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National Semiconductor, an industry leader in the
manufacture of high quality, high reliability integrated circuits, is
proud to provide the enclosed information on semiconductor
products for video applications. Our presence in the video field
continues to produce the best ICs available. This booklet
introduces some new products to the market, most notably the
LM1202 230 MHz video preamp system.

Aside from the video products for CRT display systems, we
have included some general purpose video products and are also
introducing the LM6181 100MHz, 100mA current-feedback op
amp -- best-in-class for current-mode amplifiers.

National Semiconductor stands ready to help you with our
highly trained sales, applications, and marketing staff. Local sales
offices are located on the back cover of this guide.
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LH2422/LH2424
CRT Video Amplifiers

General Description

The LH2422 and LH2424 are wide bandwidth and high volt-
age CRT video amplifiers. These amplifiers are specifically
designed to directly drive the cathode of high resolution
CRT monitors. Both amplifiers work on the transimpedance
principle, about 6.5 mA input current results in an output
swing of +20V relative to the quiescent output DC level.
These amplifiers can easily energize 10 ns pixels and are
well suited for monitors with 1280 x 1024 or higher display
resolutions. The LH2422 and LH2424 are identical except
that the LH2424 has faster rise and fall times and wider
bandwidth than LH2422. Both amplifiers can interface to
National’s LM1201 and LM 1203 preamplifiers.

September 1991

Features

B LH2424: BW = 175 MHz
Rise/Fall Time = 2 ns

m LH2422: BW = 120 MHz
Rise/Fall Time = 3 ns

m Drives 8.5 pF capacitive load

B Pin compatible with CR2424

m DC coupled for output level adjust

# Output signal can swing 50V

Applications
B CRT driver for color and monochrome monitors
B High voltage transimpedance amplifier

Schematic and Connection Diagrams
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Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the Natlonal Semiconductor Sales
Office/Distributors for avallabllity and specifications.
Supply Voltage, Voo

Storage Temperature Range, TSTG

+70V

—40°Cto +125°C

Operating Temperature Range, Tcase
Lead Temperature (Soldering, <10 sec)
ESD Tolerance

-20°Cto +90°C

300°C
>4KV

DC Electrical CharacteristiCs uniess otherwise noted, the following specifications apply for Vg = + 60V,
R1 = 2150, C1 = 60 pF (for LH2422), C1 = 90 pF (for LH2424), Cioap = 8.5 pF, 40 Vp_p swing with 30 VDC offset, and
Tcase = 25°C. See test circuit, Figure 1.

Symbol Parameter Conditions (N':II: 3) (N::l: 2) (N'::: 3) Units
lcc Supply Current Input/Output Open Circuit 35 43.5 47.5 mA
ViNoc Input Offset Voltage (LH2422) Input/Output Open Circuit 1.15 1.55 1.7 "
Input Offset Voltage (LH2424) Input/Output Open Circuit 1.15 1.55 1.65 \"
VouTbc Output Offset Voltage Input/Output Open Circuit 26 30 34 v
Pp Power Dissipation (LH2422) 50 MHz Square Wave 4.5 6 w
Power Dissipation (LH2424) 50 MHz Square Wave 4 6 w
LE Linearity Error Vour from +5V to + 55V 1 %

AC Electrical Characteristics unless otherwise noted, the following specifications apply for Veg = + 60V,

R1 = 215Q, C1 = 60 pF (for LH2422), C1 = 90 pF (for LH2424), C,oap = 8.5 pF, 40 Vp.p swing with 30 VDC offset, and
Tcase = 25°C. See test circuit, Figure 1. (Note 1)
LH2422 LH2424
Symbol Parameter Conditions Min Typ Max Min Typ Max |Units
(Note 3) | (Note 2) | (Note 3) | (Note 3) | (Note 2) | (Note 3)
tR Rise Time 10% to 90% (Note 4) 3 4 2 2.9 ns
tr Fall Time 90% to 10% (Note 4) 3 4 2 29 ns
VTIT Low Frequency Tilt Voltage | 1 kHz Square Wave 1.3 1.3 v
f-348 | —3dB Bandwidth (Note 5) 120 175 MHz
Ay Voltage Gain 500 Source Impedance 115 13 145 15 13 145 VIV
(Note 6)

os Overshoot 10 10 %

© 1991 National Semiconductor Corporation




LH2422D-MIL (Note 7)

DC Electrical CharacteristiCs unless otherwise noted, the following specifications apply for Vg = + 60V,
R1 = 2150, C1 = 60 pF, C_oap = 8.5 pF, 40 Vp.p swing with 30 Vpc offset. See test circuit, Figure 1.

Ta=0C Ta = +25°C Ta = +70°C
Symbol Parameter Conditions Min Max Min Max Min Max |Units
(Note 3) | (Note 3) | (Note 3) | (Note 3) | (Note 3) | (Note 3)
Icc Supply Current Input/Output Open Circuit 32 47.5 35 475 32 475 mA
ViNoc | Input Offset Voltage | Input/Output Open Circuit | 1.15 1.8 1.15 1.7 1.15 1.8 \"
VouTpc | Output Offset Voitage | Input/Output Open Circuit 26 34 26 34 26 34 v
Po Power Dissipation 50 MHz Square Wave 6 6 6 w
LE Linearity Error Vour from + 5V to +55V 8 5 8 %
LH2422D-MIL (Note 7)
AC Electrical CharacteristiCs unless otherwise noted, the following specifications apply for Ve = + 60V,
R1 = 2150, C1 = 60 pF, CLoap = 8.5 pF, 40 Vp.p swing with 30 Vpc offset. See test circuit, Figure 1.
' Ta= +25°C
Symbol Parameter Conditions Min Max Units
(Note 8) (Note 8)
tr Rise Time 10% t0 90% (Note 4) 4 ns
te Fall Time 90% to 10% (Note 4) 4 ns
Ay Voltage Gain 500 Source Impedance (Note 6) 11.5 14.5 V/V
Note 1: Absolute Maxi Ratings indk limits beyond which damage to the device may occur. The guaranteed specifications apply only for the test conditions

listed. Some performance characteristics may degrade when the device is not operated under the listed test conditions.

Note 2: Typical specifications are at +25°C and represent the most likely parametric norm.

Note 3: Min/Max limits are guaranteed to National's AOQL (Average Outgoing Quality Level).

Note 4: Input signal t;, t; < 1ns.

Note 5: —3 dB bandwidth is d from the equation; f_3 gg = 0.35/tg.

Note 8: Voltage gain is the ratio of the output voitage to the voltage at the RF input port (Figure 1).

Note 7: A military RETS specification is available on request. At the time of printing, LH2422D-Mil RETS specificaton complied with the limits in this Electrical
Characteristics table.

