= CCD 191

Fairchild 6000 Element
IMAaging Linear Image Sensor
FEATURES

+ 6000 x 1 photosite array

e 10 um x 10um photosites on 10um pitch

 Anti-blooming and integration control

 Enhanced spectral response (particularly in
the blue region)

» Excellent low-light-level performance

e Low dark signal

* Very high responsivity

» High speed operation

» Dynamic range typical: 15000:1

 Over 3V peak-to-peak outputs

e Special selection available - consult factory

* AR coated window

GENERAL DESCRIPTION

The CCD191 is a third generation device having an over-
all improved performance compared with first and sec-
ond generation devices, including enhanced blue re-
sponse 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 manufac-
tured using Fairchild Imaging’s advanced charge-
coupled device n-channel isoplanar buried-channel tech-

The CCD191 is a 6000 element line image sensor de-
signed 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.

nology.
PIN NAME DESCRIPTION PIN DIAGRAM
V56 (a 6) Amp Signal Grounds Vss [ 1> = w[ Vss
Vouta Output Amp—A Source . vsea - t=h w7 VRO
Pra Reset Gate—A Vooa []» {1 Voutg
Vroa Reset Drain—A Vouta [ « w13 Voos
Pocias) Output Clock Gates Vaoa s {7 Vses
Voaa Output DC Gate—A : ora[s =[] Vss
Px Transfer Clocks (A & B sides, left & right)* oxar 7 u[Jons
(AR,AL,BR,BL)
oican [ ¢ w7 oXaR

gfﬁf gia Transport Clocks (A & B) oPGAR[ ¢ 2 oiCaR
Pic Integration Control (A & B sides, left & right)* Vsink [ 1o » [ oPGBR
(AR,AL,BR,BL) Voaa [ Voa g
dpa Photogates (A & B sides, left & right)* 00GA L[] 2 »[] 606
(AR,AL,BR,BL)

. e1ar [ 13 8{] ¢1BR
TP1, TP2, TP3 Test Points d2ald 2] 028
Vsink Anti Blooming Sink = »[] o8l
Voag Output DC Gate—B oxa O s »F] 3
Vhog Reset Drain—B dica O v 21 oxaL
Drg Reset Gate—B : oPGAL [ s af] eicaL
Vourg Output Amp—B Source v e || |4 1] =7 oPeet
Voo ) Qutput Amp Drains B (Y m Sl M Vss
Vss Substrate v .
NOTE: Left & right pins must be connected together. Example: oPGap and oPGAL
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FUNCTIONAL DESCRIPTION

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 sili-
con creating hole-electron pairs. The photon generated electrons
are accumulated in the photosites. The amount of charge accumu-
lated 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 Gate — Gate structures adjacent to the row of im-
age 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 trans-
port 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, @2A, @2B) serially to the charge detector/
amplifier. The parallel layout of the last elements of the two trans-
port 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 lin-
early in response to the quantity of the signal charge delivered. This
potential is applied to the input gate of the two-stage NMOS amplifi-
ers producing a signal at the output “Vout” pin. Before each charge
packet is sensed, a reset clock (grA, @rB) recharges the input node
capacitor to a fixed voltage (VRDA, VRDB)

Integration and Anti-Blooming Controls — In many appli-
cations 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 illu-
mination 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 @c 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 imple-
mented simultaneously. This is done by setting the @c, clock-low
level to approximately 1 to 3 volts.

DEFINITION OF TERM

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

2

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 defini-
tions 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 infor-
mation that is transferred between each successive stage of the trans-
port registers.

Responsivity — The output signal voltage per unit exposure for a
specified spectral type of radiation. Responsivity equals output volt-
age 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 out-
put 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
@4
o1y T 1 T T
5 Side . To A Side
Shift Register Ampiifier
Photosite Array
Vsink
PG
B Side To B Side
Shift Register Ampilifier
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ABSOLUTE MAXIMUM RATINGS MAXIMUM OUTPUT VOLTAGE VS @IC VOLTAGE
(above which useful life may be impaired) j
Storage Temperature ~25°C to +125°C A Perfect Anti-Blooming
Operating Temperature -25°C to +70°C No
CCD 191: Pins 2, 36 ov <~ Anti-Biooming —» | «g— Anti-Blooming in
. i ; operation, but
Pins 1, 21, 40, 35 ~30V to OV Vsar . - Apparent Viar
- - g i is Attenuzted
Pins 4, 38 ) See Caution Note 8 )
° |
Al other pins -03V to +18V s !
H !
CAUTION NOTE: 3 i
These devices have limited built-in gate protection. It is recom- £ |
mended that static discharge be controlled and minimized. Care H !
must be taken to avoid shorting pins Voura, s t0 Vs oF Vop dur- = t
ing operation of the devices. Shorting these pins temporarily 2 ,
to Vss or Vpp may destroy the output amplifiers, ! N
. VoaRK ! \ .
—

