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Abstract

This project multiplexes 4 television channels from 4 picture sources. The picture source can be
from the camera or output of cassette video or any video source. The one video signal is displayed only
Ya of the picture. This project has the limitation that the output will be in AV channel only.

We can apply this project to use in many kind of works such as for a security or entertainment.
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Video Operational Amplifier

Features

General Description

The MAX404 is a high-speed operational amplifier
optimized for exceptional AC performance, output drive
and stability while operating from =5V power supplies.
Featuring 80MHz gain-bandwidth, 500V/us slew rate
and 0.01° /0.05% differential phase and gain, this amplifier
is ideal for video and other high-speed applications.

The MAX404 remains stable while driving unlimited
capacitive loads. Asa result, flash A/D converter inputs,

long distance coaxial cables, and other large or varying 70dECMEN
capacitive loads can be driven without output oscillations
or ringing. Ordering Information
Unlike current-feedback amplifiers, the MAX404 can be
used in virtually all high-speed op amp applications jpRT JENE RANSE PIN-PACKAGE
because it has fully symmetric differential inputs, 70dB MAX204CPA 0°Cto~70°C 8 Plastic DiP
common-mode rejection ratio (CMRR), and 66dB of MAX404CSA 0°C to +70°C 8 SO
opsn-ioop gain. MAX404C/D 0°Ct0-70°C  Dice"
The MAX404 guarantees 50mA continuous output current o 2

R ¢ MAXAD4EP, -40°C to0 -85°C Plastic DIP
and =3V swing into 10002. Stable for gains of 2V/V. or e v T4 ygecD
greater, the amplifier is optimized for applications such MAX404ESA -40°C10-85°C 880

0.01°/0.05% Differential Phase/Gain
80MHz Gain Bandwidth
500V/us Slew Rate

50mA Continuous Output Current
Stable with Any Capacitive Load

66dB Open-Loop Gain

POUXVIA

as 50Q and 75Q coaxial cable drivers in video test
equipment, radar displays, medical imaging. and RGB
systems.

* Dice are tested at 25° C oniy

Applications

Video Coax Line Drivers

Video Distribution

Flash A/D Converter Input Amplifier

High-Speed Signal Processing

Pulse & RF Amplifiers |

High Resolution Video

Typical Application Circuit

Medical Imaging i

Pin Configuration

A P D 4 Vg 4]

G
]

wlE]  MAxod
(]

o o] |1}

DIP:SO

Vi AXI
For free samples & the latest literature: http://www.maxim-ic.com, or phone 1-800-998-8800
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MAX404

Video Operational Amplifier

ABSOLUTE MAXIMUM RATINGS

Total Supply Voltage (V+ to V-)
Voltage at any pin
Output Short-Circuit to GND

(V- -0.3V) to (V+ +0.3V)

Continuous Power Dissipation (Ta = +70°C)

Plastic DIP (derate 3.0mW/°C above +70°C)
SO (derate 6mW/° C above +70°C)

..... 12v
MAX404C_A
60 sec MAX404E_A
Storage Temperature Range
... 7256mW Lead Temperature (soldering, 10 sec)
... 470mW

Operating Temperature Ranges: (T Ayn-T Auax)

0°Cto-70°C
-40°C to -85°C
-55°C to +125°C
. +300°C

Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only. and functional
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specilications is not implied. Exposure to
absolute maximum rating conditions for extended periods may aftect device reliability. < =

ELECTRICAL CHARACTERISTICS

(V+ = +5V, V- = -5V, -3V < Vin < +3V, R = 100Q), C = 15pF, uniess otherwise noted.)

TA=+25C % | TA = TAwm 10 ThAuax !
PARAMETER SYMBOL CONDITIONS MIN TYP MAX | MIN TYP MAX | UNITS
11 18 ! l
tnput Offset Valtage Vos | 0°Cto~70°C ST
-40°C 110 185°C° a2 41
_ln_put Offset-Voltage Tempco P AVos/AT B +20 uVi*C |
+1 3
Input Bias Current {Note 1} i 0°C to ~70°C 1) +5 VK LA
~20°G to +85°C ———= 2 A0 =8 |

i Common-Mode Inputﬁeénstanceﬂq— Rin a\'| L :1_— A | j_ j_ B M—f;“

TlanTCap?citance Cin ACANN g T e Nl I i ‘F
Common-Mode Input ch!_{égfﬂ% Vin N | +8 :_f,’TS_ _'___;_;3‘*» : : Z
Large Signal Gain AvoL Vour = 6Vp-p 54 66 54 aB
T — AL = B/, S0 Vo e e 01 0 | |
Output Voitage Swing Vout o~ y— v
RLoaD = 50Q 2.5 EB/0 2.5
Continuous RLOAD - 500 50 50 T
Output Current lout s F——— mA
1 _\ShortCirtuit _ e UV [ Rgpan=00_N \5 WO NT ¥ 380 oy 4 - - .
Output Resistance Rout Gain - 2wV T %1‘0 N 7 2 ;—_r"?)

L. n i, Wip JNY (F _ARES Wi
Power-Supply Rejection Ratio PSRR ||V+. V-] =4.7510525V 40 50 40 | dB
Common-Mode Rejection Ratio. | GMRR | V- 3Vto:3V | 60 70 - o | c‘B_'_§

T — - = 0 R N "V i1 aanNbVs MAS s T —
Supply Current S 0°C1o +70°C . T

P o 40°C10-85°C o] 115 50 0|

> - ———— . MAAXIM




Video Operational Amplifier

ELECTRICAL CHARACTERISTICS {continued)
(V- = +5V, V- = -5V, -3V < Vi < -3V, Rp = 1000}, C = 15pF, unless otherwise noted.)

1 TA=+25°C | TA=TAwn 10 TAwax
PARAMETER | SYMBOL CONDITIONS MIN TYP MAX  MIN TYP MAX | UNITS

AC SPECIFICATIONS

Gain Bandwidth GBW | Gain = 10W/V 80 " MHz
Stew-Rate SR 3V step 500 | Vs
Full-Power Bandwidth FPBW | VouT = 8Vp.p 26 i MHz
Closed-Loop Bandwidth BW | Gain=2WV 66 MHz
Differential Phase {Note 2} ; DP . Gain = 2WV Q.01 | ceg
Differential Gain (Note 2) | DG | Gain=2uV : 0.05 Lo
Settting Time to 0.1% I | “tg DC Gain=-1W\, 3V sta 70 i ns

Note 1: Vin=0Vpc
Note 2: Input test signai: 3.58MHz sine wave of amplitude 40 IRE superimposed cn a linear ramp (0 to 100 IRE). 140 IRE = 1.0Vo_p.

Pin Description

! PIN | NAME FUNCTION

input Offset Voitage Null. Connect 0 one
[ end cf 1«kQ potentiometer {wiper to V)

P2 | IN- | Amphifer Invert:ng input |
3 | IN+  Amplifier Nomaverting !nput. i
i 4 | v- | Negatve Power Supply. Correct to -5V.
E Y | No Conrect (cpen circuil]
B VouTt ! Ampilifier Signai Qutput.
TV Paositive Power Supply Connect ta +5V.

AAAXIM ; ¥

POPXVIN
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Video Operational Amplifier

GAIN (dB)
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Typical Operating Characteristics
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[

» &

Py

P

>

w
S ro ia

[

N

W o
@ W

v L

-9 -200,. 0. 20 40 GO

0 106

TEMPERATURZ ¢ ()

OUTPUT RESISTANCE
vs. FREQUENCY
100 [

-
©

" 4

P

FRIQUENCY (Mbz3

)

INPUT VOLTAGE NQISE

l x

SLEW RATE vs. TEMPERATURE

1

i

SPECTRAL DENSITY

d 1000

-
!
|
|

{

|

RIS NOISE (0V/K2)

W20 12000

L MAXIM



Video Operational Amplifier

Detailed Description

Circuit Overview

The MAX404 is a high-frequency bipolar op amp that
operates from =5V supplies and can drive =3.5V signals
into 50Q). It has very low output resistance (10mQ) and
can drive large capacitive loads.

The MAX404 is used as both aninverting and noninverting
amplifier. As a noninverting amplifier (Figure 1), it is
stable with gain as low as 2W/V. As shown in the inverting
configuration (Figure 2) the feedback resistors can be
set for a gain as low as -1V/V. In both cases, the lower
gain limit is set by the feedback resistor ratio, (R1:R2)
which cannot be less than 1:1.

V)N |
s i
S
> ;
= s
| g |
< i
H >
1 Vx}\;?

Figure 2. Noninverting Pulse Response

MAXIM

I AL R
I—J S HAXI04

s
)

VI";

VOLTAGE 1V/DIV

TIME {ns} 1dns/DIV

Figure 4. Inverting Pulse Response

Source Impedance

Keep source impedance low to achieve high accuracy.
DC errors predominently result from the input offset
voltage and the voltage developed by the input bias
current (typically 1uA) through the source resistance.
Because the design of the MAX404 is such that balancing
the input resistances of the inverting and noninverting
inputs may not reduce the input offset voltage. However,
resistancein series with the inputs can provide protection
by limiting current to the base of each input transistor
when theinputvoltages exceed the =3V common-mode
rarge

POVXVIN



MAX404

Video Operational Amplifier

AC errors occur in alt high-speed op amps. A lowpass
RC filter results from the source resistance and the
amplifier’s input capacitance. Because the MAX404's
input capacitance is typicaliy only 3pF and the standard
video source impedance is between 25Q and 3750
(seen at the amplifier's input), the RC filter does not
influence performance. To minimize the AC effects of
source impedance and input capacitance. source impe-
dance should not exceed 1kQ.

For applications requiring less overshoot, the input
capacitance to the inverting input can be compensated
by addinga small capacitorin parallel with the feedback
resistor as shown in Figures 1, 8, 5. The capacitance
value is strongly dependent an gain and board layout,
but is typically 3pF. In standard NTSC, PAL, or SECAM
video applications, where gain is usually less than 3V/V
and feedback resistances are less than 5000, a compen-
sation capacitor is not needed. In the noninverting
configuration, performance can also be improved by
providing a driven guard ring around the input pin.