Note 8: Min and Max limits are 100% tested.

©1981 National Semiconductor Corporation



Typical Performance Characteristics
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Application Hints

OUTPUT INFORMATION

The LH2422 and LH2424 are wide bandwidth high voltage
amplifiers that can directly drive the cathode of high resolu-
tion Cathode Ray Tubes (CRTSs). The outputs of both ampli-
fiers are biased at half the supply voltage. With a +60V
supply, an output swing of *20V relative to a 30V output
DC bias can easily be achieved. When driving an 8.5 pF
capacitance the typical rise and fall times of 2 ns and 3 ns
were measured for the LH2424 and LH2422 respectively.
During normal CRT operation, tube arcing may occasionally
occur. Spark gap protectors are widely used to limit the volt-
age at the output of the amplifier. In addition a 500 to 1000
resistor is also used in series with the output of the amplifier
so as to limit the arc current. This current limiting resistor
and the capacitive load offered by the CRT’s cathode will
degrade the effective rise and fall times at the cathode.
Adding a small inductor in series with the amplifier's output
will increase the rise and fall times at the cathode due to
high frequency peaking of the amplifier's pulse response.
This inductor is often referred to as a peaking inductor or
peaking coil. At best, the value of the inductor is emperically
determined. For the LH2422 and LH2424, a 100 nH to
200 nH inductor is quite adequate.

SHORT CIRCUIT PROTECTION

The LH2424 and LH2422 do not include short circuit protec-
tion. If the amplifiers are used to drive a resistive load con-
nected to either ground or V¢ then the load must be great-
er than 600Q.
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INPUT INFORMATION

The “Output Voltage vs Input Current” graph shows that a
+ 20V swing (from a 30V output DC bias) can be achieved
with an input current swing of only +6.5 mA. For the circuit
shown in Figure 1, the “Voltage Ratio at RF input Port”
graph relates the input voltage as measured at the RF input
port to the voltage at the output; note that the amplifier is
phase inverting. With 215Q for R1 in Figure 1, the voltage
gain is approximately 13.5, and the low frequency input im-
pedance at the RF input port is approximately 230Q. The
“Voltage Ratio at Pin 1" graph relates the voltage at the
input of the amplifier (pin 1) to the output voitage, the output
voltage to input voltage ratio is approximately 240V and the
low frequency input impedance is approximately 13Q. With
the RF input port open circuited and Voo = 60V, the input
of the amplifer (pin 1) is self biased at typically 1.55V while
the output is biased at 30V.

SETTING UP GAIN

The LH2424 and LH2422 work on the transimpedance prin-
ciple. An internal 3 kQ feedback resistor connected be-
tween the input and output converts the input current to
output voitage.

For the circuit in Figure 1, +1.43V (referenced to 1.55 Vpc)
across the 2140 input resistor results in +6.65 mA. This
current flowing through the 3 kQ internal feedback resistor
results in a +20V swing at the output.

© 1991 National Semiconductor Corporation




Application Hints (continued)

TYPICAL TEST CIRCUIT

The test circuit in Figure 1 is driven from either a fast pulse
generator with a 50Q output impedance or network analyz-
er. The cable between the generator and DUT should be of
minimum length. The generator's DC level should be about
1.55V. Use a FET probe with 100X attenuation when using
an oscilloscope. Total load capacitance (including probe ca-
pacitance) should be limited to 8.5 pF.

The input circuit RC network is tuned to produce peaking
when driven from a 500 source.

Thermal Considerations

The LH2422 and LH2424 require that the package be heat-
sunk for proper operation under any condition. Maximum
ratings require that the device case temperature be limited

1000 pF
5000 NETWORK CERAMIC
ANALYZER

R

s00 0.47 uF
MONOLITHIC

*C1 = 60 pF for LH2422
C1 = 90 pF for LH2424

to 90°C maximum. Thus at 50°C maximum ambient temper-
ature and 6W maximum power dissipation, the thermal re-
sistance of the heat sink should be less than (90-50)°C/6W
= 6.7°C/W. Several approaches to heat sinking may be
taken. The simplest is a sheet of aluminum with a volume of
4 cubic inches or an area of 32 sq. inches and a thickness
of 0.125 inches.

Commercially available heatsinks such as Thermalloy
15509 extrusion would result in size reduction. Figures 2
and 3 show the two approaches for proper heat sinking.
Note that an aluminum spacer must be placed between the
package and the heatsink block so as to prevent the device
output from being shorted to ground. In the absence of a
series current limiting resistor at the output, the device will
be destroyed if the output is inadvertently shorted to ground
orVi.

RF INPUT PORT - - -

TL/K/10128-4

FIGURE 1. Typical AC Test Circult

©1981 National Semiconductor Corporation




Heatsink Block (Aluminum)

P.C. Board

Aluminum spacer
required between
package and
heatsink block

TL/K/10128 -5
FIGURE 2. Heat Sinking with an Aluminum Block

LH2422 AAVID 61875 or
or Thermalloy 15509
LH2424 Extruded Heat Sink (Cut to 3" width)

180000

TL/K/10128-6
FIGURE 3. Heat Sinking with the Thermalloy 15509 Extrusion

© 1991 National Semiconductor Corporation



Application Circuits

$

*Q1is 2N5770 for LH2422 and 2N5109 for LH2424.
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FIGURE 4. Circuilt shows how the LM1201 pre-amplifier and LH2422/LH2424 CRT
Video Amplifler may be used to bulld a 100 MHz Monochrome Monlitor
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FIGURE 5. Circuit shows a simple RC Interface network which eliminates
the need for a level shift stage and additional Vgg supply of Figure 4.
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Evaluation Board

The evaluation board is intended to demonstrate the capa-

bilities of the LH2422 CRT Video Amplifier. The board may

be used to interface the amplifier to a CRT display or to

evaluate the frequency response or pulse response in a

500 system.

Figure 6 shows the schematic of the LH2422 evaluation

board. R1 sets the overall gain of the fixture. The test circuit

used 2200 to provide a gain of 13.5. C1 is a 10 pF-100 pF

variable capacitor. Adjust this capacitor to optimize pulse

response.

A large bypass capacitor, C2, is needed to reduce lower

frequency ringing caused by the power supply wires.

The input is designed to be fed from a 50Q generator, how-

ever, the input impedance at V| is not well matched to 50Q

and if a long cable is used between the generator and the

input, reflections will occur giving unpredictable responses.