=110 3volts
~ &ic Voltage (Voits-DC or Voits-At-Clock-Low) -

DC CHARACTERISTICS: T = 25°C (Note 1)
) i RANGE
SYMBOL - CHARACTERISTIC UNIT CONDITICN
MIN TYP MAX

Voo Output Amplifier Drain Supply Voltage 16.5 17.0 17.5 A

Veo (a+8) Output Reset Drain Supply Voltages 16.5 17.0 17.5 A

Vsing Anti-Blooming Sink Voltage 16.5 17.0 175 Y

Vea Photogate Bias Voltage 15 2.0 25 \ Note 11

Voo (eg) " Output DC Gate Voltages 55 6.0 6.5 \Y

TP, TP, 00 0.3 0.5 \

T ) 16.5 17.0 175 v

Vg Amplifier Signal Ground : 0.0 0.3 .05 \Y

Vss Substrate Bias -2.0 -1.0 . 0.0 \ Note 2

Iop Output Ampilifier Drain Supply Current 6.0 10.0 15.0 mA

CLOCK CHARACTERISTICS: T = 25°C (Note 1) ‘
SYMBOL CHARACTERISTIC _RANGE UNIT CONDITION
; MIN TYP mMax b

V@ miaH Transfer Clock HIGH 14.5 15.0 155 v Note 3
Vo e ) Transport Clock HIGH 75 8.0 85 v Note 3
VR wok (ave) Reset Clock HIGH 14.5 18.0 15.5 v Note 3
V@oa ricH (a+8)
Ve wien Integration Controt Clock HIGH 10.0 Y Note 3
Ve Low Integration Contro! Clock LOW 2.0 Y] Note 2, 3
Vx ow Transfer Clock LOW 0.0 0.3 0.7 \ Note 2, 3
Vo1 Low (a8 Transport Clock LOW 0.0 03 | o7 v Note 2, 3
V2 Low ta+8) Transport Clock LOW 0.0 0.3 0.7 v Note 2, 3
Vor Low (A+B) Reset Clock LOW - 0.0 0.3 0.7 Y Note 2, 3
Vos Low (4+8) Output Clock Gate LOW 00 | 03 07 v Note 2,3
faata Max Maximum Output Data Rate 20 5.0 MHz Note 6

1 4—
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AC CHARACTERISTICS: Tp = 25°C, (Note 1), fasa= 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 .
DR Dynamic Range (P-P Noise) 3000:1
{RMS Noise) 15000:1
NEE RMS Noise Equivalent EXposure 0.00003 wdfcm?
SE Saturation Exposure . 0.50 pdicm2
CTE Charge Transfer Efficiency 0.99999 0.988989 Note 6
Vo Output DC Level 6.0 10.0 120 v '
z Output iImpedance 1 ke
P On-Chip Power Dissipation :
Amplifiers 170 250 mw
N Peak-to-Peak Temporal Noise 1.0 mv

PERFORMANCE CHARACTERISTICS: Tp = 25°C {Note 1, 7), foma = 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 90 240 mv
Peak-to-Peak without single pixel and : 60 mv
Positive and Negative Pulses
Single-pixel Positive Puises 55 my
Single-pixel Negative Pulses 55 mvV )
M Video Video Mismatch : 75 225 mv Note 7
M DC DC Mismaich 0.5 2.0 A Note 8
Ds Dark Signal: ~ Notes 9
DC Component ) 2 5 mv
Low Frequency Component k 2 5 mv
.SPDSNU Single Pixel DS Non-Uniformity 2 5 mv Note 10
R Responsivity . 4.0 6.0 12.0 Vipllcm?
Vear Saturation Output Voltage 1.5 3.0 4.5 A"

*All PRNU measurements ars taken at approximately 80% of Vgar using an /5.0 lens and exclude the output from the first and last elements of the array. The “f" number
isdefined as the distance from the lens to the aray divided by the diameter of the 1éns aperture. As the "' number increases, the resulting more highly collimated light
causes the package window imperfactions to dominale the PRNU. A jower "I number resulls in lass collimated light causing device photosite blemishes o dcmmate the
PRNU. These characteristics are based on 1200 mV output (80% of minimum Vsar).

