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PAS5101CS Specification

PAS5101CS CMOS 1.3MEGA DIGITAL IMAGE SESNSOR

General Description

The PAS5101CS is a highly integrated CMOS active-pixel image sensor that has resolution of 1280( H ) x
1024 ( V). To have an excellent image quality, the PAS5101CS output 10-bits RGB raw data though a

parallel data bus. It is available in 24-pin CSP.

The PAS5101CS can be programmed to set the exposure time for different luminance condition via I2C™

serial control bus. By programming the internal register sets, it performs on-chip frame rate adju

t, offset

correction DAC, programmable gain control, 10-bits ADC, 10-bits output companding, interpolated sub-

sampling and defect compensation.

@
Features Key Specification
®  [.3Megaresolution, ~1/3” Lens. Supply Voltage & ~33v
e B RGB color filt
ayer BB color Hilter array. Resolution 1280°(H ) x 1024 (V)
[ 10-bits parallel RGB raw data output.
. L Array Diagona 5.9mm ( ~1/3” Optic )

®  On-Chip 10-bits pipeline A/D converter.
®  On-Chip programmable gain amplifier 3.6(4mx3.6/m

B 4-bits color gain amplifier. ~15 fps @ 1.3Mega

- i . .

4-bits global gain amplifier. Up to 48MHz
®  Digital gain stage.
. . . Up to 24MHz

®  Continuous variable frame time.
®  Continuous variable exposure time. olor Filter RGB Bayer Pattern
® 12C™ interface. Exposure Time ~ Frame time to Line time
° o :

20mA power dissipation ( 15%.5\/ ). Soan Mode Progressive
® < 10uA low power-down dissipation.

. Sensitivity TBD

®  Window-of-Intere Ol).
®  Sub-sampling. S/N Ratio TBD
®  Defect compefisation. Chief Ray Angle 20" ~24
® . .

Lens §1 ing compensation. Package Type 24-pin CSP
[ ) P pin compatible to OV9640.
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1. Pin Assignment

PX7 RESET VDDQ HSYNC

PX8 V35D SYSCLK PXCLK VSYNC

PX6 PX0 PX1 YDDD

&) e

HEHOOO| N

PX4 SDA A VSsA PWDN \)

| 4
PAS5101CS )

-- Top View --
Figure 1.1 Shows the PAS51 Mm
Pin No. Name Type escription
E4 VSSA GND Analog gro
D4 VDDA PWR Analog,m,)xv
E5 PWDN IN ower WChip power down if high ).
D5 VREF IN Internal voltage reference.
Cs VDDD PWR wmal Regulator 1.8V.
BS5 VSYNC T Vertical synchronization signal.
AS HSYNC K} Horizontal synchronization signal.
B4 PX T Pixel clock output.
A4 m?a%?ﬁx& R [Sensor VDD, 2.5V ~3.3V.
B3 SYSCL‘ IN System clock input.
A3 IN Resets all registers to their default values ( chip reset if high .)
SD GND Digital ground.

B;) PX9 OuT Digital data out.

PX8 OUT Digital data out.
Al PX7 OuT Digital data out.
Cl1 PX6 OUT Digital data out.
D1 PX5 OuT Digital data out.
El PX4 OUT Digital data out.
D2 PX3 OuT Digital data out.
E2 PX2 OUT Digital data out.
C4 PX1 OUT Digital data out.
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C2 PX0 OUT  |Digital data out.
D3 SCL IN 12C clock.
E3 SDA 1/0 I12C data. Internal pull high resister is 10K (2.

