Fairchild
maging

CCD 191
6000 Element
Linear Image Sensor

FEATURES

e 6000 x 1 photosite array

e 10pm x 10pm photosites on 10um pitch

e Anti-blooming and integration control

o Enhanced spectral response (particularly in

the blue region)

Excellent low-light-level performance

Low dark signal

Very high responsivity

High speed operation

Dynamic range typical: 15000:1

Over three V peak-to-peak outputs

AR coated window

RoHS Compliant

Special selections available - consult factory

GENERAL DESCRIPTION

The CCD191 is a 6000 element line image sensor designed for
scanning applications which require very high resolution, high sensitivity
and very wide dynamic range. Incorporation of on-chip anti-blooming
and integration controls allow the CCD191 to be extremely useful in
industrial measurement and control environments, or in environments
where lighting conditions are difficult to control.

The CCD191 is a third generation device having an overall improved
performance compared with first and second generation devices,
including enhanced blue response and excellent low light level
performance. The photoelement size is 10um (0.39 mils) x 10um (0.39
mils) on 10um (0.39 mils) centers. The device is manufactured using
Fairchild Imaging’s advanced charge-coupled device n-channel
isoplanar buried-channel technology.

PIN NAME DESCRIPTION PIN DIAGRAM
Vsa g Amp Signal Grounds Vs [ e «[ Vss
Voura Qutput Amp—A Source VsGa [ 2 (TN u[] VRDg
PRa Reset Gate—A Vooa [ ] Voutg
Vhea Reset Drain—A VouTa [ « w17 Vooe
@oGiap) Qutput Clock Gates VRDa [ s =[] VsGg
Voaa, Output DC Gate—A oRa [ [ Vss
Px Transfer Clocks (A & B sides, left & right)* oxan [ u[oRs
(AR,AL.BA.BL)

oICAR [ a[] ¢XaA
gigf: Transport Clock§ (A &B) ©PGAR[T s Ml
@ Integration Control (A & B sides, laft & right)* Vsing [ 10 = [ #PGeR
(AR.AL.BA.BL) Voea [ »[] Vocs
@ra Photogates (A & B sides, left & right)* 006 [ =[] oG
{AR,AL.BR,BL) S1AR E "3 » j ®1gR
TP1, TP2, TP3 Test Points o240 2] o28
Vsink Anti Blooming Sink ora O 21 o8
Vogs Qutput DC Gate—B =r w1 T3
Vrog Reset Drain—B = ul oxaL
Prg Reset Gate—B oPGaL [ s nfJ oicaL
Vourg Output Amp—B Source e |4 =3 ePesL
Voo ) Output Amp Drains o ]s == s vss
Vss Substrate ) '
NQTE: Left & right pins must be connected together. Example: ¢PGan and oPGAL
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CCD191
6000 Element Linear Image Sensor

The CCD191 consists of the following functional elements illustrated in
the Block Diagram and Circuit Diagram.

Photosites — A row of 6000 image sensor elements separated by
a diffused channel stop and covered by a silicon dioxide surface
passivation layer. Image photons pass through the transparent
silicon creating hole-electron pairs. The photon generated electrons
are accumulated in the photosites. The amount of charge
accumulated in each photosite is a linear function of the incident
illumination intensity and the integration period. The output signal will
vary in an analog manner from a thermally generated background level
at zero illumination to a maximum at saturation under bright
illumination.

Two Transfer Gates — Gate structures adjacent to the row of
image sensor elements. The charge packets accumulated in the
photosites are transferred in parallel via the transfer gates (x) to the
transport shift registers whenever the transfer gate voltages go high.
Alternate charge packets are transferred to the A and B transport
registers.

Two Analog Shift Registers — The transport shift registers are
used to move the light generated charge packets delivered by the
transfer gates. (1A, 1B, 24, 2B) serially to the charge detector/ amplifier.
The parallel layout of the last elements of the two transport registers
provides for simultaneous delivery of charge packets at the output
amplifiers.

A Gated Charge Detector/Amplifier — Charge packets are
transported to a precharge capacitor whose potential changes
linearly in response to the quantity of the signal charge delivered. This
potential is applied to the input gate of the two-stage NMOS amplifiers
producing a signal at the output “VouT” pin. Before each charge packet
is sensed, a reset clock (RA, RB) recharges the input node capacitor to
a fixed voltage (VRDA, VRDB).

