LORAL

Fairchild Imaging Sensors

CCD321A/B
455/910—Bit

Analog Shift Register
Charge Coupled Device

FEATURES

® Electrically variable analog delay line for audio and video
applications.

® 1 H video delay line capability with broadcast quality
performance.

m Excelient bandwidth at video and audio rates due to buried
channel technology.

B Wide range of data rate: from 10 kHz to 20 MHz per 455
section.

8 High signal to noise ratio — Video: 58 dB, Audio: 65 dB.

B Special modifications available — consult factory.

DESCRIPTION

The CCD321 is an electrically variable analog delay line
intended to be used in analog signal processing systems that
include delay and temporary storage of analog information.
The CCD321 consists of two 455-bit analog shift registers,
each with its own injection port, transport clock and output

port aliowing the device to be used as two 455 or one 910-bit The CCD321B is an improved pin-for-pin replacement for the
analog delay line. CCD321A. The CCD321 is available in four different classes as
The CCD321 can be used in applications ranging from video follows:

frequencies to audio frequencies. A complete TV line of DEVICE APPLICATION

63.5us can be stored with a sampling frequency of 14.318 MHz o .

(four times color subcarrier frequency of 3.58 MHz). Applica- CCD321A-1 Broadcast guality video delay line

tions in video systems include time base correction, comb CCD321A-2/B-2  Industrial video delay line ]
filtering and signal-to-noise enhancing. Audio applications CCD321A-3/B-3  Time base compression and expansion
include variable delay of audio signals, reverberation effects delay line

in stereo equipment, tone delay in organs and musical CCD321A-4/B-4  Audio delay line

instruments as well as voice scrambling applications. The
CCD321 also finds applications in time base compression and
expansion applications where analog data can be fed at one
rate to the device, the clocks can be temporarily stopped and
then data clocked out at a different rate.

PIN NAMES PIN CONNECTION DIAGRAM
: 16-PIN DIP
d1a®1g  Analog Shift Register
Transport Clocks (TOP VIEW)
f=2
Pgagg Input Sampling Clocks =
voa [ $4
?RraPre  Output Sample and 0A = 3
Hald Clacks [ ¥]
v Analog Shift R Voo =
2 nalog itt Register 4
DC Transport Phase VIAE wa
ViaVig Analog Inputs VRa [
VeaVgrg  Analog Reference Inputs wSA[:
VOA'VOB Analog Outputs 01A[: 6
Vbp Output Drain *ra[]7
VGG Signal Ground vss E 8
Vgg Substrate Ground
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CCD321A/B

BLOCK DIAGRAM
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FUNCTIONAL DESCRIPTION — The CCD321 consists of
the following elements illustrated in the Block Diagram:

Two Charge Injection Ports — The analog information in
voltage form is applied to two input ports at Via (or Vig). Upon
the activation of the analog sample clocks ¢sa (or ¢sB) a
charge packet linearly dependent on the voltage difference
between Via and Vra (or Vig and Vgg) is injected into analog
shift register A (or B).

Two 455-Bit Analog Shift Registers — Each register transports
the charge packets from the charge injection port to its
corresponding output amplifier. Both registers are operated in
the 1-1/2 phase mode where one phase (¢14 Or ¢i8) is a clock
and the other phase (Vo) is an intermediate dc potential.
Phases ¢1a and ¢ are completely independent. V2 is a dc
voltage common to both registers.

Two Output Amplifiers — Charge packets from each analog
shift register are delivered to their corresponding output
amplifier as shown in the circuit diagram. Each output
amplifier consists of three source follower stages with constant
current source bias. A sample and hold transistor is located
between the second and third stage of the ampilifier. When the
gate of the sample and hoid transistor is clocked (¢Ra Or
®RA) a continuous output waveform is obtained as shown in
the timing diagrams. The sample and hold transistor can be
defeated by connecting ¢Ra and/or ¢Rp to Vpp. In this case
the output is a pulse modulated waveform as shown in the
timing diagram.