2. Sensor Array Format & Output Timing
2.1. Physical Sensor Array Format

DarkLmex4

1288 (H)=x1032(V)
Actrve Pxel

&
E
(0.0}
Cohman Address
Krell pﬁysical Sensor Array Format
2.2. Output Timi &
1.3Mega mode ( 1288 ixel readout:
H_Start[9:0] =.0, V_Start[8:0] =0, H_Size[9:0] = 1287, V_Size[8:0]= 1035,
LPF[7:0] = Nov_Size By4[7:0] = 63,

Line Time =253 + 1238 = 1541 pmxelks
NovSize = NovSize ¥4 +1 =634 +1 =233 >

[clrlclz] FEERE [e]clBlG] ERER
‘..........A........N .................................................................................................. b
NovSize 253clk ﬂ ﬂ ﬂ ﬂ Valid pixel = 1288
Figure 2.2 Inter-line timing
3
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Frame Time =Lpf+1 = 1036Lnes

‘ ................................................................................................................................................. .’
[ N
Heyne Dark [ |Dark [ | Dark [ |Dark %% Dark

i 5 e e i Bl 2 e S s e 5 e ) £ i >

Dark Line =4 Valid Line = 1032

Figure 2.3 Inter-frame timing

A,
Frame Time =Lpf+ 1 = 1036lines
- R L R R e P T T PP RYPRTPRTPRT PRI 3
Vsyne |
Hsync g% Dark
7 . T O TP PO PO P PP TP PO TR TRDRRTOR >
Dark Line =4 Valid Line = 1032
Figure 2.4 Inter-frame timing @ Dark masked 2 ,
’&
. A
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3. Block Diagram & Function Description
3.1. Block Diagram

= Front Gain Color Gain Global Gain
é Sensor Array 10-Bit |
2 1288x1032 AD
= k 1
= 3-Bit 4-Bit 4-Bit
x2 ~x3.75 DACI xl~%2 %l ~%2 DAC2
1 CDS
Column Decoder B
T 3
¥ Y
Timing Generator & Control Logic Companding }1— Digis':g(:a"" - e Comrin |
I
SEE - i

Figure 3.1 Shows the PAS5101CS $ensor Mk diagram
The PASS5101CS is a 1/3” CMOS imaging sensor wit

x 1024 ( V') physical pixels. The active

After a programmable exposure time, t
block to improve S/N ration and reduce

Three analog gain stages are implemented before signal transferred by the 10-bits A/D converter. The
front gain stage ( FG ) can be p %ed to fit the saturation level of sensor to the full-range input of
ADC. The programmable colet gain stage ( CG ) is used to balance the luminance response difference
between B/G/R. The al gain e ( GG) is programmed to adapt the gain to the image luminance.

gitized by the on-chip 10-bits A/D converter. After the image data has
ration to the signal can be applied before the data is output.

The fine gained signal
been digitized, further a

ompensation

The ct compensation block can detect the possible defect pixel and replace it with average output of
pixels on either side of defective pixel. There is no limitation in the capability of defect

number. This function is also Enable / Disable by user.

3.3. Companding Curves

The companding function is used to simulate the gamma curve and do non-linear transformation before
the data is output. There are 4 curves selected by setting register Compand_Sel as shown in Figure 3.2
and this function is also Enable / Disable by user.
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4 OP(10-Biy
15,115,111

3 )ﬁ (ol !l (0 (o Without companding

O00xmmas 00 Lo 010 oL 1000 1 s 110

Figure 3.2 Companding curves program by Compand Mmpand_Sel
@

3.4. Power Down Mode x

The PAS5101CS can be power down by setting register P n” or by enable PWDN pin.
PAS5101CS supports two power down modes :

[ ) Software Power Down : Set register n” = 0x01 to power down all the internal
block except 12C™.

®  Hardware Power Down : Pull PWDN pin to high to power down the chip. The chip will go
into standby mode.

3.5. Reset Mode )&/

The PAS5101CS can
reset modes :

® Software Re
® 1 (&

w eReset : Pull Reset pin to high to reset the full chip.

t by setting “SW_Reset” or by enable Reset pin. PAS5101CS supports two

: Set register “SW_Reset” = 0x01 to reset all the I2C™ registers. It’s only
ister value not reset full chip.

