AP0100CS

AP0100CS High-Dynamic
Range (HDR) Image Signal
Processor (ISP)

General Description

The ON Semiconductor AP0100CS is a higérformance,
ultrailow poweriniline, digital image processor optimized for use
with High Dynamic Range (HDR) sensors. The AP0100CS provides
full autoifunctions support (AWB and AE) and Adaptive Local Tone
Mapping (ALTM) to enhance HDR images and advanced noise
reduction which enables excellent lavght performance.

Table 1. KEY PERFORMANCE PARAMETERS

Parameter Value

Primary camera interfaces Parallel and HiSPi

Primary camera input RAW12 Linear/RAW12, RAW14 (HiSPi
format only) Companded

Output interface Analog composite, up to 16 ibit parallel
digital output

Output format YUV422 8 ibit,10 ibit, and 101, 12 ibit
tone imapped Bayer

Maximum resolution 1280 % 960 (1.2 Mp)

NTSC Output 720H x 487V

PAL Output 720H x 576V

Input clock range 6130 MHz

Supply voltage VpplO_S 1.8 or 2.8 V nominal
VpplO_H 2.5 0r 3.3V nominal
Vpp_REG 1.8 V nominal
Vpp 1.2 V nominal
Vpp_PLL 1.2 V nominal
Vpp_DAC 1.2 V nominal
VpplO_OTPM 2.5 or 3.3 V nominal
VppA_DAC 3.3 V nominal
Vpp_PHY 2.8 V nominal

Operating temp. 130°C to + 70°C

Power consumption 185 mw

Features

€ Upto 1.2 Mp (1280 x 960) ON Semiconductor sensor support
€ 45 fps at 1.2 Mp, 60 fps at 720 p

€ Optimized for operation with HDR sensors

€ Color and gamma correction
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ORDERING INFORMATION
See detailed ordering and shipping information on page 2 of
this data sheet.

€ Programmable Spatial Transform Engine
(STE)

€ Preirendered Graphical Overlay

€ Two iwire serial programming interface
(CCIS)

€ Interface to lowicost Flash or EPROM
through SPI bus (to configure and load
patches, etc.)

€ Highilevel host command interface

€ Standalone operation supported

€ Upto 5 GPIO

€ Failisafe 10

€ Multi iCamera synchronization support

€ Integrated video encoder for NTSC/PAL
with overlay capability and 1iit | iDAC

€ Auto exposure, auto white balance, 50/60 Hz auto flicker detectionApplications

and avoidance
€ Adaptive Local Tone Mapping (ALTM)
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€ SMPTE296 HDCCTV cameras
€ Surveillance network IP cameras

Publication Order Number:
AP0100CS/D



APO0100CS

ORDERING INFORMATION

Table 2. AVAILABLE PART NUMBERS

Part Number Product Description Orderable Product Attribute Description
AP0100CS2LO00SUGAO iDR1 1Mp Co iProcessor, 100 iball VFBGA Drypack
AP0100CS2L00SPGAD3 iGEVK AP0100CS Demo Kit
AP0100CS2L00SPGAH iGEVB AP0100CS Head Board

1. See the ON Semiconductor Device Nomenclature document (TND310/D) for a full description of the naming convention used for image
sensors. For reference documentation, including information on evaluation kits, please visit our web site at www.onsemi.com.

FUNCTIONAL OVERVIEW AP0100CS, and image data is transferred using the analog

Figure 1 shows the typical configuration of the or parallel interface between the AP0100CS and the host.
APO0100CS in @amera system. On the host side, aitwice The AP0100CS interface to the sensor also uses a parallel
serial interface is used to control the operation of the interface.

1.2Mp HDR Sensor
ENEEEEEE
EEEEEEE

EEEEEEE 12 ibit parallel
mEmEmEm Two flane HISPi

WO llane Hi | .
EEEEEEEE Analog NTSC/PAL display
EEEEEEE Two iwire serial I/F (CCIM)
EEEEEEEE

Two iwire serial IF (CCI!