NOTES:

1. Tp is defined as the package temperature measured on a copper block in good thermal contact with the entire backside of the
package. .

2. Negative transients on any clock pin going below 0.0 voits may cause charge injection, which resulls in an increase in apparent
DS. Adjusting Vgs to a more negative voltage than the clock low voltages will reduce charge injection, if present.

3. Coxa = Coxg = Cthica = Codiop = 450pF, Cdsp = Cop = Coon = Cebs = BOOPF  C.pra = Cbrs = Cdosa = Cdoas = SpF

4. OCLI WBHM = Optical Coating Laboratory, Inc. Wide Band Hot Mirror. . :

5. The minimum clock frequency is limited by increases in dark signal.

6. CTE is the measurement for a one-stage transfer.

7. Video mismaich is the difference in AC amplitudes between Vour A and Vour B under uniform illumination. It can be eliminated
by attenuation/amplification of one of the video inputs.

8 DC mismatch is the difference in DC output level Vo between Vour A and Vour B.

9. Dark signal component approximately doubles for every 5 to 15°C in Tp.

10. Each SPDSNU is measured from the DS level adjacent to the base of the SPDSNU. The SPDSNU approximately doubles for

every 5 to 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 Vsg,

. See “Anti-Blooming’’ and “Integration Contro " under “Functional Description” for additional information; also see Apphcatson
Note ““Anti-blooming and Integration Control.’

-
-

s
W N

1 5 1

Fairchild Imaging, Inc., 1801 McCarthy Blvd., Milpitas, CA 95035 « (800)325-6975 « (408) 433-2500



CCD191

TIMING DIAGRAM

tx i‘ i - - t EXPOSURE - i
- -  READ-OUT. ) T
ox I — PR B

b2a=d2g : ) L
A5 5 ) I R I
P 1
o1 - 90 L T
= @O0CGu g ! : .
N i i
vouta e ek ” o] P L W o T s T S
'\ Pt P3PS, P? PS PH .PI3 PI5 P17 Pid ' 1
£ 1 Lt - i
- At 7 N5 _N3_NU '
T Y . N + +
! 10 PRESCAN REFERENCE BERED PIXELS ! '
N . . 1 . l
voutg 2l d P L T L T L T
ioP2 P4 Ps P8 PO P12 P14 P16 P18 P
)
N ) A2 8 N4 N2 N

N Y
10 PRESCAN REFERENCE

NOTES: . ww
1. Timing requirements for ¢, and ¢, EXPANDED :
a. 50 * 10% duty cycle, ~180° out of phase <See 1by
b. @og and @z clocks must cross at >4V on the falling
edge of @a. (Both @og and 2 must not be <4V
simuitaneously) -~ $2A=028
’9110 1< itrise = tran) < 10.4th,) ' -
2. T»mmg requ:rements tor ¢r, and czbnga : ‘_MA 18
a. 2008 < ttrige = tan) <103 tog)
b. 30ns < HoR, = toRg) <1,
€. ttan time of dRy must not over!ap trise OFf dRy
d. tfan time of PRy Must Not overiap tnge of d)qs

3. Integration Control Ciock {¢ic) has been omitted

from these timing diagrams for clarity.
See “Integration Control Timing” diagram

DRA

4. Timing requirements for ¢’x e o VOUuTa
a. té, 20.1us

b. trise and tiay imes of by must not overlap trise . }

Or tegn times of #, or &, . o ! THROUGH

VALID VIDEO

INTEGRATION CONTROL TIMING DIAGRAM

tEXPOSURE

A
y

- ‘ ‘ tic N D S
(Note2) {Note 3) !

{Note 1}

L
ox p)

”
*1
z

g

£

-
=

~ ~ AN__ o
NOTES: de— {Note 5) {Note 5) : memmme

1.ty > (tran Of bx).

2. Ali charge generated in photosites during tic is dumped in VSINK.

3. All charge generated in photosites < Qsar during tnt is transferred into the shift registers during ¢x clock-high period. Photosite charge > Qsar
1shift req.) generated during tint goes into Vging if ann-btoommg voitage is optimized.