Feedback resistars should be less than 1kQ to insure
that the RC time constant formed by the resistor and the
amplifier's parasitic capacitance does not limit amplifier
high-frequency performance.

Coaxial Driver

Because the MAX404 is designed for closed-ioop gains
= 2V/V, itis an excellent choice as a 500 or 750 back-
terminated coaxial cable driver (Figure 5). Even though
the op amp is canfigured for a gain of 2V/V. it acts as a
unity-gain buffer due to the voltage divider formed
between the back-termination resistor and the load
resistor. The signaiswing atthe output of the cable is the
same as the amplifier's input signal.

Two 100Q or 150Q loads in paraliel (two 500 or 750
bacx-terminated loads) can be driven to £2V. Each load
must have its own back-termination resistor.

Coaxial cable thatis not terminated at both ends causes
reflections. This produces ringing and increased settling
time, seriously degrading pulse response.

Pulse response (see Figures 2 and 4) is achieved by
using very short leads and terminations on the coaxial
cables. This photo shows response to a 3Ve-p signal
(from a 50Q2 generator) with the op amp configured ina
gain of 2V/V. driving a 100Q2 load (back-terminated 5002).
The voltage at the output pin (VouT) is 6Va-p.

s c 3
o oNF TJ: —
I(ZI
. = | =
d il (2529
Y O
i TRACt U S

]
|
!
L

Figure 5. Coaxial Cable Driver

Driving Capacitive Loads

The MAX404 drives large capacitive loads without
instability. Figure 6 shows how increased capacitance
slows rise and fall times. with minimal ringing. Be aware
that as load capacitance, signal amplitude, and frequency
increase, the MAX404 output current and power dissi-
pation also increase.

OUTPUT VOLTAGE (V)
5VIDIV

TIME (rs) 500rs/DIV |
Figure 6. Driving Capacitive Loads

INAXIMN




Video Operational Amplifier

Output

Vour is protected against instantaneous short circuits.
Internal current limiting keeps instantanecus output
current to safe values, but sustained short circuits can
raise the package dissipation beyond the absolute
maximum rating. Typical short-circuit output current is
90mA.

Input Offset-Voltage Trim

The MAX404 has an input offset voltage of less than
=8mV at+25°C, which can be reduced further by nulling
as shownin Figure 7. This circuit’s offset-nulling range is
approximately =10mV.

s —

3

LIAX404

Figure 7. Oftset Null Circuit

Bypassing
High-frequency performance requires careful layout.
ground planes, and good bypassing. Both supply pins
should have a 0.0'uF ceramic capacitor and a 1uF
tantalum capacitor to ground. Position these bypass
capacitors as close to the supply pins as possible.
Surface-mount chip capacitors are recommended
because they have extremely low impedance over a
wide range of frequencies.

I AXIMN

Chip Topography

i |

NQTE:

NULL NULL
1] i
I}
Vce
\'7
€ o
{1.462 mm)

059"
! (1.513 mm)

|
|

OOUBLE BOND TO RECTANGULAR PADS AND
TRIPLE BOND TO VOUT. SUBSTRATE IS
CONNECTED TO V.

POPXVIN
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&National Semiconductor

DAC0800/DAC0801/DAC0802 8-Bit Digital-to-Analog
Converters

General Description

The DACO0800 series are monolithic 8-bit high-speed cur- The DAC0800, DAC0802, DAC0800C, DAC0801C and
rent-output digital-to-analog converters (DAC) featuring typi-  DACO0802C are a direct replacement for the DAC-08, DAC-
cal settling times of 100 ns. When used as a multiplying  08A, DAC-08C, DAC-08E and DAC-08H, respectively.
DAC, monotonic performance over a 40 to 1 reference cur-

rent range is possible. The DAC0800 series also features Features

high compliance complementary current outputs to allow g Fagt settling output current 100 ns
differential output voltages of 20 Vp-p with simple resistor B Full scale error +1 LSB
loads as shown in Figure 1. The reference-to-full-scale cur- : ’ &
rent matching of better than + 1 LSB eliminates the need for = honiinsaritysaver ter.nperature :t0.1°,6
full-scale trims in most applications while the nonlinearities ~ ® Full scale current drift +10 ppm/°C
of better than +0.1% over temperature minimizes system B High output compliance —10Vto +18V
error accumulations. ® Complementary current outputs

The noise immune inputs of the DAC0800 series will accept B Interface directly with TTL, CMOS, PMOS and others
TTL levels with the logic threshold pin, Vi g, grounded. B 2 quadrant wide range multiplying capability

Changing the V| ¢ potential will allow direct interface to oth- ~ m Wide power supply range +4.5V to +18V
er logic families. The performance and characteristics of the @ Low power consumption 33 mW at +5V
device are essentially unchanged over the full*4.5V to g |ow cost

=+ 18V power supply range; power dissipation is only 33 mW
with +5V supplies and is independent of the logic input
states.

Typical Applications

DIGITAL INPUTS

8?1 $ ? ? B?S B6 87 BB
5k 5 6 7 3 9 1811 12
10V O—AAA—] 14
DACG800 Vour T0.20Vpp
Sk
15
3 16 12 1
= LiuF l_, RN
'-.,j Ce =
V™ 001 2F vt
TL/H/5686-1
FIGURE 1. + 20 Vp.p Output Digital-to-Analog Converter (Note 4)
Ordering Information
Non-Linearity Ter;perature Order Numbers
ange J Package (J16A)* N Package (N16A)* SO Package (M16A)

+0.1% FS 0°C < Tp < +70°C DAC0802LCJ | DAC-08HQ | DAC0802LCN | DAC-08HP DAC0802LCM
+0.19% FS | —55°C < Tp < +125°C | DAC0O800LJ | DAC-08Q
+0.19% FS 0°C < Tp < +70°C DAC0800LCJ | DAG-08EQ | DACO800LCN | DAC-08EP DAC0800LCM
+0.39% FS 0°C < Tp < +70°C DACO0801LCN | DAC-08CP DAC0801LCM

*Devices may be ordered by using either order number.

©1995 National Semiconductor Corporation TL/H/5686 RRD-B30M115/Printed in U. S. A

sJajiaauo) Hojeuy-ol-lenbiqg 1g-8 20800V A/ 10800V A/00800VA



Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage (V+ — V) +18V or 36V
Power Dissipation (Note 2) 500 mW
Reference Input Differential Voltage

(V14 toV15) V- toVt
Reference Input Common-Mode Range

(V14, V15) V-toV+
Reference Input Current 5mA
Logic Inputs V-~ to V-~ plus 36V
Analog Current Outputs (Vg— = —15V) 4.25 mA
ESD Susceptibility (Note 3) TBDV
Storage Temperature —65°Cto +150°C

Lead Temp. (Soldering, 10 seconds)
Dual-In-Line Package (plastic)
Dual-In-Line Package (ceramic)
Surface Mount Package

Vapor Phase (60 seconds)
Infrared (15 seconds)

Operating Conditions note 1)

Min Max
Temperature (Tp)
DACO0800L —55 +125
DAC0800LC 0 +70
DAC0801LC 0 +70
DAC0802LC 0 +70

Units

°C
°C
°C
°C

260°C
300°C

215°C
220°C

Electrical Characteristics The following specifications apply for Vs = 15V, lngr = 2 mA and Ty < Ta <
Tmax unless otherwise specified. Output characteristics refer to both loyT and loyT.

DAC0800L/
Symbol Parameter Conditions DACOB02LC DAC0800LC DACOSOILG | ;e
Min | Typ | Max [ Min| Typ | Max | Min| Typ | Max
Resolution 8 8 8 8 8 8 8 8 8 Bits
Monotonicity 8 8 8 8 8 8 8 8 8 Bits
Nonlinearity +0.1 +0.19 +0.39] %FS
ts Settling Time To + 1, LSB, All Bits Switched 100 | 135 100 | 150 ns
“ON" or “OFF”, TA=25°C
DACO0800L 100 135 ns
DACO0800LC 100 | 150 ns
tPLH, Propagation Delay Ta=25°C
tPHL Each Bit 35 60 35 60 35 60 ns
All Bits Switched 35 60 < 60 35 60 ns
TClgs _ [Full Scale Tempco +10 | +50 +10 | +50 +10 | +80 |ppm/°C
Voc Output Voltage Compliance|Full Scale Current Change —10 18 |—10 (iBatis-10 18 \"
<14, LSB, Routr>20 MQ Typ
IEs4 Full Scale Current VRer=10.000V, R14 =5.000 k(2| 1.984| 1.992 |2.000{1.94| 1.99 | 2.04 [1.94] 1.99 | 204 | mA
R15=5.000 k), Tp=25°C
IEss Full Scale Symmetry Ipsa—lEs2 +0.5 | £4.0 +1 | #80 2 | 16| pA
Izs Zero Scale Current 0.1 1.0 0.2 2.0 0.2 4.0 pA
Iesr Output Current Range —=-5bV 0 20 | 21 0 2.0 21 0 2.0 25 mA
V-=—-8Vto —18V 0 2.0 42 | O 2.0 4.2 0 2.0 4.2 mA
Logic Input Levels
ViL Logic “'0” Vic=0V 0.8 08 0.8 \'
Vin Logic “1” 2.0 2.0 2.0 1Y
Logic Input Current Vic=0V
e Logic “0” —10V<ViN< +0.8V —20|—10 -20| =10 —20| —10| pA
1= Logic “1” 2VSV|NS +18V 0.002 | 10 0.002| 10 0.002| 10 rA
Vis Logic Input Swing V—=—15V —10 18 |—10 18 [—10 18 v
VTHR Logic Threshold Range Vg= +15V —-10 13.5|—10 135 [—10 135 \'/
lis Reference Bias Current —1.0]-3.0 —1.0| —-3.0 —1.0| —30| pA
di/dt Reference Input Slew Rate |(Figure 12) 40| 8.0 40| 8.0 40| 80 mA/ps
PSSIgg + |Power Supply Sensitivity  |4.5V<V+ <18V 0.0001] 0.01 0.0001| 0.01 0.0001| 0.01 | %/%
PSSl - —4.5V<V— <18V 0.0001| 0.01 0.0001| 0.01 0.0001| 0.01 | %/%
Igep=1mA
Power Supply Current Vg= +5V,|Iggr=1mA
I+ 23 | 38 23 | 38 23 | 38 mA
I— =4:3:|==5.8 —43| —5.8 —43| —58| mA
Vg=5V, —15V, Iggp=2 mA
1+ 24 3.8 2.4 3.8 24 3.8 mA
I— —-6.4|-7.8 -64| —78 -6.4| -7.8| mA
Vg= %15V, lpgr=2 mA
1+ 25 | 38 25 | 38 25| 38| mA
1— ~-65|-7.8 ~-65| 78 -65| -78| mA




Electrical Characteristics (continued)
The following specifications apply for Vg = +£15V, Iggr = 2 mA and Tyyy < Ta < Tmax unless otherwise specified. Output
characteristics refer to both loyT and loyt.