3.6. ow-of-Interest (WOI )

Users are allowed to define window size as well as window location in PAS5101CS. The location of
window can be anywhere in the pixel array. Window size and window location is defined by register
“H_Start”, “V_Start”, “V_Size” and “H_Size”; The “H_Start” defines the starting column while
“V_Start” defines the starting rom of the window; The “H_Size” define the column width of the window
and “V_Size” defines the row depth of the window.
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(1287,1031)

“_

H_Size

Row - 1032

( H_Start,V_Start )

(0,0)

I : I
¥
N4

Column - 1288
Figure 3.3

<

3.7.1. Output timing of WOI

Hardware windowing VGA ( 640x480 ) pixels re ith 4 dark lines ):
H_ Start[9:0] =0, V_Start[8:0] / Size[9:0] = 639, V_Size[8:0]= 483,
LPF[7:0] =483, Nov_Size

(N2
Line Time = 253 + 640 = 893 pixclks
g e O R NV SIZE SR L SR A LSO e

[
Hsync
(BIclBId] [B]G[BIG]
4‘.....“...“.‘.“‘“ ........... R P A AR R S S R S S A P S A P AR S il ’
NovSize 253clk ﬂ ﬂ ﬂ ﬂ Valid pixel = 640

- nd
o l\(& Figure 3.4 Inter-line timing of W.O.1

Frame Time=Lpf+1 = 484lines

AN <. .08 o o0 L S i
v ] M
Hayne Darke [ | Dark [ | Dark [ | Dark %g Dark
S R B R i I S S O B T R S »
Dark Line =4 Valid Lige = 480

Figure 3.5 Inter-frame timing of W.O.1
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3.7. Sub-Sampling

PASS5101CS can be programmed to output image in VGA ~ QVGA and QQVGA size. In the VGA sub-
sampling mode, both vertical and horizontal pixels are sub-sampling at 1/2; In QVGA sub-sampling mode,
both vertical and horizontal pixels are sub-sampling at 1/4; While in QQVGA sub-sampling mode, sub-
sampling at 1/8. By programming Skip_Analog and Skip Digital, The maximum sub-sampling rate is

1/32 ( Skip_Analog + Skip_Digital ).

3.7.1. Skip_Analog
Sub-sampling ( Skip_Analog ) to VGA ( 640x480 ) pixels readout ( With 4 dark lines ):

H_Start[9:0] =0, V_Start[8:0] =0, H_ Size[9:0] = 1287, V_Si@[gzo(—bg,

LPF[7:0] =519, Nov_Size By4[7:0] =63, Skip_ Analog =1 ( sub—sampli%
Column - 1288 N,

F 3 v

4 Dark Lines

1031
1030

1026

1026 -

901 - Moy

‘ Figure 3.6

® _—
w_Size +1)/Skip_Analog = 1288 /2 = 644
e=((((V_Siez+1)—4)/Skip Analog)+4) =((((1035+1)-4)/2)+4)=520

Line Time = 253 + 644 = 897 pixclks
NovBize =NovBize *4 + 1=63 ¥4+ 1 =233

Hsync
MRER EIEEIN [e[cle]c] [c[R]c[R]
SRR SRS SRR e O s O OO s e >
NovSize ZSSC&M Valid pixel = 644
Figure 3.7 Inter-line timing of W.O.1
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Frame Time=Lpf+1 —‘20[1.11&3

OO .- =0 o SO 5
Ve [ M
— Dack [ | Dark [ | Dark [ | Dask %g Dark
‘ ........................................... H ................................................................................................. b.
Dark Line=4 Valid Line = 516

Figure 3.8 Inter-frame timing of W.O.1

3.7.2. Skip_Digital ¢ (b"

Sub-sampling ( Skip_Digital ) to VGA ( 640x480 ) pixels readout ( With 4 dark hne
H_Start[9:0] =0, V_Start[8:0] =0, H_Size[9:0] = 1287, 1035
LPF[7:0]= 1036, Nov_Size By4[7:0] =63, Skip Digital = 1 @

Valid pixel = (H_Size + 1) / Skip_Digital = 1288 /2 = 644,
Valid line = (V_Siez+ 1)/ Skip Digital =( 1035+ 1) /2
N