Integration and Anti-Blooming Controls — In many
applications the dynamic range in parts of the image is larger than
the dynamic range of the CCD, which may cause more electrons to
be generated in the photosite area than can be stored in the CCD shift
register. This is particularly common in industrial inspection and
satellite applications. The excess electrons generated by bright
illumination tend to “bloom” or “spill over” to neighboring pixels along
the shift register, thus “smearing” the information. This smearing can
be eliminated using two methods:

Anti-Blooming Operation:

A DC voltage applied to the integration control gate (approximately 1
to 3 volts) will cause excess charge generated in the photosites to be
diverted to the anti-blooming sink (VSINK) instead of to the shift
registers. This acts as a “clipping circuit” for the CCD output.

Integration Control Operation:

Variable integration times which are less than the CCD exposure
time may be attained by supplying a clock to the integration control
gate. Clocking ic reduces the integration time from tEXPOSURE to tINT.
Greater than 10:1 reduction in average photosite signal can be
achieved with integration control.

The integration-control and anti-blooming features can be
implemented simultaneously. This is done by setting the Ic, clock-low
level to approximately 1 to 3 volts.

Charge-Coupled Device — A Charge-coupled device is a
semiconductor device in which finite isolated charge-packets are
transported from one position in the semiconductor to an adjacent
position by sequential clocking of an array of gates. The charge-
packets are minority carriers with respect to the semiconductor
substrate.

Prescan Reference — Video output level generated from shift
register cells which provides a reference voltage equivalent to device
operation in the dark. This permits use of external DC restoration
circuitry.

Dynamic Range — The saturation exposure divided by the RMS
temporal noise equivalent exposure. Dynamic range is sometimes
defined in terms of peak-to-peak noise. To compare the two
definitions a factor of four to six is generally appropriate in that peak-
to-peak noise is approximately equal to four to six times RMS noise.

RMS Noise Equivalent Exposure — The exposure level that
gives an output signal to the RMS noise level at the output in the dark.

Saturation Exposure — The minimum exposure level that will
provide a saturation output signal. Exposure is equal to the light
intensity times the photosites integration time.

Charge Transfer Efficiency — Percentage of valid charge
information that is transferred between each successive stage of the
transport registers.

Responsivity — The output signal voltage per unit exposure for a
specified spectral type of radiation. Responsivity equals output
voltage divided by exposure.

Total Photoresponse Non-uniformity — The difference of the
response levels of the most and the least sensitive element under
uniform illumination. Measurement of PRNU excludes first and last
elements.

Dark Signal — The output signal in the dark caused by thermally
generated electrons that is a linear function of the integration time and
highly sensitive to temperature.

Saturation Output Voltage — The maximum usable signal
output voltage. Charge transfer efficiency decreases sharply when the
saturation output voltage is exceeded.

Integration Time — The time interval between the falling edge of
any two successive transfer pulses (x). The integration is the time
allowed for the photosites to collect charge.

Exposure Time — The time interval between the falling edge of the
two transfer pulses (x) shown in the timing diagram. The exposure
time is the time between transfers of signal charge from the photosites
into the transport registers.

Pixel — A picture element (photosite).

CCD191 CIRCUIT DIAGRAM
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6000 Element Linear Image Sensor
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@ 84N0A —

& wio
@ HBxp
@ g
@ Y8ngA

© &

00 ® @

@ &

@5.95
Q z(u_e
@ ¥yp
@ LAY

@ VANOp —

8aqp 8osp gabp Hug 8504 9n0p 829 819
HOLD3LIA
39HVHO AU..TAU | & HI.S193H L3IHS 1HOISNVHL DOWNY 7/
— VA WAYAYA £y
8 HIdNY — gavo sl 1
| ] 8 s31v5 10HINGD NOLIVHDAINI ¥ IVOOIOHd \ 7/ E
~.‘.i||.._. v S3.v5 TOHINOD NOLYEOIINI ¥ AIVO0IoNd /)
V HILNNY | V3O uIASNVHL
HOLO313a * < _<_ _/\u C . C
30uVHO V HALSIOIH LIIHS LHOISNYHL B0TYNY 7/ }

il

vaup Yo

®0

voop Y909

® @

SSA

®O&O®O

AVOVIA MO014d 161AJD

vzg Wig

® @

* (800) 325-6975 » www.fairchildimaging.com « Rev A » 3 of 8

1801 McCarthy Blvd. « Milpitas CA 95035



CCD191

6000 Element Linear Image Sensor

ABSOLUTE MAXIMUM RATINGS
(above which useful jife may be impaired)