MODES OF OPERATION — The CCD321 can be operated in
four different modes:

455-Bit Analog Delay — Either 455-bit analog shift register
can be operated independently as a 455-bit delay line. The
driving waveforms to operate shift register A is shown in Fig.
10. The input voltage signal is applied directly to Via. The input
sampling clock ¢sa samples this input voltage and injects a
proportional amount of charge packet into the first bit of
register A. The input voltage A¢ which is sampled between t =
0O andt =1c appears at the output terminal Vpa @ t =910tc. If
the sample and hold circuit is not used then the output
appears as a pulse amplitude modulated waveform as shown
inthe diagram. In that case ¢Ra (pin 7) shoutd be connected to
Voo (pin 16). If the sample and hold circuit is used then the
output appears as a continuous waveform. Here ¢gra (pin 7)
should be clocked coincident with ¢sa (pin 5) and the two pins
can be connected tagether.

Analog shift register B can be operated in an analogous
manner with Vig as the analog input, ¢18 as the transport
clock, ¢sg as the input sampling clock and ¢rs as the output
sample and hoid clock.

910-Bit Analog Delay in Series Mode — The two analog shift
registers A and B can be connected in series to provide 910
bits of analog delay as shown in the schematic below. The
analog signal input voltage is applied to Via. The output of
register A is connected 1o the input of register B with a simple
emitter follower buffer stage. in order to insure proper charge
injection of register B, Vrp should be adjusted. The timing
diagram shown in Fig. 10 applies in this mode of operation.
Here ¢1a = ¢18, dSA = ¢SB, GRA = VDD, and ¢Rs is clocked.
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910-Bit Analog Delay in Multiplexed Mode — The two analog
shift registers can be connected in parallet to provide 910-bit
of analog delay as shown in the schematic below. The analog
signal input voltage is applied to both Via and Vig. The outputs
at Voa and Vog can be combined as shown in Fig. 8to recover
the analog input information.

The necessary waveforms to operate the device in this mode is
shown in Fig. 11. In this case ¢sa samples the analog input A4
at Vja between t=0and t =tc. ¢sp samples the analog input B,
at Vig, between t =tcand t = 2tc. The output corresponding to
A1 appears at Voa att=910tc. The output corresponding to B1
appears at Vo @ t = 911tc. This mode of operation results in
an effective sampling rate of twice the rate of ¢14, $18, ¢saand
#SB.
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CCD321A/B

Stop/Start Mode Operation — The charge packets in the two
analog shift registers can be held stationary by stopping ¢1a
and ¢ in their LOW state. ¢sa, ¢sB, #RA, ¢RB can also be
stopped in the LOW state or kept clocking as usual. The two
shift registers should not be connected in series in the stop-
start mode of operation.

The CCD321 is available in four different classes for different
applications. The CCD321A-1 is a high quality broadcast 1H
delay line for video systems with 1% differential gain and 1°
differential phase. The CCD321A-2/B-2is a high quality video
delay line with 3% differential gain and 3° differential phase.

The CCD321A-3/B-3 is tested in the START/STOP mode of
operation and parameters are guaranteed in this mode. The
CCD321A-4/B-4 is tested at audio speeds; audio parameters
are specified and guaranteed. The dc and clock characteristics
of the four classes are the same. The ac characteristics vary as
shown below.

Caution: The device has limited built-in gate protection.
Charge build-up should be minimized. Care should be taken
to avoid shortings pins Voa and Vos to ground during
operation of the device.