4. gc clock-low = 1to 3 voits will give best anti-blooming. operat:on

5. &6 trise & tiay > 448 to minimize clock coupling of ¢i¢, into Vour.

6. To eliminate integration controi, but retain anti- -blooming ¢ic = + 2VDC.

7. To eliminate both integration controt and anti-blooming, #ic = 0VDC or Vssi-1 Vy.

8. To use integration control without anti-biocoming. use ¢|c clock-low = 0.0 10'0.7 voits and aic clock-high = same range as ¢y clock-high
voltage.

1 6 1
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TYPICAL PERFORMANCE CURVES

MODULATION TRANSFER
FUNCTIONS FOR TWO BROADBAND
ILLUMINATION SOURCES
SPATIAL FREQUENCY - Cycles/mm
] 100 200 . 300 400 500
z 1.0 . : .
@] 2854 K TUNGSTEN
5 WITH BG-38 AND
= WBHM FILTERS
2 08
o
e
é’ 06
s 2854 K TUNGSTEN
= W/O FILTER
O 04
-
<
5
o
Q 02
=
i
s

0 0.2 04 0.6 0.8 1.0

NORMALIZED SPATIAL FREQUENCY

SINGLE-PIXEL DARK
SIGNAL NON-UNIFORMITIES
VERSUS INTEGRATION TIME

100.0 -

10.0

SINGLE-PIXEL DARK SIGNAL
NON-UNIFORMITIES -mV

0.1 . : S
0.1 1.0 10.0 100.0

tiy INTEGRATION TIME -ms

DC AND LOW-FREQUENCY
DARK SIGNAL, VS INTEGRATION TIME

100.0
10.0

1.0 .

DC & LOW FREQUENCY DARK SIGNAL -mV

0.1
100.0

10.0

0.1 1.0
Y INTEGRATION TIME -ms

MODULATION TRANSFER
FUNCTIONS FOR TWO BROADBAND
ILLUMINATION SOURCES

SPATIAL FREQUENCY - Cycles/mm
0 100 200 300 400
WAVELENGTH - nm

10 50.0

0.8

0.6

04

0.2

MTF - MODULATION TRANSFER FUNCTION

o 02 04 06 08 10
NORMALIZED SPATIAL FREQUENCY

* RELATIVE RADIANT FLUX -
VS WAVELENGTH
140 :

120
100
80
60

40

RELATIVE IRRADIANCE (%)

20

~

300 400 500 600 700 800 900 1000
WAVELENGTH (nm)

e s e TYPICAL "DAYLIGHT FLUORESCENT" BULB
—— —— 2854 KLIGHT SOURCE + WBM + 2.0 mm THICK BG-38
2854 K LIGHT SOURCE + 3.0 mm THICK 1-75

TYPICAL SPECTRAL RESPONSE

RESPONSIVITY V/Jcm-2

1
400 500 600 700 "800 900 1000
WAVELENGTH (nm)
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PHOTOELEMENT DIMENSIONS TEST LOAD CONFIGURATIONS
PHOTOGATE
——
15V 15V
= )
2N5772 4 \ 4 2N5772
d CDC191
é Vour: 5Kkt 5K Vout
PHOTOELEMENTS
1Ko ®A
% Vsg Vsa
=]
CCD191 PACKAGE OUTLINE
0.090 §£F
0.027 REF (229
40 21 (0.6886) W N
N .
- _ -HEADER |
F 11| 10,270 ReF 0.810
f ts.fs) y i {15.49)
Zvy
A : b
1 20 R
, ?bogg) t:_.gm {0.25)
— 2,485 REF (831 2) ’ , 307 REF
2.885 REF {68:20) o {8.56)
' 0.075 TOP OF DIE_TO
{(1.91) TOP OF WINDOW
] i
L ISR
oososerl| | [ [ [ [ QU000 Uga0 000!
{1.27) : :
0100 TYP—o| | <J-0.020 TYP (0.51)
{2.54)

DEVICE CARE AND OPERATION

Glass may be cleaned by saturating a cotton swab in alcohol and
lightly wiping the surface. Rinse off the alcohol with deionized wa-
ter. Allow the glass to dry, preferably by blowing with filtered dry N2
or air.

It is important to note in design and applications considerations that
the devices are very sensitive to thermal conditions. The dark sig-
nal dc and low frequency components approximately double for ev-
ery 5° C temperature increase and single-pixel dark signal non-uni-
formities 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 INFORMATION

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

Fairchild
IMAaging

8 1
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