DAC0800L/
Symbol Parameter Conditions DAG0802LC DAC0800LC DACO801L.C Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
Po Power Dissipation | 5V, lner=1 mA a3 | 48 33 | 48 33 | 48 | mw
5V,— 15V, Ingp=2 mA 108 | 136 108 | 136 108 | 136 | mw
+15V, Iper =2 mA 135 | 174 135 | 174 135 | 174 | mw

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating
the device beyond its specified operating condtions.

Note 2: The maximum junction temperature of the DAC0800, DAC0801 and DAC0802 is 125°C. For operating at elevated temperatures, devices in the Dual-In-Line
J package must be derated based on a thermal resistance of 100°C/W, junction-to-ambient, 175°C/W for the molded Dual-In-Line N package and 100°C/W for the
Small Outiine M package.

Note 3: Human body model, 100 pF discharged through a 1.5 k2 resistor.
Note 4: Pin-out numbers for the DACO80X represent the Dual-In-Line package. The Small Outline package pin-out differs from the Dual-In-Line package.

Connection Diagrams

Dual-In-Line Package Small Outline Package
p
com:ﬁ',‘et:—’ ® U 'S coweensaTion vt 16 {~Bg LSB
gl ALEVENN Vrer(*)— 2 1518,
Veer(-) — .
v-3 LTS rer(-)— 3 14 —Bg
S LI COMPENSATION—{ 4 131—85
ouT = —
THRESHOLD CONTROL, V| o =15 12f—B
mS8 BI—S' -EBI Ls8 _l.C 6 1 8‘
82—54 -157 our \
v =7 108,
7 10
B3 == —8s lour=—18 S—B, NSB
8 ]
84— 8s
r- TL/H/5686-14
Top View
TL/H/5686-13
Top View
See Ordering Information

Block Diagram (Note 4)

SO N VIR WY AN
VIS 1 I ] 1 i t]
NETWORK 7 ‘L T T 1 ? si—um
= LR LR LR TR LRI ITR B
T
Vagpi-) O— - :E
0“ j DACOS

TU/H/5686-2




Typical Performance Characteristics

Full Scale Current
vs Reference Current
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Output Voltage Compliance
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SEE FIGURE
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Frequency Response
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Note. B1-B8 have identical transfer characteris-
tics. Bits are fully switched with less than 1, LSB
error, at less than +100 mV from actual thresh-
old. These switching points are guaranteed to lie
between 0.8 and 2V over the operating tempera-
ture range (Vic = OV).




Typical Performance Characteristics (continued)
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Typical Applications (continued)
DIGITAL INPUTS
prens ™ Irs = +VRer . 255
B) B2 83 B4 BS B3 B 88 Rrer 256
IREF lo + Ip = Igs for all
N v vaer logic states
:‘;'slf For fixed reference, TTL operation,
R18 “VREF typical values are:
! Vagr = 10.000V
= Rpgg = 5.000k
nuF R15 = Rpgr
Cg = 0.01 pF
= Vic = 0V (Ground)
TL/H/5686-5
FIGURE 3. Basic Positive Reference Operation (Note 4)
TIREF Y2 mA RRer N Ip
A'AvAv_ 1“4 "
LowTC ==
45k DACS300 s RAcH
- O—~O0—AA—
T3t . -
- _][_ arenox TL/H/6686-16
Tt TUH/5686-21 ~ ~VRer 255  Note. Rpgr sets Ies: R15is
IFs = RAgr X256 for bias aarent cancellation
FIGURE 4. Recommended Full Scale Adjustment Circuit FIGURE 5. Basic Negative Reference Operation (Note 4)

(Note 4)




Typical Applications (continued)

1ReF * 2 mA Omd

DIGITAL INPUTS

L] L8
81 82 83 B4 B5 B 87 83

DACO800

TL/H/5686-17

B1 B2 B3 B4 B5 B6 B7 B8|lgmA|lgmA| Ep Eo
Full Scale 11 1 1 1 1 1 1]1.992/0.000|—9.960| 0.000
FullScale—LSB {1 1 1 1 1 1 1 0 [1.984]0.008| —9.920| —0.040
HalfScale+1SB |1 0 0 0 O O O 1 |1.008|0.984| —5040| —4.920
Half Scale 1 0 0 0 0 O O O0]1.000]|0.992|—5000|—4.960
HalfScale—LSB |0 1 1 1 1 1 1 1 [0.992]1.000| —4.960| —5.000
ZeroScale+LSB{ 0 0 0 0 O O O 1 |0.008]| 1984 —0.040| —9.920
Zero Scale 0 0 0 0 0O O O O0/0.000]1992| 0000 |—9.960

FIGURE 6. Basic Unipolar Negative Operation (Note 4)

*IggF = 2 mA O—iTl

e

DACOS0D

FIGURE 7. Basic Bipolar Output Operation (Note 4)

| o LI Pa i X
ET'"’“( 758 "m)

where X s the input code and
Ry =R = Rrer

it R, = RL within £0.05%, output is symmetrical about ground

B1 B2 B3 B4 B5 B6 B7 B8| Eg
Pos. Full Scale 1 1 1 e T 9 060
Pos. Full Scale—LSB | 1 1 1 1 1 1 1 0 | +9.880
(+)Zero Scale 1 0 0 0 O O O O]|+0.040
(—)Zero Scale o 1 1 1 1 1 1 1]-0.040
Neg. Full Scale+lSB|{ 0 0 0 O O O 0 1 |-9.880
Neg. Full Scale 0 0 0 0 0 O O O]—-9960

FIGURE 8. Symmetrical Offset Binary Operation (Note 4)

TL/H/5686-6
B1 B2 B3 B4 B5 B6 B7 B8] Eg Eo

Pos. Full Scale Tool Pl & =1/ WS | —9.9204 550,000,

Pos. Full Scale—LSBf1 1 1 1 1 1 1 0| —9.840| +9.920
Zero Scale+LSB 1 0 0 O O O O 1| —0.080| +0.160
Zero Scale hooe| O\ w7397 /0 OFYQ 0.000 +0.080
Zero Scale—LSB Dt i 1/ 1 L0 -HOI0808] @000

Neg. Full Scale+LSB| 0 0 0 0 O O O 1| +9.920| —9.840

Neg. Full Scale 0 0 0 0 0 0 O O]+10.000f —9.920

TL/H/5686-18




Typical Applications (continued)

R
A
‘o
4\ —_
Ep
DAC0300 LM741C —O 070 +1gg - By
A ) lFs = 2—""55 IREF
— S= E
lo A 256 TL/H/5686-19

For compiementary output (operation as negative logic DAC), connect invert-
ing input of op amp to Ip (pin 2), connect I (pin 4) to ground.

FIGURE 9. Positive Low Impedance Output Operation (Note 4)

£
O Q10 Ips-Ry

P 255 g
FS 256 REF
NG
2 = = TL/H/5686-20
For comp y output (operation as a negative logic DAC) connect non-in-

verting input of op am to Ig (pin 2); connect I (pin 4) to ground.
FIGURE 10. Negative Low Impedance Output Operation (Note 4)

VIH = ViG + 1.4V
15V CMOS, HTL, HNIL

Vry = 7.6V
PMOS
VIn= 0V
— n3ee
15Y =
TTL07TL l 12V 70 15v 5 l
Vin-1av
| | N3
LAY
DACIZ0Q l i l Vic
| Yic
‘ " g 'VREF
v o 01 F I ?
e I | -svro-wv l I
- — NAL RESISTOR
— 2ot N 32 mies [omn
10K ECL FOR OF FSET INPUTS
Yin=-120V Rin

TL/H/5686-10

Typical values: Ryy=5k,+ Viy=10V
TL/H/5686-8

Note. Do not exceed negative logic input range of DAC.
FIGURE 11. Interfacing with Various Logic Families FIGURE 12. Pulsed Reference Operation (Note 4)
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Typical Applications (continued)

(a) IRer > peak negative swing of I)y

DACO0800

I

TL/H/5686-11

(b) + VReF must be above peak positive swing of Vi

RREF

Vaer O— MW=t 14

R15
(OPTIONAL)

VN~  O—AM— 15

DAC808

Rgr < R15

HIGH INPUT
IMPEDANCE

FIGURE 13. Accommodating Bipolar References (Note 4)

FORTURN "OFF", VL =0.7V

FOR TURN "ON", V| =2V VLO-‘V-—-| h-
=

MINIMUM

CAPACITANCE \\1

HP5082-2800
SCHOTTKY DIODES
Ve
0.7V
ViN
o
'hﬁ-T-T-m =
RREF 5 6 7 8 9 10 11 12
14
DAC0800
i D.U.T)
15
13 16
_L°.0qu
I \\ ) I
0.1 4F 0.1 4F
] o o} _':l:
15V 15V

FIGURE 14. Settling Time Measurement (Note 4)
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Typical Applications (continued)
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FIGURE 15. A Complete 2 us Conversion Time, 8-Bit A/D Converter (Note 4)

Physical Dimensions inches (millimeters)
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J16a (REV )
Molded Dual-In-Line Package
Order Numbers DAC0800 or DAC0802
NS Package Number J16A

0AuF
01LF . I
0.1 ,F Note. For 1 ps conversion time with 8-bit resolution and 7-bit accuracy, an
- LM361 comparator replaces the LM319 and the reference current is doubled
TV by reducing R1, R2 and R3 to 2.5 k2 and R4 to 2 MQ.