DC CHARACTERISTICS: Ta = 55°C, Note 16

RANGE
SYMBOL CHARACTERISTICS UNITS CONDITIONS

MIN TYP MAX
Vob Output Drain Voltage 145 15.0 15.5 2
Vo :\rr::;zgvir&iaf;:egister DC Transport 6.0 v Note 1
VRa, VRB | Analog Reference Inputs Voltage 3-7 9 Note 2
Vaa Signal Ground 0.0
Vss Substrate Ground 0.0 Note 3
Via, ViB Input DC Levet 3-7 v Note 2
Voa, Vog | Output DC Level 6-11 Vv |Vop=15V
Rin Small Signal Input Resistance 1.0 MQ ?:s;fsggé\;llor \l;:aniz 3 12or
Gin Small Signal Input Capacitance 10 pF ?:fsc\f;”':\/e’:'zr'\’hi"f;: 1zor
Rout Smalt Signal Output Resistance 250 [¢] Vpp =15V
ODM Output DC Mismatch Between A & B Registers +1 2
OAM Qutput AC Mismatch Between A & B Registers +20 %
CLOCK CHARACTERISTICS: Ta=55°C, Note 16
RANGE

SYMBOL CHARACTERISTICS UNITS CONDITIONS

MIN TYP MAX
VeiaL, Ve1BL Analog Shift Register Transport Clocks LOW ] 0.5 0.8 \ Note 4
V1am, Vdien Analog Shift Register Transport Clocks HIGH 12.0 13.0 15.0 v Note 4 E’
VsaL, VosaL Input Sampling Clocks LOW 0 0.5 0.8 v Note 5 < qu_:
Vsan, Vsen Input Sampling Clocks HIGH 12.0 13.0 15.0 Vv Note 5 ;‘;g
VéraL, VéraL Output Sample and Hold Clocks LOW 0 0.5 0.8 v Note 6
Véran, Vonrpu Output Sample and Hold Clocks HIGH 12.0 13.0 15.0 \ Note 6
fpiatdis Analog Shift Register Transport Clock Frequency 0.02 20 MHz See Note 17
fosa.tdse Input Sampling Clocks Frequency 0.02 20 MHz See Note 17
téna.fore Output Sample and Hold Clocks Fregquency 0.02 20 MHz See Note 17

— e —— _—
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CCD321A/B

ABSOLUTE MAXIMUM RATINGS
Storage Temperature
QOperating Temperature
All Pins with Respect to Vgg

—25°C to 100°C
—25°C to 65°C
-03Vto 18V

—

CCD321A-1 AC CHARACTERISTICS: T, = 55°C. Both registers in the muitiplexed mode, Clock Rate = 7.16 MHz. Sampling
Rate = 14.32 MHz. Vout = 700 mV. (See Test Load Configuration, Figure 8)

RANGE
SYMBOL CHARACTERISTIC UNITS CONDITIONS
MIN TYP MAX
BW Signal Bandwidth (3 dB Down! 5.0 MHz Note 7
1G Insertion Gain 0 3.0 6.0 dB Note 8
AG Differential Gain 20 % Note 9
A Differential Phase 1.0 degree Note 9
S/N Signal-to-Noise Ratio 58 d8 Note 10
Vi (max) Maximum Input Signal Voltage 1.0 Vpk-pk

CCD321A-2/B-2 AC CHARACTERISTICS: Ta = 55°C. Both registers in the multiplexed mode, Clock Rate = 7.16 MHz,
Sampling Rate = 14.32 MHz. VoyuT = 700 mV. (See Test Load Configuration, Figure 8}

RANGE
SYMBOL CHARACTERISTIC UNITS CONDITIONS
MIN TYP MAX
BW Signal Bandwidth (3 dB Down} 42 5.0 MHz Note 7
1G Insertion Gain 0 3.0 6.0 dB Note 8
AG Differential Gain 3.0 % Note 9
A¢ Differential Phase 3.0 degrees Note 9
S/N Signal-to-Noise Ratio 58 dB Note 10
Vi (max) Maximum Input Signai Voltage 1.0 Vpk-pk

CCD321A-3/B-3 AC CHARACTERISTICS: Ta= 55°C. Both registers in the multiplexed mode, Clock Rate = 7.16 MHz,
Sampling Rate = 14.32 MHz. Clocks are stopped for 300 us. VouT =700 mV after 4.2 MHz low pass filter (See Test Load Configuration, Figure 8:

RANGE
SYMBOL CHARACTERISTIC UNITS CONDITIONS
MIN TYP MAX

BW Signal Bandwidth (3 dB Down) 4.2 5.0 MHz Note 7

1G Insertion Gain 0 3.0 6.0 dB Note 8

AG Differential Gain 3.0 % Note 9

Ao Differentiat Phase 3.0 degrees | Note 9

S/N Signal-to-Noise Ratio 55 dB Note 10

SN Spacial Noise 10.0 20.0 mV Notes 11, 12
Vi (max) Maximum Input Signal Voltage 1.0 Vpk-pk
O -
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CCD321A/B

CCD321A-4/B-4 AC CHARACTERISTICS: T.=45°C. Both registers in the multiplexed mode, Clock Rate = 7.16 MHz,
Sampling Rate = 14.32 MHz. Vout =700 mV. See Test Load Configuration, Figure 8)

RANGE
SYMBOL CHARACTERISTIC UNITS CONDITIONS
MIN TYP MAX

BW Signal Bandwidth (3 dB Down) 23 25 kHz Note 7

IG insertion Gain 0 3.0 6.0 dB Note 8

THD Total Harmonic Distortion 0.5 1.0 % Note 13

S/N Signal-to-Noise Ratio 60 65 dB Note 14

Vi (max) Maximum Input Signal Voltage 1.0 Vpk-pk

RSO Rate of Average Signal Offset 15 mv/ms Note 15
NOTES:

1. Va2 level shouid be 1/2 of the ¢1a or ¢2a HIGH ievel. Adjustment in the range of £1 V may be necessary to maximize signat bandwidth.

2. Signal charge injection is proportional to the difference Vi and Vn. Adjustment of either Vi or VR is necessary to assure proper operation.
3. Negative transients below ground of fast rise and fall times of the clocks may cause charge injection from substrate to the shift registers. Anegative bias on

Vss of -2.0 to -5.0 Vdc will eliminate the injection phenomenon.

4. Co1a = C¢18 = 30 pF = Capacitance with respect to Vss.

5. Cpsa = Cose = 10 pF = Capacitance with respect to Vss.

6. Céna = Cere = 10 pF = Capacitance with respect to Vss.

7. Signal Bandwidth is typically 1/3 to 1/2 of the sampling rate. See Fig. 1.

8. Insertion Gain = 20 Log VouT/ViN.

9. Differential Gain and Differential Phase are measured with Tektronix NTSC Signal Generator (147A) and Vector Scope (520A). See Figure 2.
10,

. Video S/N is defined as the ratio the peak-to-peak output signal to RMS random ttemporal) noise. The peak-to-peak signal is the maximum output level
that satisfies the AG and A¢ specs. See Fig. 3.

- In the start/stop mode of operation is recommended that the rise and fall times of ¢1a and @18 exceed 20 ns to eliminate charge injection.

12. Spacial Noise is the peak-to-peak spacial variation (fixed pattern noise! in the device output after clocks have been stopped. It is usually caused by the

variation of leakage current density in the shift registers. Spacial noise is a function of the clock stop period and temperature. See Figure 5.

13. Input Signal = 1 kHz sine wave. See Figure 6.

14. Audio S/N is defined as the ratio of AMS signal to RMS noise at 23 kHz bandwidth. Both are measured with an HP3400A RMS Voltmeter. See Figure 6.

15. Rate of Average-Signal Offset is caused by leakage current in the registers. It is function of temperature. See Figure 7.

16. Devices are tested using the values shown in the typical columns.

17 Devices can be operated beyond 20 MHz without damage. The minimum clock rate can be lower than 10 kHz as shown in Figure 4.

