 STATUS: Status Register

7 6 5 4 3 2 1 0

| RSV | SSF | SFS | EFS | cCc | FC | RC | RF |

Reset
Value

X 0 0 0 0 0 0 0

Figure5. Status Register Format

Mnemonic

Read/Write
Control

Description

RF

R

Run flag. When 1, indicates an image capture process is executing. When 0,
indicates no image capture process is executing.

RC

R/W

Row Complete flag. When 1, indicates a row has been completed since RC
flag last cleared. When 0, indicates a row has not been completed since RC
flag last cleared. Clear by writing a 1 to the RC flag.

FC

R/W

Frame Complete flag. When 1, indicates a frame has been completed since
FC was last cleared. When 0, indicates a frame has not been completed
since FC flag was last cleared. Clear by writing a 1 to the FC flag.

CcC

R/W

Image Capture Complete flag. When 1, indicates an image capture process
has been completed since CC flag last cleared. When 0, indicates an image
capture process has not been completed since the CC flag was last cleared.
Clear by writing a 1 to the CC flag.

EFS

R/W

Exposure Frame registers Sampled. When 1, indicates that the shadow
registers related to exposure frames have been updated with the contents of
the corresponding register in the directly user accessible register set. Cleared
by writing a 1 to the EFS flag.

SFS

R/W

Sample Frame Registers Sampled. When 1, indicates that the shadow
registers related to sample frames have been updated with the contents of the
corresponding register in the directly user accessable register set. Cleared by
writing a 1 to EFS flag.

SSF

R/W

Shutter Sync flag. When 1, indicates that all rows in the selected image
window have been reset while running in the "shutter mode" and that the
timing controller has started a delay period to allow the host system to activate
either a mechanical shutter or strobe light since the flag was last cleared.
When 0, indicates no shutter synchronization event has been detected since
the flag was last cleared. Clear by writing a 1 to SSF.

RSV

N/S

Reserved.

March 30, 2000

Table 4. Status Register bit descriptions
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2.2.3 IMASK: Interrupt Mask Register

7 6 5 4 3 2 1 0

| RSV | ISS [ ISFS | IEFS | IcC | IFC | IRC | IEN |

Reset

Value

0 0 0 0 0 0 0 0

Figure 6. Interrupt Mask Register Format

Mnemonic

Read/Write
Control

Description

IEN

R/W

Interrupt Enable. When 1, active and enabled interrupt sources will generate
an interrupt. When 0, all interrupts are disabled.

IRC

R/W

Interrupt when Row Complete. When 1, an interrupt will be asserted after
completion of each row. When 0, no row complete interrupt will be asserted.

IFC

R/W

Interrupt when Frame Complete. When 1, an interrupt will be asserted after
completion of each frame. When 0, no frame complete interrupt will be
asserted.

ICC

R/W

Interrupt when Capture Complete. When 1, an interrupt will be asserted after
completion of each image capture process. When 0, no image capture
complete interrupt will be asserted.

IEFS

R/W

Interrupt when the exposure frame registers sampled flag is set. When 1, an
interrupt request will be asserted when the EFS flag of the STATUS register is
set. When 0, no interrupt request will be asserted when the EFS flag is set.

ISFS

R/W

Interrupt when the sample frame registers sampled flag is set. When 1, an
interrupt request will be asserted when the SFS flag of the STATUS register is
set. When 0, no interrupt request will be asserted when the SFS flag is set.

ISS

R/W

Interrupt when shutter sync flag set. When 1, an interrupt will be asserted
when the shutter synchronization flag of the STATUS register is set. When 0,
no interrupt will be asserted when the shutter synchronization flag is set.

RSV

N/A

Reserved.

March 30, 2000

Table5. Interrupt Mask Register bit descriptions
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2.2.4 PCTRL: Pad Control Register

7 6 5 4 3 2 1 0

| LvC | LVvF [ LVR | IPD | ICE | FSS | FSE | RCE |

Reset
Value

0 0 0 1 1 0 1 1

Figure 7. Pad Control Register Format

Mnemonic

Read/Write
Control

Description

RCE

R/W

Row Complete Enable. When 1, enables the row complete status output
signal (TCLK). When 0, disables the row complete status signal.

FSE

R/W

Frame Complete/Shutter Sync Enable. When 1, enables the multifunction
frame complete/shutter sync status output signal (h(FRAME_nSYNC). When
0, disables the multifunction frame complete/shutter sync status signal.

FSS

R/W

Multifunction pin mode select. When 1, the multifunction nFRAME_nSYNC
signal is configured to operate as the shutter sync signal. When 0, the
multifunction NFRAME_nSYNC signal is configured to operate as the frame
complete signal.

ICE

R/W

Image capture complete enable. When 1, the multifunction nIRQ_nCC pin
functions as the image capture complete status output. When 0, the
multifunctions nIRQ_nCC pin functions as the active low interrupt request
output.

IPD

R/W

Interrupt pin internal pull-up disable. When 1, internal circuitry does not drive
the nIRQ_nCC output high. When 0, a weak internal pull-up driver is enabled
for the nIRQ_nCC output pin. Only applies when the ICE bit is configured for
the interrupt request mode.

LVR

R/W

Level row status signal select. When 1, the nROW status signal is asserted
for the entire row processing time when it is enabled. When 0, the nROW
status signal is asserted for 4 clock cycles at the end of row processing time
when it is enabled.

LVF

R/W

Level frame status signal select. When 1, the nFRAME_nSYNC status signal
is asserted for the entire frame processing time when it is enabled and
configured as the frame complete signal. When 0, the nFRAME_nSYNC
status signal is asserted for 4 clock cycles at the end of frame processing time
when it is enabled.

LvC

R/W

Level capture complete status signal select. When 1, the nIRQ_nCC status
signal is asserted for the entire duration an image capture process is running
when the signal is enabled and configured as the capture complete signal.
When 0, the nIRQ_nCC status signal is asserted for 4 clock cycles at the end
of a completed image capture process time when it is enabled.

March 30, 2000

Table 6. Pad Control Register Bit Descriptions
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2.2.5 PDRV: Pad Drive Control Register

7 6 5 4 3 2 1 0
TXDDRV STATDRV RDYDRV DATDRV
Reset  Q 0 0 0 0 0 0 0
Value
Figure 8. Pad Drive Control Register Format
Mnemonic | Read/Write Description
Control
DATDRV R/W Parallel data port drive level select.
DATDRV
00: High drive (5 ns)
01: Medium high drive (10 ns)
10: Medium low drive (15 ns)
11: Low drive (20 ns)
RDYDRV R/W DRDY signal drive level select.
RDYDRV
00: High drive (5 ns)
01: Medium high drive (10 ns)
10: Medium low drive (15 ns)
11: Low drive (20 ns)
STATDRV |R/W nRow, tclk_nFrame, nIRQ_nCC, status signal output pin drive level select.
STATDRV
00: High drive (5 ns)
01: Medium high drive (10 ns)
10: Medium low drive (15 ns)
11: Low drive (20 ns)
TXDDRV R/W Serial transmit data signal drive level select.
TXDDRV
00: High drive (5 ns)
01: Medium high drive (10 ns)
10: Medium low drive (15 ns)
11: Low drive (20 ns)

Table 7. Pad Drive Control Register Bit Descriptions
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2.2.6 ICTRL: Interface Control Register

7 6 5 4 3 2 1 0

| HAVG | DSC | DDO | DOD | DAD | AAD |
Reset 2020 0 0 1 0 0 0 0 0
Reset 1020  Q 1 1 0 RSV RSV 0 0

Figure9. Interface Control Register Format

Mnemonic | Read/Write Description
Control

AAD R/W Auto Address Disable. When 0, register addresses are automatically
incremented after each register write. When 1, the desired register address
must be set prior to each register write.

DAD R/W Device Address Disable. When 0, the device address must be included in
each serial message packet. When 1, the device address is not included in
the serial message packets.

DOD R/W Data Output Disable.

DOD

00: DATAI9:0] is driven with ADC_data[9:0].

01: DATAJ1:0] outputs are driven to zero. DATA[9:2] is driven with
ADC_data[9:0] rounded up to 8 significant bits.

10: DATA[L:0] are driven to zero. If ADC_data[9] or ADC_data[8] is one,
DATA[9:2] is forced to be xFF, otherwise DATA[9:2] is driven with
ADC_data[7:0]. This is called saturation mode 2.

11: DATA[L:0] are driven to zero. If ADC_data[9] is one,

DATA[9:2] is forced to be xFF, otherwise DATA[9:2] is driven with
ADC data[8:1]. This is called saturation mode 1.

DDO R/W Delay Data Output. When 0, parallel data outputs switch relative to the rising
edge of the system clock. When 1, parallel data outputs switch relative to the
falling edge of the system clock. When DSYNC is set, will control NnROW,
nFRAME nSYNC and nIRQ nCC as per data.

DSC R/W Data Setup cycle count before DRDY is asserted.

00: 0 clock, 01: clocks, 10: 2 clocks, 11: 3 clocks

HAVG R/W Horizontal average enable. When 1, horizontal averaging of RGB outputs is

enabled. When 0, horizontal averaging is disabled.

March 30, 2000

Table 8. Interface Control Register Bit Descriptions
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2.2.7 ITMG: Interface Timing Control Register

Default 2020

7 6 5 4 3 2 1 0
| RSV | DPS | DHC RPC
X X 0 0 1 0 1 0
X X 0 1 1 0 1 0

Default 1020

Figure 10. Interface Timing Register Format

Mnemonic

Read/Write
Control

Description

RPC

R/W

Data Ready Pulse Count: The number of cycles that the DRDY signal is
asserted.
RPC __Number of Clock Cycles DRDY Signal Asserted

000: 1 clock

001: 2clocks
010: 3 clocks
011: 4 clocks
100: 5 clocks
101: 6 clocks
110: 7 clocks
111: 8 clocks

DHC

R/W

Data Hold cycle count after de-assertion of DRDY.
00: 0 clock, 01: 1 clocks, 10: 2 clocks, 11: 3 clocks

DPS

R/W

DRDY signal Polarity Select. When 0, DRDY is active high. When 1, DRDY

is active low.

RSV

N/A

Reserved.

March 30, 2000

Table 9. Interface Timing Register Bit Descriptions
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2.2.8 BFRAC: Baud Fraction Register

7 6 5 4 3 2 1 0
SNDLY | BPF
Reset 0 0 0 o | o 1 0 0
Value

Figure 11. Baud Fraction Register Format

Mnemonic | Read/Write Description
Control
BPF R/W Baud Rate Fraction. Fractional portion of the baud period.

BPFBAUD Rate Fraction

0000:Zero fractional portion.
0001:1/16

...etc

1111:15/16

SNDLY R/W

Number of Stop Bits to delay when sending bytes. This applies to delay before
sending the first byte, and delay between subsequent bytes.
There is always 1 stop bit delay and SBDLY is the number of additional stop

bits to delay.

March 30, 2000

Table 10. Baud Fraction Register Bit Descriptions
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2.2.9 BRATE: Baud Rate Register

7 6 5 4 3 2
BPI

Reset 1 0 0 1 1 0

Value
Figure 12. Baud Rate Register Format

Mnemonic | Read/Write Description

Control
BPI R/W Baud Rate Integer. Integer portion of baud rate.

BAUD_PERIOD =1/ (BAUD_RATE)

BAUD_RATE = CLK_FREQ *[ 16 * (BPI + 1) + ( BPF)]

Table 11. Baud Rate Register Bit Descriptions

March 30, 2000 Product Technical Specification HDCS-2020/1020
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2.2.10 ADCCTRL: ADC Control Register

7 6 5 4 3 2 1 0
RSV ARES
Reset value X X X X 1 0 1 0
HDCS-2020
7 6 5 4 3 2 1 0
RSV
Reset value X X X X X X X X
HDCS-1020
Figure 13. ADC Control Register Format
Mnemonic | Read/Write Description
Control
ARES R/W ADC Conversion Resolution.
ARES
0000: Reserved
0001 - 1010:Number corresponds to bits of ADC output resolution
1011 - 1111:Reserved
Note: Legal settings in normal operation are 1000 - 1010.
The ADC resolution impacts the minimum allowable column timing.
Reserved for HDCS-1020
RSV N/A Reserved

Table 12. ADC Control Register Bit Descriptions

March 30, 2000 Product Technical Specification HDCS-2020/1020
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2.2.11 FWROW: First Window Row Register
This register is used to define the row address of the first row of the image window.

7 6 5 4 3 2 1 0
| RSV | FRADDR
Reset X 0 0 0 0 0 1 0
Value
Figure 14. First Window Row Register
Mnemonic |Read/Write Description
Control
FRADDR[8:2] |R/IW First Row Address. Represents bits [8:2] of the address of first row of the

image window. Bits [1:0] of the first row address are hard wired as “00” to
force the window to begin on an even row boundary that is a multiple of four.
The legal range is from zero to the last row address minus three.
0<=FRADDR[8:0]<=LRADDR]8:0] - 3.

RSV

N/A

Reserved

March 30, 2000

Table 13. First Window Row Register Bit Descriptions
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2.2.12 FWCOL: First Window Column Register

Thisregister is used to define the address of the first column of the image window. When using the full array for
image capture, the value should be zero.

7 6 5 4 3 2 1 0
FCADDR
Reset  Q 0 0 0 0 1 1 1
Value
Figure 15. First Window Column Register Format
Mnemonic |Read/Write Description
Control
FCADDR R/W First Column Address. Represents bits [9:2] of the address of the first

column of the image window. Bits [1:0] of the first column are hard wired as
“00” to force the window on an even row boundary this is a multiple of four.

The legal range of the first column address is from zero to the last column
address minus the minimum number of columns in the image windows:

0<=FCADDR[9:0}<=LCADDR[9:0} - MINC + 1
where MINC represents the minimum number of columns in the image

windows for the given operating mode and column timing. See “Column
Timing Related Equations” for the equation for MINC.

Table 14. First Window Column Register Bit Descriptions
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2.2.13 LWROW: Last Window Row Register

Thisregister is used to define the address of the last row of the image window. When using the full array for image
capture, the value should be the number of rows - 1.

7 6 5 4 3 2 1 0
| RSV | LRADDR
Resetvalue X 1 1 1 1 0 0 1
HDCS-2020t
HDCS-1020 X 1 0 0 1 0 0 1
Figure 16. Last Window Row Register Format
Mnemonic |Read/Write Description
Control
LRADDR R/W Last Row Address. Represents bits [8:2] of the address of the last row of the
image window. Bits [1:0] of the last row address are hard wired as “11” to
force the window to end on an odd row boundary that is a multiple of four
minus one. The legal range is from the address of the first row plus three to
the number of rows minus one.
FRADDR[8:] + 3 <=LRADDRJ8:0]<=number of rows in array - 1
RSV N/A Reserved

March 30, 2000

Table 15. Last Window Row Register Bit Descriptions
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2.2.14 LWCOL: Last Window Column Register

Thisregister is used to define the address of the last column of the image window. When using the full array for
image capture, the value should be the number of columns - 1.

7 6 5 4 3 2 1 0
LCADDR

Reset Value 1 0 1 0 0 1 1 0
HDCS-2020

HDCS-1020 1 0 1 1 1 1 0

Figure 17. Last Window Column Register Format
Mnemonic |Read/Write Description
Control
LCADDR R/W Last Column Address. Represents bits [9:2] of the address of last column of

the image window. Bits [1:0] of the last column address are hard wired as
“11” to force the window to end on an odd column boundary that is a multiple
of four minus one.

The legal range of the last column address is from the first column address
plus the minimum number of columns, to the number of columns in the array
minus one.

FCADDR[9:0] + MINC - 1<=LCADDR][9:0]<= number of columns in array — 1
where MINC represents the minimum number of columns in the image

windows for the given operating mode and column timing. See “Column
Timing Related Equations” for the equation for MINC.

March 30, 2000

Table 16. Last Window Column Register Bit Descriptions
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2.2.15 TCTRL: Timing Control Register

ASTRT adcStart Signal Duration ADC Sample Duration

00: 2 clock cycles 1 clock cycle

01: 3 clock cycles 2 clock cycles
10: 4 clock cycles 3 clock cycles
11: 5 clock cycles 4 clock cycles

7 6 5 4 3 2 1
ASTRT PSMP
Reset Value 0 0 0 0 0 1 1
HDCS-2020
HDCS-1020 Q 0 0 0 0 1 0
Figure 18. Timing Control Register Format
Mnemonic |Read/Write Description
Control
PSMP R/W PGA Sample duration. The number represents the number of clock cycles
that the PGA sample signal is asserted. Valid numbers range from 4 to 31
where PSMP + CTO + 1>= ARES.
ASTRT R/W ADC Start Signal Duration.

March 30, 2000

Table 17. Timing Control Register Bit Descriptions
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2.2.16 ERECPGA: Even Row, Even Column PGA Gain Register
Thisregister is used to set the PGA gain for pixels on even rows and even columns.

Figure 19. Even Row, Even Column PGA Gain Register Format

7 6 5 4
| EEH |
Reset Value 0 0 0 0
HDCS-2020
HDCS-1020 0 0 0 0

3 2
EREC

0 1

0 0

Mnemonic |Read/Write Description
Control
EREC R/W PGA gain for pixels on Even Rows and Even Columns. Legal values range
from 0 to 127.
PGA Voltage gain setting: Av = (1+19*n/127)*(EEH+1) where n = binary to
decimal conversion of EREC
EEH R/W PGA Even row Even column High gain enable. When 1, the PGA gain value

programmed in the EREC bit field is doubled. When 0, PGA gain value

programmed in EREC bit field is used.

March 30, 2000

Table 18. Even Row, Even Column PGA Gain Register Bit Description
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2.2.17 EROCPGA: Even Row, Odd Column PGA Gain Register
Thisregister is used to set the PGA gain for pixels on even rows and odd columns.

7 6 5 4 3 2 1 0
[ EOH | EROC |

Reset Value 0 0 0 0 0 1 1 0

HDCS-2020

HDCS-1020  Q 0 0 0 0 0 0 0

Figure 20. Even Row, Odd Column PGA Gain Register Format

Mnemonic |Read/Write Description
Control
EROC R/W PGA gain for pixels on Even Rows and Odd Columns: Legal values range
from 0 to 127.
PGA Voltage gain setting: Av=(1+19*n/127)*(EOH+1) where n=decimal
conversion of EROC
EOH R/W PGA Even row Odd column High gain enable. When 1, PGA gain value

programmed in EROC bit field is doubled. When 0, PGA gain value
programmed in EROC bhit field is used.

March 30, 2000

Table 19. Even Row, Odd Column PGA Gain Register Bit Description
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2.2.18 ORECPGA: 0Odd Row, Even Column PGA Gain Register
Thisregister is used to set the PGA gain for pixels on odd rows and even columns.