Line Time = 253 + 1288 = 1541 pixclks
NovSize = NovBize *4 +1=63 *4+1=233

L LR R P P PR PR R PR TR PP PP R P PP 1 3
Hsyne I—
LI LN |Ba]a]e]
......................................................................................... 3
NovSize 255clk M N ﬂ ﬂ Valid pixel = 644
&\;‘ igure 3.9 Inter-line timing
A .
Frame Time = Lpf +1 = 1036lines
‘ ................................................................................................................................... ’
Vsyne r‘ m
_ Dask [ | Dask [ | Dark [ | Dark %g M ML T L =]
M= it i e i i ot it T Tt T TR >
Dark Line=4 Valid Line= 314
’ Figure 3.10 Inter-frame timing
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4. 12C™ Bus

PASS5101CS supports 12C bus transfer protocol and is acting as slave device. The 7 bits unique slave
address is “1000000” and supports receiving / transmitting speed up to 400KHz.

4.1. 12C Bus Overview

Only two wires SDA ( serial data ) and SCL ( serial clock ) carry information between the
devices connected to the 12C bus. Normally both SDA and SCL lines are open collector
structure and pull high by external pull-up resistors.

Only the master can initiates a transfer ( start ), generates clock signals, and terminates
transfer ( stop ).

@
Start and stop condition : A high to low transition of the SDA line while SCA‘is high<defines
a start condition. A low to high transition of the SDA line while SCA is high defines a stop

condition. Please refer to Figure 4.1.

Valid data : The data on the SDA line must be stable during the high'period’of the SCA clock.
Within each byte, MSB is always transferred first. Read / Writ trol'bit is the LSB of the

first byte. Please refer to Figure 4.2.

e SDA line during high period of the
ed by fransmitter. In the case of a master
an acknowledgment on the last byte

Both the master and slave can transmit and receive.data

Acknowledge : The receiving device should pull d
SCL clock line when a complete byte was trans
received data from a slave, the master does en
to indicate the end of a master read cycle.

A N
N T T

5 P

Start Stop
Condition Condition

Figure 4.1 Start and Stop conditions

SDA b
-
-
Bl Lol I = Lol
DATA CHANGE
STAELE AILLOWE
D
3CL ,
¥ L ¥
Figure 4.2 Valid Data
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4.2. Data Transfer Format

4.2.1. Master transmits data to salve (write cycle )
®  S: Start.

® A : Acknowledge by salve.

®  P: Stop.

® RW : The LSB of 137 byte to decide whether current cycle is read or write cycle. RW =1 —
Read cycle, RW = 0 — Write cycle.

® SUBADDRESS : The address values of PAS5101CS internal control registers. ( Pleaseirefer

to PAS5101CS register description ) ’/z
o

ISTBYTE IND BYTE nBYTEs+ A
- - - i e -
5 SLAVEID(7BIT) |EW | A SUBADDRESS (& BIT) A D:T A D':T A P
MSB LSB=0

During write cycle, the master generates start conditio en,places the 1% byte data that are
combined slave address ( 7 bits ) with a read / write ¢ 1 bit'to SDA line. After slave ( PAS5101CS)
e ress ) data on SDA line. Again follow the

PASS5101CS sub-address is automatically:increnfent after each DATA byte transferred. The data and A
cycles is repeat until last byte write. Every control registers value inside PAS5101CS can be
programming via this way. KJ

4.2.2. Slave tran

®  The sub-address was taken from previous write cycle.

to master ( read cycle)

® . T ess is automatically increment after each byte read.
% knowledge by master.
Note there is no acknowledgment from master after last byte read.
1STBYTE 2ND BYTE nBYTE
B Lt - Lt -yt
SLAVE ADDRESS s 6 s 08 e S e
S (7 BITS) RW | A DATA (8 BIT) o |DATA | Am |DATA 1| P
NO ACK INLAST
BYTE
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During read cycle, the master generates start condition and then place the 1% byte data that are combined
slave address ( 7 bits ) with a read / write control bit to SDA line. After issue acknowledgment, 8 bits
DATA was also placed on SDA line by PAS5101CS. The 8 bits data was read from PAS5101CS internal
control register that address was assigned by previous write cycle. Follow the master acknowledgment,
the PAS5101CS place the next 8 bits data ( address is increment automatically ) on SDA line and then
transmit to master serially. The DATA and Am cycles is repeat until the last byte read. After last byte
read, Am is no longer generated by master but instead by keep SDA line high. The slave ( PAS5101CS)
must releases SDA line to master to generate STOP condition.