TL/H/5686-8




tal-to-Analog Converters

igi

DAC0800/DAC0801/DAC0802 8-Bit D

Physical Dimensions inches (milimeters) (Gontinued)
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LIFE SUPPORT POLICY

Molded Dual-In-Line Package
Order Numbers DAC0800, DAC0801, DAC0802
NS Package Number N16A

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS GRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance

2. A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or

with instructions for use provided in the labeling, can effectiveness.
be reasonably expected to result in a significant injury
to the user.
National Semiconductor National Semiconductor National Semiconductor National Semiconductor
Europe Kong Ltd. Japan Ltd.

Corporation

1111 West Bardin Road
Arlington, TX 76017
Tel: 1(800) 272-9959
Fax: 1(800) 737-7018

Fax: (+49) 0-180-530 85 86

Email cnjwge@tevm2.nsc.com
Deutsch Tel (+49) 0-180-530 85 85
English Tel (+49) 0-180-532 78 32
Frangais Tel: (+ 49) 0-180-532 93 58
Iltakano  Tel: (+ 49) 0-180-534 16 BO

Tek 81-043-299-2309

Hong
13th Floor, Straight Block,
Fax: 81-043-209-2408

Ocean Centre, 5 Canton Rd.
Tsimshatsu, Kowloon

Hong Kong
Tet (852) 2737-1600
Fax (852) 2738-9960

National does not assume any responsibility for use of any arcurtry described, no creurt patent kcenses are imobed and National reserves the nght at ary tme without notice to change said circurtry and specitications.




General Description

The LM1881 Video sync separator extracts timing informa-
tion including composite and vertical sync, burst/back porch
timing, and odd/even field information from standard nega-
tive going sync NTSC, PAL*®, and SECAM video signals with
amplitude from 0.5V to 2V p-p. The integrated circuit is also
capable of providing sync separation for non-standard, fast-
er horizontal rate video signals. The vertical output is pro-
duced on the rising edge of the first serration in the vertical
sync period. A default vertical output is produced after a
time delay if the rising edge mentioned above does not oc-
cur within the externally set delay period, such as might be
the case for a non-standard video signal.

LM 1881 Video Sync Separator

National Semiconductor

Features

AC coupled composite input signal
>10 kQ input resistance

<10 mA power supply drain current
Composite sync and vertical outputs

Odd/even field output

Burst gate/back porch output

Horizontal scan rates to 150 kHz

Edge triggered vertical output

Default triggered vertical output for non-standard video
signal (video games-home computers)

February 1995

Connection Diagram
LM1881N

COMPOSITE

COMPOSITE
VIDEO INPUTO‘—“"—“ 2

VERTICAL
o————
SYNC OUTPUT >

1

Yoo

PO 5-12Y

¢
f—————————0 ODD/EVEN OUTPUT
0.1 pf

Rser

BURST/BACK PORCH
0]
OUTPUT

COMPOSITE L
VIDEQ INPUT

5] I

COMPOSITE l L l ”
SYNC OUTPUT

| s S

VERTICAL

SYNC OUTPUT

0DD/EVEN

BURST oUTPUT L u U u u u

i u

{ o |

QUTPUT

Order Number LM1881M or LM1881N
See NS Package Number MO8A or NOSE

*PAL in this datashest refers to European broadcast TV standard “Phasa Alternating Line”, and not to Programmable Array Logic.

TU/H/9150-1

©1995 National Semiconductor Corporaion  TL/H/9150

RRD-B30M115/Pmntedin U. S A
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Supply Voltage
Input Voltage

3 Vpp (V

13.2v
cc =5V)

6 Vpp (Vcc 2 8V)

Output Sink Currents; Pins 1, 3, 5

Output Sink Current; Pin 7
Package Dissipation (Note 1)

Operating Temperature Range

5mA
2mA
1100 mW
0°C — 70°C

Electrical Characteristics
Vce = 5V; Rset = 680 k2; T = 25°C; Unless otherwise specified

Storage Temperature Range

ESD Susceptibility (Note 2)
Soldering Information

Dual-In-Line Package (10 sec.)

Small Outline Package
Vapor Phase (60 sec.)
Infrared (15 sec.)

See AN-450 “Surface Mounting Methods and their Effect on
Product Reliability’" for other methods of soldering surface
mount devices.

—65°Cto +150°C

2kV

260°C

215°C
220°C

wus Tested Design Units
P .
arameter Seanditibns TYP | Limit (Note3) | Limit(Noted) | (Limits)
Supply Current Outputs at Logic 1 Veg = 5V 5.2 10 mAmax
Veg = 12V 5.5 12 mAmax
DC Input Voltage Pin2 1.3 Vmin
1.5
1.8 Vmax
Input Threshold Voltage Note 5 70 55 mVmin
85 mVmax
Input Discharge Current Pin2; Vijy = 2V 74 6 pAmin
16 ' pAmax
Input Clamp Charge Current Pin2; Viy = 1V 0.8 0.2 mAmin
Rsger Pin Reference Voltage Pin 6; Note 6 1.10 Vmin
1.22
y o Vmax
Composite Sync. & Vertical lout = 40 pA; Ve = 5V 4.5 4.0 Vmin
Outputs Logic 1 Vee = 12V Piale Vmin
loutr = 1.6 MA Voo = 5V 3.6 2.4 Vmin
Logic 1 Ve = 12V 10.0 Vmin
Burst Gate & Odd/Even lout = 40 pA; Voo = 5V 45 4.0 Vmin
Qutputs Logic 1 Vee = 12V 11.0 Vmin
Composite Sync. Output lout = —1.6 mA; Logic 0; Pin 1 0.2 0.8 Vmax
Vertical Sync. Output " louT = —1.6 mA; Logic 0; Pin 3 0.2 0.8 Vmax
Burst Gate Output lout = —1.6 mA; Logic O; Pin 5 0.2 0.8 Vmax
Odd/Even Output louT = —1.6 mA; Logic 0; Pin 7 02 0.8 Vmax
Vertical Sync Width 230 190 psmin
300 usmax
Burst Gate Width 2.7k fromPin5 to Voo L 25 psmin
4.7 usmax
Vertical Default Time Note 7 32 wsmin
65
90 usmax

Note 1: For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction temperaturs and a package thermal
resistancs of 110* C/W, junction to ambient.

Note 2 ESD susceptibility test uses the “human body model, 100 pF discharged through a 1.5 kl resistor”.
Note 3: Typicals are at T; = 25°C and represent the most ikely parametric norm.
Note 4: Tested Limits are guaranteed to National's AOQL (Averagae Outgoing Qualty Level).
Note 5: Relative difference between the input clamp voitage and the minimum input voltage which produces a horizontal output pulss.

Note 6: Careful attertion should be made to prevent parasitic capacitance coupling from any output pin (Pins 1, 3, 5, and 7) to the Rggr pin (Pin 6).

Note 7: Delay time batween the start of vertical sync (at input) and the vertical output puise.




Typical Performance Characteristics

Rget Value Selection Vertical Default
vs Vertical Serration Sync Delay Time Burst/Black Level
Pulse Separation vs Rset Gate Time vs Rset
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Application Notes

The LM 1881 is designed to strip the synchronization signals
from composite video sources that are in, or similar to, the
N.T.S.C. format. Input signals with positive polarity video (in-
creasing signal voltage signifies increasing scene bright-
ness) from 0.5V (p-p) to 2V (p-p) can be accommodated.
The LM 1881 operates from a single supply voltage between
5V DC and 12V DC. The only required external components
beside power supply and set current decoupling are the in-
put coupling capacitor and a single resistor that sets internal
current levels, allowing the LM1881 to be adjusted for
source signals with line scan frequencies differing from
15.734 kHz. Four major sync signals are available from the
1/C: composite sync including both horizontal and vertical
scan timing information; a vertical sync pulse; a burst gate
or back porch clamp pulse; and an odd/even output. The
odd/even output level identifies which video field of an inter-
laced video source is present at the input. The outputs from
the LM1881 can be used to gen-lock video camera/VTR
signals with graphics sources, provide identification of video
fields for memory storage, recover suppressed or contami-
nated sync signals, and provide timing references for the
extraction of coded or uncoded data on specific video scan
lines.

To better understand the LM1881 timing information and
the type of signals that are used, refer to Figure 2(a—e)
which shows a portion of the composite video signal from
the end of one field through the beginning of the next field.

COMPOSITE SYNC QUTPUT

The composite sync output, Figure 2(b), is simply a repro-
duction of the signal waveform below the composite video
black level, with the video completely removed. This is ob-
tained by clamping the video signal sync tips to 1.5V DC at
Pin 2 and using a comparator threshold set just above this
voltage to strip the sync signal, which is then butfered out to
Pin 1. The threshold separation from the clamped sync tip is
nominally 70 mV which means that for the minimum input
level of 0.5V (p-p), the clipping level is close to the halfway
point on the sync pulse amplitude (shown by the dashed
line on Figure 2(a)). This threshold separation is indepen-
dent of the signal amplitude, therefore, for a 2V (p-p) input
the clipping level occurs at 11% of the sync pulse ampli-
tude. The charging current for the input coupling capacitor is
0.8 mA, whereas the discharge current is only 11 pA, typi-
cally. This allows relatively small capacitor values to be
used—0.1 pF is generally recommended.

Normally the signal source for the LM1881 is assumed to be
clean and relatively noise-free, but some sources may have
excessive video peaking, causing high frequency video and
chroma components to extend below the black level refer-
ence. Some video discs keep the chroma burst pulse pres-
ent throughout the vertical blanking period so that the burst
actually appears on the sync tips for three line periods in-
stead of at black level. A clean composite sync signal can
be generated from these sources by filtering the input sig-
nal. When the source impedance is low, typically 75Q2, a
6200 resistor in series with the source and a 510 pF capaci-
tor to ground will form a low pass filter with a corner fre-
quency of 500 kHz. This bandwidth is more than sufficient to
pass the sync pulse portion of the waveform; however, any
subcarrier content in the signal will be attenuated by almost
18 dB, effectively taking it below the comparator threshold.
Filtering will also help if the source is contaminated with
thermal noise. The output waveforms will become delayed

from between 40 ns to as much as 200 ns due to this filter.
This much detay will not usually be significant but it does
contribute to the sync delay produced by any additional sig-
nal processing. Since the original video may also undergo
processing, the need for time delay correction will depend
on the total system, not just the sync stripper.