Figure 1. AP0100CS Connectivity

SYSTEM INTERFACES The AP0100CS signals to the sensor and host interfaces
Figure 2: “Typical Parallel Configuration,” on page 3 can be at different supply voltage levels to optimize power
and Figure 3: “Typical HiSPi Configuration,” on page 4 consumption and maximize flexibility. Table 1 on page 1
show typical AP0O100CS device connections. provides the signal descriptions for the AP0100CS.
All power supply rails must be decoupled from ground
using capacitors as close as possible to the package.
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NOTES: 1.. This typical configuration shows only one scenario out of multiple possible variations for this device.
2.. ON Semiconductor recommends a 1.5 k resistor value for the two iwire serial interface Rpyy jup;
however, greater values may be used for slower transmission speed.
3.. RESET_BAR has an internal pull fup resistor and can be left floating if not used.

4.. The decoupling capacitors for the regulator input and output should have a value of 1.0 F. The capacitors should be ceramic
and need to have X5R or X7R dielectric.

5.. TRST_BAR connects to GND for normal operation.

6.. ON Semiconductor recommends that 0.1 Fand 1 F decoupling capacitors for each power supply are mounted as close as
possible to the pin. Actual values and numbers may vary depending on layout and design consideration.

Figure 2. Typical Parallel Configuration
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APO0100CS
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NOTES: 7.. The decoupling capacitors for the regulator input and output should have a value of 1.0 F. The capacitors should be ceramic
and need to have X5R or X7R dielectric.
8..

ON Semiconductor recommends that 0.1 Fand 1 F decoupling capacitors for each power supply are mounted as close as
possible to the pin. Actual values and numbers may vary depending on layout and design consideration.

Figure 3. Typical HiSPi Configuration

HiSPi and Parallel Connection Crystal Usage
When using the HiSPi interface, the user should connect As an alternative to using an external oscillator, a crystal
the parallel interface todbIO_S. When using the parallel may be connected between EXTCLK and XTAL. Two small

interface, the HiSPi interface and power supply loadingcapacitors and a feedback resistor should be added,
(VDpD_PHY) can be left floating. as shown in Figure 4.
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APO0100CS
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NOTE: Rfrepresents the feedback resistor, an Rf value of 1 M would be sufficient for AP0100CS. C1 and C2 are decided
according to the crystal or resonator CL specification. In the steady state of oscillation, CL is defined as (C1 x C2)/(C1+C2).
In fact, the 1/O ports, the bond pad, package pin and PCB traces all contribute the parasitic capacitance to C1 and
C2. Therefore, CL can be rewritten to be (C1* x C2*)/(C1*+C2%*), where C1*=(C1+Cin, stray) and C2*=(C2+Cout, stray).
The stray capacitance for the 10 ports, bond pad and package pin are known which means the formulas can be rewritten as
C1*=(C1+1.5pF+Cin, PCB) and C2*=(C2+1.3pF+Cout, PCB).

Figure 4. Using a Crystal Instead of External Oscillator

Table 3. PIN DESCRIPTIONS

Name Type Description
EXTCLK Input Master input clock. This can either be a square iwave generated from an oscillator (in
which case the XTAL input must be left unconnected) or direct connection to a crystal.
XTAL Output If EXTCLK is connected to one pin of a crystal, this signal is connected to the other pin,
otherwise this signal must be left unconnected.
RESET_BAR Input/PU Master reset signal, active LOW. This signal has an internal pull up.
Scik Input Two iwire serial interface clock (host interface).
SpaTA 110 Two Twire serial interface data (host interface).
SADDR Input Selects device address for the two iwire slave serial interface. When connected to GND,
the device ID is 0x90. When wired to VpplO_H, a device ID of OXBA is selected.
FRAME_SYNC Input This signal is used to synchronize to external sources or multiple cameras together.
This signal should be connected to GND if not used.
STANDBY Input Standby mode control, active HIGH.
EXT_REG Input Select external regulator if tied high.
ENDLO Input Regulator enable (Vpp_REG domain).
SPI_Sc1k Output Clock output for interfacing to an external SPI flash or EEPROM memory.
SPI_SDI Input Data in from SPI flash or EEPROM memory. When no SPI device is fitted, this signal is
used to determine whether the AP0100CS should auto iconfigure:
0: Do not auto iconfigure; two iwire interface will be used to configure the device
(host iconfig mode)
1: Auto iconfigure. This signal has an internal pull up resistor.
SPI_SDO Output Data out to SPI flash or EEPROM memory.
SPI_CS_BAR Qutput Chip select out to SPI flash or EEPROM memory.
EXT_CLK_OUT Qutput Clock to external sensor.
RESET_BAR_OUT Output Reset signal to external sensor.
M_Scik Output Two iwire serial interface interface clock (Master).
M_Spata 110 Two iwire serial interface interface clock (Master).
FV_IN Input Sensor frame valid input.
LV_IN Input Sensor line valid input.
PIXCLK_IN Input Sensor pixel clock output.
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APO0100CS