SN A A0 OO

8 8
E ACK Dat ACK
e

5 B
Srart Address Data ACE Sop
Conditien from 5 fram fum  Condition

Fleceiver Feceiver Receivar

D4
4.3. 12C™ Bus Timing &

SDA / X M
- .- {HD:3TA tr JBUF
tt : ts
= ’4_ q r‘P - e
tLo Ir
w 1
T
1 - g
S_h HD:3TA +| i *i’ 5
tHD.DAT s
.
4.4, N_;i ilming Specification
Standard Mode ]
Parameter Symbol Unit
Min. Max
SCL clock frequency. ol 10 400 KHz
Hold time ( repeated ) Start condition.
. . . tp:sTA 4.0 - s
After this period, the first clock pulse is generated.
Low period of the SCL clock. tLow 4.7 - ons
High period of the SCL clock. thigu 0.75 - oms
Set-up time for a repeated START condition. tsu:sTA 4.7 - s
All rights strictly reserved any portion in this paper shall not be reproduced, copied or transformed to any other forms without permission. 12
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Data hold time. For I12C-bus device. tHD:DAT 0 345 IS
Data set-up time. tSUDAT 250 - ns
Rise time of both SDA and SCL signals. t; 30 N.D. ns
( notel )
Fall time of both SDA and SCL signals. t 30 [ ND.|,
( notel )
Set-up time for STOP condition. tsu:sTo 4.0 - ums
Bus free time between a STOP and START. teuF 4.7 - us
Capacitive load for each bus line. Gy 1 1
Noise margin at LOW level for each connected device.
. X VL 01V \Y%
( Including hysteresis )
Noise margin at HIGH level for each connected device.
) . . Vin 02/VD - \Y%
(including hysteresis )

Note : It depends on the “high” period time of SCL.
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5. Specifications

Absolute Maximum Ratings

Ambient Storage Temperature -40°C ~+125C
Vbbb 3V
Vbpa 3V
Supply Voltage ( with respect to ground )
Vbbo 4v

All Input / Output Voltage ( with respect to ground )

Lead temperature, Surface-mount process

-0.3VtoV, [)Q%
oo&)

ESD rating, Human Body model

e

<

DC Electrical Characteristics ( Ta=0C ~70C )

Symbol Parameter Min. | Typ. | Max. Unit
Type : P
Vbbpa DC supply voltage + Ana 2.4 2.5 2.6 A%
Voob DC supply voltage — tal 1.8 A%
Vbbo DC supply voltage — I/O 2.4 33 \%
Ipp Operating Current ( ~ 15fps /2.5v) 20 mA
IpwpN Aﬁown Current 10 uA
»pe 1IN & I/O Reset and System Clock
Vin Input Voltage HIGH 0.7x \%
Voo
VIL‘ I Input Voltage LOW 0.3x \%
Voo
C N Input Capacitor 10 pF
pe : OUT & 1/O for PX 0 : 7, PXCLK, H/VSYNC & SDA, load 10pF, 1.2KQ, 2.5V
0.9 x
Vonu Output Voltage HIGH v
Voo
0.1x
VoL Output Voltage LOW \%
Voo
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AC Operating Condition
Symbol Parameter Min. | Typ. | Max. Unit
Sysclk Master clock frequency 48 MHz
Pxclk Pixel clock output frequency 24 MHz

Sensor Characteristics

Parameter Typ.
Sensitivity TBD /Lux-sec
Signal to Noise Ratio TBD dB
Dynamic Range TBD dB
Operation -0~ + .
Temperature Range C
Stable Image . ~
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6. Reference Circuit Schematic
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7. Package Information
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8. Reflow Profile for Non Lead-Free
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9. Lens & Holder
9.1. LarGan 40-900L

9.2. LarGan 40-519C

9.3. MaxEmil SS-4828GA

9.4. %+ PEH-0116-03AA . (b&
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