Storage Temperature ~25°C to +125°C

Operating Temperature ~25°C to +70°C

MAXIMUM OUTPUT VOLTAGE VS ¢IC VOLTAGE

A Perfect Anti-Blooming

No

CCD 191: Pins 2, 36 ov <~ Anti-Blooming 3 | g ANti-Blooming in
. e} : operation, but
Pins 1, 21, 40, 35 -30V to oV . Vsar ’ Apparent Viar
- is Att 2l
Pins 4, 38 See Caution Note £ , » Aftenusted
Ali other pins -03V to +18V s S
H :
CAUTION NOTE: 3 )
These devices have limited built-in gate protection. It is recom- £ f
mended that static discharge be controlled and minimized. Care g !
must be taken to avoid shorting pins Vour,, g to Ves or Vpp dur- - i
ing operation of the devices. Shorting these pins temporarily < .
to Vss or Vop may destroy the output amplifiers, ! N
. VoaRk ! \ »
=110 3voits
®ic Voltage {Voits-DC or Voits-At-Clock-Low) -
DC CHARACTERISTICS: T, =25°C (Note 1)
) RANGE
SYMBOL CHARACTERISTIC ViN - AR UNIT CONDITICHN
Voo Output Amplifier Drain Supply Voltage 16.5 17.0 17.5 \"
Veo a+8) Output Reset Drain Supply Voltages 16.5 17.0 17.5 v
Vsing Anti-Blooming Sink Voltage 16.5 17.0 175 v
Vea Photogate Bias Voltage 15 20 25 \ Note 11
Vos (4 8) * Qutput DC Gate Voltages 55 6.0 6.5 Vv
TP, TP, 0.0 0.3 0.5 A
TR . 18.5 17.0 17.5 Vv
Vig Amplifier Signal Ground 0.0 0.3 . 0.5 Y
Vss Substrate Bias ~2.0 -1.0 . 0.0 Y Note 2
lop Qutput Amplifier Drain Supply Current 8.0 10.0 15.0 mA
CLOCK CHARACTERISTICS: Te = 25°C (Note 1)
‘ RANGE
SYMBOL CHARACTERISTIC IN NP MAX UNIT CONDITION
V@x i Transfer Clock HIGH 14.5 15.0 - 15.5 Note 3
V@1 i (a+8) Transport Clock HIGH 7.5 8.0 8.5 Y Note 3
V@2 HicH (A+B) i
V@R i (a+8) Reset Clock HIGH 14.5 15.0 15.5 v Note 3
V@os HiGH (A+8)
Ve wion Integration Control Clock HIGH 10.0 \Y] Note 3
Ve tow Integration Control Clock LOW 2.0 v Note 2, 3
Voox Low Transfer Clock LOW 0.0 0.3 0.7 v Note 2, 3
V@i Low (a8 Transport Clock LOW 0.0 0.3 0.7 v Note 2,3
Vb2 Low (a+8) Transport Clock LOW 0.0 0.3 0.7 \" Note 2, 3
Voor Low (A+8) Reset Clock LOW 0.0 0.3 0.7 \Y Note 2, 3
Vos Low (a+8) Output Clock Gate LOW 0.0 0.3 0.7 v Note 2,3
foan Max Maximum Output Data Rate 2.0 5.0 MHz Note 6
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CCD191

6000 Element Linear Image Sensor

AC CHARACTERISTICS: Tp = 25°C, (Note 1), fasa= 2.0 MHz, tix = 10ms, Light Source =2854°K +2.0mm thick

Schott BG-38 and OCL! WBHM Filters (Note 4).

SYMBOL CHARACTERISTIC RANGE UNIT CONDITION
) MiN TYP MAX .
DR Dynamic Range (P-P Noise) 3000:1
{RMS Noise) 15000:1
NEE RMS Noise Equivalent EXposure 0.00003 pdfcm?
SE Saturation Exposure 0.50 pdicm?2
CTE Charge Transfer Efficiency 0.99999 | 0.999999 Note 6
Vo Output DC Level 6.0 10.0 120 Y '
Zz Qutput Impedance 1 k@
P On-Chip Power Dissipation
Amplifiers 170 250 mwW
N Peak-to-Peak Temporal Noise 1.0 mv

PERFORMANCE CHARACTERISTICS: Tp = 25°C {Note 1, 7), fsaa = 2.0MHz, ti = 10ms, Light Source = 2854°K + 2.0mm

thick Schott BG-38 and OCLI WBHM filters (Note 4).