Table 3. PIN DESCRIPTIONS (continued)

Name Type Description
DIN [11:0] Input Sensor pixel data input Dy [11:0].
CLK_N Input Differential HiSPi clock (sub iLVDS, negative).
CLK_P Input Differential HiSPi clock (sub iLVDS, positive).
DATAO_N Input Differential HiSPi data, lane O (sub iLVDS, negative).
DATAO_P Input Differential HiSPi data, lane 0 (sub iLVDS, positive).
DATA1_N Input Differential HiSPi data, lane 1 (sub iLVDS, negative).
DATA1l P Input Differential HiSPi data, lane 1 (sub iLVDS, positive).
TRIGGER_OUT Output Trigger signal for external sensor.
FV_OuT Output Host frame valid output (synchronous to PIXCLK_OUT).
LV_OuT Output Host line valid output (synchronous to PIXCLK_OUT).
PIXCLK_OUT Output Host pixel clock output.
DOUT [15:0] Output Host pixel data output (synchronous to PIXCLK_OUT) DOUT[15:0].
DAC_POS Output Positive video DAC output in differential mode. Video DAC output in single fended

mode. This interface is enabled by default using NTSC/PAL signaling. For
applications where composite video output is not required, the video DAC can be
placed in a power idown state under software control.

DAC_NEG Output Negative video DAC output in differential mode.
DAC_REF Output External reference resistor for Video DAC.
GPIO [5:1] 110 General purpose digital I/O.
TRST_BAR Input Must be tied to GND in normal operation.
VpplO_S Supply Sensor /O power supply.
VpplO_H Supply Host I/O power Supply.
Vpp_PLL Supply PLL supply.
Vpp Supply Core supply.
VpplO_OTPM Supply OTPM power supply.
Vpp_DAC Supply Video DAC digital power.
VppA_DAC Supply Video DAC analog power.
Vpp_PHY Supply PHY 10 voltage for HiSPi.
GND Supply Ground.
Vpp_REG Supply Input to on ichip 1.8 V to 1.2 V regulator.
LDO_OP Supply Output from on chip 1.8 V to 1.2 V regulator.
FB_SENSE Supply On ichip regulator sense signal.

Table 4. PACKAGE PINOUT

1 2 3 4 5 6 7 8 9 10
A Doutli1] Doutl13] PIXCLK_ LV_ouT GPIO_2 | TRST_BAR | SPI_SDI SADDR Scik STANDBY
out

B Doutl12] Doutl10] Doutl14] FV_ouT GPIO_3 GPIO[5] | SPI_SCLK SpATA TRIGGER | RESET_
_ouT BAR_OUT

C Doutld] Dourtl8] Doutl15] GPIO[1] GPIO_4 PIXCLK SPISDO | VpplO_H | M_Spara M_Scik

_out
D Doutl5] Doutl6] Doutl7] VpplO_H VpplO TRST_BAR | FRAME_ Vob FV_IN | Mgk _ouT
_HOST SYNC
E Doutl2] Doutl3] Doutl4] VpplO_H GND GND GND LV_IN PIXCLK Din[11]
IN
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APO0100CS

Table 4. PACKAGE PINOUT (continued)

