CCD 134

Fairchild 1024-Element
imaging Linear Image Sensor
FEATURES

+ 1024 x 1 photosite array
e 13 um x 13 um photosites on 13um pitch
* Anti-blooming and integration control

 Enhanced spectral response (particularly in the

blue region)

 Improved low-light performance over CCD133A

e Low dark signal

e High responsivity

* High-speed operation

* On-chip clock drivers

* Dynamic range typical: 7500:1
* Over 1V peak -to-peak outputs

» Dark and white references contained in sample-

and -held outputs
» Special selections available —consult factory

GENERAL DESCRIPTION

The CCD134 is a 1024-element line image sensor
designed for industrial measurement, telecine, and
document scanning applications which require high
resolution, high sensitivity and high data rate. The in-
corporation of on-chip antiblooming and integration
control allow the CCD134 to be extremely useful in an
industrial measurement and control environment or en-
vironments where lighting conditions are difficult to
control.

PIN NAME DESCRIPTION
VouTy Output Amplifier A Source
PSHGA Sample and Hold Gate A
PSHEA Sample and Hold Clock A
Vep Clock Driver Drain :
NC No Connection (Do Not Ground)
Vea Clock Ground
Vsink Anti-blooming Sink
TP : Test Point
HC integration Control Clock
Vr * Transport Register DC Electrode
VEi . Electrical Input Bias
Vss Substrate Ground
Veg Photogate
éx Transfer Clock
&7 - Transport Clock
VBIAS Amplifier Bias
Vs = . Amplifier Signal Ground
“¢SHep Sample and Hold Clock B
¢SHGR Sample and Hold Gate B

- Voutg Output Amplifier B Source
Voo - Output Ampiifier Drain

PIN CONNECTION DIAGRAM
(TOP VIEW)
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Fig.1 BLOCK DIAGRAM

TANALOG EOS SHIFT REGISTER

ANALOG TRANSPORY SHIFT REGISTER A

@ $SHga -

O
J‘g QUTPUT

ATt 13t

- @ VIDEOouUT,

7

LTkt
i TXRANSERR. GATE -,/ i,

@ Vsa

1] T 17
I 'wa e 080aoaa0| .
I | ~

29 Veus

T A RERSRER . GRYE

&4

Py

ANALOG  TRANSPORY

SHIFT REGISTER @&

@3 vipeoour,

ANALOG SHIFY REGISTER

@ bsHge

) +CCO134 PIN NUMBER CCOI34 N=1024
D % DARK REFERENCE

Wz WHITE REFERENCE

I *I1SOLATION CELL

Vcg Voo ®SHca #SHeg Voo

OO OO® @

The CCD134 is similar to the CCD133A except for the additional
features of anti-blooming and integration control. The CCD134 is a
third generation device having an overall improved performance
compared with first and second generation devices, including en-
hanced blue response and excellent low light level performance.
The device incorporates on-chip clock driver circuitry and is capable
of high-speed operation up to a 20MHz data rate. The photoelement
size is 13um (0.51 mils) x 13um (0.51 mils) on 13pm (0.51 mils)
centers. The device is manufactured using Fairchild Weston-ad-
vanced charge-coupled device n-channel isoplanar buried-channel
technology.

FUNCTIONAL DESCRIPTION
The CCD134 consists of the following functional elements illustrated
in the Block Diagram and Circuit Diagram (Figl.).

Photosites — A row of 1024 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.

Transfer Gates — This gate is a structure adjacent to the row of
image sensor elements. The charge packets accumulated in the
photosites are transferred in parallel via the transfer gate to the trans-
port shift registers whenever the transfer gate voltage goes high.
Alternate charge packets are transferred to the A and B transport
registers.

Four 529 Bit Analog Transport Shift Registers — Two reg-
isters are on each side of the line of image sensor elements and are
separated from it by the transfer gate. The two inside registers,
called the transport shift registers are used to move the light gener-
ated charge packets delivered by the transfer gates serially to the
charge detector amplifier. The complementary phase relationship
of the last elements of the two transport registers provides for alter-
nate delivery of charge packets at the output amplifiers. The outer
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two registers serve to reduce peripheral electron noise in the inner
shift registers.