Two things can be done to get around this problem:

1. Use a very short connector (less than 2 inches) between
the generator and the input.

2. Use a 6 dB pad between the cable and the input. This will
reduce reflections and provide a 500 source to the circuit
board.

lour
to
500 Scope
TL/K/10128-8
FIGURE 6. Schematic of LH2422 Evaluation Circult

The output of the amplifier can drive the CRT cathode di-
rectly from point B, while R2 and R3 are used as a 100 to 1
(40 dB) attenuator to a 5002 scope or network analyzer in-
put. Two resistors are used in series to reduce capacitance
and attempt to compensate the frequency response. The
layout of the board (Figure 7) includes a trace at point C to
connect R2 and R3; unfortunately, the capacitance to
ground at this point is about 0.6 pF, enough to cause a 20%
bandwidth reduction in the response of the attenuator resis-
tors. The resistors should be wired “floating” above the
board.

Capacitor C3 is used to simulate the input capacitance at
the CRT cathode. The board exhibits about 4.5 pF at the
output node of the LH2422. A capacitor of 4 pF will increase
it to the specified value of 8.5 pF.

PARTS LIST

RESISTORS:
R1 2200, VaW, 5%
R22.2kQ, VAW, 5%
R327kQ, VW, 5%

CAPACITORS:

C1 10 pF — 120 pF (muRata ERIE P/N TZ03R121E)
C2 10 puF, 100V, 10%
C3 4 pF, 50V, 10%

HARDWARE:
BNC CONNECTORS (KINGS P/N KC-79-237-MO6)
BANANA JACKS (JOHNSON P/N 108-09XX-001)
HOLTITE SOCKET (AUGAT P/N 8134-HC-5P2)

© 1981 National Semiconductor Corporation




Evaluation Board (continued)

(a) Component Placement Guide (b) Component (Top) Side

+ + o °
o O

OUTPUT INPUT

LH2422 EVALUATION BOARD (0] o

%Nm TL/K/10128-10
4= . -+
TL/K/10128-9

(c) Solder (Bottom) Side

TL/K/10128-11
FIGURE 7. PC Board Layout and Component Placement Guide
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Physical Dimensions inches (millimeters)
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Physical Dimensions inches (milimeters) (Continued)
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1.250

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

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.
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9-Lead Single-In-Line Package (S)
Order Number LH2422S or LH2424S
NS Package Number HY07B

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

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
effectiveness.
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2800 Drive i 10 Sanseido 8idg. 5F Suite 513, Sth Floor
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LH2426 ,
Triple 80 MHz CRT Driver

General Description Features

The LH2426 contains three wide bandwidth, large signal B Operation from 80V power supply
ampilifiers designed for large voltage swings at high frequen- B 80 MHz bandwidth at 50 Vpp swings
cies. The amplifiers work on a transimpedance principal i.e.,  ®m Rise/fall time less than 4 ns

an input current swing of +4.38 mA results in an output g Output signal can swing 70V
voltage swing of +25V. The device is intended for use in 4 Drives CRT directly

color CRT monitors and is a low cost solution to designs

conforming to the IBM® 8514 graphics standard. Appli cations

B CRT driver for RGB monitors
B High voltage transimpedance amplifiers

Schematic and Connection Diagrams

(One Section)
’ —0 V+
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4 " Vours
-ﬁ\ ” GND3
(@) s Vin3
V43
8
7 Vour2
—¢\ GND2
6
S Vin2
V#2
4
3 Vour1
O _él GND 1
2
, ViN
V#1
N )
PIN 1 DESIGNATOR
TL/H/10739-2
Top View
Order Number LH2426S
See NS Package Number HY12B
_ O GROUND
3,711

TL/H/10739-1

1BM® is a regi d of Business Ci
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required, Storage Temperature Range, TsTg —25°Cto +100°C
please contact the National Semiconductor Sales Operating Temperature Range, Tcasg -20°Cto +90°C
Office/Distributors for avallabllity and specifications. Lead Temperature (Soldering, 10 sec.) 300°C
Supply Voitage, V* +85v ESD Tolerance TBD
Power Dissipation, Pp 10W

DC Electrical Characteristics v, = sov, R1 = 4300, C1 = 82 pF, C_ = 8 pF, 50 Vpp output swing with
40V DC offset. See Figure 1. Tcase = 25°C unless otherwise noted.

LH2426
Symbol Parameter Conditions Units
Min Typical Max
+
\" Supply Cu.rrent No Input or Output Load 24 30 mA
(per Amplifier)

VINDC Input Offset Voitage 1.4 1.6 1.8 v
Voutoc Output Offset Voltage 34 40 46 v
R Rise Time 10% to 90% 3.5 5 ns
tr Fall Time 90% to 10% 3.5 5 ns
BW Bandwidth -3dB 100 MHz
Av Voltage Gain 11 13 14 \'24%
oS Overshoot 10 %
LE Linearity Error Vouyr from + 10V to + 70V 5 %

Note 1 ?
A Av Gain Matching Note 2 0.2 dB

Note 1: Linearity error is defined as: The variation in small signal gain from +20V to + 70V output with a 100 mVAC, 1 MHz, input signal.
Note 2: Caiculated value from voitage gain test on each channel.

Typical Performance Characteristics

Typlcal Test Circult (One Section)
+80V

0.01 u4F 82pF

Your
to 500 Scope

Pulse
Generator

TL/H/10739-3
FIGURE 1. Test Circult (One Section)

*Note: 8 pF is total load capacitance. It includes all parasitic capacitances.

Figure 1 shows a typical test circuit for evaluation of the THEORY OF OPERATION
LH2426. This circuit is designed to allow testing of the The LH2426 is a two stage amplifier (see schematic on front
LH2426 in a 50Q environment such as a pulse generator, page). Both stages are in push pull configuration. Qg is bi-
oscillosope or network analyzer. To calibrate pulse genera- ased with two resistors, Qq gets its bias through the 57000
tor, set to 2.4 Vpp into 50Q. feedback resistor and the input biasing current. The bases
. . . of Q and Qy are capacitively coupled and therefore Q, is
Appllca'aon Hints also actively driven.
The LH2426 is designed as a triple power amplifier for deliv- The LH2426 is a transimpedance amplifier: an input current
ering red, blue and green video signals to a cathode ray is translated into an output voltage. An input current of
tube (CRT). It can provide 50V output swing and energize a about +4.5 mA will provide full output swing of +25V. A
12 ns pixel. The input capacitance of a CRT grid is typically resistor in series with the input converts the LH2426 into a
8 pF. voltage amplifier, with 430Q the voltage gain becomes
-13.

© 1990 National Semiconductor Corporstion
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Application Hints (continued)

The emitter resistors of Qy and Q, are bypassed with small
capacitors. This increases the gain to the stage for high
frequencies and increases the bandwidth of the amplifier.
The power supply is internally bypassed. If low frequencies
are present in the power supply line, an electrolytic capaci-
tor is recommended.