1 2 3 4 5 6 7 8 9 10
Doutl0l] Doutld] EXTCLK VpplO_H GND GND GND VpplO_S Din[9] Din[10]
GND Vpp_PLL XTAL Vob Vb Vbb GND Din[6] DiN[7] Din[8]
H Vpp_PLL Vpp_PLL LDO_ VpplO DAC_NEG | DAC_REF GNDA Vpp_PHY Din[4] Din[5]
OUTPUT _OTPM _DAC
J EXT_REG | RESET BAR | Vpp_REG | Vpp DAC | DAC_POS | DATAO_P CLK_P DATA1_N Din[0] Din[2]
K GND FB_SENSE ENLDO GND VppA_DAC | DATAO_N CLK_N DATA1P_N Din[] Din[3]

ON ICHIP REGULATOR providepower to the relevant pins that need 1.2 V. Figure 5
The AP0100C%as an ofichip regulator, the output from  shows how to configure the AP0100CS to bypass the

the regulator is 1.2 V and should only be used to power upinternal regulator.

the AP0O100CS. It is possible to bypass the regulator and

External aﬁgg PHY
supplied 9 power
12V power
Sensor IO Host | ' Host IO OTPM  Host 10
power power| == power power power
O O w o — Q O (O] Q > >
(] = o I
z 3 Z o| o > S & 3 x B
| Z w (@) a I | | S
g 9 83 & g & % 8 { —
> QO
> E > w >D 8 ¢ )
>
=

Sensor IO
power

GND

Figure 5. External Regulator
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APO0100CS

The following table summarizes the key signals when
using/bypassing the regulator.

Table 5. KEY SIGNALS WHEN USING THE REGULATOR

Signal Name Internal Regulator External Regulator
Vpp_REG 1.8V Connect to VpplO_H
ENLDO Connect to 1.8 V (Vpp_REG) GND
FB_SENSE 1.2 V (output) Float
LDO_OP 1.2 V (output) Float
EXT_REG GND Connect to VpplO_H
Power iUp Sequence requirements are shown in Table 6. The ISP includes a

Powering up the ISP requires voltages to be applied in apowerion reset feature that initiates a reset upon power up
particular order, as seen in Figure 6. The timing of the ISP.
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o

)
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' [
) ' )
Vpp_REG \ L | ' T 0
1 1
| , .
EXTCLK \ \ [
N T
w LA\
! | \1 / a a \ /
SpaTta ' | .
Figure 6. Power iUp and Power iDown Sequence
Table 6. POWER TUP AND POWER iDOWN SIGNAL TIMING
Symbol Parameter Min Typ Max Unit
t1 Delay from VpplO_H to VpplO_S, VpplO_OTPM, VppA_DAC, 0 i 50 ms
Vpp_PHY (when using HiSPi)
t2 Delay from VpplO_H to Vpp_REG 0 T 50 ms
t3 EXTCLK activation t2+1 T T ms
t4 First serial command (Note 2) 100 T i EXTCLK cycles
t5 EXTCLK cutoff t6 i i ms
t6 Delay from Vpp_REG to VpplO_H 0 ] 50 ms
t7 Delay from VpplO_S, VpplO_OTPM, VppA_DAC, Vpp_PHY 0 i 50 ms
(when using HiSPi) to VpplO_H
dv/dt Power supply ramp time (slew rate) 1 T 0.1 V/'s
2. When using XTAL the settling time should be taken into account.
Reset € A soft reset is issued by writing commands through
The AP0100CS has three types of reset available: the twoiwire serial interface.
€ A hard reset is issued by toggllng the RESET_BAR € Aninternal powei’on reset.
signal.

Table 7 on page 9 shows the output states when the part
is in various states.
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APO0100CS