Two Gated Charge Detector/Amplifiers — Charge packets
are transported to a precharged 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 pins. The sample-
and-hold gate is a switching MOS transistor in the output amplifier
that allows the output to be delivered as a sample-and held wave-
form. The diode is recharged internally before the arrival of each new
signal charge-packet from the transport shift register.

Integration and Anti-Blooming Control — In many applica-
tions the dynamic range in parts of the image is larger than the dy-
namic 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 sat-
ellite applications. The excess electrons generated by bright illumi-
nation 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 5
to 7 volts) will cause excess charge generated in the photosites to be
diverted to the anti-blooming sink (Vsink) instead of the shift regis-
ters. This acts as a “clipping circuit” for the CCD output (see Fig. 2)

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 photosite signal in all photosites by the ra-
tion 'ExPOSURE/INT. Greater than 10:1 reduction in the 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 5 to 7 volts.
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Fig. 2 INTEGRATION-CONTROL TIMING DIAGRAM AND NOTES
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1.ty > (tan Of dx).

2. All charge generated in photosites duting tic is dumped in Vsink.

3. All charge generated in photosites < Qsar during tint is transferred into the shift registers during ¢x clock-high period. Photosite charge > Qga1
(shift reg.) generated during tint goes into Vgink if anti-blooming voltage is optimized.

. ¢ic clock-tow = 5 to 7 volits will give best anti-blooming operation.

. @Ic trise & tian > 4us to minimize clock coupling of ¢ig; into Vour.

. To eliminate integration control, but retain anti-blooming ¢ic =~+5 VDC.

. To eliminate both integration control and anti-blooming, ¢ic = OVDC or Vgs(-2V).

. To use integration control without anti-blooming, use ¢ic clock-low = 0.0 to 0.7 volts and ¢ic clock-high = same range as ¢7 clock-high
voltage. .
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Fig. 3 TEST LOAD CONFIGURATION (INTERNAL SAMPLE-AND-HOLD ENABLED)
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PACKAGE OUTLINE
24- Pin Dual In-Line Ceramic Package
0403200gEF4
0.020 REF. t l 12.03+
T P P T e S—
24 13 ?EADER
WINDOW § LEAD
, - N\ SOND
) l ‘ 0.250 REF. 0.600 REF.
16.35) 15.24
t] R
ARRAY SIDE':N AZE
0.815 REF. (20.70: ’ ?0‘?,‘,“'4 b 010
1.200 REF. 130.48: {.—g,aaa REF.>{ .25
18.64:
"y 0046 REF. (1.18)
{ TOP OF DIE TO
{ TOP OF COVER
0.040 REF.
a0 All dimensions in inches (bold) and millimeters (parentheses).
amv Tvp Header is black ceramic (Alz03). Window is glass. The
amplifier of the device is located near the notched end of
the package.

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.

Sample-and Hold Clock (gsHca, gsHes) - The voltage wave form
for triggering the sample-and-hold gates in the output amplifiers to
create a continuous sampled video signal at the output. The sample-
and-hold feature may be defeated by connecting gsHca and @sHcB to
Vop. Use of the internal sample-and-hold capability is possible for
data rates upt to 13MHz. For use above 13MHz consult factory.

Dark Reference — Video output level generated from sensing
elements covered with opague metalization which provides a refer-
ence voltage equivalent to device operation in the dark. This per-
mits use of external DC restoration circuitry.

Isolation Cell — This is a site on-chip producing an element in the
video output that serves as a buffer between valid video data and
dark reference signals. The output from an isolation cell contains
no valid information and should be ignored.

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 equal to the RMS noise level at the output in
the dark.

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

Charge Transfer Efficiency — Percentage of valid charge in-
formation 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 volt-
age divided by exposure.
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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 is highly sensitive to temperature.

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

Integration Time - The time interval between the falling edge of
the integration control clock and the falling edge of the transfer clock.
The integration time is the time in which charge is accumulated in
the photosites.

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

Pixel - A picture element (photosite).