SYMBOL CHARACTERISTIC . RANGE UNIT CONDITION
; MIN TYP MAX
PRNU* Photoresponse Non-Uniformity: '
Peak-to-Peak 20 240 mV
Peak-to-Peak without single pixel and : 60 mv
Positive and Negative Pulses
Single-pixel Positive Pulses 55 mv
Single-pixel Negative Pulses 55 mvV )
M Video Video Mismatch : 75 225 mv Note 7
MDC DC Mismatch 0.5 2.0 \' Note 8
DS Dark Signal: . Notes 9
DC Component ' 2 5 mv
Low Frequency Component ‘ 2 5 mvV
.SPDSNU Single Pixel DS Non-Uniformity 2 S mv Note 10
R Responsivity . 4.0 6.0 12.0 Vipllem?
Vear Saturation Output Voltage 1.5 3.0 4.5 A"

1.

Sop Nooa®

-t b
s

RS
wWnN

- Each 8§

*All PRNU measursments are taken at approximately 80% of Vsar using an #5.0 lens and exclude the output from the first and last elements of the array. The “f* number
isdefinedas the distance from the lens to the array divided by the diameter of the 1éns aperture. As the " number increases, the resulting more highly collimated light
causes the package window imperfections to dominate the PRNU. A lower " number results in less collimated light causing device photosite blemishes to dcmmate the
PRNU. These characteristics are based on 1200 mV output (80% of minimum Vsar).

NOTES:

Te is defined as the package temperature measured on a copper block in good thermal contact with the entire backside of the
package. .
Negative transients on any clock pin going below 0.0 volts may cause charge injection, which results in an increase in apparent
DS. Adjusting Vss to @ more negative voltage than the clock low voitages will reduce charge injection, if present.
Caoxa = Coxs = Chica = Cbios = 450pF, Cdia = Coo1p = Cpon = Coop = B00pF  Cipra = Cdrs = Cbosa = Cdoen = SpF
OCLI WBHM = Optical Coating Laboratory, Inc. Wide Band Hot Mirror. . :
The minimum clock frequency is limited by increases in dark signal.
CTE is the measurement for a one-stage transfer.
Video mismatch is the difference in AC amplitudes between Voyr A and Vour B under uniform illumination. It can be eliminated
by attenuation/ampilification of one of the video inputs.
DC mismatch is the difference in DC output level Vo between Voyr A and Vour B.
Dark ssg nal component approximately doubles for every 5 to 15°C in Te.

DSNU is measured from the DS level adjacent to the base of me SPDSNU. The SPDSNU approximately doubles for
every 5 1o 15°C increase in Tp.

. The HIGH level of the Photogate Clock can actually be as hqgh as 16V. However, increasing the high level of this clock may

also increase the photosite dark signal.

. Metal back plate electrically tied to Vss.
. See “‘Anti-Blooming”’ and ““integration Control”” under “Functtonaf Description” for additional information; also see Apphcauon

Note ““Anti-blooming and Integration Control.”
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CCD191
6000 Element Linear Image Sensor