VERTICAL SYNC OUTPUT

A vertical sync output is derived by internaily integrating the
composite sync waveform (Figure 3). To understand the
generation of the vertical sync pulse, refer to the lower left
hand section Figure 3. Note that there are two comparators
in the section. One comparator has an internally generated
voltage reference called V4 going to one of its inputs. The
other comparator has an internally generated voltage refer-
ance called V5 going to one of its inputs. Both comparators
have a common input at their noninverting input coming
from the internal integrator. The internal integrator is used
for integrating the composite sync signal. This signal comes
from the input side of the composite sync buffer and are
positive going sync pulses. The capacitor to the integrator
is internal to the LM1881. The capacitor charge current is
set by the value of the external resistor Rger. The output of
the integrator is going to be at a low voltage during the
normal horizontal lines because the integrator has a very
short time to charge the capacitor, which is during the hori-
zontal sync period. The equalization pulses will keep the
output voltage of the integrator at about the same level,
betow the V4. During the vertical sync period the narrow
going positive pulses shown in Figure 2 is called the serra-
tion pulse. The wide negative portion of the vertical sync
period is called the vertical sync pulse. At the start of the
vertical sync period, before the first Serration pulse occurs,
the integrator now. charges the capacitor to a much higher
voltage. At the first serration pulse the integrator output
should be between V4 and V». This would give a high level
at the output of the comparator with V4 as one of its inputs.
This high is clocked into the “D" flip-flop by the falling edge
of the serration pulse (remember the sync signal is inverted
in this section of the LM1881). The “Q" output of the “D”
flip-flop goes through the OR gate, and sets the R/S flip-
flop. The output of the R/S flip-flop enables the internal
oscillator and also clocks the ODD/EVEN “D" flip-flop. The
ODD/EVEN field pulse operation is covered in the next sec-
tion. The output of the oscillator goes to a divide by 8 circuit,
thus resetting the R/S flip-flop after 8 cycles of the oscilla-
tor. The frequency of the oscillator is established by the
internal capacitor going to the oscillator and the external
Rset. The “Q" output of the R/S flip-flop goes to pin 3 and is
the actual vertical sync output of the LM1881. By clocking
the “D" flip-flop at the start of the first serration pulse
means that the vertical sync output pulse starts at this point
in time and lasts for eight cycles of the internal oscillator as
shown in Figure 2.

How Rset affects the integrator and the internal oscillator is
shown under the Typical Performance Characteristics. The
first graph is “Rset Value Selection vs Vertical Serration
Pulse Separation”. For this graph to be valid, the vertical
sync pulse should last for at least 85% of the horizontal half
line (47% of a full horizontal line). A vertical sync pulse from
any standard should meet this requirement; both NTSC and
PAL do meet this requirement (the semration pulse is the
remainder of the period, 10% to 15% of the horizontal
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Application Notes (continued)

half line). Remember this pulse is a positive pulse at the
integrator but negative in Figure 2. This graph shows how
long it takes the integrator to charge its internal capacitor
above V.

WITH Rget too large the charging current of the integrator
will be too small to charge the capacitor above V1, thus
there will be no vertical synch output pulse. As mentioned
above, Rset also sets the frequency of the internal oscillator.
If the oscillator runs too fast its eight cycles will be shorter
than the vertical sync portion of the composite sync. Under
this condition another vertical sync pulse can be generated
on one of the later serration pulses after the divide by 8
circuit resets the R/S flip-flop. The first graph also shows
the minimum Rge necessary to prevent a double vertical
pulse, assuming that the serration pulses last for only three
full horizontal line periods (six serration pulses for NTSC).
The actual pulse width of the vertical sync pulse is shown in
the *“*Vertical Pulse Width vs Rget'* graph. Using NTSC as an
example, lets see how these two graphs relate to each oth-
er. The Horizontal line is 64 pus long, or 32 ps for a horizon-
tal half line. Now round this off to 30 ps. In the “Rge Value
Selection vs Vertical Serration Pulse Separation’” graph the
minimum resistor value for 30 ps serration pulse separation
is about 550 k. Going to the ““Vertical Pulse Width vs Rget”’
graph one can see that 550 k() gives a vertical puise width
of about 180 ps, the total time for the vertical sync period of
NTSC (3 horizontal lines). A 550 kQ will set the internal
oscillator to a frequency such that eight cycles gives a time
of 180 ps, just long enough to prevent a double vertical
sync pulse at the vertical sync output of the LM1881.

The LM1881 also generates a default vertical sync pulse
when the vertical sync period is unusually long and has no
serration pulses. With a very long vertical sync time the inte-
grator has time to charge its internal capacitor above the
voltage level V. Since there is no falling edge at the end of
a serration puise to clock the “D" flip-flop, the only high
signal going to the OR gate is from the default comparator
when output of the integrator reaches Va. At this time the
R/S flip-flop is toggled by the default comparator, starting
the vertical sync pulse at pin 3 of the LM1881. If the default
vertical sync period ends before the end of the input vertical
sync period, then the falling.edge of the vertical sync (posi-
tive pulse at the “D" flip-flop) will clock the high output from
the comparator with V4 as a reference input. This will retrig-
ger the oscillator, generating a second vertical sync output
pulse. The “Vertical Default Sync Delay Time vs Rget”
graph shows the relationship between the Rggt value and
the delay time from the start of the vertical sync period be-
fore the default vertical sync pulse is generated. Using the
NTSC example again the smallest resistor for Rget is 500
kQ. The vertical default time delay is about 50 ps, much
longer than the 30 us serration pulse spacing.

A common question is how can one calculate the required
Rset with a video timing standard that has no serration puls-
es during the vertical blanking. If the default vertical sync is
to be used this is a very easy task. Use the “Vertical Default

Sync Delay Time vs Rgey'* graph to select the necessary
Rset to give the desired delay time for the vertical sync out-
put signal. if a second pulse is undesirable, then check the
‘“Vertical Pulse Width vs Rgey"* graph to make sure the verti-
cal output pulse will extend beyond the end of the input
vertical sync period. In most systems the end of the vertical
sync period may be very accurate. In this case the preferred
design may be to start the vertical sync pulse at the end of
the vertical sync period, similar to starting the vertical sync
pulse after the first serration pulse. A VGA standard is to be
used as an example to show how this is done. In this stan-
dard a horizontal line is 32 ps long. The vertical sync period
is two horizontal lines long, or 64 us. The vertical default
sync delay time must be longer than the vertical sync peri-
od of 64 pus. In this case Rge must be larger than 680 k(.
Rset must still be small enough for the output of the integra-
tor to reach V¢ before the end of the vertical period of the
input pulse. The first graph can be used to confirm that Rget
is small enough for the integrator. Instead of using the verti-
cal serration pulse separation, use the actual pulse width of
the vertical sync period, or 84 ps in this example. This graph
is linear, meaning that a value as large as 2.7 M2 can be
used for Rget (twice the value as the maximum at 30 ps).
Due to leakage currents it is advisable to keep the value of
Rset Under 2.0 MQ. In this example a value of 1.0 MQ is
selected, well above the minimum of 680 k. With this value
for Rset the pulse width of the vertical sync output pulse of
the LM1881 is about 340 ps. .

ODD/EVEN FIELD PULSE

An unusual feature of LM1881 is an output level from Pin 7
that identifies the video field present at the input to the
LM1881. This can be useful in frame memory storage appli-
cations or in extracting test signals that occur only in alter-
nate fields. For a composite video signal that is interlaced,
one of the two fields that make up each video frame or
picture must have a half horizontal scan line period at the
end of the vertical scan—i.e., at the bottom of the picture.
This is called the “odd field" or “field 1. The “even field”
or “field 2'* has a complete horizontal scan line at the end of
the field. An odd field starts on the leading edge of the first
equalizing pulse, whereas the even field starts on the lead-
ing edge of the second equalizing pulse of the vertical re-
trace interval. Figure 2(a) shows the end of the even field
and the start of the odd field.

To detect the odd/even fields the LM1881 again integrates
the composite sync waveform (Figure 3). A capacitor is
charged during the period between sync pulses and dis-
charged when the sync pulse is present. The period be-
tween normal horizontal sync pulses is enough to allow the
capacitor voitage to reach a threshold level of a comparator
that clears a flipflop which is also being clocked by the sync
waveform. When the vertical interval is reached, the shorter
integration time between equalizing pulses prevents this
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threshold from being reached and the Q output of the flip-
flop is.toggled with each equalizing pulse. Since the half line
period at the end of the odd field will have the same effect
as an equalizing pulse period, the Q output will have a differ-
ent polarity on successive fields. Thus by comparing the Q
polarity with the vertical output pulse, an odd/even field in-
dex is generated. Pin 7 remains low during the even field
and high during the odd field.

BURST/BACKPORCH OUTPUT PULSE

In a composite video signal, the chroma burst is located on
the backporch of the horizontal blanking period. This period,
approximately 4.8 ps long, is also the black level reference
for the subsequent video scan line. The LM1881 generates
a pulse at Pin 5 that can be used sither to retrieve the chro-
ma burst from the composite video signal (thus providing a
subcarrier synchronizing signal) or as a clamp for the DC
restoration of the video waveform. This output is obtained
simply by charging an internal capacitor starting on the trail-
ing edge of the horizontal sync pulses. Simuitaneously the
output of Pin 5 is pulled low and held until the capacitor
charge circuit times out—4 ps later. A shorter output burst
gate pulse can be derived by differentiating the burst output
using a series C-R network. This may be necessary in appli-
cations which require high horizontal scan rates in combina-
tion with normal (60—-120 Hz) vertical scan rates.