PHOTOELEMENT DIMENSIONS

PHOTOGATE

SERPENTINE
CHANNEL

/ STOP

;% : ﬁ‘é’&#‘!ﬂ?ﬁm
é-"

All dimensions are typical values.
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ABSOLUTE MAXIMUM RATINGS (above which useful life may be impaired)
Storage Temperature ~25°C to +125°C
Operating Temperature -25°C to +70°C
CCD 134: Pins 2,3,4,7,8,9,10, 11, 12, 14, ~-0.3V to 18V
15, 16, 17,19, 21,22, 24
Pin 20 0.0Vto +0.7V
Pin 13 ~3.0V to OV
Pins 5, 6, 18 , . NC
Pins 1,23 SEE CAUTION NOTE
CAUTION NOTE:
These devices have limited built-in gate protection. it is recommended that static discharge be controlled and minimized. Care must be taken to avoid
gg::{i);gtgiengu\;gfgg;; ?, ;? sto Vss, Vsg, Vea or Vpp during operation of the devices. Shorting these pins temporari!y t0 Vs, Vsa. Vog or Vpp may
DC CHARACTERISTICS: Tp =25°C (Note 1, 2) Use typical values for optimum performance
RANGE ‘ ‘
SYMBOL CHARACTERISTIC UNIT CONDITION
‘ . MIN TYP MAX :
Vep Clock Driver Drain Supply Voitages 13.5 14.0 14.5 \
Vop ) Output Ampilifier Drain Supply Voltage 135 14.0 145 Vv
VsINK Anti-Blooming Sink Voltage 13.5 14.0 14.5 \
VBIAS Amplifier Bias Voltage ‘ 30 | 35 4.0 v
Vpg Photogate Bias Voltage 55 6.0 6.5 \
VT Shift Register DC Electrode Bias Voitages 55 6.0 6.5 v Note 3
VEi Electrical Input Bias Voitage 10.5 v Note 4
Ve Clock Ground 0.0 03 0.7 v
Vsa Amplifier Signal Ground 0.0 0.3 0.7 v
Vss Substrate Ground » -3.0 -2.0 -10 \J Note 5
ico Ciock Driver Supply Current . - 0.0 70 15.0 mA
lop Output Amplifier Drain Supply Current 15.0 - 250 mA ’
CLOCK CHARACTERISTICS: Tp = 25°C (Note 1) Use typical values for optimum performance
) . LIMITS
SYMBOL CHARACTERISTIC UNIT CONDITION
‘ ; ; MIN TYP MAX
VX HIGH Transfer Clock HIGH 110 115 120 \Y Note 6
Vot HigH Transport Clock HIGH 11.0 115 12.0 Vv Note 6
VéicHigH | Integration Control Clock HIGH ; 11.0 11.5 120 v Note 6
Véx Low Transfer Clock LOW 0.0 0.3 0.7 v Notes 5, 6
Vet Low Transport Clock LOW 00 03 07 v Notes 5, 6
Véic Low integration Control Clock LOW 8.0 v Note 15
fdata max Maximum Output Data Rate 12.0 200 ' MHz Notes 7, 8
g Lo ] 5 . Elcccsataiiuvorur)
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AC CHARACTERISTICS: Tp =25°C, (Note 1), fgata = 5.0MHz, tint = 1.0ms, Light Source = 2854°K + 2.0mm thick Schott BG-38
and OCLI' WBHM Filters (Note 9), internal sample-and-hold enabied.

RANGE
SYMBOL CHARACTERISTIC UNIT CONDITION
MIN TYP MAX
DR Dynamic Range )
(relative to peak-to-peak noise) 1500:1
(relative to rms noise) ) 7500:1
NEE RMS Noise .
‘ Equivalent Exposure 44 X 1076 udiem?2
SE Saturation Exposure 0.33 ud/cm2
CTE Charge Transfer Efficiency .99995 .89999 Note 10
Vo Qutput DC Level 6.0
Output impedance 0758 3 KO
On-Chip Power Dissipation: ) ) ‘
Clock Drivers ) . 100 mw
Amplifiers 200 mwW
N ~ Peak-to-Peak Temporal Noise 1 ) - omV

PERFORMANCE CHARACTERISTICS: Tp = 25°C, (Note 1}, faata = 5.0MHz, tint = 1.0ms, Light Source = 2854°K + 2.0mm thick
Schott BG-38 and OCLI WBHM Filters (Note 9), internal sample-and-hold enabled.