7 6 5 4 3 2 1 0
[ OEH | OREC |

Reset Value 0 0 0 0 0 1 1 0

HDCS-2020

HDCS-1020 0 0 0 0 0 0 0 0

Figure 21. Odd Row, Even Column PGA Gain Register Format

Mnemonic |Read/Write Description
Control
OREC R/W PGA gain for pixels on Odd Rows and Even Columns: Legal values range

from 0O to 127.

PGA Voltage gain setting: Av=(1+19*n/127)*(OEH+1) where n=decimal
conversion of OREC

OEH R/W PGA Odd row Even column High gain enable. When 1, the PGA gain value
programmed in the OREC bit field is doubled. When 0, PGA gain value
programmed in OREC bhit field is used.

Table 20. Odd Row, Even Column PGA Gain Register Bit Description
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2.2.19 OROCPGA: 0Odd Row, Odd Column PGA Gain Register
Thisregister is used to set the PGA gain for pixels on odd rows and odd columns.

7 6 5 4 3 2 1
| OOH | OROC

Reset Value 0 0 0 0 0 1 1

HDCS-2020

HDCS-1020 0 0 0 0 0 0 0

Figure 22. Odd Row, Odd Column PGA Gain Register Format

Mnemonic |Read/Write Description
Control
OROC R/W PGA gain for pixels on Odd Rows and Odd Columns: Legal values range

from O to 127.

PGA Voltage gain setting: Av=(1+19*n/127)*(O0OH+1) where n=decimal
conversion of OROC

OOH

R/W

PGA Odd row Odd Column High gain enable. When 1, PGA gain value
programmed in OROC bit field is doubled. When 0, PGA gain value

programmed in OROC bit field is used.

Table 21. Odd Row, Odd Column PGA Gain Register Bit Description

March 30, 2000 Product Technical Specification HDCS-2020/1020

31




Adgilent Technologies HDCS Family of CMOS Image Sensors

2.2.20 ROWEXPL: Row Exposure Low Register

7 6 5 4 3 2 1 0
REXPL
Reset Value 1 1 0 1 1 0 0 1
HDCS-2020
HDCS-1020 0 0 1 0 1 1 0 0

Figure 23. Row Exposure Low Register Format

Mnemonic |Read/Write Description
Control
REXPL R/W Row Exposure Low Register. Least significant bits of the row exposure

register (REXP[7:0]) formed by the concatenation of the ROWEXPH][6:0] and
ROWEXPL][7:0] registers (i.e., REXP[14:0] = {ROWEXPH]I6:0],
ROWEXPL[7:01]}).

In the “Normal” mode and “Shutter” mode, the row exposure register defines
the number of row processing periods (see “Diagram of the Row Processing
Period”) that the image is exposed.

The legal range of values for the row exposure register is:

0<=ROWEXP[15:0]<=32,767.

Table 22. Row Exposure Low Register Bit Descriptions

March 30, 2000

Product Technical Specification HDCS-2020/1020 32




Adgilent Technologies HDCS Family of CMOS Image Sensors

2.2.21 ROWEXPH: Row Exposure High Register

7 6 5 4 3 2 1 0
RSV REXPH
Reset Value X 0 0 0 0 0 0 0
HDCS-2020
HDCS-1020 X 0 0 0 0 0 0 1
Figure 24. Row Exposure High Register Format
Mnemonic |Read/Write Description
Control
REXPH R/W Row Exposure High Register. Most significant bits of the row exposure
register ROWEXP[14:8]) formed by the concatenation of the
ROWEXPH][6:0] and ROWEXPL[7:0] registers (i.e., REXP[14:0] =
{ROWEXPH]6:0], ROWEXPL][7:01]}).
In the “Normal” mode and “Shutter” mode, the row exposure register defines
the number of row processing periods that the image is exposed.
The legal range of values for the row exposure register is:
0<=ROWEXP[15:0]<=32,767.
RSV N/A Reserved

March 30, 2000

Table 23. Row Exposure High Register Bit Descriptions
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2.2.22 SROWEXP: Sub-Row Exposure Register

7 6 5 4 3 2 1 0
| SREXP
Reset Value 0 0 0 0 0 0 0 0
Figure 25. Sub-row Exposure Register Format
Mnemonic |Read/Write Description
Control
SREXP R/W Sub-row exposure register. Represents bits [9:2] of the sub-row exposure

count used internally. Bits [1:0] is hard wired “00” such that the internal sub-
row exposure value used is SREXP[9:0] = {SREXP[9:1],0,0} and the
minimum granularity of the sub-row exposure count is four column timing
periods.

This register has no effect when operating in the “Shutter” mode and applies
only to the “Normal” mode of operation.

This register is used to specify the sub-row duration of time that each pixel is
exposed before being sampled. The unit of measurement is one clock cycle.
The legal range of values is:

0<=SROWEXP[9:0],<= NCTP - MNCT

March 30, 2000

Table 24. Sub-row Exposure Register Format
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2.2.23 ERROR: Error Control register

7 6 5 4 3 2 1 0
RSV | IE | IEF | IEE | EEF |
Reset Value X X X X 0 0 0 0
Figure 26. Error Register Format
Mnemonic |Read/Write Description
Control

EEF R/W Exposure error flag. When 1, indicates an exposure error was detected since
the flag was last cleared. When 0, indicates no exposure error has been
detected. Clear by writing a 1 to EEF flag and correcting the exposure
settings.

IEE R/W Interrupt when exposure error occurs. When 1, an interrupt will be asserted
when an exposure setting error has been detected. When 0, no interrupt will
be asserted when an exposure setting error is detected.

IEF R/W Interface error flag. When 1, indicates an error was detected by the interface
controller since the flag was last cleared. When 0, indicates no serial
interface error has been detected since the flag was last cleared. Clear by
writing a 1 to IEF.

lE R/W Interrupt when interface error occurs. When 1, an interrupt will be asserted
when an serial interface error has been detected. When 0, no interrupt will
be asserted when a interface error is detected.

RSV N/A Reserved

March 30, 2000

Table 25. Error control register description
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2.2.24 ITMG2: Interface Timing 2 Register

7 6 5 4 3 2 1 0
| RSV | SDA_SETUP | SDA_HOLD
Reset Value X 1 0 0 1 0 1 1
Figure 27. Interface Timing 2 Register Format
Mnemonic |Read/Write Description
Control
SDA HOLD [R/W SDA_HOLD controls the number of cycles after SCLK falls before the sensor
stops driving the data on SDA.
HOLD_CYCLES =2 + (SDA_HOLD*2)
SDA SETUP |R/W When the sensor is driving a data bit, SDA_SETUP controls the number of
cycles after SCLK falls until data is driven on SDA.
SETUP_CYCLES =2 + (SDA_HOLD*2) + (SDA_SETUP*2)
RSV N/A Reserved

March 30, 2000

Table 26. Interface Timing 2 Register bit description
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2.2.25 ICTRL2: Interface Control 2 Register

7 6 5 4 3 2 1 0
IDRD |FRMT |[ROWT|RDYT | DATT | FSM |RSM |DSYNC
Reset X 0 0 0 0 0 0 0
Value
Figure 28. Interface Control 2 Register Format
Mnemonic |Read/Write Description
Control

DSYNC R/W Data synchronization mode. When set, nROW, nFRAME_nSYNC and
nIRQ_nCC are synchronized with DATA

RSM R/W Row synchronization mode. It is used only when DSYNC is set. When 0,
NROW asserts when the first DATA of row is transferred. When 1, nROW
asserts when last DATA of row is transferred.

FSM R/W Frame synchronization mode. It is used only when DSYNC is set. When 0,
NFRAME asserts when the first DATA of frame is transferred. When 1,
nFRAME asserts when last DATA of frame is transferred.

DATT R/W Tristates DATA output. When 1, DATA outputs are tristated.

RDYT R/W Tristates DRDY output. When 1, DRDY s tristated..

ROWT R/W Tristates nROW output. When 1, nROW s tristated..

FRMT R/W Tristste NFRAME_nSYNC output. When 1, nFRAME_NSYNC s tristated.

DRD R/W Delay DRDY output. When 0, DRDY output switches relative to the rising

edge of the system clock. When 1, to the falling edge.

March 30, 2000

Table 27. Interface Control 2 Register Bit Descriptions
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2.2.26 HBLANK: Horizontal Blank Register

7 6 5 4 3 2 1 0
HBLANK
Reset 0 0 0 0 0 0 0 0
Value

Figure 29. Horizontal Blank Register Format

Mnemonic |Read/Write Description
Control
HBLANK R/W Horizontal blank time. This register value represents the number of clock

cycles that is added to the internally controlled minimum horizontal blank
interval.

Legal values range from 0 to 255.

March 30, 2000

Table 28. Horizontal Blank Register Description
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2.2.27 VBLANK: Vertical Blank Register

7 6 5 4 3 2 1 0
VBLANK
Reset 0 0 0 0 0 0 0 0
Value

Figure 30. Vertical Blank Register Format

Mnemonic |Read/Write Description
Control
HBLANK R/W

Vertical blank time. This register value represents the number of row
processing time intervals used to either create or increase the vertical
blanking interval independently of the configured integration time.

Legal values range from 0 to 255.

March 30, 2000

Table 29. Vertica Blank Register Description
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2.2.28 CONFIG: Configuration Register
The configuration register is used to select the method of image capture to be used.

7 6 5 4 3 2 1 0
| RSV | SDOE| RSS | CSS | CFC | SFC | SEN |MODE |
Reset Value X 0 0 0 1 1 0 0
HDCS-2020
HDCS-1020 X 0 0 0 1 1 X 0
Figure 31. Configuration Register Format
Mnemonic |Read/Write Description
Control
MODE R/W Operating mode select.
MODE
0: Normal operation mode.
1: Shutter mode.
SEN R/W Reserved for HDCS-1020

Single Channel Enable. When 1, single channel Mode is enabled. SEN
mode reduces the data output and frame rate to half.

SFC R/W Stop when Frame Complete. When 1, the internal timing controller will
complete processing the current frame before stopping following de-
assertion of the RUN control bit. When 0, the internal timing controller will
stop execution immediately upon de-assertion of the RUN control bit. Data
currently in the image pipe will be output.

CFC R/W Continuous Frame Capture: 1 forces continuous multiple frame capture
when RUN flag asserted. 0 forces single frame image capture when RUN
flag asserted.

CSS R/W Column Sub-Sample enable. When 1, one half of the columns in the image
window are processed. When 0, all columns in the image window are
processed.

RSS R/W Row Sub-Sample enable. When 1, one half of the rows in the image window
are processed. When 0, all rows in the image window are processed.

SDOE R/W Serial data output enable. When 1, DATA[1] is used as SDO, serial data

output for the even channels, DATA[1] is used as SD1, serial data output for
the odd channels. When 0, DATAJ[7:0] is used as the parallel data outputs.

RSV N/A Reserved

Table 30. Configuration Register Bit Descriptions
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2.2.29 CONTROL: Control Register

The configuration register is used to initiate and monitor an image capture process, and control the reset and power
up state of the chip.

7 6 5 4 3 2 1 0

RSV | PWR | LCK |ARST | RUN | SLP | RST |

Reset
Value

X X 1 0 0 0 0 0

Figure 32. Control Register Format

Mnemonic

Read/Write
Control

Description

RST

R/W

Hardware Reset. When 1, an internal hardware reset is asserted. When 0,
does not assert an internal hardware reset.

SLP

R/W

Sleep mode enable. When 1, internal sleep mode is asserted, the internal
timing controller clocks and state machines are disabled, and power to the
analog sections blocks is disabled. When 0, internal sleep mode is not
asserted.

RUN

R/W

Run enable. Transition from 0 to 1 initiates the configured image capture
process which may be single or multiple frames depending on the state of
the CFC control bit. Normal termination of a single frame image capture
process automatically drives RUN to a 0. When 1, writing a 0 to RUN posts
a request to the internal timing controller to stop the current image capture
process. Depending on the state of the SFC bit, the stop request will be
executed immediately or at the next frame boundary.

ARST

R/W

Global Array Reset. When 1, enable the pixel array to be globally reset.

LCK

R/W

Register lock. When 1, internal shadow registers will retain their values and
modifications to the main register settings will be ignored. When 0, the main
register values will be sampled synchronously to internal timing controller
cycles.

PWR

R/W

Low Power Mode. When 1, as RUN is deasserted, the power to the analog
modules is disabled, and the clocks to all of the digital logic(except the serial
interface and control registers)are disabled. Hence, when the HDCS is reset,
(PWR=1), the control register is the only writable register. In order to write to
the other registers, PWR has to be deasserted.

When 0, low power mode is not asserted.

RSV

N/A

Reserved

March 30, 2000

Table 31. Control Register Bit Descriptions
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3. Programming Reference

3.1 Programming Reference Overview

The HDCS sensor supports awide variety of operating modes, window sizes and locations, exposure control

settings, timing control settings, analog to digital conversion settings, and data output format settings. Operation of
the system is primarily controlled by a set of internal registers that must be initialized to the desired settings prior to
use. All register reads and writes occur via one of two user selectable serial communication interfaces, both of which
support multiple user configurable data rates and operating modes. When an image capture process is running,
image data is output from the HDCS Sensor via the parallel interface. Depending on the programmed operating
mode and exposure settings, data may be output in bursts or a steady stream.

3.2 Windowing and Panning

The HDCS sensor supports a very flexible windowing and panning scheme in that numerous windows sizes, aspect
ratios, and positions are supported. The image window can be placed virtually anywhere within the boundaries of
the array.

3.3 Programmable Gain Settings

The material used to create color filter patterns such asthe RGB Bayer pattern combined with the frequency
response of the photodiodes combine to produce different degrees of sensitivity to red, green and bluelight. The
HDCS sensor allows the host to compensate for these differences, if necessary, by allowing four different gain
settings independently programmed via the four PGA gain registers. The gain values are applied as even row even
column, even row odd column, odd row even column, and odd row odd column. Since the programmable gain
settings modify the resulting signal levels driving the on-chip ADC/S, the gain settings should be factored into the
exposure control algorithm.

The voltage gain settings are given by:
Gan=[1+(19* n/127)] * [m+ 1]

where “n” is the number defined by the seven least significant bits of the corresponding gain register (i.e,, n =
ERECPGA[6:0], EREOCPGA[6:0], ORECPGA[6:0], or OROCPGA[6:0]) and “m” isthe most significant bit of the
sameregister (i.e., M=ERECPGA[7], EROCPGA[7], ORECPGA[7], or OROCPGA[7]).

For gain settings lower than 20 (decimal) , the best results will be obtained by setting “m” equal to zero. Also, for
PGA gain settings higher than 10, it is recommended that the “PSMP” and “ASTRT” portions of the column timing
period be increased over the minimum values.

3.4 Internal Timing Controller Operation

Once initiated, the internal timing controller generates all of the control signals and executes al of the sequences
required to capture one or more frames of image data with minimal host system intervention. To initiate an image
capture process, the host controller must first configure the register set and then assert the “RUN” hit of the
“CONTROL" register. If the system is configured to capture a single frame, the timing controller will execute a
finite sequence of operations and stop execution after outputting asingle frame of data. If the systemis configured
to capture multiple frames, the timing controller will continue to sequence and output data until forced to stop by the
host system. The host system can stop the HDCS sensor by de-asserting the “RUN" bit of the “CONTROL” register,
asserting an internal or external reset, or asserting an internal or external low power mode condition.
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The HDCS sensor supports multiple image capture modes classified as either amajor or minor mode. Major modes
define the general operation of an image capture process and are mutually exclusive in that only one mode can be
applied at atime. Minor modes further refine the behavior of the major mode, can be applied to every major mode,
affect the major mode operation in asimilar manner, and are not mutually exclusive.

3.5 Power Saving Options

The HDCS Family of sensors offer areduced power mode controlled by an external input signal and several user
programmable reduced power modes.

3.5.1 Externally Controlled Power Saving Options

When asserted, the nRST_nSTBY input signal asserts an internal system reset which sets al registers and state
machines to their default values. It also turns off the internal system clock and to the analog sub-systems.

The Sensor isnot is not operational in this state and requires that the registers be reconfigured upon exit.

3.5.2 Internally Programmable Power Saving Options
Theinternally controlled power savings options are programmed via the system control register.

The low power mode is an operational mode which the sensor enters automatically when not in an image capture
process. The chip remainsin this“deep” mode until the power mode is changed by the host system, or the host
begins an image capture process. The sensor defaults to the low power mode on reset. Thiswill cause the register
clocks to be disabled except to the CONTROL register. The PWR bit in the CONTROL register must be cleared
before one can write to the rest of the registers.

The sleep mode is a non-operational mode in which power to the analog sub-system is disabled and the clocks
running al digital systems, except the host system interface and the CONTROL register, are disabled. The contents
of the registers are preserved while in this mode.

3.5 Major Image Capture Modes

The major operating mode is selected by programming the “MODE” field of the “CONFIG” register. The two major
image capture modes include the “Normal Mode” and “Shutter Mode”.

All image capture processes are initiated by the host system first configuring the register set (image window size and
location, operating modes, exposure duration, gain settings, etc.) and then asserting the “RUN” bit of the
“CONTROL” register. Internal circuitry generates al of the control signals necessary to address, sample, convert,
and output one or more frames of image data with minimal host system interaction.

3.5.1 Normal Image Capture Mode

The“Normal” image capture mode is the default mode and is intended to be used for capturing high quality still or
video images. The exposure duration isinternally controlled by implementing arolling electronic shutter that does
not require the use of an external mechanical shutter or external flash. Following assertion of the “RUN" hit, the
internal timing controller begins sequentially resetting rows in the selected image window to individually start the
integration period of each row. To ensure that the integration period of all rows are equivalent, the rows are reset at
arate equal to the rate at which they will subsequently be sampled. All row operations occur in ascending order and
wrap back to the first row in the image window after operating on the last row. When the first row in the image
window has been exposed for the programmed duration, the system samples, converts, and outputs data for each row
in ascending order. If they system is configured to capture one frame, this process automatically terminates upon
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completion of the first frame. If it is configured to capture multiple frames, the process continues terminated by host
interaction.

The vertical blanking register (VBLANK), row exposure registers (ROWEXP) and the number of rows in the image
window determine the first frame and the inter-frame delay periods. The duration of the delays and it’s timing can be
classified into the following 4 groups.

1. ROWEXP >=#Rows, VBLANK >= ROWEXP+1 : Therow exposure duration is larger than the time to
process one frame. The VBLANK value is larger than the row exposure register plus one.

2. ROWEXP >= #Rows, VBLANK < ROWEXP+1 : Therow exposure duration is larger than the time to
process one frame. The VBLANK value is less than the row exposure register plus one.