APPLICATIONS

Apart from extracting a composite sync signal free of video
information, the LM1881 outputs allow a number of interest-
ing applications to be developed. As mentioned above, the
burst gate/backporch clamp pulse allows DC restoration of
the original video waveform for display or remodulation on
an R.F. carrier, and retrieval of the color burst for color syn-
chronization and decoding into R.G.B. components. For
frame memory storage applications, the odd/even field lev-
el allows identification of the appropriate field ensuring the
correct read or write sequence. The vertical pulse output is
particularly useful since it begins at a precise time—the ris-
ing edge of the first vertical serration in the sync waveform.
This means that individual lines within the vertical blanking
period (or anywhere in the active scan line period) can easi-
ly be extracted by counting the required number of tran-
sitions in the composite sync waveform following the start of
the vertical output pulse.

The vertical blanking interval is proving popular as a means
to transmit data which will not appear on a nomal T.V. re-
ceiver screen. Data can be inserted beginning with line 10
(the first horizontal scan line on which the color burst ap-
pears) through to line 21. Usually lines 10 through 13 are
not used which leaves lines 14 through 21 for inserting sig-
nals, which may be different from field to field. In the U.S.,
line 19 is normally reserved for a vertical interval reference

signal (VIRS) and line 21 is reserved for closed caption data
for the hearing impaired. The remaining lines are used in a
number of ways. Lines 17 and 18 are frequently used during
studio processing to add and delete vertical interval test
signals (VITS) while lines 14 through 18 and line 20 can be
used for Videotex/Teletext data. Several institutions are
proposing to transmit financial data on line 17 and cable
systems use the available lines in the vertical interval to
send decoding data for descrambler terminals.

Since the vertical output pulse from the LM1881 coincides
with the leading edge of the first vertical serration, sixteen
positive or negative transitions later will be the start of line
14 in either field. At this point simple counters can be used
to select the desired lina(s) for insertion or deletion of data.

VIDEO LINE SELECTOR

The circuit in Figure 4 puts out a single video line according
to the binary coded information applied to line select bits
b0-b7. A line is selected by adding two to the desired line
number, converting to a binary equivalent and applying the
result to the line select inputs. The falling edge of the
LM1881's vertical pulse is used to load the appropriate
number into the counters (MM74C133N) and to set a start
count latch using two NAND gates. Composite sync tran-
siions are counted using the borrow out of the desired num-
ber of counters. The final borrow out pulse is used to turn on
the analog switch (CD4066BC) during the desired line. The
falling edge of this signal also resets the start count latch,
thereby terminating the counting.

The circuit, as shown, will provide a single line output for
each field in an interlaced video system (television) or a
single line output in each frame for a non-interlaced video
system (computer monitor). When a particular line in only
one field of an interlaced video signal is desired, the odd/
even field index output must be used instead of the vertical
output pulse (invert the field index output to select the odd
field). A single counter is needed for selecting lines 3 to 14;
two counters are needed for selecting lines 15 to 253; and
three counters will work for up to 2046 lines. An output bufi-
er is required to drive low impedance loads.

MULTIPLE CONTIGUOUS VIDEO LINE
SELECTOR WITH BLACK LEVEL RESTORATION

The circuit in Figure 5 will select a number of adjoining lines
starting with the line selected as in the previous example.
Additional counters can be added as described previously
for either higher starting line numbers or an increased num-
ber of contiguous output lines. The back porch pulse output
of the LM1881 is used to gate the video input's black level
through a low pass filter (10 kQ, 10 uF) providing black level
restoration at the video output when the output selected
line(s) is not being gated through.
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LM1881 Video Sync Separator
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LIFE SUPPORT POLICY

Molded Dual-In-Line Package (N)
Order Number LM1881N
NS Package Number NOSE
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DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury
to the user.

2. A critcal component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.
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I CA 33 78
CMOS Video Speed,
August 1997 8-Bit, Flash A/D Converter
Features Description
* CMOS Low Power with SOS Speed (Typ). ....... 150mW  The CA3318 is a CMOS parallel (FLASH) analog-to-digital
» Parallel Conversion Technique converter designed for applications demanding both low
* 15MHz Sampling Rate (Conversion Time)....... 67ns POWEr eorsumpten <nd high spesd-digitertion.
« 8-Bit Latched Three-State Output with Overflow Bit The CA3318 operates over a wide full scale input voltage
range of 4V up to 7.5V with maximum power consumption
° ACCUI’HCY (TN wevs » =02 s i s 5 v i b e 50 5 e 5 3 +1LSB depending upon the clock frequency selected. When
* Single Suppty Voltage .. ................ 4V to 7.5V operated from a 5V supply at a clock frequency of 15MHz,

* 2 Units in Series Allow 9-Bit Output
e 2 Units in Parallel Allow 30MHz Sampling Rate

Applications

* TV Video Digltizing (Industrial/Security/Broadcast)
* High Speed A/D Conversion

* Ultrasound Signature Analysis
e Transient Signal Analysis

* High Energy Physics Research
* General-Purpose Hybrid ADCs
¢ Optical Character Recognition
* Radar Pulse Analysis

¢ Motion Signature Analysis

e uP Data Acquisition Systems

the typical power consumption of the CA3318 is 150mW.

The intrinsic high conversion rate makes the CA3318 ideally
suited for digitizing high speed signals. The overflow bit
makes possible the connection of two or more CA3318s in
series to increase the resolution of the conversion system. A
series connection of two CA3318s may be used to produce a
9-bit high speed converter. Operation of two CA3318s in
parallel doubles the conversion speed (i.e., increases the
sampling rate from 15MHz to 30MHz).

256 paralleled auto balanced voltage comparators measure
the input voltage with respect to a known reference to
produce the parallel bit outputs in the CA3318.

255 comparators are required to quantize all input voltage
levels in this 8-bit converter, and the additional comparator is
required for the overflow bit.

Ordering Information
PART NUMBER | LINEARITY (INL, DNL) SAMPLING RATE TEMP, RANGE (°C) PACKAGE PKG. NO.
CA3318CE =5 LSB 15MHz (67ns) -40 to 85 24 Ld PDIP E24.6
CA3318CM +151SB 15MHz (67ns) 4010 85 24 Ld SOIC M24.3
CA3318CD +15LSB 15MHz (67ns) 4010 85 24 L.d SBDIP D24.6
Pinout
CA3318
(PDIP, SBDIP, SOIC)
TOP VIEW
(LsB) B1 E VI 124] Vaa+ (ANA. SUP)

B2 % 23] Y/aR

B3[3 2] VRer+

4[] 2] v

s3] Bl

86 6] 7] PHASE

B7 [Z 18] cLK

(MsB) B8 [8] E Vaa- (ANA. GND)
OVERFLOW 3] 18] Viny
'14R [10] 18] Vaer-
(DIG. GND) Vss [11] 14] TE1
(DiG. SUP,) Vpp [12] [13] ce2
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |C Handling Procedures. File Number 31 03_1

Copyright © Harris Corporation 1997 4-9
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Functional Block Diagram

VM+ VDD
ANALOG 1 o 1 DIGITAL
[E’—' suppy 2 © ol 8t 02 - SUPPLY
Vin THREE-
OUTPUT  STATE
REGISTER DRIVERS CVER-
COUNT FLOW
256
: D a D a Ba j? o]
: T cas ¥ cLK
! I 1 —o
¢ 1w ' BIT8
; ! , v fLarcn | | JLatew ; (MSB)
: ' | ! : X : DaQ (8]
| . ' rencooen | | o
] 1
: : ! ! C?gam: ARRAY BIT7
D Q D Qf}—
: 7 cas V[ ! ! 1 DQ
! 2193 ! ! '
1 1 | 1 CLK
S - : ®
X i | ! SratcH | P70 LatcH : BIT6
] 1 ! 1 f
' 1 ] 1 . D Q
' : I | 0 ! ] o
D Q4D Q !
; CAB | I : BITS
! 112 ] ! ! ' DQ
! | . 1 ! : 1
Va0 fuateH | T uarcH - | ek
| [ 1
I : 6 3 ! ; BIT4
1 i
: 1 1 1 COUNT ! D Q
M5 Wal- 0 Se 1A —dudey
. ] 1 CLK
' CAB 1 T
| [ 1 1 1
N araiwsa BN | 1 ! BIT 3
1 ! ’
e RN bl Laren | waren . i 2]
1 - 1 / 1 LK
q | 1 ] : p—| C
1 1 ! : COUNT , BIT 2
' it 1 1 1
o al+{p a D Q
I 1
(N8¢S1) [ ! p—sf CLK
compARATOR #1 ! liaTcH| ! iaTcH o
1 11
D Q
| |ck
— 01 (AUTO BALANCE)

ANALOG
GND

NQOTE:

1. Cascaded Auto Balance (CAB).

—GD— 02 (SAMPLE UNKNOWN)

DIGITAL
GND

4-10




CA331.

Absolute Maximum Ratings

DC Supply Vottage Range (Vpp or Vaa+) -0.5V to +8V
(Referenced to Vg or Vaa- Terminal, Whichever is More Negative)
Input Voltage Range

CE2andCET ....... st o 8 mser o 8 m e Vaa-0.5Vto Vpp + 0.5V
Clock, Phase, VRer-, /o Ref. . .. ... Vaa- 0.5V 10 Vaa+ + 0.5V
Clock, Phase, VReg-, 4 Ref. ... .. .. Vgg--0.5V to Vpp + 0.5V
Vine Y4 REF VRER+ oo Vaa- 0.5V 10 Vap- + 7.5V
Output Vottage Range, . .. ............ Vgg - 0.5V to Vpp + 0.5V
Bits 1-8, Overflow (Outputs Off)
DCInputCurrent ..., +20mA

Clock, Phase, CET, CE2, V}, Bits 1-8, Overflow
Operating Conditions
Operating Voltage Range (Vpp or Vaa+). . . 4V (Min) to 7.5V (Max)

Recommended Vaa+ Operating Range. .. ............ Vpp £1V
Recommended Vaa- Operating Range . .............. Vgg £1V
Operating Temperature Range (Ta) . .. ........... -40°C to 85°C

Thermal Information

Thermal Resistance (Typical, Note 1)
SBOIPPackage....................