INPUT NETWORKS

The voltage gain and the response of the amplifiers can be
set by adding an R-C to the input.

A 430Q resistor in series, will set the voltage gain to 13.
This will increase the rise and fall times of the system. (See
Figure 2a) Bypassing the resistor with a capacitor of about
50 pF will restore the rise/fall times but will result in some
overshoot. (Figure 2b)

Adding a resistor in series with the capacitor will reduce the
overshoot but also increase the rise and fall times. (Figure
2c)

The addition of a second capacitor will restore the rise and
fall times without significant overshoot. (Figure 2d)
Suggested values for the resistors and capacitors are
shown, however, optimum values may differ depending
upon the stray inductances and capacitances present in dif-
ferent board layouts.

Vour
g
¥
g
5
E
2
o
15v 1 1 1 L 1 1
o 5 10 15 20 25 30 t
TIME (ns)
TL/H/10739-8
430
0 o a)
82pF
e b)
o uow
c,.m_ c)
430
360 | 47pF
430
o—d d)
7pF

TL/H/10739-9
FIGURE 2. Influence of Input Networks
on Switching Performance
Figure 2 compares different input networks and their influ-
ence on the switching waveform.

DROOP COMPENSATION

When low frequency square waves are amplified, some
droop will occur due to the large change in the thermal

dissipation in the input transistors. If this causes a problem,
it can be compensated with R-C feedback. Figure 3 illus-
trates the circuit and recommended component values.

PROTECTING AMPLIFIER OUTPUT

FROM TUBE ARCING

During normal CRT operation, internal arcing may occasion-
ally occur. Spark gap protectors do limit the maximum voit-
age, but to a value that is much higher than allowable on the
LH2426. This fast, high voitage, high current pulse can dam-
age the LH2426 output. The addition of a current limiting
resistor of 500 to 1000 will provide protection but will slow
down response. Adding a series peaking inductor of 100 nH
to 150 nH will restore the bandwidth and provide additional
protection. (See Figure 3)

The value of the inductor can be calculated from:
+ 2
lp = [(Fio Rp) ]C

where C is the total load and Ry is the intrinsic high frequen-
Cy output resistance of the amplifier, generally 1600.

+|
sion  52PF sov
4300 » 50 150nH
N O— AV - LH2426 ur
L”_] oo b
8pF =
100k 56pF

TL/H/10739-7
FIGURE 3. One Section of the LH2426 with Damping
Resistor Rp and Peaking Inductance Lp In the Output

SUPPLY BYPASSING

Although the LH2426 has internal supply bypassing, some
values of supply line inductance can cause ringing in the
supply lines. If this occurs, an additional bypass capacitor or
a low-pass filter should be placed near the supply pins.

CAPACITIVE LOADS

The LH2426 is designed to drive capacitive loads, however
the very high output slew rate of about 13,700 V/us can
result in charging currents of over 200 mA into a 20 pF load.
These very high currents can damage the output transistors.

SHORT CIRCUIT PROTECTION

Warning! To provide maximum output speed, the LH2426
does not have short circuit protection. Shorting the output
can destroy the device. The lowest value load the LH2426 is
designed to drive is 600Q2. If the device is used in an appli-
cation where the output may be shorted, 600Q should be
placed in series with the output.

HEAT SINKING

As the LH2426 will dissipate up to 10W, an external heat-
sink is always required. The maximum allowed case temper-
ature is 90°C. To calculate maximum heatsink thermal re-
sistance, use the following formula:

Rih = (90°C — Max Ambient)/10

©1890 National Semiconductor Corporation
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Physical Dimensions inches (milimeters)

1470

< LA ax— >
PILALI P, (37.34) MAX
(3.835) - 0.750 o
(19.05) 0.110 0200 .y
gy < D NN meg e T -
g 52! —_
\ @525 ¢ ‘ —>-1 —
g \GD ® —N ¥
1.050 0.250 £ 0.020
e 16,3502 0.508) 0.590
(3“7) (14.98)
0.075 MAX
(1.908)
12 3 4 5 67 8 9 w0 w12 AX l
z 1
I SEATING
PLANE
PINNO. 1
IDENT.
0.160:+ 0.020 0.080
> {4064 % 0.508) 0425 oy
B NIN
0.100+ 0.001
X G 5w020025 0.018-0.022 _0008-0.015 |
04570559 0.203-0.381)
Note 1:Substrate: 96 % alumina. HYIZB{REV 4)
Note 2:Lid seal: epoxy.
Note 3:Leads: phos. bronze ailoy or equiv. with 95 Sn/5 Ag solder DIP.
Note 4: Four radius bumps on comers of lid are optional. Not shown on drawing.
Order Number LH2426S
NS Package Number HY12B

LIFE SUPPORT POLICY

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL 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 2. A critica component is any component of a life

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.

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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National
Semiconductor

LH2440/LH2440A
CRT Preamplifier and Driver

General Description

The LH2440 is a wide band amplifier for high resolution CRT
monitors. The device includes a low level amplifier with DC
contrast/brightness control and circuitry for black level
clamping to accomplish DC restoration. Also included is a
high voltage output stage to directly drive a CRT’s cathode.
The LH2440 provides almost the entire circuitry needed in
the video channel between the monitor input connection
and the CRT cathode.

The LH2440 can swing 40 Vpp into an 8.5 pF load with 4 ns
rise and fall times. The device requires minimum external
components, thus, facilitating video amplifier design. More-
over, high frequency bypassing for the high voltage amplifier
is internally provided for ease of use.

PRELIMINARY

February 1990

Features

® 90 MHz bandwidth at 40 Vpp swing

B Rise/fall times of 4 ns

® DC contrast and brightness controls

B Externally gated comparator for DC restoration of video
signal

B Ease of use

Applications

B Video preamplifier and CRT driver for high resolution
monitors.