TIMING DIAGRAM
Wy | - - t EXPOSURE - ;
N ~ oo 1
o L I
pearess Hplipiplipipigligipigh
— s 7 —p
Pl = Plg | B L
= @0Cun : ; -
®RA = ORg . P | I Li_ﬂf L
. 0 '
vouta gt rlay S 5 - # P W L L
: ;Pt P3 L P? PY P11 P13 Pis P17 Pvdl . : :
- A1 7 _R5_N3_NU | i
T ™Y i + +
! 10 PRESCAN REFERENCE IBERED PIXELS H !
: ' '
vourg gl St T L T L T L
¢ P2 Pe P5 P8 PO P12 P4 P P18 p2d
)
. A2 8 N4 N2 N
~
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+
'
H
:
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NOTES: W
1. Timing requirements for ¢, and ¢,: EXPANDED
a. 50 + 10% duty cycle, ~180° out of phase (See 1b1.
b. @og and @3 clocks must cross at >4V on the falling
edge of @2, (Both @og and @2 must not be <4V
_ simuitaneously) b2p=b28
c. 0.1, ’<‘!rkse—ffall)<1041¢2 Sta=bip
2. Timing feqmrements for ¢n, and PRoy:
a. 200s < itrige = tay} < 0.3 g
b. 30ns < i!qSRA t¢g i< tq>2
©. tian time of dry must not overlap trise Of dRy
d. tean time of "’“B must not overiap tnge of Rg
. R,
3. Integration Control Clock {¢ic) has been omitted PR
from these timing diagrams for clarity.
See “Integration Controi Timing” diagram
4. Timing requirements for qu: VOUuTs
a. tp, =203us
b. trise and tfau times of ¢, must not o»eriap trise VALID VIDEO
OF teay times of b, Of &y .
INTEGRATION CONTROL TIMING DIAGRAM
. tEXPOSURE .
-t tic | LY} ——
. (Note 2) (Note 3)
et 1)
{Note 1} \
]| ' ¢
I ‘ )
i : A\ / 5
. tc ___./\ ) \. . SRS A Note 4]
NOTES: k4 {Note 5) {Note 5) ’ { )
1.ty > (tan of x).
2. Ali charge generated in photosites during tic is dumped in Vsing-
3. Ail charge generated in photosites < Qsar during tnr is transferred into the shift registers during éx clock-high period. Photosite charge > Qsar
shift req.) generated during tint goes into Vsink if anti-blooming voitage is optimized.
4. #nic clock-low = 1 to 3 volts will give best anti-blooming operation.
5. #iC trise & tray > 445 to minimize clock coupting of @i, into VouT.
8. To eliminate integration controi, but retain anti-blooming ¢ic = +2VDC.
7. To eliminate both integration control and anti-blooming, ¢ic = OVDC or Vss(-1 V.
8. To use integration control without anti-blooming, use gic clock-low = 0.0 10'0.7 voits and aic clock-high = same range as $x clock-high
voltage.
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CCD191
6000 Element Linear Image Sensor

TYPICAL PERFORMANCE CURVES

MODULATION TRANSFER
FUNCTIONS FOR TWO BROADBAND
ILLUMINATION SOURCES

SPATIAL FREQUENCY - Cycles/mm
o 10.0 20.0 30.0 40.0 500

= 1.0
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Z 08
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S 04
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8 o2
g o
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5 |
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MODULATION TRANSFER
FUNCTIONS FOR TWO BROADBAND
ILLUMINATION SOURCES

SPATIAL FREQUENCY - Cycles/mm
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CCD191
6000 Element Linear Image Sensor

PHOTOELEMENT DIMENSIONS TEST LOAD CONFIGURATIONS
PHOTOGATE
18V 18V
AL AL ——
2N57T72 ~ 2N5772
cDC191
VourT: 5Kl SKOt Vout
PHOTOELEMENTS "t ' v ®
— sG 56
//Z/’/ Vsa Vsa
=
CCD191 PACKAGE OUTLINE
090
0.027 nﬂ'—w- @
40 2 (0.888) 7
\ .
¢ woon A
T 0,270, REF lr/ 0.610 REF
= ] 5.86 ft Y (15.49)
& ARRaY- IRV pck.
— N
1 - .
. ?bogg H l:.o 0 (0.25)
2,485 REF (63.12) 8 ,307 REF
2.885 REF (58.20) (8.56)

0,073 TQP GF DIE 10
{1.91) TOP OF WINDOW

0100 TYP -+
(2.54)

' m\\ﬁgwﬂ
ogsoeri || [ [ [ ][] HHUUU_HJ

0.020 TYP (0.51)

Glass may be cleaned by saturating a cotton swab in alcohol
and lightly wiping the surface. Rinse off the alcohol with
deionized water. Allow the glass to dry, preferably by
blowing with filtered dry N, or air.

It is important to note in design and applications
considerations that the devices are very sensitive to thermal
conditions. The dark signal dc and low frequency
components approximately double for every 5°C temperature
increase and single-pixel dark signal non-uniformities
approximately double for every 8°C temperature increase.
The devices may be cooled to achieve very long integration
times and very low light level capability.

Order CCD191DC where “D” stands for a ceramic package
and “C” for commercial temperature range.

Within twelve months of delivery to the end customer, Fairchild
Imaging will repair or replace, at our option, any Fairchild
Imaging camera product if any part is found to be defective
in materials or workmanship. Contact factory for assignment
of warranty return number and shipping instructions to ensure
prompt repair or replacement.

Fairchild Imaging certifies that all products are carefully
inspected and tested at the factory prior to shipment and will
meet all requirements of the specification under which it is
furnished.

This product is designed, manufactured, and distributed
utilizing the 1ISO 9000:2000 Business Management System.
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