-

TYPICAL VIDEO PERFORMANCE CURVES
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CCD321A/B

I
TYPICAL AUDIO PERFORMANCE CURVES
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CCD321A/B

TIMING DIAGRAM
?1a
bSA
Via
Voa WITH
?RA = VDD
Voa WITH
#RA = ¢SA
1
EXPANDED EXPANDED
|t~ it
1A 5 *1A 5
3y o > A -ty
ts*l ! jutz
#sA
¢SA
—~itg Voa WITH AMPLITUDE Az
. . ¢RA ~ VDD
Timing Requirements for @14 and ¢ga .
RANGE AMPLITUDE [ ! ; DATA VALID A3
TIME N T Tve Tax] UMITS A4 1
DATAVALD _, | |! |
1 10 ns Aq | } \ 1
12 10 ns ) L \ A ,—DATA VALID Az
3 5.0 ns Voa WITH s !
PRA ~ #54
q 5.0 ns |«-DATA VALID ®RA FEED THROUGH
15 15 ns Aq
t6 5.0 ns NOTE:
7 :'g i This timing diagram also applies for shift register B. In this case ¢1a becomes
= - = $1B, ¢sa becomes osp, Via becomes Vig and Voa becomes Vog.
Fig. 10 Analog Shift Register A or B Operation
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= ll
Via = Vig W
Voa WITH A1
¢RA = VDD
Vos WITH
#RB = VDD
Fig. 11 Analog Shift Register A and B Operation in the Multiplexed Mode
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CCD321A/B

[6]0) CIRCUIT DIAGRAM @
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ORDERING INFORMATION
To order the CCD321 specify the “device and package type” as shown betow:

CLASS, APPLICATION SIDEBRAZE PKG. CERDIP PKG.
Broadcast quality video CCD321A1

Industrial quality video CCD321A2 CCD321B2
Time base compression and expansion CCD321A3 CCD321B3
Audio delay line CCD321A4 CCD321B4

Also available is a fully-assembled module that contains all the necessary circuitry to operate the CCD321. The module is de—
signed to help the system designer become familiar with the operation of the device, and for use in OEM systems.

The CCD321VM is a video module using a CCD321A-3 or B-3. The module includes the necessary electronics to perform time base
compression and expansion, and variable video signal delay. The module requires a single power supply for operation.

Schematics and component layouts are included in the shipping packages for the CCD321VM. For further information on the
CCD321VM please contact your distributor.

CCD321A; 16-PIN SIDEBRAZED PACKAGE OUTLINES CCD321B: 16-PIN CERDIP
800 (20.3) 268
032 (813) A (674)
4 — 085
= @218 _785(19939) _ .
} ' | r 750 (19 050)” ’I
i
280 3% [ i LA AANANAANA
(7.321 (2.87) o0 1
! ! | B 12817 137) _.025R(0635)
| ' K (254) 2636 680) NOM
l l 2 16
k———-l'“:;‘,”” g PAVAVEPRVAVEVAY
’ o010 300 ‘—I L_ 065 (1651) 1320 (6 128)
(264 (782 045 (1143) .290 (7 366)
v . ] 040 (1.016)
036 (.889) i 200 0o 1620 (0 508}
] 280 MAX SEATING
{1y o L PLANE
T T REF. f 012 279),
004 (0 228)
100254 J 032813 el Al ~ I} 3) 78 0529 ﬂ\,
) 4 7 045 (1 14
- '457} R f 0) 110 (2.704) 1037 (0 940) 015 (0.381)
.030 (2 286) 027 (0.686)
STANDOFF 020 (0.508)
7.8) 1 WIDTH 018 (0 406)

TOL. NON ACCUM

NOTES:

All dimensions in inches (bold) and millimeters (parentheses).

Header is black ceramic (Al203). l QRAI
Pins are Alloy 42, plated with gold (321A} or nickel (321B).
Top cover connected to pin 8 (Vss substrate) on 321A. Fairchild Imaging Sensors

Loral Fairchild cannot assume responsibility for use
of any circuitry described other than circuitry embodied

::'L:nlgz;ala:’eaiir;r;i‘:g;roduct. No other circuit patent 260 - 5 5 ? q B 1' 6 D D D ]l L' l:l ]J D T T -