Block and Connection Diagrams
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Order Number LH2440S or LH2440AS
See NS Package Number HY12A

TL/K/10460-2
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Absolute Maximum Ratings
If Milltary/Aerospace specified devices are required, Power Dissipation, Pp -35  for1oBN
D ffoe/Disiutors for avaliabllty and speciioations. - 5\a0e Temperature Range, Tt ~4keto +126°C™
) Operating Temperature Range, Tcase -20°Cto +80°C
Supply Voitage, Voo +13.5v Lead Temperature (Soldering, < 10 Sec.) 300°C
Supply Voitage, Vccz +70v ESD Tolerance 2KV
Electrical Characteristics
Vect = 12V, Vo2 = 60V, CLoap = 8.5 pF, VouT = 40 Vpp Swing with 30 Vpc Offset Unless Otherwise Specified
Tease = 25°C Unless Otherwise Noted (Note 1).
LH2440/LH2440A Unlts (Max.
Symbol Parameter Conditions Typlcal T;::;d DJ:'“g'n o::::,::r“
(Note2) | (Note3) Noted)
lccy Supply Current No Output Load 80 90 mA
Icc2 43 48 mA
VBias Video Input BIAS Voltage 26 2.4 Volts (Min)
2.8 Volts
VeL Clamp Gate Low Input V Clamp Comparator ON 0.8 v
VeH Clamp Gate High Input V Clamp Comparator OFF 2.0 V(Min)
lcL Clamp Gate Low V4 = oV 05 -5 LA
Input Current
IcH Clamp Gate High V4 =12V 0.005 1 LA
Input Current
Vos gf"f':;a\;it,g;’;p”t V& =N £05 £50 mv
VouT(DC) Output Offset Voitage 30 34 \"
26 V(Min)
OVR Output Voitage Range V7 = 0Vto 10V 5t0 55 10to 50 v
tR Rise Time Rs = 500, LH2440 4 6 ns
te Fall Time Rs = 500, LH2440 4 6 ns
tr Rise Time Rs = 500, LH2440A 4 5 ns
te Fall Time Rs = 500, LH2440A 4 5 ns
Av(Max) Gain V3 = 12V @ 2MHz 85 70 V/V(Min)
Ay 5V Attenuation @ 5V V3 = 5V 10 dB
Ay 2V Attenuation @ 2V V3 =2V 45 dB
Tc (Ay) Gain Drift 25°C < Tg < 80°C 0.1 % per °C
GS Gain Stability xgg; = ;gz :g ;gx 32 % per V
ts Settling Time to +5% 18 ns
VTiit Low Frequency Tilt Voltage 64 KHz Square Wave 2.2 v
BW Bandwidth (—3 dB) 90 MHz
0S8 Overshoot 10 %
THD Distortion @ 2 MHz 0.14 %
Note 1: Boldface limits are guaranteed over full temperature range.
Note 2: Tested limits are guaranteed and 100% production tested.
Note 3: Design limits are g d (but not production tested) over the indicated temperature range. These limits are not used to calculate outgoing quality level.

© 1980 National Semiconductor Corporation
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Applications Hints

OUTPUT INFORMATION

Precautions must be taken to prevent excessive overshoot
and ringing caused by the inductance of the wire used to
connect the LH2440's output to the CRT;s cathode. Since
the wire’s inductance and the capacitance at the cathode
form an LC tank circuit when driven by the amplifier, at the
resonant frequency the circuit may introduce overshoot and
ringing. A damping resistor in series with the output of the
LH2440 can critically damp the output ringing. The resistor
value may be calculated from the following equation:
Damping Resistor, R > 2{[7C
where , L = Inductance of output wire

C = Capacitance at CRT cathode
Usually, a 5002-100Q damping resistor is adequate. As an
added advantage, the damping resistor also protects the
amplifier's output against arcing by providing current limit-
ing. Keep in mind that the damping resistor should not be
too large; otherwise, the output signal’s rise/fall time may
be significantly affected due to the RC time constant formed
by the damping resistor and the cathode’s capacitance.

GROUND CONNECTION

LH2440’s ground connection is internally connected to the
package’'s metal tab. Thus, for proper operation, the tab
should be connected to the power supply ground.

SHORT CIRCUIT PROTECTION

The LH2440 is designed to drive the capacitive load at the
CRT's cathode and does not include short circuit protection.
With no series current limiting resistor at the output, the
LH2440 will be destroyed if the output is inadvertantly short-
ed to ground or V*+. When driving a resistive load, it is rec-
ommended that the load be greater than 6000Q.

THERMAL CONSIDERATIONS

The LH2440 requires that the package be heat sunk for
proper operation under any condition. The worst case pow-
er dissipation occurs during full scale transitions i.e., when
verticle lines of black and white stripes are displayed on the
screen. The amplifier's power dissipation depends on the
power supply voltage as well as operating frequency. For
instance at Vcoy = 12V, Vgop = 60V, and 50 MHz (10 ns
pixel), the power dissipation is 5 watts. Such high power
dissipation demands that proper care be exercised to en-
sure sufficient heat sinking.

LH2440’s maximum ratings require that the device case
temperature be limited to 80°C. Thus at 50°C ambient tem-
perature and 5 watts power dissipation, the thermal resist-
ance of the heat sink should be less than (80°C — 50°C) =
6°C/W. Several approaches to heat sinking may be taken.
The simplest is a slug of aluminum with a volume of 3 cu.
inches or a sheet of aluminum with an area of 30 sq. inches
and a thickness of 0.1 inches. Alternatively, commercially
available heat sinks may be used.

©1990 National Semiconductor Corporation
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Typical Application

The LH2440 provides a single chip solution for almost all
the video signal processing and signal amplification require-
ments in a high resolution CRT monitor. The blanking func-
tion is not included in the LH2440. Blanking is usually done
by applying a large negative pulse at the CRT's control grid
(G1) during the blanking interval. The LH2440 includes a
low voltage preamplifier with contrast and brightness con-
trol, and, black level clamping function for DC restoration of
the video signal. Also, a wide bandwidth and high voltage
amplifier is included to drive the CRT’s cathode with a
40 Vpp signal. The device is simple to use and requires
minimum external components.

Figure 1 shows how the LH2440 may be used to amplify
and process the video signal and to drive the CRT’s cath-
ode. The video signal is ac coupled to the input of LH2440
through a blocking capacitor, C1, and is referenced to 2.6V
by an internal bias voltage. Amplifiers A1 and A2 (see Figure
1) are low voltage amplifiers that amplify the 1 Vpp video
input signal. In addition, A2 drives the high voltage CRT
video amplifier, A4, with the proper DC bias.

The potentiometer R1 provides a variable voltage at the
LH2440's contrast control pin (pin 2) which allows attenua-
tion of the video output signal. A nearly linear 0 dB to 30 dB
attenuation can be obtained by varying the contrast voltage.
Contrast control adjustment thus allows the user to vary the
video signal level by varying the gain of the amplifier. Maxi-
mum gain is achieved when the potential at pin 2 is the

same as that of the low voltage power supply, Vccq. With
0 dB attenuation, the gain from input to output is typically
100. Adjusting the potentiometer at the brightness control
pin (pin 7) varies the DC offset of the output signal. This
feature allows the user to vary the overall brightness or lumi-
nance of the picture displayed on the screen.