3. ROWEXP <=#Rows, VBLANK >= ROWEXP+1 : The row exposure duration is less than the time to
process one frame. The VBLANK value is larger than the row exposure register plus one.

4. ROWEXP <=#Rows, VBLANK < ROWEXP+1 : The row exposure duration is less than the time to process
one frame. The VBLANK value is less than the row exposure register plus one.

The basic principle in the interaction between ROWEXP, VBLANK and #rows are, in order of decreasing priority:

1. Theexposure duration for each row must equal to the ROWEXP+1
2. Thefirst frame and inter-frame delays are determined by VBLANK

The first frame and inter-frame delays can be more than VBLANK if condition 1 is not met.

When VBLANK>ROWEXP+1, regardless of the exposure duration against the time it takes to sample aframe, the
first frame delay is determined by the VBLANK register value. When VBLANK<ROWEXP+1, the first frame
delay is determined by ROWEXP+1. When the exposure duration is more than the time it takes to sample a frame,
the inter-frame delay is determined by the larger of VBLANK and ROWEXP+1- #rows. When the exposure duration
islessthan the time it takes to sample a frame, the inter-frame delay is determined by VBLANK.

The following diagram columns “exposure reset row” and “sample reset row” are referring to the row number that is
being reset to start the exposure period, and the row number that is being sampled. In equation format, the first and
last rows in the image window are referred to as“n” and “m” respectively. The row exposure count is referred as
“R”. Equations are enclosed in parenthesis. Values enclosed in the square brackets are row numbers based on the
assumption that n=0, m=7, and R=2.

When the inter-frame delay is present, the image datawill be output in single frame bursts with a delay between each
burst. When the row exposure duration is larger than the time it takes to process one frame, if enabled and
configured as the shutter sync signal, the nNFRAME_nSY NC signal will be asserted at the end of the exposure reset
period to facilitate operation of an external shutter or flash. When the exposure duration is not greater than the time
required to process one frame, the shutter sync signal will not be asserted.

The sample reset occurs during the row sample portion of the row processing time and occurs immediately after the
row is sampled (i.e., the end of the integration time for that row). Similarly, the exposure reset essentially marks the
start of the integration time for the row that isreset. The column processing time is afunction of the number of
columns in the image window, the programmed column timing, and the column sub-sampling mode.
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The following diagram depicts the sequence of operations for a“Normal” mode image capture process with an
exposure duration less than the time required to process one frame. The diagram columns “ Exposure Reset Row”
and “Sample Reset Row” are referring to the row number that is being reset to start the exposure, and the row
number that is being sampled. In equation format, the first and last rows in the image window are referred to as“n’
and “m” respectively. The row exposure count is denoted by “R”. Equations are enclosed in left and right
parenthesis. Values enclosed in square brackets represent a row number based on the assumption that n=0, m=7, and
R=2.
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Figure 36. Normal Mode Image Capture Process (ROWEXP< #Rows, VBLANK<ROWEXP+1)
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3.5.2 Shutter Mode Image Capture Process

The “ Shutter Mode” image capture mode is intended to be used for capturing high quality still or video imagesin
conjunction with an external shutter or flash. The basic sequence of operationsisto execute a“fast rolling rest” on
all rowsin the image window, assert the shutter sync signal, delay a time duration programmed via the row exposure
control registers (ROWEXPH and ROWEXPL), then sample, convert, and output the frame of data.

The objective of using the “fast rolling reset” is to minimize the pre-integration period and hence the latency between
initiating the image capture process and when the shutter or flash can be opened. Due to the differencein duration of
the row processing time and the time required to simply reset one row, the duration of time that each row is allowed
tointegrate isnot equal. Rather, it increases from row to row in ascending order. Assuch, the dark current
contribution is greater for the last row in the image window than the first. Obtaining high quality resultsin this mode
requires that the dark current contribution be negligible relative to the light intensity when the shutter is opened or
the flash is strobed. Also, if using a flash without a shutter, the ambient light level contribution must be negligible
relative to the flash intensity.

Since the fast rolling reset is used to start integration of each row in this mode, there is no requirement to execute an
exposure reset during the column processing time. As such, the minimum window size in this mode is reduced to the
minimum window addressable via the register set.

In equation format, the first and last rows in the image window are referred to as“n” and “m” respectively, and the

row exposure count is denoted by “R”. Equations are enclosed in left and right parenthesis. Values enclosed in
sguare brackets represent a row humber based on the assumption that n=0, m=7, and R=2.
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3.5.3 Minor Image Capture Modes

Every minor operating mode can be applied to every major operating mode and have a similar affect on every major
mode. Each minor mode can be enabled or disabled regardless of the state of other minor modes. Supported minor
modes include row sub-sampling and single frame versus video mode. The state of each minor mode is controlled by
fieldsinthe “CONFIG” register.

3.5.3.1 Single Frame Versus Video Mode

The“CFC” field of the“CONFIG” register determines whether the system operates in single frame or video mode.
Initiation of an image capture process when in single frame mode causes one frame of data to be output, after which
the timing controller automatically terminates the image capture process. When in the video mode, the initiated
image capture process will continue indefinitely until the host system intervenes by de-asserting the “RUN" bit in the
“CONTROL" register, asserting a sleep condition, or asserting a reset condition.

3.5.3.2 Single Channel Mode (HDCS-2020 only)

The“SEN” field of the “CONFIG” register determinesif the HDCS-2020 is in single channel mode.
When single channel mode is enabled, the column processing time is doubled which has the result of reducing the
frame rate and data rates.
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3.5.3.3 Row and Column Sub-Sampling Modes

The row and column sub-sampling modes can be used to implement a zoom feature, support exposure and focus

algorithms, or simply as a meansto create “fun house” style images for the end user. Sub-sampling modes are
controlled by the “RSS” and “CSS’ fields of the “CONFIG” register.

When both the row and column sub-sampling modes are disabled, every pixel within the defined image window is

sampled during an image capture process. Enabling sub-sampling reduces the number of pixels sampled per frame

by afactor of two. However, the impact on the actual frame rate and data rate depends on the major operating mode,
the exposure register settings, the size of the image window, and the selected column timing. In general, sub-
sampling will increase the frame rate.
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3.5.4 Basic Timing Controller Operations

Theinterna operation of the timing controller, and hence the rate and timing of data output, is deterministic and can
be calculated. The objective of this section isto describe the timing of the basic sequences and the registers that
affect them.

3.5.4.1 Row Processing Period

The period of time required to process one row is afundamental piece of information required to correctly program
the exposure duration and to understand the rate and timing at which datais output from the sensor. Rows are
processed sequentially in ascending order. The data output rate and overall timing controller sequencing corresponds
to the rate at which individual rows are processed. The rate at which rows are processed is highly programmable and
depends on the image window size, whether sub-sampling is enabled, and the selected timing control parameters.

As shown below, row processing is comprised of three major portions called the “Horizontal Blanking Period”,
“Row Sample Period” and the “Column Processing Period”. When operating in the “Normal Mode, an “ Exposure
Reset Period” occurs during the same time dlots as the “Column Processing Period”. The sub-row exposure registers
(SROWEXP) define the time delay from the start of the column processing period to the start of the exposure reset
period and hence the sub-row component of the overall integration time. SROWEXP is specified in 4 column timing
period units.
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Figure 40. Diagram of the Row Processing Period

3.5.4.2 Row Sample Period

The row sample period is a constant duration regardless of the selected operating mode, image window size, or the
programmed column timing. If current row has been fully exposed, it is sampled, reset, and sampled again to
implement the double sampling feature. The reset that occursin thistime dot isreferred to asthe “sample reset”. If
current row has not been fully exposed, the system does not actually sample or reset any rows, but simply delays an
amount of time equivalent to what it would take to sample, reset, and sample again.
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3.5.4.3 Column Processing Period

The analog to digital conversion of arow of sampled pixel data occurs during the column processing period. Datais
also output from the chip during this period. The duration of time required to perform the column processing period
of the row processing is highly programmable and depends on the number of columnsin the image window, whether
column sub-sampling is enabled and the selected column timing.

The column processing period begins with a constant duration overhead period following by some number of
programmable duration column timing periods. The number of column timing periods ranges between two and the
number of columnsin the array and is user programmable based on the image window size and the operating mode.
Regardless of the selected operating mode, columns are always processed and the data is always output in ascending
order. Single channel mode isonly for the HDCS-2020

< Column Processing Period (CP) >
«4—» | €«—— Column Processing Overhead (CPO)

<> |7 Column Timing (CT)
Overhead Col n | Col n+l| Col n+2| Col n+3 | - - | Col m-3 | Col m-2 | Col m-1| Col m |

Single Channel Mode Enabled and Column Sub-sampling M ode Disabled

|Overhead Col n | Col n+l| Col n+4| Col n+5| - - | Col m—5| Col m-4| Col m-ll Col m |

Single Channel Mode Enabled and Column Sub-sampling M ode Enabled

Col n Coln+2) Coln+4 | -- -- Col m-5 ] Col m-3 § Col m-1 Even channel datafirst
Colntl § Cont3l Caoln+5] -- -- Com-4fCom2] Com QOdd channel data second

Overhead

Single Channel Mode Disabled and Column Sub-sampling M ode Disabled

Overt Col n Coln+t4] Colnt8 | -- -- Col m-9 | Col m-5 | Colm-1| Even channel datafirst
e Colntl | Colntb Coln+9 ] -- -- Com-8fColm-4] Colm Odd channel data second

Single Channel Mode Disabled and Column Sub-sampling Mode Enabled n= {FWCOL, 2'b00}

m ={LWCOL, 2’'b11}

Figure 41. Column Processing Sequencing for Applicable Operating Modes
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3.5.4.4 Column Timing Period

The column timing period is abasic unit of the column processing time and is comprised of afixed duration
overhead period and two independently programmabl e periods that can be used to vary the duration of each data
conversion and output process. For any operating mode and image window size, increasing the column timing from
the minimum will increase the row processing time, decrease the average data output rate, and decrease the frame
rate. Assuch, the column timing can be used to scale the frame and data rates to match artificial lighting frequencies
and host system bandwidth requirements.

The PGA Sample signal and ADC Start signal values are programmed viathe “PSMP” and “ASTRT” fields of the

timing control register. Note that the column timing period must be a minimum of 11 cycles when performing 10-bit
A/D conversions.

«—— Column Timing Period (CT) ——»

Column Timing PGA Sample Signal | ADC Start Signal
Overhead (CTO) Duration (PS) Duration (AS)

Figure 42. Column Timing Period

3.5.4.5 Frame Processing Period

The frame processing period is the period of time during which one frame of fully exposed datais sampled and
output. The frame processing period is highly programmable and depends upon the size of the image window, the
selected timing parameters, and whether row sub-sampling is enabled.

3.5.4.6 First Frame Delay Period

Thefirst frame delay period defines the time when the RUN bit is set to the time that the datais output. Thetime
duration is highly programmable and depends upon the row processing time, row exposure, and the vertical blanking
register settings. The first frame delay period is determined by the larger of VBLANK and ROWEXP+1. Thisfirst
frame delay period can be sub-divided into the pre-exposure period, the exposure period and the integration delay
period. The pre-exposure period is present when VBLANK>ROWEXP+1. The exposure period is determined by
the number of rows in the image window and the row processing time. The integration delay period is determined by
(ROWEXP+1-#rows in image window) and the row processing time.

3.5.4.7 Inter-Frame Delay Period

The inter-frame delay period occurs between two frame processing periods. When VBLANK>ROWEXP+1, the
delay period is determined by the VBLANK register. When VBLANK<ROWEXP+1, and the row exposure count is
smaller than the time it takes to sample a frame, the delay is determined by the VBLANK register value. When
VBLANK<ROWEXP+1, and the row exposure count is larger than the time it takes to sample aframe, the delay is
determined by the larger of the VBLANK register value or the row exposure count. There is no data output during
this time period and no rows are being sampled or reset. The inter-frame delay will be executed multiple times when
operating in the video mode. Theinter frame delay period can be sub-divided into the pre-exposure period, the
exposure period and the integration delay period.

3.5.4.8 Fast Rolling Reset Period

Thefast rolling reset period occurs only in the “ Shutter Mode”. The duration of the fast rolling reset period is
determined by the exposure reset duration, afixed overhead per exposure reset, and the number of rows in the image
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window that will be processed. During this period each row in the image window that will be processed is reset,
starting with the first and continuing in ascending order.

3.5.4.9 Pre-exposure Delay Period
The pre-exposure delay period is determined by the difference between the VBLANK and the ROWEXP+1 values.

3.5.4.10 Exposure Delay Period

The exposure delay period occurs only in the “ Shutter Mode” and the duration is determined by the row processing
time and the row exposure register settings. To ensure that the shutter or flash do not conflict with the internal
electronic shutter, the exposure delay should be configured to be the minimum setting that is greater than the time
shutter will be opened or the flash asserted. To facilitate timing the opening of a shutter or assertion of aflash, a
synchronization signal can be configured to be asserted at the beginning of the exposure delay period. Thisis
accomplished by enabling the NFRAME_nSY NC output signal and configuring it for the nSY NC mode
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3.5.5 Timing Equations

Symbol |Equation Units Description

T Time System clock period.

TSO TSO=1 Cycles |Timing controller start overhead. Delay from internal assertion of
the RUN bit of the CONTROL register to when the timing controller
starts operating.

ER ER =96 Cycles  |Exposure reset duration.

Table 32. General Timing Controller Equations

Symbol [Equation Units |Description

PI Pl = CP + (REXP * RP) if REXP <= NRP Cycles |The pre-integration time occurs only in the
“Normal” mode and depends on the row

Pl = CP + (NRP * RP) if REXP > NRP exposure settings and the row processing time.

IFD IFD = 0 if REXP < NRP Cycles |The inter-frame delay time occurs only in the

“Normal” mode if the row exposure count
IFD = (REXP - NRP) + 1 if REXP >= NRP exceeds the number of row processed minus
one.

FP FP = NRP * RP Cycles [The frame processing time is defined by the
number of rows processed and row processing
time.

FRR FRR =NRP * (ER + 4) Cycles |[The fast rolling reset period occurs only in the
“Shutter” mode and is equal to the number of row
processed times the exposure reset duration plus
a constant.

ED ED = REXP * RP Cycles |The exposure delay occurs only in the “Shutter”
mode and is equal to the row exposure count
processed times the row processing time.

SDO Normal Mode: SDO =TSO + PI + IFD + RS Cycles |The delay from the start of an image capture
process to the first data output depends on the

Shutter Mode: SDO =TSO + FRR + ED + RS operating mode and row exposure settings.
Table 33. Operating Mode Timing Related Equations

Symbol [Equation Units |Description

RS RS =155 Cycles |The row sample period is constant.

RP RP = HB+RS + CP Cycles |The row processing period is determined by the
sum of the row sample and column processing
periods.

RSSF RSSF = 1if RSSis “0” Cycles |The row sub-sample scale factor is determined
by the state of the row sub-sample enable (see

RSSF =2 if RSS is “1” the RSS field of CONFIG register).
NRP NRP = [last row address - first row address Cycles |The Number of Rows Processed is determined

+ 1]/ RSSF

by the vertical size of the image window and the
state of the row sub-sample enable.
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Table 34. Row Timing Related Equations
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Symbol [Equation Units |Description

CTO CTO=3 Cycles |Column timing overhead.

HB 0<=HB<=255 Cycles |Horizontal Blanking Period

PS 4<=PS<=63 Cycles |PGA sample signal duration defined by PSMP
field of TCTRL reg. The PGA sample signal
duration m

AS 2<=AS<=5 Cycles |ADC start signal duration defined by the ASTRT
field of TCTRL reg.

CT CT=CTO +PS + AS Cycles |The column timing period equals column timing
overhead plus the PGA sample and ADC start

PS + CTO + 1 >= ARES signal duration.

Note: The column timing period must be
sufficient to allow for the ADC conversion time
which depends on the operating mode.

CPO CPO =3 Cycles |The column processing overhead.
SCSF SCSF=1if SEN="1" Cycles |The single channel scale factor is determined by
SCSF =2 if SEN="0" the single channel mode enable.
CSSF CSSF=1ifCSS ="0" Cycles |The column sub-sample scale factor is
determined by the state of the column sub-
CSSF=2ifCSS ="1" sample enable (see the CSS field of CONFIG
register).
NCP NCP = [last column address - first column Cycles |The number of columns processed is determined
address + 1] / CSSF by the width of the image window and state of the
column sub-sample enable.
CP CP =CPO + (NCP * CT / SCSF) Cycles |The column processing period is determined by

the number of columns processed, the column
processing overhead, and if single channel mode

is enabled.
MINC Shutter Mode: Cols The minimum allowable number of columns in
MINC >=4 the image window (MINC) is a function of the
major operating mode, the minor operating mode,
Normal Mode: and the selected column timing.

MINC >= (ER +12) * SCSF * CSSF / CT
Note: The number of columns in every image
window is forced to be a multiple of four by the
register set interface. If not an integer, or not a
multiple of four, MINC must be rounded up to the
next highest multiple of four that satisfies the
expression for MINC.

Table 35. Column Timing Related Equations
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Symbol Equation Units |Description

MNCT MNCT >= (ER + 12) / CT CT The minimum allowable number of column
timing periods within the column processing

Note: If not an integer, MNCT must be period applies only to the “Normal” mode of
rounded up to the next highest integer that operation when calculating the sub-row
satisfies the expression for MINC. exposure register settings.
SROWEXP [0 <= SROWEXP*4 <= NCTP -MNCT Cycles |The sub-row exposure register count is bounded
by the duration of the column processing period.
NCTD NCTD = SROWEXP*4 CT The number of column timing periods of delay
from the start of the column processing period to
the start of the exposure reset is controlled by
the sub-row exposure register settings.
SREXP SREXP =CP - (NCTD *CT) - ER - 12 Cycles |The sub-row exposure period applies only to the
“Normal Mode” and is equal to the column
A simpler equation with an error (ERR) range processing time minus the sum of the sub-row
of 0 <= ERR <=CT is: exposure count and the minimum number of

column timing periods required for the exposure
SREXP = CP - SROWEXP - ER - 6 reset period.

IEXP IEXP = RS + (MNCT * CT) Cycles |The duration of the illegal exposure reset time
slot is equal to the sum of the row sample period
and product of the minimum allowable number
of column timing periods and the column timing
period.

ROWEXP [ROWEXP ={ROWEXP, ROWEXPL} Cycles |The row exposure count is equal to the number
formed by the concatenation of the ROWEXPH
and ROWEXPL registers.

EXP Normal Mode: Time [In the “Normal” mode EXP represents the period

EXP =T * {SREXP + REXP * RP}

Shutter Mode:

EXP =T * REXP * RP

of time that each pixel is exposed.