Table 7. OUTPUT STATES

Hardware States Firmware States
Reset State Default Hard Soft
Name State Standby Standby Streaming Idle Notes
EXTCLK (clock running (clock running) | (clock running (clock running) | (clock running) | (clock running) | Input
or stopped) or stopped)
XTAL n/a n/a n/a n/a n/a n/a Input
RESET_BAR (asserted) (negated) (negated) (negated) (negated) (negated) Input
ScLk n/a n/a (clock running (clock running (clock running (clock running Input. Must always be driven
or stopped) or stopped) or stopped) or stopped) to a valid logical level.
SpaTa Hight High iimped- High'i High'¥ High'i High'i Input/Output. A valid logic
impedance ance impedance impedance impedance impedance level should be established
by pull fup.
SADDR n/a n/a n/a n/a n/a n/a Input. Must always be driven
to a valid logical level.
FRAME_SYNC | n/a n/a n/a n/a n/a n/a Input. Must always be driven
to a valid logical level.
STANDBY n/a (negated) (negated) (negated) (negated) (negated) Input. Must always be driven
to a valid logical level.
EXT_REG n/a n/a n/a n/a n/a n/a Input. Must always be driven
to a valid logical level.
ENLDO n/a n/a n/a n/a n/a n/a Input. Must be tied to
Vpp_REG or GND.
SPI_SCLK High1 driven, logic 0 driven, logic 0 driven, logic 0 Output
impedance
SPI_SDI Internal pull ¥ Internal pull ¥ Internal pull ¥ Internal pull ¥ Input. Internal pull fup
up enabled up enabled up enabled up enabled permanently enabled.
SPI_SDO High1 driven, logic 0 driven, logic 0 driven, logic O Output
impedance
SPI_CS_BAR High1 driven, logic 1 driven, logic 1 driven, logic 1 Output
impedance
EXT_CLK driven, logic O driven, logic O driven, logic 0 driven, logic 0 Output
_ouTt
RESET_BAR driven, logic O driven, logic O driven, logic 1 driven, logic 1 Output. Firmware will
_ouT release sensor reset.
M_ScLk High'i High i High i High Input/Output. A valid logic
impedance impedance impedance impedance level should be established
by pull iup.
M_SpaTa Hight High'i High'i High'¥ Input/Output. A valid logic
impedance impedance impedance impedance level should be established
by pull iup.
FV_IN, LV_IN, n/a n/a n/a n/a Dependent on n/a Input. Must always be driven
PIXCLK_IN, interface used to a valid logical level.
DIN [11:0]
CLK_N Disabled Disabled Dependent on Dependent on Dependent on | Dependent on Input. Will be disabled and
interface used | interface used | interface used | interface used | can be left floating.
CLK_P
DATAO_N
DATAO_P
DATAL_N
DATAL_P
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Table 7. OUTPUT STATES (continued)

APO0100CS

Hardware States Firmware States
Reset State Default Hard Soft
Name State Standby Standby Streaming Idle Notes
FV_OUT, High1 Varied Driven if used Driven if used Driven if used Driven if used Output. Default state
LV_OUT, impedance dependent on configuration.
PIXCLK_OUT,
DOUT [15:0]
DAC_POS Varied Varied Driven if used Driven if used Driven if used Driven if used Output. Default state
dependent on configuration.
DAC_NEG Tie to ground if VDAC not
used.
DAC_REF n/a n/a n/a n/a n/a n/a Input. Requires reference
resistor. Tie to ground if
VDAC not used.
GPIO[5:2] High i Input, then Driven ifused | Drivenifused | Drivenifused | Drivenifused | Input/Output. After reset,
impedance high these pins are sampled as
impedance inputs as part of
auto iconfiguration.
GPIO1 HighT High't High i High T High' T High'i
impedance impedance impedance impedance impedance impedance
TRIGGER High1 High1 Driven if used Driven if used Driven if used Driven if used
_ouT impedance impedance
TRST_BAR n/a n/a (negated) (negated) (negated) (negated) Input. Must always be driven
to a valid logic level.
Hard Reset
The AP0100CS enters the reset state when the external
RESET_BARsignal is asserted LOV&s shown iffrigure 7.
All the output signals will be in Higl¥ state.
le 4 >l 4 |
g |
| ta | t3 | |
I [ XXX ]
sacweJIUUYL, VULV
| | | ! » |
« I
RESET_BAR | 1 |
| « | I I
s | 5 1 | [
DATA T (Y T
| I I | \\ /
| [ [ | |
| | |
All Outputs \ | | | /
Data Active )} s } } \ Data Active
— 7/ I I
Mode o ) Enter streaming mode
Reset Internal Initialization Time

Figure 7. Hard Reset Operation
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