The LH2440 uses black level clamping at the back porch of
the video signal to accomplish DC restoration. The clamping
signal at the clamp gate (pin 3) enables the clamp compara-
tor A3 during the black level reference period to provide a
sample and hold function. DC feedback taken from the out-
put during the black level reference period is compared with
the voltage set by the brightness control potentiometer R3.
Depending on the output voltage, an internal clamping ca-
pacitor is either charged or discharged so that the feedback
loop consisting of amplifiers A2, A3 and A4 is stabilized and
the output is restored to the black level. All this occurs dur-
ing the horizontal retrace interval. During the video portion
of the signal, A3 is disabled and the clamping capacitor
holds the fixed black level reference voltage. Since the be-
ginning of each line starts from a fixed reference voltage
corresponding to the black level, the DC component of each
line is restored. Adjusting the contrast control varies the am-
plitude of the video signal relative to the fixed black level.
For the circuit of Figure 1, rise and fall times of 4 ns were
measured at the cathode with a 40 Vpp output signal. This
corresponds to a bandwidth of over 90 MHz.

Signal
9 Black Level Ref Period (Back Porch)

Vc‘zn v
+12Y cc2
o c8 +60v
__l c3 Q
€2 59 WF I-—<
I — 10 uF
0.001 uF = = 100V "
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Input ] M
= M 220 \\ 2 u
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FIGURE 1. Circult shows how the LH2440 may be used in a high resolution monitor.
LH2440 also provides brightness/contrast control and black level clamping.
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Physical Dimensions inches (milimeters)
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LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL 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 2. A critical component is any component of a life

systems which, (a) are intended for surgical implant support device or system whose failure to perform can
into the body, or (b) support or sustain life, and whose be reasonably expected to cause the failure of the life
failure to perform, when properly used in accordance 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.
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National

Semiconductor

LH3422/LH3424
CRT Video Amplifiers

General Description

The LH3422 and LH3424 are wide bandwidth and high volt-
age CRT video amplifiers. These amplifiers are specifically
designed to directly drive the cathode of high resolution
CRT monitors. Both amplifiers work on the transimpedance
principle, about +5 mA input current results in an output
swing of +20V relative to the quiescent output DC level.
These amplifiers can easily energize 10 ns pixels and are
well suited for monitors with 1280 x 1024 or higher display
resolutions. The LH3422 and LH3424 are identical except
that the LH3424 has faster rise and fall times and wider
bandwidth than LH3422. Both amplifiers can interface to
National’s LM1201 and LM1203 preamplifiers.

October 1991

Features

B LH3424: BW = 175 MHz
Rise/Fall Time = 2 ns

B LH3422: BW = 120 MHz
Rise/Fall Time = 3 ns

® Drives 8.5 pF capacitive load

® Pin compatible with CR3424

m DC coupled for output level adjust

u Output signal can swing 60V

Applications
® CRT driver for color and monochrome monitors
B High voitage transimpedance amplifier

Schematic and Connection Diagrams
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Order Number LH3422S or LH3424S
See NS Package Number HY07B
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See NS Package Number HYO7A
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Absolute Maximum Ratings (ote 1)

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

Supply Voltage, Voo
Storage Temperature Range, TSTG

+90V

—40°Cto +125°C

Operating Temperature Range, Tcase
Lead Temperature (Soldering, <10 sec)
ESD Tolerance

>

—20°Cto +90°C
300°C

4KV

DC Electrical Characteristics uniess otherwise noted, the following specifications apply for Vog = + 80V,
R1 = 300Q, C1 = 60 pF (for LH3422), C1 = 90 pF (for LH3424), C oap = 8.5 pF, 40 Vp_p swing with 40 VDC offset, and
Tcase = 25°C. See test circuit, Figure 1.

Symbol Parameter Condiilons (N:"I: 3) (NIY: 2) (N':‘a:a) Units
lcc Supply Current Input/Output Open Circuit 35 43.5 47.5 mA
VINDG Input Offset Voltage Input/Output Open Circuit 1.15 1.55 1.8
VouToc Output Offset Voltage Input/ Output Open Circuit 36 40 44 \"
Pp Power Dissipation (LH3422) 50 MHz Square Wave 6 8

Power Dissipation (LH3424) 50 MHz Square Wave 6 w
LE Linearity Error Vour from + 10V to + 70V 1 %

AC Electrical Characteristics unless otherwise noted, the following specifications apply for Voc = +80V,
R1 = 3000, C1 = 60 pF (for LH3422), C1 = 90 pF (for LH3424), CLoap = 8.5 pF, 40 Vp.p swing with 40 VDG offset, and
Tcase = 25°C. See test circuit, Figure 1. (Note 1)

LH3422 LH3424
Symbol Parameter Conditions Min Typ Max Min Typ Max |Units
(Note 3) | (Note 2) | (Note 3) | (Note 3) | (Note 2) | (Note 3)
tr Rise Time 10% to 90% (Note 4) 3 4 2 2.9 ns
te Fall Time 90% to 10% (Note 4) 3 4 2 29 ns
VTILT Low Frequency Tilt Voltage | 1 kHz Square Wave 1.3 1.3 \"
f_3gs | —3dB Bandwidth (Note 5) 120 175 MHz
Ay Voltage Gain 500 Source Impedance 15 13 145 1.5 13 145 | vv
(Note 6)
0os Overshoot 10 10 %

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. The guaranteed specifications apply only for the test conditions
listed. Some performance characteristics may degrade when the device is not operated under the listed test conditions.

Note 2: Typical specifications are at +25°C and represent the most likely parametric norm.

Note 3: Min/Max limits are guaranteed to National's AOQL (Average Outgoing Quality Level).
Note 4: Input signal t,, t; < 1 ns.
Note 5: —3 dB bandwidth is calculated from the equation; f—3 ¢g = 0.35/tg.
Note 6: Voltage gain is the ratio of the output voltage to the voltage at the RF input port (Figure 1).
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Typical Performance Characteristics
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Application Hints
OUTPUT INFORMATION INPUT INFORMATION

The LH3422 and LH3424 are wide bandwidth high voltage
amplifiers that can directly drive the cathode of high resolu-
tion Cathode Ray Tubes (CRTs). The outputs of both ampli-
fiers are biased at half the supply voltage. With a +80V
supply, an output swing of +20V relative to a 40V output
DC bias can easily be achieved. When driving an 8.5 pF
capacitance the typical rise and fall times of 2 ns and 3 ns
were measured for the LH3424 and LH3422 respectively.
During normal CRT operation, tube arcing may occasionally
occur. Spark gap protectors are widely used to limit the volt-
age at the output of the amplifier. In addition a 5002 to 1000
resistor is also used in series with the output of the amplifier
so as to limit the arc current. This current limiting resistor
and the capacitive load offered by the CRT’s cathode will
degrade the effective rise and fall times at the cathode.
Adding a small inductor in series with the amplifier's output
will increase the rise and fall times at the cathode due to
high frequency peaking of the amplifier's pulse response.
This inductor is often referred to as a peaking inductor or
peaking coil. At best, the value of the inductor is emperically
determined. For the LH3422 and LH3424, a 100 nH to
200 nH inductor is quite adequate.