In the “Shutter” mode, EXP represents the
“Exposure Delay Period”
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3.5.6 Exposure Control

The term “exposure’ refers to the duration of time between the point at which a pixel is reset and subsequently
sampled. Another for thisisthe “integration time”. This section isintended to describe the mechanics of
programming the HDCS sensor to expose each pixel for a pre-determined period of time. While methods of
determining the correct exposure duration is not within the scope of this section, one should note that the PGA gain
settings also factor into determining the correct exposure duration.

By default, pixelsin the HDCS image sensor arrays are continuously integrating ambient light. During an image
capture process, the period of time that a given row of pixelsisintegrated starts when an exposure reset is asserted
and ends when either a sample reset is asserted and ends when a subsequent exposure reset is asserted. Thetime slot
that an exposure (and sample€) reset occurs in depends on the operating mode, but is of equal duration in all modes.

3.5.6.1 Shutter Mode Exposure Control

In the “ Shutter Mode” a series of consecutive exposure resets, collectively called the “fast rolling reset”, are
sequentially asserted in ascending order on individual rows within the image window boundary. The fast rolling
reset occurs at the start of each captured frame. Note that in this mode the period of time between the exposure reset
and the subsequent sample reset is not equal for each row and increases from the start of the frame to the end of the
frame. For this mode to produce high quality pictures, the majority of the light integrated must be introduced during
the exposure delay period by means of opening a mechanical shutter or timing the assertion of a bright flash of light.

The duration of the exposure delay period is primarily controlled by the row exposure register settings (ROWEXPH,
ROWEXPL) which define the number of row processing periods to delay for. The row processing period is
determined by the minor operating modes sel ected, the image window size, the selected column timing, and the
system clock frequency. Since the exposure delay period is essentially an inter-frame delay, increasing the row
exposure register value decreases the frame rate. Note that the sub-row exposure register settings have no effect in
this mode of operation.

3.5.6.2 Normal Mode Exposure Control

In the “Normal Mode” each row is exposed for an equal time duration that is programmed via the row exposure, sub-
row exposure, column timing, configuration, and window coordinate registers. The resulting exposuretimeis
therefore a function of the size of the image window, whether or not sub-sampling is enabled, whether or not both
PGA/ADC channels are used, and the period of time required to process each row in the image window. Thetime
required to process each row is a function of the number of columns processed in the image window and the time
required to process each column.

The row exposure registers define the number of row processing periods that each row isintegrated for and therefore
control the majority of the integration time. Note that the row exposure registers value can exceed the number of
rows in the image window by a significant amount. When this occurs, a delay is inserted between each frame which
decreases the frame rate from the maximum possible rate. Asthe name implies, the sub-row exposure registers
provide exposure control granularity of fractions of row processing periods.

3.5.6.3 Sub-Row Exposure Control

The sub-row exposure registers only affect system behavior when operating in the “Normal” mode. In this operating
mode, exposure resets are asserted during the column processing time slot. As such, the duration of the exposure
reset defines the minimum acceptable column processing duration, and hence the minimum number of columns of
the image window for a set of operating conditions and timing parameters. When image windows with a sufficient
number of columns are used, the sub-row exposure registers ({ SROWEXPH, SROWEXPL}) can be used to skew
the assertion of the exposure reset within the column processing time to provide for sub-row granularity of the
integration time. While the sub-row exposure register is programmed in units of clock cycles, the initiation of the
exposure reset isinternally synchronized within the column timing time slot which results in an effective granularity
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of one column timing period. Note that increasing the sub-row exposure register value increases the delay from the
start of column processing to the start of the exposure reset, and therefore decreases the sub-row exposure time.

Should the host system program an incompatible configuration such that either the exposure reset does not fit within
the column processing time slot, or the sub-row exposure register values are so large that the exposure reset is
delayed past the end of the column processing time slot, an internal flag is asserted and can be used to notify the host
system of the error condition. In the event an exposure reset error condition occurs, the “EEF” flag of the “ERROR”
register will be asserted and will remain asserted until cleared by host system intervention. The system can also be
programmed to generate an interrupt request when thisflag is asserted.

< Row Processing Period >
<€— Column Processing Period >
<> Row Sample Period
<> Column Processing Overhead
0| Column Timing Period
RS CPOI CT|CTICT|CTCT|CTICT |CTJ CTJCTJCT|CT|CT|CT|CT|CT
row N 1121314151617 81 9110§11)12113§14]115]116
RS
<€«—SROWEXP(max)=quotient(NCP-MNCT)/4)_y.| rowN+1
Legal _ »| |€—gsrExpP<=CT
Exposure
Reset
< |— SROWEXP(min) =0
Legal <€ SREXP=(NCP* CT)-(SROWEXP* CT*4)—3
Exposure -ER-13
Reset
< Desired SROWEXP < 0.
Illegal Cannot be programmed, shown for reference only.
Exposurg
Reset |
- <€—— SROWEXP>quotient(NCP-MNCT)/4) — 3 <€»| SREXP<0
Exeg Exposure reset delayed outside bounds of
R posure current row column processing time.
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3.5.6.4 Determining the Normal Mode Exposure Register Settings

Assuming the desired integration time is known, an integral number of clock cycles, and represented by “TEXP”, the
row exposure register formed by the concatenation of ROWEXPH and ROWEXPH should be |oaded with the
integer quotient of the desired integration time divided by the time required to process one row;

ROWEXP = { ROWEXPH, ROWEXPL} = quotient {TEXP/ (T * RP)}

L etting the remaining integration time be represented by SREXP, the sub-row exposure (SROWEXP) register should
be loaded with a value determined by the following equations:

SREXP=TEXP/T - (ROWEXP* RP)
SROWEXP = quotient((NCP* CT-SREXP-ER-13)/(4*CT)
A negative SROWEXP value resulting from the above calculation indicates that desired integration time, combined

with the configured row processing time, corresponds to anillegal value. A value greater than the legal range
indicates an attempt to skew the exposure reset into the sample reset time.
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4. Interface Reference
4.1 System Configuration

4.1.1 Serial Interface

When IMODE equals “0” the serial interface operates as a synchronous seria slave. The 7 bit device addressis
‘101 0101'. The device address may be ignored by setting the DAD bit of the ICTRL register.

When IMODE equals‘1’ and TCLK equals ‘0’ the serial interface operates as a half duplex UART dlave. After
system reset the UART operates at 9600 baud. Register writes to the BRATE and BFRAC registers can increase the
BAUD rate.

4.1.2 Pad Speed

The PDRYV register controls the switching speed of the HDCS sensor output pins. There are four groupings of output
pinsthat can be controlled independently: DATA, DRDY, TxD, and STATUS. The STATUS group includes
NROW, nFRAME_nSYNC, and nlRQ_nCC. Each group has 4 possible switching speed options. After system reset,
the output pins areinitialized to the fastest switching speed.

Since faster switching pads generate a small amount of noise, it is possible that under some conditions image quality
could be enhanced by slowing the switching speed of the output pins.

4.1.3 Status Flags
There are three status output pins. NnROW, nFRAME_nSYNC, and nlRQ_nCC. The statusflags are al active low.

T

BCE J VR | DSYVHC | RS} BONT | Mode: Motes

L A o N L koW Dizabled, Drives a constant '1°,

Rl o b N Ll RO pulse mode, Assert low for 4 oy cles aler trailing
edpe of last DRDY of row.
[ = i nROW kval mode, Aasert low on kading edes of fEst

DEDY of row, Dw-assart an trailing edge of last DEDY of
row

' o il L " nBEOW Etart-of-Bow DEYMC pulse mode. Aasert low whan
first DATA of the row i3 transtzmed

1 ' Lty M pLs nR O Erd-or-Kow Dt MO pulss mode. Asserd low when
last DATA of the row B iransfamed

i 1' 1 x' L nROW DET N kel mode, Asserd low when st DATA of
row L2 ransferred. De-assert after last DATA of row is frans
fierred

E = x b N S E nECW s tristated

Table 37. NROW Status Flag Control
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ESE § P35 FINE | DSYNC ] FSRC | FRBT | Made: Motes

o L) L] r A’ L) NFEAME_fsTNOC is disabled, Drives a constat '1'

1’ oy i L'y 3! 13 nETHC Pulse Mode, Assert 4 cycle active low pulse at the
start of integration.

g | = iy 5" i W nETHC Level Mode. Assert bowr at start of sbegraticg. De-
assert an frst DEDY lkading edge

1 L1 R 1) A 13 NFEAME Pulse Mode, Assert bow for 4 oyales after the trail-
ing edge of lat DEDY of frame.

1 | oAy i = 1w nFEAME Level Mode. Assert low on lkading edge of fiest
DEDT of the frame. De-assert on tralling edge of lat DRDOY
of the frams.

1 1 e T -5 ¥ NSTNC DETHC Level Mode, Assert bow at start of nbegra-
tion, Dwe-asmsert on stant of first DAT A tranafer

1 ¥ b L i b o W nFEAME Btart-of-Frame DETNC Pulse Mode, Assart low
when the first DATA of the frame is franafsmed.

1 L ! 1" 1 L NFEAME End-of-Frame DETNC Pulse Mode, Assert lw
when e las DATA of the Fame is marafemed,

T L il T S ¥ NFEAME DETNET Lavel Made. Aasert low when first data
for a frame is trarsferred, De-aseert after 1ast data for 3 frame
b transferrad,

B - o T’ i i b nFEAME s tristated,

Table 38. NFRAME_nSYNC Status Flag Control
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e D A OB R MR Neley- o e e e e e e e
" o & 0 open Drain IR O (mterrupt request) with wes pull-up, Infer-

Aapt souirees are in the STATUS register, Intermipt masks ans
in the IMASK megistar,

P 6 G i i) TR {insarmapt regoeat] driving to fiall high and low levels.
Interrupt sources are in the STATUE reglater, Infermapt masks
are i the IMASE reglster,

'y Ey L'l L1 nCC (caphare complete) pulse mode, Assert low for 4 oycles
when the caphime procass complates. [(Afer last DRDY tradl-
ing adga’|

=14 = 4 1 R 15 niCC [caphire complete) laval moda, Assart losw when ETTN

bf 2 sat. Die-Assert after captore completes, (A ffer last
DRDY trailing &dpe).

1 ' i L nCC (capihore complkie) DETNC pukse mode. Assert low
during tast DATA of capure,
112 ' a b 0 o0 (capiure compleie) kvel mode, Assert low when BUN

bit iz sat. De-Aszert after captare completes. (A fter last
DATA for last frame is tranaferred)

Table 39. NIRQ_nCC Status Flag Control
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CONFIG[CFC] | CONFIG [SFC] |Capture Complete when...
continuous stop when
frame capture frame
complete

"o" “0” At end of the first frame if CONTROL [RUN] is not de-asserted.
Immediately after CONTROL [RUN] is de-asserted.
If frame is stopped due to de-assertion of CONTROL [RUN] then:
1) If data has been transferred for current sensor row, then assert
nROW if in nROW pulse mode.
2) If data has been transferred for current frame, then assert
nFRAME if in nFRAME pulse mode.

“0” “1” After last data is transferred for first frame is de-asserted in.

“1” “0” Immediately after CONTROL [RUN] is de-asserted.
If frame is stopped due to de-assertion of CONTROL [RUN] then:
1) If data has been transferred for current sensor row, then assert
nROW if in nROW pulse mode.
2) If data has been transferred for current frame, then assert
nFRAME if in FRAME pulse mode.

“1” “1” After last data is transferred for frame that CONTROL [RUN] is de-
asserted in.

Table 40. Capture Complete

4.1.4 DATA and DRDY Timing

Thetiming of the DATA and DRDY pinsis set by the DSC field of the ICTRL register, and the RPC field and DHC
fields of the IFTMG register. The DATA/DRDY timing is set relative to the column timing. Datafor 8 pixelsare
transferred during each period of column timing. Column timing is set by the ASTRT and PSMP field of the
TCTRL register.

4.1.5 DATA Formatting(For HDCS-2020 only)

The ARES field of the ADCCTRL register determines the number of bits of resolution produced by the ADC. Lega
valuesare 8, 9, and 10. The MSB for the ADC is aways output on DATA [9]. The unused LSB bits of DATA will
be‘0’. Itispossibleto have the ADC produce 10 bits of resolution, then apply a transform to the ADC data to cut it
down to 8 hits. The DOD field of the ICTRL register selects adatatransforms. The datatransforms are 1) pass the
data directly without transform, 2) rounding, 3) saturation.

4.1.6 Setting Viewing Window Coordinates

The FWCOL register specifies the first column in the viewing window. The LWCOL register specifiesthe last
column in the viewing window. The FWROW register specifiesthe first row in the viewing window. The LWROW
register specifies the last row in the viewing window.

The array is surrounded by boarder pixels that are addressable but not part of the image. There are 28 boarder pixels
on the left, 4 on the right, and 8 on the top and bottom. Included in these are 4 pixels (top, bottom, left, and right)
that have RGB Bayer filters. The following table shows the location of these boarder pixels.
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Pixel Type HDCS-2020 HDCS-2020 HDCS-1020 HDCS-1020
Column Row Column Row
Addresses Addresses Addresses Addresses
Dark Pixels 0-1 0-1
Reference Pixels 2-17 2-17
Dark Pixels 18-23 0-3 18-23 0-3
Border Bayer Pixels 24-27 4-7 24-27 4-7
Active Area Pixels 28-667 8-487 28-371 8-303
Border Bayer Pixels | 668-671 488-491 372-375 304-307
Dark Pixels 492-495 308-311

Table41. HDCS Sensor Viewing Window Coordinates

Note that the FWCOL, LWCOL, FWROW, LWROW registers do not include the 2 LSB. The FWCOL and
FWROW registersadd the 2 LSB ‘00’ on to the binary number to specify. While LWCOL and LWROW add the 2
LSB ‘11’ onto the number you specify. For example say you want to specify the normal 640 by 480 viewing
window in HDCS 2020. Set FWCOL to ‘0000_0111’, set FWROW to ‘0000_0010", set LWCOL to ‘1010_0110’
and set LWROW to ‘0111 1001'. Internaly, the sensor appendsthe 2 LSB to achieve: first column address equals
‘00_0001_1100" (28), last column address equals ‘10 _1001_1011" (667), first row address equals ‘00_000_0100’
(8), and last row addressequals‘1 1110 0111’ (487).

4.1.7 Setting Column Timing

Column timing is determined by PSMP and ASTRT fields of the TCTRL register. Column timing is the number of
cyclesto sample and convert 2 pixelsin HDCS-2020 and 1 pixel in the HDCS-1020. The number of cyclesto
sample and convert pixel datais PSMP + ASTRT + 3.

The faster the column timing the faster the data output, and the less motion artifacts in the picture.

4.1.8 Setting Exposure

There are 2 components of exposure (integration) time: 1) Row Exposure and 2) Sub-row Exposure. Total
integration time equal s row exposure time plus sub-row exposure time. The ROWEXPL and ROWEXH registers
determine the row exposure time. The SROWEXP register determine the sub-row exposure time. See the
Programming Reference chapter for more details.

Row exposure is the number of row processing periodsto wait. Row exposure is based on the number of columns
per row, and the column processing time. Sub-row exposure in an additional delay that is shorter than 1 row.

4.1.9 Selecting Mode of Operation

The MODE field of the CONFIG register determines the operating mode. There are two modes of operation: 1)
Normal and 2) Shuitter.

4.1.10 Selecting Mode of Scanning
The CSS (column sub-sample) and RSS (row sub-sample) fields of the CONFIG register determine scanning mode.

Note that when CSSis active the number of effective columnsto usein calculating exposureis cut in half. Note that
when RSSis active the number of effective rows used to calculate exposureis cut in half. For exampleif you want
row exposure to be the time to process 8 rows, if RSS equals ‘1’ then the number 16 should be put into the
ROWEXPL register.
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The HAVG bit of the ICTRL register enables horizontal averaging mode. This does not effect the exposure time,
but is halves the number of pixelsthat are output per row. For each row every other pixel of the same color is
averaged together and only one value isoutput. If CSS equals‘1’ then the averaging is performed after column sub-

sampling.

CSS HAVG Pixel Columns Pixel Columns
Read Output
0 0 64 64
0 1 64 32
1 0 32 32
1 1 32 16

Table 42. Effect of CSSand HAVG for viewing window with 64 columns

4.1.11 Starting and Stopping Operation

Operation starts when the RUN bit of the CONTROL register is asserted. |f the CFC (continuous frame capture) bit
of the CONFIG register equals ‘0, operation automatically stops at the end of the first frame. 1f CFC equals‘1’
operation does not terminate until RUN is de-asserted. If the SFC (stop when frame complete) bit of the CONFIG
register equals ‘0’ when the RUN bit is de-asserted operation immediately halts, even if the current frameis only
partially processed. If SFC equals ‘1’ when run is de-asserted, then operation stops at the end of the current frame.
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4.2 Sending Commands on the Serial Interface

4.2.1 Device Address Control

The DAD (device address disable) bit of the ICTRL register can disable the requirement to send the device address
byte for the serial synchronous interface. After system reset, the HDCS Chip requires that the serial synchronous
interface use the device address byte. The first register write must use the device address. If the seria interfaceis
point to point, the device address is unnecessary overhead. If the first write sets DAD to ‘1’, then the device address
will not be required again. See the Serial Interface section of the Host System Interface chapter.

If the serial interface is configured as a UART dlave, the interface must be point to point, and the device addressis
not used.

4.2.2 Polling the STATUS Register

It is not necessary to poll the register set if the status flags are used. However if the statusins are not used it may be
necessary to poll the STATUS register to detect an event such as the end of aframe. The AAD (auto address
disable) bit of the ICTRL register normally equals ‘0’ so that the register address is incremented after each transfer
of amultiple bye transfer. For the UART this means that a 2 byte read command must be transmitted for each read
of the STATUS register. For the serial synchronous interface with the device address enabled a 2 bye write
command to set up the register address followed by a one byte read command is required for each reading of the
STATUS register. For the seria synchronous interface with the device address disabled a one byte read command
must be transmitted for each reading of the STATUS register.

If AAD equals‘1’ theregister address does not increment between transfers. In UART mode the register address
can be set to the STATUS register and the transfer count of the read command can be set to ‘N’. HDCS Sensor will
transmit the value of the STATUS register ‘N’ times. In serial synchronous mode if aread command isissued to the
STATUS register address, the STATUS register will be repeatedly transmitted until aNACK or STOP.