RANGE
SYMBOL CHARACTERISTIC UNIT CONDITION
» MIN TYP MAX
PRNU* Photoresponse Non-uniformity
Peak-to-Peak 60 160 . mVv
Peak-to-Peak without single pixel and 40 mvV
Positive and Negative Puises
Single-pixel Positive Pulses : 10 : mvV
Single-pixe! Negative Pulses . 20  omv
M Video Video Mismatch 40 160 mv Note 11
MDC DC Mismatch 05 20 A Note 12
DS Dark Signal: Notes 13, 14
DC Component : 1 2 mv
Low Frequency Component. 1 2 mvV
SPDSNU Single Pixel DS Non-Uniformity 1 2 mV | Note14
R Responsivity 45 V/ud/cm2
Vsat Saturation Output Voltage 1.0 15 3.0 Vv

NOTES:

° All PRNU measurements taken at an 800 mvoit output level using an /5.0 lens and exciude the outputs from the fnrst and lastelements of the array.
The “f” number is defined as the distance from the lens to the array divided by the diameter of the lens aperture. As the “f* number increases, the
resulting more highly collimated light causes the package window imperfections to dominate and increase PRNU. A lower “f” number results in
less collimated light causing device photosite blemishes to dominate the PRNU.

NOTES:
. Tp is defined as the package temperature measured on a copper block in good thermal contact with the entire backside of the package
. NC pins must be left unconnected.
. V1 = 0.55 ¢x HiGH = 0.55 ¢1 HiGH
. Vg is used to generate the white reference outputs. These two signals can be reduced by connecting Vet to Vpp.
. Negative transients on any ciock pin going below 0.0 voits may cause charge injection, which results in an increase in apparent DS.

Adjusting Vss to a more negative voltage than the clock low voltages will reduce charge injection, if present.
6. Pin Capacitances:

C ¢1 = 300 pF; C ¢x = 80 pF.

7. The minimum ciock frequency is limited by increases in dark signat.
8. fyata = 2 (f 61)
9
0.

[2 N AW Ny

. OCLI WBHM = Optical Coating Laboratory, Inc. Wide Band Hot Mmor
CTE is the measurement for a one-stage transfer.
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11. Video mismatch is the difference in AC amplitudes between Vourt, and Voutg under uniform ilumination. it can be eliminated by
attenuation/amplification of one of the video outputs.

12. DC mismatch is the difference in DC output level Vo between Vout, and Voutg.

13. Dark signal component approximately doubles for every 5-10°Cin Tp.

14. Each SPDSNU is measured from the DS level adjacent to the base of the SPDSNU. The SPDSNU approximately doubles for every 5-15 °C
increase in Tp. . .

15. See definitions of Anti-Biooming Control and integration Control.
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TIMING DIAGRAM (Internal Sample & Hold Enabled, See Fig. 5)
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TIMING DETAILS BETWEEN @r and Vour, and Vout, (NEAR PIXEL #1)

TIMING DETAILS BETWEEN ¢x AND ¢1:
S

oo SRR S U e WY e WY

&%
g ¥ S —."‘ ' "'l 15 (-
tr '1— et I‘-
m . 2ERO REFERENCE LEVEL
o1 “GLITCH” FROM INTERNAL
PIXEL #1 PLE-&-HOLD SWITCH
Lwrcw*l AMPLITUDE SAMPLE-&-HO
Vout, ' A !
: v
TIMING REQUIREMENTS FOR ¢x AND 91 = IQ-PIXEL #1 VALID. L.PIXEL 3 vm.m,,} L_ PIXEL #5 VALID
téxcy > 60 ns MINIMUM; 500-1000 ns PREFERRED. VIDEO DATA VIDEO DATA VIDEO DATA
té1op > 50 ns. 50% DUTY CYCLE PREFERRED.
t, 13> 10ns e e - e e e e - L
230ns -
taise, teaLL 2 10 ns MINIMUM. > 20 ns PREFERRED)
FOR BOTH ox AND #1. ( A .
: J P e e ZERO REFERENCE LEVEL
PIXEL #2
AMPLITUDE
Voutg ‘ ]' A §
Vear “_PIXEL #2 VALID ’l
PIXEL #4 VALID,
VIDEO DATA VIDEO DATA

GENERAL NOTES:
1. White reference cell output signals will be approximately equal in height. This output can be reduced by connecting VEI to Vop.

2. The isolation cells may contain output signals as part of their buffer function. These signals should be disregarded.
3. Integration control clock ((c) omitted for clarity. Refer to “Integration control clock timing diagram” (Figure 3) for details.
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