SHORT CIRCUIT PROTECTION

The LH3424 and LH3422 do notinclude short circuit protec-
tion. If the amplifiers are used to drive a resistive load con-
nected to either ground or Vg then the load must be great-
er than 600Q.

The “Output Voltage vs Input Current” graph shows that a
+20V swing (from a 40V output DC bias) can be achieved
with an input current swing of only +6.5 mA. For the circuit
shown in Figure 1, the “Voltage Ratio at RF Input Port”
graph relates the input voltage as measured at the RF input
port to the voltage at the output; note that the amplifier is
phase inverting. With 3000 for R1 in Figure 1, the voitage
gain is approximately 13.5, and the low frequency input im-
pedance at the RF input port is approximately 315Q. The
“Voltage Ratio at Pin 1" graph relates the voltage at the
input of the amplifier (pin 1) to the output voltage, the output
voltage to input voltage ratio is approximately 325 and the
low frequency input impedance is approximately 13Q. With
the RF input port open circuited and Voo = 80V, the input
of the amplifer (pin 1) is self biased at typically 1.55V while
the output is biased at 40V.

SETTING UP GAIN

The LH3424 and LH3422 work on the transimpedance prin-
ciple. An internal 4 kQ feedback resistor connected be-
tween the input and output converts the input current to
output voitage.

For the circuit in Figure 1, +2.25V (referenced to 1.55 Vpc)
across the 3000 input resistor results in +7.5 mA. This cur-
rent flowing through the 4 kQ internal feedback resistor re-
sults in a + 30V swing at the output.

©1991 National Semiconductor Corporation
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Application Hints (continued)

TYPICAL TEST CIRCUIT

The test circuit in Figure 1 is driven from either a fast pulse
generator with a 500 output impedance or network analyz-
er. The cable between the generator and DUT should be of
minimum length. The generator's DC level should be about
1.55V. Use a FET probe with 100X attenuation when using
an oscilloscope. Total load capacitance (including probe ca-
pacitance) should be limited to 8.5 pF.

The input circuit RC network is tuned to produce peaking
when driven from a 50 source.

Thermal Considerations

The LH3422 and LH3424 require that the package be heat-
sunk for proper operation under any condition. Maximum
ratings require that the device case temperature be limited

1000 pF
500 NETWORK CERAMIC
ANALYZER
Rg
50a 0.47 uf
MONOLITHIC

*C1 = 60 pF for LH3422
C1 = 90 pF for LH3424

RF INPUT PORT - -

to 90°C maximum. Thus at 50°C maximum ambient temper-
ature and 5.0W maximum power dissipation, the thermal re-
sistance of the heat sink should be less than (90-50)°C/6W
= 6.7°C/W. Several approaches to heat sinking may be
taken. The simplest is a sheet of aluminum with a volume of
4 cubic inches or an area of 43 sq. inches and a thickness
of 0.125 inches.

Commercially available heatsinks such as Thermalloy
15509 extrusion would result in size reduction. Figures 2
and 3 show the two approaches for proper heat sinking.
Note that an aluminum spacer must be placed between the
package and the heatsink block so as to prevent the device
output from being shorted to ground. In the absence of a
series current limiting resistor at the output, the device will
be destroyed if the output is inadvertently shorted to ground
orVs.

TL/K/11266-5

FIGURE 1. Typlical AC Test Circult

© 1891 National Semiconductor Corporation
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tsink Block (Al

P.C. Boerd

——
—
(M
Aluminum specer
required between
package and
heatsink block
TL/K/11266-6
FIGURE 2. Heat Sinking with an Aluminum Block
LH3422 AAVID 61875 or
or Thermalloy 15509
LH3424 Extruded Heat Sink (Cut to 3" width)
==
- TL/K/11266-7

FIGURE 3. Heat Sinking with the Thermalloy 15509 Extrusion
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Application Circuits

R21
51

*Q1 is 2N5770 for LH3422 and 2N5109 for LH3424.
FIGURE 4. Circuit shows how the LM1201 pre-amplifier and LH3422/LH3424 CRT

CRT VIDEO
AMPLIFIER

Video Amplifier may be used to bulld a 100 MHz Monochrome Monitor

Vee
+12v
LN1201 c1
PRE-AMPLIFIER 10-100 pF
A
50| Re
8 AAA
Wy
- - Ry 300 R
500 180
2
= =  crrvioeo
AMPLIFIER
SRS
$ e
CLAWPING —L
SIGNAL

FIGURE 5. Circult shows a simple RC Interface network which eliminates
the need for a level shift stage and additional Vgg supply of Figure 4.

R4 200 Voot
‘VA"Y
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. ,"F'L eo s L7 ro Lo
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| 0.1 uf
-— 3V = =
U U—ov CONTRAST
—ff— CONTROL
@ BLACK LEVEL REF PERIOD (BACK PORCH)
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SIGNAL Veez +80V
0
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Evaluation Board

The evaluation board is intended to demonstrate the capa-

bilities of the LH3422 or LH3424 CRT Video Amplifier. The

board may be used to interface the amplifier to a CRT dis-

play or to evaluate the frequency response or pulse re-

sponse in a 500 system.

Figure 6 shows the schematic of the LH3422 evaluation

board. R1 sets the overall gain of the fixture. The test circuit

used 3000 to provide a gain of 13. C1 is a 10 pF-100 pF

variable capacitor. Adjust this capacitor to optimize pulse

response.

A large bypass capaditor, C2, is needed to reduce lower

frequency ringing caused by the power supply wires.

The input is designed to be fed from a 50Q generator, how-

ever, the input impedance at V}y is not well matched to 500

and if a long cable is used between the generator and the

input, reflections will occur giving unpredictable responses.

Two things can be done to get around this problem:

1. Use a very short connector (less than 2 inches) between
the generator and the input.

2. Use a 6 dB pad between the cable and the input. This will
reduce reflections and provide a 500 source to the circuit
board.