4.3 Serial Synchronous Setup Example

Assume that the HDCS Sensor heeds to be configured to continuoudly transmit CIF (352 by 288) frames with no
sub-sampling or averaging using a point to point serial synchronous interface. The desired column timing is 12
cycles per pixel pair. Every 12 cycles 2 data values must be sent, so each data will be driven 6 cycleswith a 3 cycle
DRDY. Assumeintegration time equal to 743.36 uSec. If part of aframe istransmitted, then the entire frame must
be transmitted. The nROW, nFRAME, nCC status flags will be used aslevels. Border pixelswill not be used.

Integration time of 743.36 uSec equals 18584 at 25 MHz. There are 352 columns, so there are 176 column pairsto
process. Each pixel pair is processed for 12 cycles, for atotal read out time of 2,112 cycles per row. There are 202
cycles of overhead per row for atotal of 2,314 cycles per row. Eight rows of integration takes 18,512 cycles, which
leave 72 cycles of sub-row exposure. The exposure register should be set to 8 rows.

The sub-row exposure register isthen set to 2,040 cycles (2,112 cycles of readout time - 72 cycles of extra
exposure).

95.440 uSec equals Each row has 352 columns. Columns are processed in pairs. There are 176 (352/2) column
pairsinarow. To add 6 columns of integration delay for the sub-row delay, the sub-row exposure register pair must
be set to delay for 170 (176-6) column timing delays. The sub-row exposure register must be set to 2,040 (170 * 12)
cycles. Seethe Programming Reference chapter for more details.
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Transmitter: Bits Command Register [Bit Positions] Notes
Type Address

master: start condition

master: 1010101_0 Command [7:1] Device Address

slave: 0 (ACK) [0] Write

master: 0_000011 0 Register PCTRL (3) [7] Reserved

slave: 0 (ACK) Address [6:1] Register Address
[0] Write

master: 111 11 01 1 Write Data |PCTRL (3) [7:5] Status Flags Act as levels

slave: 0 (ACK) [4:3] Enable nCC (capture complete)
[2:1] Enable nFRAME
[0] Enable nROW

master: 00_00_00_00 Write Data |PDRV (4) [7:6] Fastest switching speed for TxD

slave: 0 (ACK) [5:4] Fastest switching speed for Status Flags
[3:2] Fastest switching speed for DRDY
[1:0] Fastest switching speed for DATA

master: 0_10 0 00 1 0 |Write Data [ICTRL (5) [7] Do not use Horizontal Averaging

slave: 0 (ACK) [6:5] DSC: 2 cycle DATA valid before assert DRDY
[4] No phase shift of DRDY/DATA
[3:2] Normal 10 bit output without rounding etc.
[1] Disable the device address for future serial
commands.
[0] Register Address automatically increments. (If this bit
is set it must be last byte of the command)

master: 00_0 01 010 Write Data  |ITMG (6) [7:6] Reserved

slave: 0 (ACK) [5] Positive active DRDY
[4:3] DHC: DATA still valid 1 cycle after DRDY de-
asserts
[2:0] RPC: DRDY high for 3 cycles. (note DATA driven
for a total of 6 cycles DSC+RPC+DHC)

master: 00000000 Write Data |BFRAC (7) Not using UART, so value does not matter.

slave: 0 (ACK)

master: 00000000 Write Data |BRATE (8) Not using UART, so value does not matter.

slave: 0 (ACK)

master; 0000_1010 Write Data |ADCCTRL (9) [7:4] Reserved

slave: 0 (ACK) [3:0] 10 bit ADC resolution

master: 00000011 Write Data |FWROW (10) [7:0] The HDCS Sensor tacks ‘00’ on the LSB end of

slave: 0 (ACK) this number to get 00_0000_1100 (12). The first row in
the viewing window is row 12. (this skips 8 dark pixels
and 4 border pixels)

master: 00000011 Write Data |FWCOL (11) [7:0] The HDCS Sensor tacks ‘00’ on the LSB end of

slave: 0 (ACK) this number to get 00_0000_1100 (12). The first
column of the viewing window is 12. (this skips 8 dark
pixels and 4 border pixels)

master: 01001010 Write Data |LWROW (12) [7:0] The HDCS Sensor tacks ‘11’ on the LSB end of

slave: 0 (ACK)

this number to get 01_0010_1011 (299). The last row of
the viewing window is 299. A total of 288 rows for CIF.
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Transmitter: Bits Command Register [Bit Positions] Notes
Type Address
master: 10010010 Write Data |LWCOL (13) [7:0] The HDCS Sensor tacks ‘11’ on the LSB end of
slave: 0 (ACK) this number to get 10_0100_1011 (363). The last
column of the viewing window is 363. A total of 352
columns for CIF.
master: 0_00_00110 Write Data |TCTRL (14) [7] Reserved
slave: 0 (ACK) [6:5] ASTRT = 2 cycles
[4:0] PSMP = 6 cycles
This sets the column timing. Number of cycles to
process a column pair = SCC = PSMP + ASTRT +4 =
12 cycles.
master: 0_0000101 Write Data |ERECPGA (15) |PGA gain for green pixels in green/red rows. This
slave: 0 (ACK) number should come from prior measurements.
master: 0_0000111 Write Data |EROCPGA (16) |PGA gain for red pixels. This number should come from
slave: 0 (ACK) prior measurements.
master: 0_0001010 Write Data |ORECPGA (17) |PGA gain for blue pixels. This number should come
slave: 0 (ACK) from prior measurements.
master: 0_0000101 Write Data |OROCPGA (18) |PGA gain for green pixels in green/blue rows. This
slave: 0 (ACK) number should come from prior measurements.
master:; 0000_1000 Write Data |ROWEXPL (19) |Low Bits of Row Exposure. Integration lasts 8 whole
slave: 0 (ACK) rows.
master: 0000_0000 Write Data |ROWEXPH (20) |High Bits of Row Exposure. Integration lasts 8 whole
slave: 0 (ACK) rows.
master:; 0100_1000 Write Data |SROWEXPL (21) |Low Bits of Sub-row Exposure. Total of 2040 cycles as
slave: 0 (ACK) explained above.
master; 1111 1000 Write Data |SROWEXPH (22) |High Bits of Sub-row Exposure. Total of 2040 cycles as
slave: 0 (ACK) explained above.
master: 00_00_11 00 Write Data |CONFIG (23) [7:6] Reserved
slave: 0 (ACK) [5:4] No row or column sub-sampling
[3] Continuous frame capture
[2] Stop when frame complete
[1:0] Normal operation mode for integration/reset
master: 00000_1_00 Write Data |[CONTROL (24) ([2] RUN bit. Integration begins when this pin is turned
slave: 0 (ACK) on.
master: stop condition nCC asserts as an active low level.

Table 44. Seria Synchronous Setup Example

4.4 Example of Changing Modes

In this example the previous capture process must be changed capture a single CIF frame with the same exposure
time but using column sub-sampling and row sub-sampling.

In order to change modes the initial capture process must first be stopped. Then the new register settings must be
applied, and then the new capture process must be started.

Since column sub-sampling effectively changes the number of columns, and the row exposure is based on the

number of columns, the exposure registers need to be updated to keep the same exposure time. The integration time
was previoudly calculated to be 18584 cycles. With sub-sampling only 176 (352/2) columns will be sampled which
means there are 88 (176/2) column pairs. Read out time for the columns will be 1056 cycles per row (88 * 12).

Each row has 202 cycles of overhead for atotal of 1258 cycles per row. Setting the row exposure register to 14 rows
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will account for 17612 cycles, leaving 972 cycles that sub-row exposure register must account for. The sub-row
exposure register should be set to 24 (1056 - 972).

Transmitter: Bits Command Register [Bit Positions] Notes
Type Address
master: start condition Note: the previous example disabled the need for a
device address
master: 0_011000_0 Register CONTROL (24) [[7] Reserved
slave: 0 (ACK) Address [6:1] Register Address
[0] Write
master: 00000_0_00 Write Data |CONTROL (24) ([3] Turn off the RUN bit. Since SFC = ‘1", the HDCS
slave: 0 (ACK) sensor will stop at the end of the current frame.
master: stop condition Master waits for the end of the capture process when
the nCC status flag (acting as a level) de-asserts. If the
nCC status flag is not used, this can be determined by
polling the STATUS register.
master: start condition
master: 0_010011 0 Register ROWEXPL (19) [[7] Reserved
slave: 0 (ACK) Address [6:1] Register Address
[0] Write
master: 0000_1110 Write Data |ROWEXPL (19) [Low Bits of Row Exposure. Integration lasts 14 whole
slave: 0 (ACK) rows.
master: 0000_0000 Write Data |ROWEXPH (20) [High Bits of Row Exposure. Integration lasts 14 whole
slave: 0 (ACK) rows.
master: 0001_1000 Write Data |SROWEXPL (21) [Low Bits of Sub-row Exposure. Total of 24 cycles as
slave: 0 (ACK) explained above.
master: 0000_0000 Write Data |SROWEXPH (22) [High Bits of Sub-row Exposure. Total of 24 cycles as
slave: 0 (ACK) explained above.
master: 00_11 _01_00 Write Data |CONFIG (23) [7:6] Reserved
slave: 0 (ACK) [5:4] Row sub-sampling and Column sub-sampling both
enabled.
[3] Single frame capture
[2] Stop when frame complete
[1:0] Normal operation mode for integration/reset
master: 00000_1_00 Write Data |[CONTROL (24) ([2] RUN bit. Integration begins when this pin is turned

slave: 0 (ACK)

on. The above settings will run 1 frame and
automatically stop. nCC will de-assert when done.

master: stop condition

nCC asserts as an active low level

Table 45. Seria Synchronous Change Example

4.5 UART Setup Example
Same setup as the seria synchronous setup example. Only difference isthat an additional write is performed to

increase the bit rate to send 1 bit every 16 cycles (640 nSec).
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Transmitter: Bits Command Register [Bit Positions] Notes
Type Address
master: 0 (start) Register BFRAC (7) [7:1] Device Address
master: 0000111 0 Address [0] Write
master: 1 (stop)
master: O (start) Transfer Transfer 2 bytes
master: 0000_0001 Count
master: 1 (stop)
master: 00000000 Write Data |BFRAC (7) Change bit rate to 1 bit every 16 cycles.
slave: 0 (ACK) byte 1
master: 00000000 Write Data |BRATE (8) Change bit rate to 1 bit every 16 cycles.
slave: 0 (ACK) byte 2 New Bit Rate in effect after this write.
master: 0 (start) Register PCTRL (3) [7:1] Device Address
master: 0000011_0 Address [0] Write
master: 1 (stop)
master: O (start) Transfer Transfer 22 bytes
master: 0001_0101 Count
master: 1 (stop)
master: 0 (start) Write Data |PCTRL (3) [7:5] Status Flags Act as levels
master: 111 11 01 _1 byte 1 [4:3] Enable nCC (capture complete)
master: 1 (stop) [2:1] Enable nFRAME
[0] Enable nROW
master: 0 (start) Write Data |PDRV (4) [7:6] Fastest switching speed for TxD
master: 00_00_00_00 byte 2 [5:4] Fastest switching speed for Status Flags
master: 1 (stop) [3:2] Fastest switching speed for DRDY
[1:0] Fastest switching speed for DATA
master: 0 (start) Write Data |ICTRL (5) [7] Do not use Horizontal Averaging
master: 0 10 0 00 1 O byte 3 [6:5] DSC: 2 cycle DATA valid before assert DRDY
master: 1 (stop) [4] No phase shift of DRDY/DATA
[3:2] Normal 10 bit output without rounding etc.
[1] Disable the device address for future serial
commands.
[0] Register Address automatically increments. (If this
bit is set it must be last byte of the command)
master: 0 (start) Write Data  |ITMG (6) [7:6] Reserved
master: 00_0_01_010 byte 4 [5] Positive active DRDY
master: 1 (stop) [4:3] DHC: DATA still valid 1 cycle after DRDY de-
asserts
[2:0] RPC: DRDY high for 3 cycles. (note DATA driven
for a total of 6 cycles DSC+RPC+DHC)
master: 0 (start) Write Data |BFRAC (7) same as current value.
master: 00000000 byte 5
master 1 (stop)
master: O (start) Write Data |BRATE (8) same as current value not matter.
master: 00000000 byte 6
master: 1 (stop)
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Table 46. UART Setup Example

Product Technical Specification HDCS-2020/1020 74




Adgilent Technologies HDCS Family of CMOS Image Sensors

Transmitter: Bits Command Register [Bit Positions] Notes
Type Address
master: 0 (start) Write Data |ADCCTRL (9) [7:4] Reserved
master: 0000_1010 byte 7 [3:0] 10 bit ADC resolution
master: 1 (stop)
master: O (start) Write Data |[FWROW (10) [7:0] The HDCS Sensor tacks ‘00’ on the LSB end of
master: 00000011 byte 8 this number to get 00_0000_1100 (12). The first row in
master: 1 (stop) the viewing window is row 12. (this skips 8 dark pixels
and 4 border pixels)
master: O (start) Write Data |FWCOL (11) [7:0] The HDCS Sensor tacks ‘00’ on the LSB end of
master: 00000011 byte 9 this number to get 00_0000_1100 (12). The first
master 1 (stop) column of the viewing window is 12. (this skips 8 dark
pixels and 4 border pixels)
master: O (start) Write Data |[LWROW (12) [7:0] The HDCS Sensor tacks ‘11’ on the LSB end of
master: 01001010 by 10 this number to get 01_0010_1011 (200). The last row of
master: 1 (stop) the viewing window is 299. A total of 288 rows for CIF.
master: 0 (start) Write Data |LWCOL (13) [7:0] The HDCS Sensor tacks ‘11’ on the LSB end of
master: 10010010 byte 11 this number to get 10_0100_1011 (363). The last
master: 1 (stop) column of the viewing window is 363. A total of 352
columns for CIF.
master: 0 (start) Write Data |TCTRL (14) [7] Reserved
master: 0_00_00110 byte 12 [6:5] ASTRT = 2 cycles
master: 1 (stop) [4:0] PSMP = 6 cycles
This sets the column timing. Number of cycles to
process a column pair = SCC = PSMP + ASTRT + 4 =
12 cycles.
master: 0 (start) Write Data |ERECPGA (15) |PGA gain for green pixels in green/red rows. This
master: 0_0000101 byte 13 number should come from prior measurements.
master: 1 (stop)
master: O (start) Write Data |[EROCPGA (16) [PGA gain for red pixels. This number should come from
master: 0_0000111 byte 14 prior measurements.
master: 1 (stop)
master: 0 (start) Write Data |ORECPGA (17) |PGA gain for blue pixels. This number should come
master: 0_0001010 byte 15 from prior measurements.
master: 1 (stop)
master: O (start) Write Data |OROCPGA (18) |[PGA gain for green pixels in green/blue rows. This
master: 0_0000101 byte 16 number should come from prior measurements.
master: 1 (stop)
master: 0 (start) Write Data |ROWEXPL (19) |Low Bits of Row Exposure. Integration lasts 8 whole
master: 0000_1000 byte 17 rows.
master: 1 (stop)
master: O (start) Write Data |ROWEXPH (20) [High Bits of Row Exposure. Integration lasts 8 whole
master: 0000_0000 byte 18 rows.
master: 1 (stop)
master: 0 (start) Write Data |SROWEXPL (21) |Low Bits of Sub-row Exposure. Total of 2040 cycles as
master: 0100_1000 byte 19 explained above.

master: 1 (stop)
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Table47. UART Setup Example
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Transmitter: Bits Command Register [Bit Positions] Notes
Type Address
master: 0 (start) Write Data |SROWEXPH (22) |High Bits of Sub-row Exposure. Total of 2040 cycles as

master: 11111000 byte 20 explained above.
master: 1 (stop)
master: O (start) Write Data |CONFIG (23) [7:6] Reserved
master: 00_00_11 00 byte 21 [5:4] No row or column sub-sampling.
master: 1 (stop) [3] Continuous frame capture
[2] Stop when frame complete
[1:0] Normal operation mode for integration/reset.
master: 0 (start) Write Data |CONTROL (24) |[2] RUN bit. Integration begins when this pin is turned
master: 00000_1 00 byte 22 on.

master: 1 (stop)

nCC asserts as an active low level.

March 30, 2000

Table 48. UART Setup Example
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5. Host System Interface

5.1 Overview of Host System Interface

The host system interface is comprised of two data paths and status flags. The serial data path is used to read and
write to the HDCS sensor register set. The parallel data path is used to output up to 10 bit sensor array data along
with avalid signal. The status signals are NnROW, nFRAME_nSYNC, and nlIRQ_nCC. The status signals operate in
multiple modes and are described below.

Seria Data Path <«—— SCLK_RxD
————— SDATA_TxD

8/10

——/—> DATA OUT

Parallel Sensor DataOut | 5 ppy

——» nFRAME_nSYNC
Status/Control —— nlRQ_nCC
«—>» NROW_RUN

Figure 44. The HDCS Sensor Data Paths
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5.2 The HDCS-2020 32 Pin Package Diagram

DATAT
AGNDE
AVDD2
VDD3
GND3
DEDY
CLE
CATAE

March 30, 2000
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32 3 3029 28 27 26 25

1 24 | IMODED
2 23 | IMODEI
3 sy | WIRQACE
4 21 | aFREAME a2YHC
5 20 (AYDDL
a 19 [ AGHDI
7 18 | GND1
] 17 | VOl
# 10 11 12 13 14 15 16

L’ oy T L=}
EERLERR

a4g = Yo 484 a8

Figure 45. HDCS-2020 32 pin package diagram
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5.2 The HDCS-1020 32 Pin Package Diagram

q &
[
f. & &
) - J .
b [
EEEEREY
O O m W b o e 5
32 ¥ 30 29 28 27 34 25
DATAS | 1 24 | IMODED
AGNDZ | 2 sy | IMODEL
AVDD2 k| 23 alBQ_alC
Vo3 4 2 | aFRAME_ n3THC
CIND3 g an | AVDD1
DRDY | & 19 | AGNDL
CLE 7 18 | GND1
% 10 11 12 13 14 15 16
T ELEEFE
d EpEEE
o &2 F 9 ad
2 o7y
=

Figure 46. HDCS-1020 32 pin package diagram
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5.3 HDCS-2020 Pin Description

Pkg Pins Signal Name Type Value after System Reset
1 IMODE1 Input
1 IMODEO Input
1 CLK Input
1 nRST_nSTBY Input
10 Data 9, Data 8, Output "00_0000_0000"

Data 7, Data 6,
Data 5, Data 4,
Data 3, Data 2,
Data 1, Data O

1 DRDY Output "o"
1 SDATA_TxD Input/output [“1”

open drain
1 SCLK_RxD Intput
1 NFRAME_nSYNC  |Output "1
1 nROW Output "1"
1 nIRQ_nCC Output "1
3 VDD VDD Digital Power
3 GND GND Digital Ground
1 PVDD PVDD Array Power
2 AVDD AVDD Analog Power
3 AGND AGND Analog and Substrate Ground
0 NC NC No Connect
32

Table 49. Externa Pin List for HDCS-2020
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5.3 HDCS-1020 Pin Description

Pkg Pins Signal Name Type Value after System Reset
1 IMODE1 Input
1 IMODEO Input
1 CLK Input
1 nRST_nSTBY Input
8 Output 0000_0000"

Data 7, Data 6,
Data 5, Data 4,
Data 3, Data 2,
Data 1, Data O

1 DRDY Output "o"
1 SDATA_TxD Input/output [“1”

open drain
1 SCLK_RxD Intput
1 NFRAME_nSYNC  |Output "1
1 nROW Output "1"
1 nIRQ_nCC Output "1
3 VDD VDD Digital Power
3 GND GND Digital Ground
1 PVDD PVDD Array Power
2 AVDD AVDD Analog Power
3 AGND AGND Analog and Substrate Ground
2 NC NC No Connect
32

Table50. Externa Pin List for HDCS-1020
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5.3.1 Pad Descriptions

5.3.1.1 Note for all PADS

When asserted low nRST_nSTBY performs afull system reset with the clock gating to all registers except the clock
synchronization registers. When IMODE[1:0]="11", SCLK_RxD is used to tristate the output pins.