Maximum Junction Temperature
Ceramic Package
PlasticPackages...................con...

Maximum Storage Temperature Range ..........

Maximum Lead Temperature (Soldering 10s). ... ..
(SOIC - Lead Tips Only)

....... 150°C

CAUTION: Stresses above those listed in *Absolute Maximum Ratings”™ may cause permanent damage to the device. This is a stress only rating an-1 cperation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTE:

1. 8 is measured with the component mounted on an evaluation PC board in free air.

Electrical Specifications At 25°C, Vaa+ = Vpp = 5V, VRep+ = 6.4V, Vage-= Vaa- = Vs, CLK = 15MHz,
All Reference Points Adjusted, Unless Otherwise Specified

PARAMETER TEST CONDITIONS MIN | TP | MAX | UNmTS
SYSTEM PERFORMANCE
Resolution 8 - - Bits
Integral Linearity Error - - & 1.5 LSB
Differential Linearity Error - - +1,-0.8 LSB
Offset Error, Unadjusted VIN = VRes + 1/2 LSB -0.5 4.5 6.4 LSB
Gain Error Unadjusted VN = VReg+ - /o LSB -1.5 0 1.5 L.SB
DYNAMIC CHARACTERISTICS
Maximum Input Bandwidth (Note 1) CA3318 2.5 5.0 - MHz
Maximum Conversion Speed CLK = Square Wave 15 17 - MSPS
Signal to Noise Ratio (SNR) fg = 15MHz, fjy = 100kHz - 47 - dB
_RMSSignal fg = 15MHz, fjy = 4MHz - 43 - dB
RMSNoise
Signal to Noise Ratio (SINAD) fg = 15MHz, fjy = 100kHz - 45 - dB
- RMS Signal fg = 15MHz, fjy = 4MHz - 35 - dB
RMS Noise+Distortion
Total Harmonic Distortion, THD fg = 15MHz, fjy = 100kHz g -46 - dBc
fg = 15MHz, fin = 4MHz o -36 - dBe
Effective Number of Bits (ENOB) fg = 15MHz, finy = 100kHz - 7.2 - Bits
fg = 15MHz, fjy = 4MHz - 55 - Bits
Differential Gain Error Unadjusted - 2 = Y%
Differential Phase Error Unadjusted - 1 - %
ANALOG INPUTS
Full Scale Range, Viy and (VRer+) - (VRer-) Notes 2, 4 4 - 7 v
Input Capacitance, Viy - 30 - pF
Input Current, Vin, (See Text) ViN =5V, VRep+ =5V - - 3.5 mA
REFERENCE INPUTS
Ladder Impedance | | 270 [ so0 | 800 Q




CA3318

Electrical Specifications

At 25°C, Vaa+ = Vpp = 5V, VReg+ = 6.4V, Vper- = Vaa- = Vgg, CLK = 15MHz,
All Reference Points Adjusted, Unless Otherwise Specified (Continued)

PARAMETER | TEST CONDITIONS [ min | Ty [ max [ unms

DIGITAL INPUTS
Low Level Input Vottage, Vo

CEf, CE2 Note 4 - - 0.2Vpp v

Phase, CLK Note 4 - - 0.2Vaa \"
High Level Input Voltage, V|y

CET, CE2 Note 4 0.7Vpp - - v

Phase, CLK Note 4 0.7Vaa - - \
Input Leakage Current, |} (Except CLK Input) Note 3 - 0.2 5 HA
Input Capacitance, C; = 3 - pF
DIGITAL OUTPUTS
Output Low (Sink) Current Vo =0.4V 4 10 - mA
Qutput High (Source) Current Vo =4.5V -4 -6 = mA
Three-State Output Off-State Leakage Current, loz - 0.2 15 LA
Qutput Capacitance, Co - 4 - pF
TIMING CHARACTERISTICS
Auto Balance Time (61) 33 - ) ns
Sample Time (62) Note 4 25 3 500 ns
Aperture Delay - 15, - ns
Aperture Jitter u 100 - ps
Data Valid Time, tp Note 4 ] 50 65 ns
Data Hold Time, ty Note 4 25 40 - ns
Output Enable Time, ten - 18 - ns
Output Disable Time, tpg - 18 = ns
POWER SUPPLY CHARACTERISTICS
Device Current (Ipp + la) (Excludes Iggr) Continuous Conversion (Note 4) - 30 60 mA

Auto Balance (01) 4 30 60 mA

NOTES:

1. Afull scale sine wave input of greater than fo ock/2 or the specified input bandwidth (whichever is less) may cause an erroneous code.
The -3dB bandwidth for frequency response purposes is greater than 30MHz.

2. Vy (Full Scale) or VRep+ should not exceed Vaa+ + 1.5V for accuracy.

3. The clock input is a CMOS inverter with a 50kQ feedback resistor and may be AC coupled with 1Vp_p minimum source.

4. Parameter not tested, but guaranteed by design or characterization.

Timing Waveforms

TO QUTPUT REGISTERS

COMPARATOR DATA IS LATCHED \ DECODED DATA IS SHIFTED

CLOCK (PIN 18)
IF PHASE (PIN 19)
IS LOW

CLOCKIF
PHASE IS HIGH

FOXXCE_XXXCFO0

FIGURE 1. INPUT TO OUTPUT TIMING DIAGRAM
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Timing Waveforms (continued)

Ce2

tois ten

' o T ten

BITS1-8  DATA DATA DATA
HIGH HIGH
IMPEDANCE IMPEDANCE
OF DATA
IGH

H
IMPEDANCE

FIGURE 2. OUTPUT ENABLE TIMING DIAGRAM

AUTO
BALANCE

AUTO
BALANCE

SAMPLE
N

SAMPLE

CLOCK N+1

NO MAX 25ns 25ns
LiMIT MIN MIN

t Tt 1 T |

50ns
MIN

DATA X

FIGURE 3A. STANDBY IN INDEFINITE AUTO BALANCE (SHOWN WITH PHASE = LOW)

CLOCK

N+2

DATA DA

FIGURE 3B. STANDBY IN SAMPLE (SHOWN WITH PHASE = LOW)
FIGURE 3. PULSE MODE OPERATION
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Typical Performance Curves
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FIGURE 4. DEVICE CURRENT vs SAMPLE FREQUENCY
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FIGURE 6. ENOB vs TEMPERATURE
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FIGURE 8. NON-LINEARITY vs SAMPLE FREQUENCY
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FIGURE 5. DEVICE CURRENT vs TEMPERATURE
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FIGURE 7. NON-LINEARITY vs TEMPERATURE
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FIGURE 9. NON-LINEARITY vs REFERENCE VOLTAGE
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Typical Performance Curves (Continued)

8.0
76
fg = 15MHz
72 \\i
6.8
o 64
= 60
=
w : e
\
52 —
48
44
4.0
00 05 10 15 20 25 30 35 40 45 50
| (MHz)
FIGURE 10. ENOB vs INPUT FREQUENCY
Pin Descriptions CHIP ENABLE TRUTH TABLE
PIN NAME DESCRIPTION CE1 CE2 B1-B8 OF
1 B1 Bit 1 (LSB) Qutput Data Bits 1 Valid Valid
2 B2 Bit 2 HE—) 1 1 Three-State Valid
3 B3 Bit3 X 0 Three-State Three-State
4 B4 Bit 4 X = Don't Care
5 BS Bit 5 .
3  ; ' . Theory of Operation
7 B7 Bit7 A sequential parallel technique is used by the CA3318
8 Bs Bit8 (MSB) convgrter to obtfun its high srieed operation. The s?quence
consists of the “Auto-Balance” phase, o1, and the “Sample
9 OF Overflow Unknown™ phase, ¢2. (Refer to the circuit diagram.) Each
10 4R Reference Ladder '/4 Point conversion takes one clock cycle (see Note). With the phase
", control (pin 19) high, the “Auto-Balance” (01) occurs during
1 \Y Digital G . ] ¢
. ot s the high period of the clock cycle, and the “Sample Unknown™
12 Vob Digital Power Supply, +5V (62) oceurs during the low period of the clock cycle.
3 Ce2 Theg-State GuiplmEnabneInfuth NOTE: The device requires only a single phase clock The terminology
QgL gw, See Trigh Fapls) of 01 and 02 refers to the high and low periods of the same clock.
14 CEl Three-State Output Enable Input During the “Auto-Balance” phase, a transmission switch is
Active High. See Truth Table. used to connect each of the first set of 256 commutating
15 VREF- Reference Voitage Negative Input capacitors to their associated ladder reference tap. Those
16 Vi Analog Signal Input tap voltages will be as follows:
17 Vaa- Analog Ground V1ap (N) = [(N/256) VReF] - (1/512) VReF]
18 CLK Clock Input =[(2N - 1)/512] VReF,
19 PHASE | Sample clock phase control input. Where:
When PHASE is low, “Sample " .
o e BETS kit V1ap (n) = reference ladder tap voltage at point n,
low and “Auto Balance” occurs when VRer = voltage across Vgeg- to VReg+,
the clock is high (see text).
N = tap number (1 through 256).
20 LR Reference Ladder Midpoint ] :
o1 v - The other side of these capacitors are connected to single-
IN Anglog Signal Input stage amplifiers whose outputs are shorted to their inputs by
22 Vrer+ | Reference Volitage Positive Input switches. This balances the amplifiers at their intrinsic trip
23 3/4 =} Reference Ladder 3/4 Point pOintS, Whlch is approximateiy (VAA+ - VAA‘)I2. The first set
of capacitors now charges to their associated tap voltages.
24 Vaa+ Analog Power Supply, +5V
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(\p 204
sS4 leb o) 4 k,

+10V TO 3QV >
INPUT

(P!N 22)

I 4.7uF,
ITANIIOV

NOTE: Bypass Vrer+ to analog GND near A/D with 0.1uF ceramic
cap. Parts noted should have low temperature drift.