5.3.1.2 DRDY

+ DESCRIPTION:
Datavalid for parallel digitized pixel data out.

Thetiming of DRDY is controlled by the DSC field of the ICTRL register and by the RPC and DHC fields of the
ITMG register

ICTRL/ITMG # Bits |Meaning

Field
ICTRL [DSC] 2 Number of cycles (0-3) DATA is valid before DRDY is asserted.
"00" means 0 cycles, "01" means 1 cycles...
IFTMG [RPC] |3 Number of cycles (1-8) that DRDY is asserted. DATA is also driven

during this time.
"000" means 1 cycle, "001" means 2 cycles...

ICTRL [DHC] 2 Number of cycles (0-3) DATA is driven after DRDY is de-asserted.
"00" means 0 cycles, "01" means 1 cycles...

Table51. DRDY and DATA timing control

ICTRLDEC) =2, etap=2. . & & = . = 0 o b i L
I IFTMG[RPC] = 2, pulse = I R L L B s - RS L L L T — - :
IFTMG[DHC]: 1, hOld;: : : : : : : : : :

: CLK ..... ....... ........ ........ ........ OOt U O OO OO OO UE SO SUONUU SUS U SO0 OYUUOL SO UOUL U ONOE SOU U SO RO UPNUOTE SORUUUO UL ORI
CoiumnAcoess .............. 1

Figure47. HDCS-2020 DRDY timing for 12 cycle column acces, DSC=2, RPC=2, DHC=1
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ICTRL[DSC] &2, setap =2, 0 | ¢+ & & 0
....... IFTMG[RPC]=7‘,puLse=S%%%%%%%%%%gg
FIMGDHCI=2.hold=2. .+ $84974% 27882 2 "
....... e B B BB BR BB B L
o |

Figure 48. HDCS-1020 DRDY timing for 12 cycle column access, DSC=2, RPC=7, DHC=2
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Co:lumnéAcoess

Figure 50. HDCS-1020 DRDY timing for 9 cycle column access, DSC=1, RPC=6, DHC=1

The DDO field of the ICTRL register controls the point in the cycle DRDY, nROW and n(FRAME_nSYNC are
driven. If DDO ="'0" DRDY, nROW and nFRAME_nSY NC begin driving when CLK makes arising transition. If
DDO =='1", nROW and nFRAME_nSYNC begin driving when CLK makes afalling transition.
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. DATA . (. D D 6:0), .......................................

DATA(DDO=1) .

Figure51. DATA timing altered by DDO bit of ICTRL register

The DRD field of the ITMG register controls the point in the cycle DRDY isdriven. If DRD =‘0" DRDY begins
driving when CLK makes arising transition. If DRD ==*‘1" DRDY begin driving when CLK makes afalling
transition.

....... e B Dl T o e
DRDY(RD=1) o v 1 A & N

Figure52. DRDY timing altered by DRD bit of ITMG register

*+ CONNECTION INFORMATION:

* PAD CONTROL:
DRDY is controlled by the DOD(HDCS-2020 only), DDO, DSC, DHC and HAV G fields of the ICTRL
register, the RPC and DPS fields of the ITMG register, and DRD of the ICTRL2 register. The RDYDRV
field of the PDRV register controls the switching speed of DRDY .
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5.3.1.3 DATA 9, DATA 8, DATA 7, ... DATAO

DESCRIPTION:
Parallel digitized pixel dataout. DATA9, DATAS8 not present in HDCS-1020

Thetiming of DATA isdefined in the DRDY pin description.

The DOD field of the ICTRL register isonly used in the HDCS-1020. It defines 4 modes of modifying 10

bit output. If the ADC's are programmed to output less than 10 bits, the MSB of the output is aligned to

DATAJ9].

DOD value mode |DATA[9:0]

00 normal DATA[9:0] = ADC DATA[9:0];

01 rounding |if (ADC_DATA[9:2] = ‘1111 1111
ADC_rounded[9:0] =‘11_1111 1117
else
ADC_rounded[9:0] = ADC_DATA + ‘00_0000_0010’
DATA[9:2] = ADC_rounded[9:2];
DATA[1:0] = '00’

10 saturation |if {(ADC_DATA[9] = 1) or (ADC_DATA[8] = 1)}
DATA[9:2] = ‘1111 1111’; //saturation
else
DATA[9:2] = ADC_DATA[7:0];
DATA[1:0] = ‘'00’

11 truncated [if (ADC_DATA[9] = 1) DATA[9:2] ='1111_1111’; //saturation

saturation [else

DATA[9:2] = ADC_DATA[8:1];
DATA[1:0] = ‘'00’

March 30, 2000

Table 52. DOD bits of IFCTRL controlling DATA out

Number of ADC bits |DATA9 (MSB) - DATAO (LSB)
10 ADC_DATA[9:0]

9 ADC_DATA[9:1], 'O’

8 ADC_DATA[9:2], '00'

Table 53. Data Alignment of ADC output for DOD = ‘00’
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The sequencing of data output from the sensor isinfluenced by the HAV G bit of the ICTRL register and by the CSS
bit of the CONFIG register.

Assume Sampling Window from column 12 to column 19, nROW in level mode.

Assume Sampimg Wmdow from oolumn 12 to oolumn 19, nROW m level mode

ﬁccess ol 14 15 Access col 18, 1? : Ancess J:ol 18, 19

nROW

Figure 53. HDCS-1020(and 2020 single channel) DATA Sequencing: CONFIG[CSS] =‘0", ICTRL[HAVG] =

Assume Sampling Window from column 12 to column 19, nROW in level mode.

Assume Samphng Wlndow from column 12 to oolumn 19. nROW 1r1 Ievel mode

' 4——I-
o .Time. ....... R 10@,}!@_ ..... 1 D..Qyol 10! (_\,yg ]_Q(_\,}JQ]_OQyQ,]_QQyQ ........ R R R I e I o e o R

Figure 54. HDCS-1020(and 2020 single channel) DATA sequencing: CONFIG[CSS] = ‘1’ ICTRL[HAVG] ; ‘O’

March 30, 2000 Product Technical Specification HDCS-2020/1020 87



Adgilent Technologies HDCS Family of CMOS Image Sensors

Assume Sampling Window from column 12 to column 19, nROW in level mode.

note: HAVG Thorizontal averagmg) averages
Assume, Samphng ’Wmdow from oolumn 12 to column 19, nROW ini le,vel mode nelghhorplx pa.l.'(s

AJ:cess col ‘12'13 Access col ‘14'15 : AJ:cess ):01 ‘16'1? AJ:cess 1:01 ‘18’19

T TR R R R R RN R R ER Favgfor — Yawgfor 1 R R . avg for avgfm ..... EIR R -
* : : col '1214 col '13'15 col '1618 col 1?'19 ; : :

Odd Row wa’l

Even Row

Figure 55. HDCS-1020(and 2020 single channel) DATA Sequencing: CONFIG[CSS] =‘0", ICTRL[HAVG] =

Assume Sampling Window from column 12 to column 19, nROW in level mode.

Assume, San‘p 1ng Wmdow from oolumn 12 to cdum 19

. 10 ncyol 10 oyc

avg for avg for
A ool '1216 " col '131? :

Figure 56. HDCS-1020(and 2020 single channel) DATA Sequencing: CONFIG[CSS] =‘1", ICTRL[HAVG] =
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Assume Sampling Window from column 12 to column 19, nROW in level mode.

Assume Samphng Wmdow from oolumn 12 to oolumn 19, nROW 1n level mode

: Accesscol‘l213 : Accesscunmsi Accessculiﬁ‘l? : Accessconsw : : : : :
....... C_ olumn

Aooess

51 Q

B;g;:4

nROW

Figure 57. HDCS-2020 DATA Sequencing: CONFIG[CSS] = ‘0", ICTRL[HAVG] =

Assume Sampling Window from column 12 to column 19, nROW in level mode.

Assume Sampimg Wmdow from oolumn 12 to ool'umn 19. nROW 1n level mode,

Access col 12 13 Access t:ol 18, ‘1? note; CSS (colu.m.n subsemple] sklps sa.mplmg of & every pthex plxelpal.'r.

Even ROW :]JIue : Egraeng 'blue Eg,re,enE

nROW

Figure 58. HDCS-2020DATA Sequencing: CONFIG[CSS] ='1’, ICTRL[HAVG] =
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Assume Sampling Window from column 12 to column 19, nROW in level mode.

fote: HAVG honzantal avera avera (]
______ 5._3_5@;_1_1&_,_ _Sq_r_lj_p}_;n_g Wmdow from column 12 to oolumn 19, nROW 1n level mode nelghbor plx palrs gmg) i

Access | i ;1

12 cyoles : 12 oycles g 12 oyoles © 12 eycles

col 12,14 fedl 1515 col 16,18 ool 17,19

OddRow green. e pe xa

Even Row

_______ DATAXWSM Xmmxwgﬁxwm

WROW ]

Figure59. HDCS-2020 DATA Sequencing: CONFIG[CSS] =0, ICTRL[HAVG] =

Assume Sampling Window from column 12 to column 19, nROW in level mode.

Assume Samplmg Wmdow from oolumn 12 to oolumn 1%, nROW 1n 1eve,1 mode

: Accesscol 1213 : Access 90116“1? é nﬂte CSS (wlvmn ﬂubsample) shpssarnphns of evew Dtherplxelpwg
Colutmn 1 : : 2 nute I-LA.VG (hunzonta.l averag;mg) averages nelghborpmel pa.l.rs
o : —
...... Tlme 2 Gycleslzc_yc_le,,g
SR l...............l—l...............l ....................................................................................

avgfnr avg for E : : : : : : : : :
.0.0.1.1.2.1.5.. 'c'o'l 131?, ........... e T e oo FRT R R e e s
....... OddRoWng’lTEd

green

Even Row . hlue

Figure 60. HDCS-2020DATA Sequencing: CONFIG[CSS] = ‘1’, ICTRL[HAVG] =

* CONNECTION INFORMATION:
* PAD CONTROL:

DATA[9:0] is controlled by the DOD, DDO, DSC, and HAV G fields of the ICTRL fields of the ICTRL

register, and by the RPC, DHC, and DPSfields of the ITMG register. The DATDRV field of the PDRV
register controls the switching speed of DATA.
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5.3.1.4 IMODE

+ DESCRIPTION:
The IMODE input defines the interface mode.

IMODE/TCLK |[Interface Mode Description
IMODE == ‘00’ Synchronous Serial Slave Mode.
e SCLK_RxD operates as the serial transfer clock.
« SDATA TxD] operates as the serial data.
IMODE == ‘10’ Half Duplex UART Slave Mode.
e SCLK_RxD is the serial input data.
« SDATA_TxD is the serial output data

Table54. Interface Modes

5.3.1.5 SCLK_RxD

+ DESCRIPTION:
If IMODE[1]=="0", SCLK_RxD input isthe transfer clock for synchronous serial mode.
If IMODE[1]=="1", SCLK_RXxD isthe seria datainput for the UART protocol.

5.3.1.6 SDATA_TxD

» DESCRIPTION:
SDATA_TxD isthe seria output data.
If IMODE =*1" TxD followsthe UART protocol, if IMODE =*'0" TxD follows the Synchronous Serial
protocol.
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5.3.1.8 nFRAME_nSYNC
+ DESCRIPTION:

nFRAME NS Y NC is disabled, Drives a congtant 17,

NS TNC Pulse Mode, Aszert 4 ¢ycle active low pulse at the
atart of integration.

nSTNC Level Mode, Asgert low at start of integration, De-
aszert on first DRDT leading edge.

nFRAME Pulse Mode, Azgert low for 4 cycles after the trail-
ing edge of lagt DRDY of frame.

If CONFIG[ZFC] (gtop when frame complete) equals 07, if
CONTREOL[RUN] i2 de-azserted after at least one DRDY
was asserted for the current frame, then nFRAME i asserted
low for 4 cycles,

NFREAME Level Mode. Assert low on leading edge of first
DRDTY ofthe frame. De-aszert on trailing edge of last DRDY
of the frame.

If CONFIG[EFC] (stop when frame complete) equals 0,
nFEAME iz de-aseerted when CONTROL[RTUN] iz de-
ausettad,

nSTNC DIEYNC Level Mode, Assert low at atart of infegra-
tion, De-assert on start of first DATA transfer,

nFEAME Start-of-Frame DITYNC Pulse Mode, Assert low
when the first DATA of the frame is transfarred,

If CONFIG[EFC] (stop when frame complete) equals 07, if
CONTEOL[EUN] iz de-aseerted, no nFREAME or DRDT
will be assertad.

nFEAME End-of-Frame DETNC Pulee Mode, Asgert low
when the last DATA of the frame is transfarred,

If CONFIG[ZFC] (stop when frame complete) equals 07, if
CONTROL[EUN] s de-asserted after af least one DRDY
was asserted for the carrent row, nFRAME asgerts low for
the duration of one DATA tranafer, DRDY will be asserted ag
well,

NFEAME DEYNC Level Mode, Assert low when first data
for a frame is tranaferred, De-aseert affer last data for a frame
is transferred,

If CONFIG[SFC] (stop when frame complete) equals 0,
nFEAME iz de-aseerted when CONTROL[RTIN] is de-
azzerted. DRDY will pulze after nFRAME has been deas-
serfed as per during normal DATA fransfer,

Cap?

X

c1:

nFRAME is tristated.

March 30, 2000

Table 55. NFRAME_nSYNC Status Flag Control
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Last DRDY in last Row in Frame

5*1'*1 =2 '*22

2

*Sl*Sl

Figure 61. HDCS-1020(2020 single channel mode) nFRAME_nSYNC Timing in NnFRAME Pulse Mode

Last DRDY in last Row in Frame.g

.*1 .*2 :

2

2

ﬁ*z'

2

3

Figure 62. HDCS-2020 nFRAME_nSYNC Timing in N(FRAME Pulse Mode
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‘:rst DRDY in Flrst Row in Frame Last DRDY Last m Row 1n Frame

First DRDY in Flrst ROW in Frame

....... 120 clesl column tlrﬂiﬂ 12(! CIES colu_nm tlrﬂlﬂ
| zH’f:_.:g:/fﬂ_”...:g e

ey *2 *2 *3

------- *1ICTRL[DSC}:@(Ocycle)*QIPmG[RPC]:Qtacycles)*81F‘TMG[DHC]: :

Figure 64. HDCS-2020 nFRAME_nSYNC Timing in nFRAME Level Mode
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Last DATA in last Row in Frame

9‘ cycles column tmung 9 cycles column trmmg

R T aq ........ — H ........ e l-b ..... _______ .......

.*1 *2 -*2.

5*1.*2-*2 *3-

' *1 ..... C"-IRLEDSC] _H.1 (1 Wole) ........ s.« -2---IF'IMG[RPC] 1(20yoles)*SICTRL[DHC]zl(layole) .......

Figure 65. HDCS-1020(2020 in single channel mode) nFRAME_nSY NC Timing in end-of-frame DSY NC pulse
Mode

Last DRDY in last ROW 1n Frame

5*2*3*1 2 2

....... *1ICTRL[DSC] = 2 @ ':’33*615?”)' . #7. IF‘IMG[RPC]-—- 2 3 oyoles) i *SIF'IMG[D[—IC] . 21(163;613) e e -

Figure 66. HDCS-2020 nFRAME_nSYNC Timing in end-of-frame DSYNC pulse Mode
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First DATA in First Row in Frame

10 cycles column timing

~i P

*1 *2 ®2 wD w3 *3 L #2 ®2 R2 w3 #3
CLK
DRDY

nFRAME_nSYNC - I

) '
DATA X 14 v/ X

- 6 cycles -

*1 : ICTRL[DSC] = 1 (1 cycle)  *2: IFIMG[RPC] = 2 (3 cyeles)  *3: ICTRL[DHC] = 2 (2 cycle)

Figure 67. HDCS-1020(2020 in single channel mode) nFRAME_nSYNC Timing in start-of-frame DSY NC pulse
Mode

First DATA in First Row in Frame

12 eyeles column timing

~ -

R R R e i A e
e
1

nFRAME_nSYNC - |

)
% 7

- & cycles -

CLK
DRDY

1 ICTRL[DSC] = 1 (1 eyele) %2 IFIMG[RPC] = 2 (3 eycles)  *3: ICTRL[DHC] = 2 (2 cycle)

Figure 68. HDCS-2020 nFRAME_nSYNC Timing in start-of-frame DSY NC pulse Mode
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Fitgt DATA in First Row in Frame Last DATA in Row in Frame

|
B T -
#] #3 w2 w2 *F #3

*2 *2 w3 F3

1 *2

CLK f/
DRDY //

nFRAME nSYNC Lo / |
‘\
DATA X 4 78

*¥1 ICTRLIDSC] = 1 (1 eycle)  *20 IFIMG[RPC] = 2 (3 eyclex)  *¥3: ICTRL[DHC] = 2 (2 cycle)

Figure 69. NnFRAME_nSYNC Timing in DSYNC level Mode

Start Bxposure for frarme First DRDY for first row of frame.

CLK /!
DRDY /
nFRAME_nSYNC —@ Y/

Figure 70. HDCS-2020 nFRAME_nSYNC Timing in shutter sync pulse Mode
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Start Exposure for frame First DRDY for first row of frame.

CLK i
DRDY Y/

nFRAME_nSYNC —|/ Vi <L4

DATA }( // Dn-1 >< Dn

Figure 71. nFRAME_nSYNC Timing in Shutter Sync Level Mode

Fitst DRDY for first row of frame.

Start Bxposure for frame

CLK ff
DRDY ff

nFRAME_nSYNC —|’/ / I'lw
__X // Dot = Dn

*3; ICTRL[DHC] = 2 (2 cycle)

DATA

1 ICTRL[DSC] = 1 (1 cyele)  *2: IFTIMG[RPC] = 2 (3 cycles)

Figure 72. nFRAME_nSYNC Timing in Shutter DSYNC Level Mode
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nROW in Level Mode, nFRAME nSYNC in Shutter Syno Maode,
BONSEYEEYELITE in Mechanical Shutter Mode with Contitmons Frame Capture.

1 y) 3
nFRAME_nSYNC L L L
nROW O U I O O O

nROW in Level Mode, nFRAME n3TNC in Shutter Sync Mode,
BONSEYE/EYELITE in Normal Mode with Continnous Frame Capture and integration time great
than time to cycle through a frame,

1 2 3
2FRAME_ S YNC | | L
nROW I A N N A

nROW in Level Mode, nFRAME nSYNC in Shutter Sync Level Made,
BONSEYE/EYELITE in Normal Mode with Continnous Frame Capture and integration time less
than tirne to oyole through a frame,

1 2 3
FRAME -t -t - -
2FRAME, nSYNC
nROW - . nnnr—— —1Lnnnni1t  LJiJr

Figure 73. nFRAME_nSYNC in different operation modes

¢« CONNECTION INFORMATION:
If NFRAME_nSYNC is unused, then do not connect it.

e« PAD CONTROL:
The STATDRYV field of the PDRV register controls the switching speed.
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5.3.1.9 nROW

» DESCRIPTION:

nROW Dizabled, Drives a constant “1°,

nREOW pulze mode, Assert low for 4 cycles affer trailing
edge of last DEDT of sensor row is transferred.,

If CONFIG[ZFC] (stop when frame complete) equals “0°, if
CONTROL[RUN] is de-asserted after afb least one DRIDY
was azeerfed for the current row, then nROW iz azserted
low for 4 cycles,

nROW level mode, Asgert low on leading edge of first
DEDY of row. De-assert on frailing edge of last DEDT of
TowW.

If CONFIG[3FC] (stop when frame complete) equals “0,

nR OW iz de-azgerted when CONTROL[RUN] is de-asgertad.

nBEOW Start-of-Eow DETNC pulse mode, Assert low when
fitat DATA of the row i transfetred.

I CONFIG[EFC] (stop when frame complete) equals “0°, if
CONTROL[RUN] is de-asgerted, no nEOW or DRDT will
be asserted.

nEOW End-or-Eow DETNC pulse mode, Assert low when
last DATA of the row is transferred,

If CONFIG[SFC] (stop when frame complete) equals “0°, if
CONTROL[RUN] is de-asserted after afb least one DRIDY
was asgerted for the carrent row, nEOW asserts low for the
duration of one DATA fransfer. DEDY will be asgerted as
well,

nEOW DEYNC level mode, Assert low when fitat DATA of
row s transfarred, De-assart after last DATA of row i3 trans-
farred,

If CONFIG[SFC] (stop when frame complete) equals ‘0,
nROW iz de-asserted when CONTROL[RETIN] is de-assertad.
DRDY will pulse after nROW has been deasserted as per
during normal DATA transfer,

-:1:-

nROW ig tristated.

March 30, 2000

Table 56. NROW Status Flag Control
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Lazt DRDY in Row

12 cycles calumm tiﬂ‘(

-~} -
-l -
#) =3 #] w1 w2 w2 %3 =3
CLK
DRDY
nROW «
4 cycles
DATA X "

#1: ICIRL[DSC] = 2 (2 eycle)  *2: IFIMG[RPC] = 2 (3 cyeles)  *30 IFIMG[DHC] = 1 (1 cycle)

Figure 74. HDCS-1020(2020 in single channel mode) NnROW Timing in Pulse Mode

Lagt DRDY in Row

12 eycles column timing

i} -

e B e e e B T T e e T
*1 o®1 w2 %2 ®2 O®3 %] W] #) ) ®) #3

CLK
DRDY

nROW U

4 cycles

DATA X ><

*1 ; ICTRL[DSC] = 2 (2 cyele)  *2 IFIMG[RPC] = 2 (3 cycles)  *3: IFIMG[DHC] = 1 (1 cycle)

Figure 75. HDCS-2020 nROW Timing in Pulse Mode
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Last DEDY in FRew

Fist DEDY in Row

H'\-\.
- /
RN B B B e
CLK HplpSylpipBpNp BNy SpipipinipipipinFaliplaly
DRDY r‘Th M |_!—| £y
HROW — 1’ i —
DATA ﬁ i }

*1: ICTRL[DSC] = 0 (0 epele) =& IFIMGIRPC) = 2 (3 cyclead  *5 IFIMG[DHC) = 3 (3 cyela)

Figure 76. nROW Timing in level mode

Lagt DRDY in Row

12 eycles column timing

et

i —eull s — ool — e — e — i e — i = ol {n= ] it Jin=— sl Jine—onl o=

*1 O®L ®2 ¥ OFD *F W] W] ) w2 ®) #3

CLK
DRDY

nROW U

4 cycles

DATA X ><

*2; IFIMGIRPC] = 2 (3 cycles)  *3: IFIMG[DHC] = 1 (1 cycle)
¥ ¥

*1 ; ICTRL[DSC] = 2 (2 cyele)

Figure 77. HDCS-1020(2020 in single channel mode) nROW Timing in End-of-Row DSY NC Pulse Mode
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Last DATA in Row

11 eyeles column timing

¥ w2 w) ®Q ORF W] ®) ) #]) *3

CLK
DRDY
nROW | |
3 oycles
DATA >< X A -

*1 ) ICTRL[DSC] = 1 (1 cycle)  *2: IFIMG[RPC] = 2 (3 cycles)  *3: ICTRL[DHC] = 1 (1 cycle)

Figure 78. HDCS-2020 nROW Timing in End-of-Row DSYNC Pulse Mode

First DATA in Row

10 cyeles column timing

-t -
el ot el ol el o=
i R S S S K *1 O*2 #2 #2 3

CLEK

DRDY

nROW | |

3 oycles
DATA X \ . X

*1; ICTRL{DSC] = 1 (1 cycle)  *2: IFIMG[RPC] = 2 (3 cycles)  *3: ICTRL[DHC] = 1 (1 cycle)

Figure 79. HDCS-1020(2020 in single channel mode) NnROW Timing in Start-of-Row DSY NC Pulse Mode
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First DATA in Row

11 cycles columm timing -

e
B o s o e
i I I S K B T T R B

CLK
DRDY
nROW | |
5 oycles
DATA X LY X

#1 ; ICTRL[DSC] = 1 (1 eycle)  *2: IFIMG[RPC] = 2 (3 cycles)  #3: ICTRL[DHC] = 1 (1 cycle)

Figure 80. HDCS-2020 in NnROW Timing in Start-of-Row DSY NC Pulse Mode

First DRDY in Row Last DATA in Row
FY Y W) I H3 or M B L K
CLK }}
DRDY 1
nROW E—— I

R

DATA X ) /i X ’/ "

*1 ; ICTRL[DSC] = 0 (0 cycle)  *2: IFIMG[REC] = 2 (3 cycles)  *3: ICTRL[DHC] = 2 (2 cycle)

Figure81. nROW Timingin DSYNC Level Mode

e CONNECTION INFORMATION:
If NROW is unused, then do not connect it.

 PAD CONTROL:
The STATDRV of the PDRV register controls the switching speed.
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5.3.1.10 nIRQ_nCC

» DESCRIPTION:

ICE

IPD

LVC

DSYNC

Mode: Notes

Open Drain IRQ (interrupt request) with weak pull-up.
Interrupt sources are in the STATUS register. Interrupt
masks are in the IMASK register.

IRQ (interrupt request) driving to full high and low levels.
Interrupt sources are in the STATUS register. Interrupt
masks are in the IMASK register.

nCC (capture complete) pulse mode. Assert low for 4
cycles when the capture process completes. (After last
DRDY trailing edge)

If CONFIG[SFC] (stop when frame complete) equals ‘0’,
if CONTROL[RUN] is de-asserted, then nCC is asserted
low for 4 cycles.

nCC (capture complete) level mode. Assert low when
RUN bit is set. De-assert after capture completes. (After
last DRDY trailing edge)

If CONFIG[SFC] (stop when frame complete) equals ‘0’,
NnCC is de-asserted when CONTROL[RUN] is de-
asserted.

nCC (capture complete) DSYNC pulse mode. Assert low
during last DATA of capture.

If CONFIG[SFC] (stop when frame complete) equals ‘0’,
if CONTROL[RUN] is de-asserted, nCC asserts low for
the duration of one DATA transfer. DRDY will be
asserted as well.

nCC (capture complete) level mode. Assert low when
RUN bit is set. De-assert after capture completes. (After
last DRDY trailing edge)

If CONFIG[SFC] (stop when frame complete) equals ‘0’,
NCC is de-asserted when CONTROL[RUN] is de-
asserted. DRDY will pulse after nCC has been
deasserted as per normal DATA transfer.

March 30, 2000

Table 57.

nIRQ_nCC Status Flag Control
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CONFIG[CFC]
continuous
frame capture

CONFIG[SFC]
stop when
frame
complete

Capture Complete when...

501

501

At end of the first frame if CONTROL[RUN] is not de-
asserted. Immediately after CONTROL[RUN] is de-
asserted.

If frame is stopped due to de-assertion of
CONTROL[RUN] then:

1) If data has been transferred for current sensor row,
then assert NROW if in NnROW pulse mode.

2) If data has been transferred for current frame, then
assert nFRAME if in FRAME pulse mode.

After last data is transferred for first frame is de-
asserted in.

Immediately after CONTROL[RUN] is de-asserted.

If frame is stopped due to de-assertion of
CONTROL[RUN] then:

1) If data has been transferred for current sensor row,
then assert nNROW if in NROW pulse mode.

2) If data has been transferred for current frame, then
assert nFRAME if in FRAME pulse mode.

After last data is transferred for frame that
CONTROLJRUN] is de-asserted in.

March 30, 2000

Figure 58. Capture Complete Definition
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Laszt DRDY in last row
of lagt frame in captors

process,
5
=] =3 =3 =3 f-f;
CLE Juuruuaru LT L L
DRDY —,
BIRQ_nCC |
B B
4 rpolas
k1
DATA D4 .-{ D1s

*] : [CTRL[DSC] = 1 (1 eyele)  *3: IFTMO[RPC] = 1 (2 cyeles)  *3: IFTMA[DHC] = 1 {1 eyels)

Figure 82. nIRQ_nCC Timing in Capture Complete Pulse Mode

Last DEDY in last raw
of fazt frame.

CLK e A

DRDY i

STATUS[RF] F i

CONTROL[RUN] [ B

nIRQ_nCC — i

DATA j}: j pea 4 Dn

2] : ICTRL[DSC] = 1 (1 ayele)  *2: IFTMGIREC] = 1 (2 cycles)  *3: IFTMGIDHC] = 1 (1 cpcle)

Figure 83. nIRQ_nCC Timing in Capture Complete Level Mode
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Last DATA in last Tow
of last frarce bn capturs
=
-~

w| w3 Mz w3 proCAss

CLE JUuUuUururrurLrurud J_I_‘U_\Ay_l_l_\_!‘\_l_u_l_l_m
DRDY [ 1
nIRQ_nC 1 'ff

¥
DATA ;{. I

#] . [CTRL[DEC]) = 101 epel=) =1 IFTMG[EPC) = 1 (2 cyelesh  *3: ICTRLIDHC] = 1 (1 ayele)

Figure 84. nIRQ_nCC Timing in Capture Complete DSYNC Pulse Mode

firee DATA in firet row L D Sy rdl

of first frame. J,."'f | |

g : L |

CLE M Hgigipipiy/ Spligipgipipipipipigsininl

DRDY 1 i — !
nIRQ_nCC =] I ;ﬁ E
DATA }( }{\\ j{ 1/ F:' / ]

o] : ICTRLDSC) = 1 (1 eyele)  *2 IFTMG[REC] = 1 (2 eyelas)  #3: ICTRL[DHC) = 1 (1 eyels) _

Figure 85. nIRQ_nCC Timing in Capture Complete DSYNC Level Mode
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Lagt DRDY in last sow of Erarm Serial Intarfacs E'.n‘:!_,'_"‘:cl Wit
II"._,-'-_II" ."-.-\.
\ ™
CLK N F i L L

DRDY J i !

nFRAME_nSYNG L= | i y
STATUS[FC] E i —
i v

nIRQ_nCC -

o

-
wisak pall-ap rise tims

Figure 86. nIRQ_nCC Timing in Interrupt Request Mode with Open Drain. (interrupt on end of frame)

Last DELDY in last row at frame Serial Isterface Begister Wite

\l.
' ."nl- '\ h._

CLK L1 gligigigigigl gy Sl pl A7|lF| pEgEpEgEgEn
DRDY y:i}\_\ N ',

l-\-\‘k 1
iFRAME el Y /4 T
STATUE[FC) Py i 1

nIRQ_nexC - i =5

porrmal rize Time

Figure 87. nIRQ_nCC Timing in Interrupt Reguest Mode without Open Drain. (interrupt on end of frame)

*+ CONNECTION INFORMATION:
If NIRQ_NCC is unused, do not connect this pin.

* PAD CONTROL:
The ICE field of the PCTRL register selects whether nlRQ-nCC functions as nIRQ or nCC. When
functioning as nIRQ, the IPD field of the PCTRL register disables the weak internal pull up. When
functioning as nIRQ, the IMASK register enables the events that cause nlRQ to assert low. The STATUS
(interrupt status) register identifies the reason nlRQ was driven low. The STATDRYV field of the PDRV
register sets the switching speed for NNRQ_nCC. When ICE equals*‘1’, the LVD field of the PCTRL
register selectsif NIRQ_nCC actsasalevel or apulse.
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5.3.1.11 CLK

+ DESCRIPTION:
System Clock. The maximum frequency is 25 MHz for the HDCS-2020, 30 MHz for the HDCS-1020. The
framerate isrelated to frequency of CLK.

¢« CONNECTION INFORMATION:
CLK must be connected for proper operation.

+ PAD CONTROL:
Asalow power feature, CLK can be internally disabled by asserting NRST_nSTBY. The systemwill bein
the reset state when nRST_nSTBY isde-asserted. The SLP hit of the CONFIG register also causes partial
internal clock gating. The serial interface clocks are not disabled to allow turning SLP bit off. The system
registers maintain their value while SLP is asserted, unless the RST bit of the CONFIG register isalso
asserted. See the Reset and Low Power section for more details.

5.3.1.13 nRST_nSTBY

» DESCRIPTION:
Active low system reset input and stand-by mode input. Asserting nRST_nSTBY gates the system clock to
save power and causes a system reset.

*+ CONNECTION INFORMATION:
NRST_nSTBY must be connected.

5.3.1.14 VDD

+ DESCRIPTION:
Digital Power Supply.

5.3.1.15 GND

» DESCRIPTION:
Digital Ground.

5.3.1.16 AVDD
+ DESCRIPTION:
Analog Power Supply.

5.3.1.17 AGND

» DESCRIPTION:
Analog, Array, and Substrate Ground.

5.3.1.18 PVDD
+ DESCRIPTION:
Array Power Supply.
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5.4 Serial Interface
The HDCS-1020 registers areinitialized using the serial interface before operation begins..

The HDCS-1020 sensors function only as daves, they do not initiate transfers.

IMODEQO Pin

IMODE1 Pin

no:
tov

‘o Synchronous serial slave
‘1 UART Half Duplex Slave

Figure 88. Serial Interface Modes

5.4.1 Synchronous Serial Slave Mode

Pin

Function

SCLK

SDATA

Serial Transfer Clock (SCLK) synchronizes serial transmission of data bits on
SDATA.

SCLK is always driven by the master.

The frequency of SCLK may vary throughout at transfer as long as its timing
is greater than the minimum timing.

Serial Data(SDATA) is used to send serial data bits in synchronization by
SCLK.

By default, SDATA is driven by the master. SDATA is driven by the slave in
response to a request by the master. A response can be a single ACK bit, or
a byte of data.

Figure 89. Synchronous slave pin definitions

Condition

Desc.

Data Bit

SDATA is stable while SCLK is high. SDATA transitions while SCLK is low.

Start bit

Stop bit

SDATA transitions High to Low while SCLK is high

A start bit starts a new transfer
SDATA transitions Low to High while SCLK is high

A stop bit terminates transfer.

March 30, 2000

Figure 90. Conditions Encoded by SCLK and SDATA
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Start Condition Bit Transmizsica top Condition

- e -

|
=ULA | o i
driven by master | | |

T Y A ) SEH T
| [ |

T

| - — ==
| | |
! I

| | T -

| BOATA Falk,  SDATA | EDATA EDAT A rimar |
whilke SCLE Stahis Changes whilke 2CLE
iz high. is high.

Figure91. Synchronous seria bit timing

Pin Function
Master Driven |Master Drives 8 data bits on SDATA. Slave responds by driving SDATA with
a one bit acknowledge. ACK is defined as a ‘0.

It is an error condition if the slave does not acknowledge with ACK
The first bit of the 8 data bits is the MSB [7]

Slave Driven Slave Drives 8 data bits on SDATA. Master responds by driving SDATA with
a one bit ACK or NACK. If ACK is defined as a ‘0’, NACK is defined as a ‘1’.

If Master responds with a ACK, the slave begins another slave driven packet
on SDATA.

If master responds with a NACK, the transfer ends. Control of SDATA is
transferred to the master.

The first bit of the 8 data bits is the MSB [7]

Figure 92. Synchronous Seria Types of packet transmissions
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L]

tar [) & h7 4 3 Z 1 0 ACE [
!

s NN AN NN NN

masker drives

:SDA'IA i'l.lj."m]l[m.ll[ ps | an;jID?IL‘-JIDﬂhﬂ‘:’Eu

slave drives

Master Diriven Packet -

Figure 93. Master Driven Packet

ALK ACk T

ey AU AN AW AW AW AW AW AWAW AW A
EDATA \L‘I'I ID&ID:IU-'JI'_‘-:E IE-'EIU[I'JU}IIACKI{?