FIGURE 11. TYPICAL VOLTAGE REFERENCE SOURCE FOR
DRIVING Vggp+ INPUT

1/4 Point Trims

The 1/4 /2 and 3/4, points on the reference ladder are
brought out for linearity adjusting or if the user wishes to
create a nonlinear transfer function. The /4 points can be
driven by the reference drivers shown (Figure 12) or by 2-K
pots connected between Vger+ and Vgeg-. The /2 (mid-)
point should be set first by applying an input of 257/512 x
(Vrer) and adjusting for an output changing from 128 to
129. Similarly the 1/4 and /4 points can be set with inputs of
129/512 and 385/512 x (VReg) and adjusting for counts of
192 to 193 and 64 to 65. (Note that the points are actually
Y14, Vp and 3/4 of full scale +1 LSB.)

9 510Q +10V TO +30V
REF+ 4
(PIN 22) | iy [MEAOWE
o N ] 34 REF
ICW 2)- YT (PIN 23)
5
| (1) § = L7 10Q 11, REF
—AN—
I 61- (PIN 20)
10
Ig)‘T(' cwW g/ 8 ¥4 1/4 REF
I 9- (PIN 10)
510Q

NOTES:
1. Al Op Amps = 34 CA324E.

2. Bypass all reference points to analog ground near A/D with 0.1uF
ceramic caps.

3. Adjust Vgeg, first, then /3, 3/4 and 1/4 points.

FIGURE 12. TYPICAL '/4 POINT DRIVERS FOR ADJUSTING
LINEARITY (USE FOR MAXIMUM LINEARITY)

9-Bit Resolution

To obtain 9-bit resolution, two CA3318s can be wired together.
Necessary ingredients include an open-ended ladder net-
work, an overflow indicator, three-state outputs, and chip-
enable controls - all of which are available on the CA3318.

The first step for connecting a 3-bit circuit is to totem-pole
the ladder networks, as illustrated in Figure 13. Since the
absolute resistance value of each ladder may vary, external
trim of the mid-reference voltage may be required.

The overflow output of the lower device now becomes the
ninth bit. When it goes high, all counts must come from the
upper device. When it goes low, all counts must come from
the lower device. This is done simply by connecting the lower
overtlow signal to the CE1 control of the lower A/D converter
and the CE2 control of the upper A/D converter. The three-
state outputs of the two devices (bits 1 through 8) are now
connected in parallel to complete the circuitry. The complete
circuit for a 9-bit A/D converter is shown in Figure 13.

Grounding/Bypassing

The analog and digital supply grounds of a system should be
kept separate and only connected at the A/D. This keeps dig-
ital ground noise out of the analog data to be converted. Ref-
erence drivers, input amps, reference taps, and the Vap
supply should be bypassed at the A/D to the analog side of
the ground. See Figure 15 for a block diagram of this con-
cept. All capacitors shown should be low impedance 0.1pF
ceramics and should be mounted as close to the A/D as pos-
sible. If Vaa+ is derived from Vpp, a small (10Q resistor or
inductor and additional filtering (4.7uF tantalum) may be
used to keep digital noise out of the analog system.

Input Loading

The CA3318 outputs a current pulse to the V|y terminal at
the start of every sample period. This is due to capacitor
charging and switch feedthrough and varies with input volt-
age and sampling rate. The signal source must be capable
of recovering from the pulse before the end of the sample
period to guarantee a valid signal for the A/D to convert.
Suitable high speed amplifiers include the HA-5033,
HA-2542; and CA3450. Figure 16 is an example of an ampli-
fier which recovers fast enough for sampling at 15MHz.

Output Loading

The CMOS digital output stage, although capable of driving
large loads, will reflect these loads into the local ground. It is
recommended that a local QMOS buffer such as
CD74HC541 E be used to isolate capacitive loads.

Definitions
Dynamic Performance Definitions

Fast Fourier Transform (FFT) techniques are used to evaluate
the dynamic performance of the converter. A low distortion sine
wave is applied to the input, it is sampled, and the output is
stored in RAM. The data is then transformed into the frequency
domain with a 4096 point FFT and analyzed to evaluate the
dynamic performance of the A/D. The sine wave input to the
part is -0.5dB down from fullscale for all these tests.

Signal-to-Noise (SNR)

SNR is the measured RMS signal to RMS noise at a
specified input and sampling frequency. The noise is the
RMS sum of all of the spectral components except the
fundamental and the first five harmonics.
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Signal-to-Noise + Distortion Ratio (SINAD) Total Harmonic Distortion (THD)

SINAD is the measured RMS signal to RMS sum of all other THD is the ratio of the RMS sum of the first 5 harmonic
spectral components below the Nyquist frequency excluding DC.  components to the RMS value of the measured input signal.

Effective Number of Bits (ENOB)

The effective number of bits (ENOB) is derived from the
SINAD data. ENOB is calculated from:

ENOB = (SINAD - 1.76 + VooRR)/6.02,
where: Voopp =0.5dB.

+6.4V REF >——————— VRer+ OF }—» NC
+5V >———4 Vaa+ Vpp f———< +5V
Vaa- BIT 8
= A !
VIN1 :
Vin BIT 1
0V TO 8.4V
L——— Vin cL
PH
CE2
CET ,
6.4V REF e VREF- Vss

.2

= VREF+ Voo j— +5Y
GE2
l— Vin CEl —1
Vin OF BIT9

[}
BIT 8 . ; BIT8
: 1 1
’ ] I
BIT 1 L . BIT 1
5V >———A Vaa+ cL cLock
Vaa- PH PHASE

| VREF- Vss
A . A D

FIGURE 13. USING TWO CA3318s FOR 9-BIT RESOLUTION
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4.7uFNOV TANTALUM _ +
# —)F———— +5V (ANALOG SUPPLY)

A 3t Vaa+ BTt —
- 3¢ 3/, REF B2 pb—o
+4V TO +6.5V .
REFERENCE VRer+ BIT3
Hl—] — v BIT 4

Y1 1/ REF BITs +——o g DIGITAL

OPTIONAL CAP 4 2 OouTPUT
(SEE TEXT) ASE BIT6 —

0.01uF 1 i
CLOCK i = cL BIT7 -
SOURCE S K
Vaa- B8y
INPUT SIGNAL {> Vin OVF{ .
1
AMPLIFIER/BUFFER VRer l4 REF I
(SEE
Al D[ Ssp Vs T 19 _|*
—— == CcE2 Voo . = =
| CA3318 S 47uF
TANTALUMAOV
+5V (DIGITAL SUPPLY) /[ = —

FIGURE 14. TYPICAL CIRCUIT CONFIGURATION FOR THE CA3318 WITH NO LINEARITY ADJUST

l

Vin
AMP l TO
SIGNAL [\ v OUTPUT —‘—‘:> DIGITAL

SOURCE H /}' REF N DRIVERS SYSTEM
‘—i s VRer+

SIGNAL
GROUND >——— I
i REFERENCE
S TAPS
Vaa+ Voo ¥
s VRer-
Vaa-  Vss
ML
T T T SYSTEM
a4 — DIGITAL
l l A GROUND
© ANALOG * Vaa Voo
SUPPLIES SUPPLY SUPPLY
FIGURE 15. TYPICAL SYSTEM GROUNDING/BYPASSING
75Q s +8V
1Vpp
VIDEO 14
7 0.001uF
INPUT 750 i . _T_
r g—— 10Q 16
SpF g | CA3450 N A/D FLASH
= = T INPUT
3 13 21
12 ¢
390
45 lo.umuF
10Q % 750 110
—1
NOTE: Ground-planing and tight layout 4V 04 L %VF;sO Eths\lou
are extremely important. = Re < 100 RCE

FIGURE 16. TYPICAL HIGH BANDWIDTH AMPLIFIER FOR DRIVING THE CA3318
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TABLE 1. OUTPUT CODE TABLE

(NOTE 1)
INPUT VOLTAGE BINARY OUTPUT CODE
CODE VReF VREF MsB LSB | DECIMAL
DESCRIPTION 6.40v (V)| s12v(v)|] oF | B8 | B7 | B6 | BS | B4 | B3 | B2 | Bl | COUNT
Zero 0.00 0.00 0 0 0 0 0 0 0 0 0 0
11SB 0.025 0.02 0 0 0 0 0 0 0 0 1 1
21SB 0.05 0.04 0 0 0 0 0 0 0 1 0 2
e ° L] L] L]
L] L] ° o L]
114 Full Scale 1.60 1.28 0 0 1 0 0 0 0 0 0 64
L[] L] L] ° L]
L] ° L] ° L]
° L] (] L] °
1/, Full Scale-1LSB | 3.175 254 0 0 1 1 1 1 1 1 1 127
1/, Full Scale 3.20 2.56 0 1 0 0 0 0 0 0 0 128
Y, Full Scale + 1LSB | 3.225 2.58 0 1 0 0 0 0 0 0 1 129
° ° L] e L]
L] L] e L] L[ ]
L] L] L) ° L]
3/, Full Scale 4.80 3.84 0 1 1 0 0 0 0 0 0 192
L] o L] L] L]
° L] ° o °
Full Scale -1 LSB 6.35 5.08 0 1 1 1 1 d 1 1 0 254
Full Scale 6.375 5.10 0 1 1 1 1 1 1 1 1 255
Over Flow 6.40 5.12 1 1 1 1 1 j 1 1 1 511

NOTE: 1. The voltages listed above are the ideal centers of each output code shown as a function of its associated reference voltage.

Reducing Power

Most power is consumed while in the auto-balance state.
When operating at lower than 15MHz clock speed, power
can be reduced by stretching the sample (02) time. The con-
straints are a minimum balance time (¢1) of 33ns, and a
maximum sample time of 500ns. Longer sample times cause
droop in the auto-balance capacitors. Power can also be
reduced in the reference string by switching the reference on
onty during auto-balance.

Clock Input

The Clock and Phase inputs feed buffers referenced to Vaa+
and Vpaa-- Phase should be tied to one of these two poten-
tials, while the clock (if DC coupled) should be driven at least
from 0.2 to 0.7 x (Vaa+ - Vaa-). The clock may aiso be AC
coupled with at least a 1Vp.p swing. This allows TTL drive
levels or 5V QMOS levels when Vaat+ is greater than 5V.
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