Slave Driven Packes rmazter drives

|

Figure 94. Slave Driven Packet
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Fieat Bit Las=t Bit

MEE LSE

EBit7 Biué Bird Bitd Bit 2 Bit2 Biel Bitd ACK

(M)

MMasgter Driven

Al
Daa | DAS |DAad | DAY | DaZ | DALl | DAO | FiaW | ACE

Comrrand  Packet

- i P—-- -
Devies Address=""1010101" Direction ACK

(A
Mave

EA G Bas | Bad4 | RAI|I RAZI BRA L | RAD piow | ACK Master Driven
Address Faclket

| -
Begister Address Crirection ACK
(WD
alave bagter Driven
DT C& D3 Cr 4 3 Dz L1 L ACK Crata Fackss
- -
LAl ALK
(50
namer Flave Driven
[ L& L5 L4 >3 2 1 RN AR Data Facks:
- = -- -
DATA ACE

Figure 95. Synchronous Serial Packet Formats

The serial transfer sequence isinitiated when the master issues a START condition. The transfer terminates at any
point where the master issues a STOP condition, or where an ACK is not received.
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Deseription

ICTRL.CAD

"

Davice A ddress 8 enabled,

The first byte after a Start Bt s inberpreted a3 a MO (master driven command) type, & slaive
will oty respond if fts devios address matchea the device address in the MO packet, The
BONEZEYE devise address g3 1010101

A fter aysiem reset ICTREL. DAD =*9"

p

Davice A ddress £ disabled.

The first yie altes & Staf BT s interpeeted a2 3 MA (mrsier driven addreas) fype. This i
irended for @ podnt to podnt serdal inferface to save & byte inthe protecol,

ICTRLAAD

Aubo Addeezs Inerepent i enabled

The hA packet defirea the starting pegiser addmas for e pext byt fn be ransfered. 4 fior
sach MDD packet the register address is antomatically naemented 50 the next MO packst will
tramafier the daka for the next regiser,

A fter sysiem reset ICTREL AAD =%

Auto Address Increment i disabled,

The MA packet defirea the starting reglster addeas for the rext boyte §o be franaferred. Bach
athasquent MO packet will repaat the waloe of the same register defined by the MO packet,
This is tterded 1o provide 3 method of polling for the atanis s,

=DA_HOLD

SDA_HOL D contrals the maanber of apcles after SCL [alls befope EOMNSEY EEYELITE
sops driving data on S04

HOLD_CTCLES = 2+ BDA_HOLD * 3.
VALUE AFTEE REZET = "D 1" = 8 gyales. (220ns @ 25 MHZ) (33502 & 24MH7Z)

20DA_SETURP

When BONEETEETELITE & driving a data b, SDA_EETUF oontmals the rumber of
cyaks after BCL falls veibil da s driven on 20A

SETUP_CYCLES =2+ (SDA_HOLD * 2+ (SDA_SETUR # 3)

YALUE AFTER RESET ="1001" = 34 cyclea (1040na & X5 MHz) (108003 & 24MHz)
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Figure 96. Register Bits Affecting Synchronous Serial Transfer Sequence
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SCL - LOW SCL-HIGH
- -
FECLE /—\ Y
[, o T
SDAT
- - -
SET TP TIME HOLD: TIME
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Figure 97. SCL-SDA Timing

Specification

Minimum number of cycles

CLOCK HIGH

4

CLOCK LOW

4 + (SDA_HOLD*2) + (SDA_SETUP*2)

Table59. Minimum SCL Timing
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Packet Number 1 2 3 4 5
Packet Type MC MA MD MD MD
Bit 7654 3210 _A 7654 3210 _A 7654 _3210_A 7654 3210 _A 7654_3210_A

MD

7654_3210_A

SDATA (master) |start| 1010_1010_x | 0001_1110 x | 0001_0010_x | 0011_0100_x | 0101_0110_x | 0111_1000_x |st0p|

SDATA (slave) | X | XXXX_XXXX_0 | XXXX_XXXX_0 | XXXX_XXXX_0 | XXXX_XXXX_0 | XXXX_XXXX_O | XXXX_XXXX_0 | X |
Register Address | X | X | X | XOF | x10 | x11 | x12 | x13 |
AAD=0

Register Address X X X XOF XOF XOF XOF XOF
AAD=1

Write 4 registers (addresses x0F, x10, x11, x12) with data (x12, x34, x56, x78). ICTRL[DAD]="0’

Figure 98. Seria Synchronous N Byte Write using Device Address

Packet Number 1 2 3 4 5
Packet Type MA MD MD MD MD
Bit 7654 3210 A 7654 3210 A 7654 3210 A 7654 3210 A 7654 3210 A

SDATA (master)

SDATA (slave)

Register Address
AAD=0
Register Address
AAD=1

|start| 0001_1110_x | 0001_0010_x | 0011_0100_x | 0101_0110_x | 0111_1000_x |stop|

| X | XXXX_XXXX_0 | XXXX_XXXX_O | XXXX_XXXX_0 | XXXX_XXXX_O | XXXX_XXXX_0 | X |
| X | X | xOF | x10 | x11 | x12 |x13|
X X XOF XOF XOF XOF XOF

Write 4 registers (addresses x0F, x10, x11, x12) with data (x12, x34, x56, x78). ICTRL[DAD]="1'

March 30, 2000

Figure 99. Serial Synchronous N Byte Write without Device Address
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Packet Number 1 2 3 4 5 6
Packet Type MC MA MC SD SD SD
Bit 7654_3210_A 7654_3210_A 7654_3210_A 7654_3210_A 7654_3210_A 7654_3210_A

SDATA (master) start [ 1010_1010_x 0001_1110_x |start| 1010_1011 x XXXX_XXXX_0 XXXX_XXXX_0 XXXX_XXXX_1 | stop

SDATA (slave) start | xxxx_xxxx_0 XXXX_XXXX_0 X XXXX_XXXX_0 0001_0010_x 0011_0010_x 0101_0110_x X
AAD=0

Register Address | X | X X | XOF | XOF XOF x10 x11 | x12 |
AAD=0

SDATA (slave) start  xxxx_xxxx_0 XXXX_XXXX_0 X XXXX_XXXX_0 0001_0010_x 0001_0010_x 0001_0010_x X
AAD=1

Register Address X X X XOF XOF XOF XOF XOF XOF
AAD=1

Read 3 registers (addresses x0F, x10, x11) which contain data (x12, x34, x56).
ICTRL[DAD]=0
NOTE: When DAD = 0 a write sequence is used to setup the read address.

Figure 100. Seria Synchronous N Byte Read using device address
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Packet Number 1 2 3 4 5

Packet Type MA SD SD SD SD

Bit 7654 _3210_ A 7654 3210 A 7654 3210 A 7654 3210 A 7654 3210 A

SDATA (master) |start| 0001_1111 1 | XXXX_XXXX_0 | XXXX_XXXX_0 | XXXX_XXXX_0 | XXXX_XXXK_1 |st0p|
SDATA (slave) | X | XXXX_XXXX_O | 0001_0010_x | 0011_0100_x | 0101_0010_x | 0111_1000_x | X |
AAD=0

Register Address | X | X | XOF | x10 | x11 | x12 | x13 |
AAD=0

SDATA (slave) X XXXX_XXXX_0 0001_0010_x 0001_0010_x 0001_0010_x 0001_0010_x X
AAD=1

Register Address X X XOF XOF XOF XOF XOF
AAD=1

Write 4 registers (addresses x0F, x10, x11, x12) with data (x12, x34, x56, x78). ICTRL[DAD]="1’

Figure 101. Seria Synchronous N Byte Read without Device Address
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5.4.3 Serial Interface: UART Half-Duplex Slave Mode

UART Half-Duplex Slave Mode uses 2 pins. RxD (receive seria data) and TXD (transmit serial data). The RxD pin
is driven by the master, and TxD is driven by the dave (the HDCS sensor).

Each serial bit isdriven for afixed time duration called the Bit Time. A Bit Timeis 16 roll-overs of the Bit Time
Counter. The number of system clocks required to increment the Bit Time Counter is determined by the BRATE and
BFRAC registers. The value of adata hit is the mgjority vote of its value at the beginning of the 7", 8", and 9" roll-
overs of the Bit Time Counter.

Dataistransmitted in 10 bit packets. Thefirst bit of a packet isthe start bit. The start bit (‘0") isfollowed by 8 data
bits. Thefirst databitisthe LSB. The 8 data hits are followed by one stop bit (‘1').

The default (idle) state of RxD and TxD is‘1’. When RxD transitions low for the Start Bit, the HDCS sensor
synchronizes by resetting its Bit Time Counter and starts the receiving process.
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Figure 102. UART Bit Protocol
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ClocksPerBitTime = (16 x {BRATE + 1}) + ( BFRAC)
BitTime = ClockPeriod x ClocksPerBitTime

BaudRate = (ClockFrequency) / (ClocksPerBitTime)

Figure 103. Bit Rate Equations

BRATE =155 BFRAC=4

ClockFrequency = 24 MHz

ClockPeriod = 1/24 x 10° = 41.67 x 10° nS

BitTime = 104.17 uS = 2500 x 41.67 x 10° nS = 2500 x 1/24 x 10°®
ClocksPerBitTime = 2500 = (16 x 156) + (4)

BaudRate = 9600 Baud = (24 x 10°) / (2500)

Figure 104. Initial Bit Rate Setting
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Table 60. System Registers Affecting UART Operation
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57,600 el OO0 416 67 416 0.16%
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1,300,000 i o0 16 1& D.00%
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Table 61. BFRAC/BRATE Settings for common Baud Rates, 24 MHz Clock
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Figure 105. UART Packet Formats

The serial communication sequence is initiated when the master transmits a start bit on RxD. The master transmits
the first 2 packets. Thefirst packet (MA) indicates the starting register address and whether it isaread or awrite
sequence. The second packet (MT) indicates the number of bytes to be transferred. For awrite sequence the master
transmits the number of data packets (MD) on RxD equal to the transfer count. For aread sequence the slave
transmits the number of data packets (SD) on TxD equal to the transfer count.

The AAD (automatic address increment disable) bit of the ICTRL register alters the behavior of the serial
communication sequence. When AAD equals‘0’, the register address is automatically incremented after each MD or
SD packet. When AAD equals‘1’, the register address does not increment after MD or SD packets. Thisisintended
for use in register polling.
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Figure 107. UART N Byte Read
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5.4.4 UART Sequence Diagrams

AY Y
More
> Address > Transfer > Data » Data » Data
Start Packet Count Packet Packet 21 Packet ?1 Packets
Master Driven Master Driven Master Driven Master Driven
Write
Load Write Data to Write Datato
Transfer Address, then Address, then
Count decrement decrement
Register Transfer Count, Transfer Count,
then increment then increment
Address Register Address Register
?1 =Transfer Count = 0. if AAD =0 if AAD =0

Figure 108. UART Write Sequence

More
Address > Transfer > Data > Data » Data
Start Packet Count Packet Packet ?1 Packet ?1  Packets
Master Driven Master Driven Slave Driven Slave Driven
Read
Load Load Decrement Decrement
Address Transfer Transfer Count, Transfer Count,
Register Count then increment then increment
Register Address Regjster Address Regjster
ifAAD=0 ifAAD=0
?1 =Transfer Count = 0. <« <«
Datafrom Datafrom
register selected register selected
by Address by Address
Register, zero Register, zero
forinvaid forinvaid
register address. register address.
Figure 109. UART Read Sequence
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6. System Reset and Low power modes

6.1 System Reset

A system hard reset is required before the HDCS sensor will function properly. The sensor may be reset by asserting
the nRST_nSTBY pin (hard reset) for 40 cycles with the clock running. A partial reset may be done by setting the
RST bit of the CONFIG register (soft reset), or by the SLP, PWR fields of the CONTROL register (soft sleep).
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VOEVDE  min
st femermall - TUUUUUUUHUTL 5l g of JULLUL LU U L UL UL LT LT L
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Figure 110. System Reset Using External nRST_nSTBY pin
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o 1) clock spnehronization fipflops. All Clocks stopped, sxcagt:

1} clock aynchrondzing Aipflopa
20PT- Contral[Est] = 1" A reristers, except; Analog Pawer Dizabled
ey Deactivate by wrie to | clodk synchronization flipflope All Clocks mirming

“Conrol reg 2) aerial interface flipflope
3) Contro] register,
F0FT- Contral[Flp] =107 All registers, except; Analeg Power Drisabled
FLEER Deadtivate by write to | 1)elok synebronization NipNape All Clacks stapped, sxapt:
Conrol reg. 2y serdal nterface fipflope 1} clock apnchrondzing fipflepa
3 Al system egisters 2] Zarial Inberface

3] Ceairal Register
Lz Confral[Fwe]="1" Allreglstena, axcapt: Analog Power Drsabled
POWER AND Dpelocd gynchronization flpflops All Clacks stapped, excapt:

Confral[Ron] = 10 2y serial nterface flipflopa 1} cleck aynchrondzing fAipflope
Deadtivate by writs b | 20 All system registers Z) Szrial Interfao:

Control seg or Tum 3} Contral Regiser

e ofT e KU bit

Table 62. Reset Typesand Clock Modes

6.2 Low Power / Clock Domains

The HDCS sensor provides 2 low power modes by: 1) turning off the analog DC currents and 2) gating clocksto the

digital logic.
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7. Packaging

7.1 General Package Specs

# of Leads (package): 32 (8 per side)

J-leads

NOTES: (UNLESS THERWEE SPEGIED)
1. DNENSIDNS ARE RELATED 10 DATI
FRMARY, DAY § (ECONDARY,
D DTN ¢ (TRTARY.
EDNERIC DHOISCNNG &
TLERAIGIG SIBXLOG PR
R

I 145
NOTES:
1. DATUMS -A- AND -B- DETERMINED

AHERE TOP OF LEAD SHOULDER EXITS
PLASTIC BODY AT NOLD PARTING LINE

2. DIN 61, TRUE
AT DATUM

ITION TO BE MEASURED
SEATING PLANE.

3. DIN L AND W DO NOT INCLUDE MOLD FLASH.
ALLOWABLE MOLD FLASH IS 0.250 PER SIE

MAY BE SMALLER

DINESIONS L AND W ARE DETERMINED A
THE OUTERNOST EXTREMES OF THE PLAS
EXCLUSIVE OF MOLD FLASH, TIE BAR BURRS,

GATE BURRS AND INTERLEAD FLASH, BUT

DING ANY MISNATCH BETWEEN THE TOP AND
BOTTOM OF THE PLASTIC BODY.

5. DINENSIO H DOES NOT INCLUDE DAMBAR
PROTRUSION OR INTRUSION. THE DAMBAR
PROTRUSION L NOT CAUSE THE H
DINEN BE GREATER THAN 0.940 AND
LESS THAN 0.635.

6. DIMENSIONA ANS TOLERANCES SHOWN
APPLY TO THE FINICHED PART.

MATERIAL NOTES;
1.Leadframe material
CDA194-H(0.25thickness)

2.Plating
Bace Plating Nickle+Top Plating Gold

optical center

glass should not be used for structural support

yical

nnnonanoan

optical center

standoffs are c

DETALL S

e = = =] T
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7.2 HDCS-2020 Package Pin List

PIN Pin Name PIN Pin Name PIN Pin Name
No. No. No.
1 DATA7 12 GND 23 IMODE1
2 AGND 13 DATAS3 24 IMODEO
3 AVDD 14 DATA2 25 NRST_nSTBY
4 VDD 15 DATA1 26 nROW
5 GND 16 DATAO 27 AGND
6 DRDY 17 VDD 28 PVDD
7 CLK 18 GND 29 SCLK_RxD
8 DATAG6 19 AGND 30 SDATA_TxD
9 DATA5 20 AVDD 31 DATA9
10 DATA4 21 |[NFRAME_nSYNC| 32 DATAS
11 VDD 22 NIRQ nCC
Table 63. HDCS-2020 Package Pin List
7.3 HDCS-1020 Package Pin List
PIN Pin Name PIN Pin Name PIN Pin Name
No. No. No.
1 DATA5 12 GND 23 IMODE1
2 AGND 13 DATA1l 24 IMODEO
3 AVDD 14 DATAO 25 NRST_nSTBY
4 VDD 15 NC 26 nROW
5 GND 16 NC 27 AGND
6 DRDY 17 VDD 28 PVDD
7 CLK 18 GND 29 SCLK_RxD
8 DATA4 19 AGND 30 SDATA_TxD
9 DATA3 20 AVDD 31 DATAY
10 DATA2 21 |[NFRAME_nSYNC| 32 DATAG6
11 VDD 22 NIRQ nCC

March 30, 2000
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8. Electrical and Power Specifications

8.1 Electrical Specifications
This section covers the electrical and power specifications of the HDCS Image Sensor.

8.2 Absolute Maximum Ratings

Specification Description Min Max | Units
VDD Power supply voltage 3.6 \%
Vport DC input voltage at any port 3.6 \%
Tj Junction temperature 0 110 C

Table 65. Absolute Maximum Rating

8.1.2 DC Power Specifications

Specification Description Conditions | Min | Typ [ Max |Units
VDD Operating Power Supply Voltage 30| 33 | 36 Y
IDDp Power Down Supply Current f=0MHz TBD UA
IDDs Standby Current f=O0MHz 29 mA
IDDd Dynamic Operating Current f=20MHz 79 mA

Table 66. DC Specifications

8.1.3 Pin Capacitance

Specification Description Max | Units
CinCLK CLK Input Port Capacitance 2 pF
Cin All Other Input Port Capacitances 1 pF

Table 67. Pin Capacitance
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9. Glossary

ADC
APS

CIF

Column Processing

Exposure

fps

Image Capture Process

Acronym for “analog to digital converter”.
Acronym for “Active Pixel Sensor”.

Acronym for “Common Intermediate Format”. Commonly used to
define a pixel array of 352 columns by 288 rows.

Refers to the portion of the row processing time that is used to perform
an analog to digital conversion on the previously sampled pixel
information for al of the pixelsin one row of the selected image
window.

Duration of time that transpires from when a pixel isreset until itis
subsequently sampled. Used synonymously with integration time.

Acronym for “frames per second”.

Sequence of operations executed to expose, sample, convert, and output

image sensor data. May be one or more frames.

Image Window

PGA

Pre-Integration Period

Row Processing

Timing Controller Start Overhead

VGA

Rectangular region of the image sensor array that is sampled,
converted, and output during an image capture process. The window
coordinates are defined by the FWROW, FWCOL, LWROW, and
LWCOL registers.

Acronym for “programmable gain amplifier”.

The period of time starting when an image capture processis initiated
and ending when the first row in the image window is sampled.
Essentially equivalent in duration to the exposure duration, but it only
occurs prior to sampling the first frame sampled during each image
capture process.

Refers to the sequence of operations required to sample one row of
pixelsin the selected image window, convert the analog information to
digital format and output it.

Number of clock cycles required for the internal timing controller to
begin operating after the internal assertion of the RUN bit of the
CONTROL register.

Acronym for “video graphics adapter”. Commonly used to define a
pixel array of 640 columns by 640 rows.
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