500'§eopa
TL/K/11266-10
FIGURE 6. Schematic of LH3422 Evaluation Clrcuit

The output of the amplifier can drive the CRT cathode di-
rectly from point B, while R2 and R3 are used as a 100 to 1
(40 dB) attenuator to a 500 scope or network analyzer in-
put. Two resistors are used in series to reduce capacitance
and attempt to compensate the frequency response. The
layout of the board (Figure 7) includes a trace at point Cto
connect R2 and R3; unfortunately, the capacitance to
ground at this point is about 0.6 pF, enough to cause a 20%
bandwidth reduction in the response of the attenuator resis-
tors. The resistors should be wired “‘floating” above the
board.

Capacitor C3 is used to simulate the input capacitance at
the CRT cathode. The board exhibits about 4.5 pF at the
output node of the driver. A capacitor of 4 pF will increase it
to the specified value of 8.5 pF.

PARTS LIST

RESISTORS:
R1 300Q, VAW, 5%
R222kQ, VW, 5%
R327kQ, VW, 5%

CAPACITORS:

C1 10 pF — 120 pF (muRata ERIE P/N TZ03R121E)
C2 10 pF, 100V, 10%
C3 4 pF, 50V, 10%

HARDWARE:
BNC CONNECTORS (KINGS P/N KC-79-237-MO6)
BANANA JACKS (JOHNSON P/N 108-09XX-001)
HOLTITE SOCKET (AUGAT P/N 8134-HC-5P2)

©1991 National Semiconductor Corporation
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Evaluation Board (continued)

(a) Component Placement Gulde (b) Component (Top) Side

+ t o

OUTPUT INPUT

LH3422 EVALUATION BOARD (o]
-I- mNaﬁonal .I.
TL/K/11266-11
(c) Solder (Botiom) Side
o (0]

o O

TL/K/11266-13
FIGURE 7. PC Board Layout and Component Placement Guide

(0]

TL/K/11266-12
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Physical Dimensions inches (milimeters)
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Physical Dimensions inches (milimeters) (Continued)

LIFE SUPPORT POLICY

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

9-Lead Single-In-Line Package (S)

Order Number LH3422S or LH3424S

NS Package Number HY07B

1.250 o0 0240
o Fiaga ane W — e
2x 2388 4y
@179 o181 o — 00800
) l { " mom
T F N [T
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015020020 L] I 080
o s, | e
s & 0.008-0.015
200 -
X 50w oo T
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487050 026020.020
8.350 2 0.508) HYOPB (REVA)

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

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

Fox: (08141) 103554

FAX: 33-208-7000 Telex: 52896 NSSEA HX

Fax: 3-3112538

with instructions for use provided in the labeling, can effectiveness.

be reasonably expected to result in a significant injury
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General Description

The LM1201 is a wideband video amplifier system intended
for high resolution monochrome or RGB monitor applica-
tions. In addition to the wideband video amplifier the
LM1201 contains a gated differential input black level clamp
comparator for brightness control and an attenuator circuit
for contrast control. The LM1201 also contains a voltage
reference for the video input. For medium resolution RGB
color monitor applications also see the LM1203 Video Am-
plifier System data sheet.

Features

B Wideband video amplifier (200 MHz @ —3 dB)

B Attenuator circuit for contrast control (>40 dB range)
m Externally gated comparator for brightness control

May 1989

LM1201 Video Amplifier System

B Provisions for external gain set and peaking of video
amplifier

m Video input voltage reference

» Low impedance output driver

Typical Applications

m CRT video amplifiers

B Video switches

m High frequency video preamplifiers
m Wideband gain controls

B PC monitors

B Workstations

m Facsimile machines

B Printers

Block and Connection Diagram

VIDEO CONTRAST  CONTRAST
N Vee! CAP CAP Vee2  DRVE  Vge3  CLAMP (-)
16 15 14 13 |12 11 l1o 9
! %/—-q 5000 500
+
) +*
| ZZ 500 3500
>
__.l <
2.6V | CONTRAST
REF | CONTROL
1 2 3 4 s 6 7 8
GND1  CLAMP Vg CONTRAST CLAMP CLAMP (#) ~GND2  VIDEO
CAP GATE ouT
TL/H/10006 -1
FIGURE 1

Order Number LM1201M or LM1201N
See NS Package Number M16A or N16E

©1980 National Semiconductor Corporation  TL/H/10006

32




Absolute Maximum Ratings

If Milltary/Aerospace specified devices are required, Junction Temperature (T ) 150°C
please contact the Natlonal Semiconduclor Sales Operating Temperature Range (T,) 0°Cto + 70°C ¢—+
gfﬂc'elelftlrlbu\l/ors :Jr a::ll::ll:lsy and specifications. Storage Temperature Range (TsTg) —65°C to +150°C
upply voltage Vgc Pins 10, 12, . o
to Ground Pins, 1., 7 13,5V léesasis'rempe:?rre (Soldering, 10 sec.) 2(;5k3
Voltage at Any Input Pin (Vi) Voo = ViN = GND usceptibility .
. Human body model: 100 pF discharged through a 1.5 kQ
Video Output Current (lg) 28 mA resistor
Package Power Dissipation at Ty = 25°C 1.56W
(Above 25°C derate based on (6,4 and T,)
Package Thermal Resistance (6,4) N16E 80°C/W ~— 4 Tw - cwle sz
Package Thermal Resistance (6,4) M16A 100°C/W T e T T = =, y
= i

Electrical Characteristics see Test Gircuit (Figure 2), T = 25°C; Voot = Vega = Vogs = 12V =

DC Static Tests s90pen; va = 6v;v5 = 0v: v6 = 2.0 unless otherwise stated

Tested Design Units
Symbol Parameter Conditlons Typlcal Limit Limit (Limits)
(Note 1) (Note 2)
Is Supply Current Vcc Pins 12, 15 Only 45 57,_? 3 mA(max)
V3 Video Input Reference Voltage 2.65 24 V(min)
2.95 V(max)
lig Video Input Bias Current (V3=V4g)/10kQ 5.0 20 HA(max)
Vs Clamp Gate Low Input Voltage Clamp Comparator On 1.2 0.8 V(min)
VsH Clamp Gate High Input Voltage Clamp Comparator Off 1.6 2.0 V(max)
lsL Clamp Gate Low Input Current Vs = OV -05 -5.0 rA(max)
IsH Clamp Gate High Input Current V5 = 12V 0.005 1 rA(max)
o+ Clamp Cap Charge Current Vo = OV 1 0.55 mA(min)
la- Clamp Cap Discharge Current Vo = 5V -1 -0.55 mA(min)
VgL Video Output Low Voltage Vo = 0V 0.5 0.9 V(max)
Vg Video Output High Voltage Va = 5V 8.5 8.0 V(min)
Vos Comparator Input Offset Voltage Ve-Vg +0.5 +25 mV(max)
AC Dynamic Tests sociosed, vs = ov, vg = 4v
Symbol Parameter Conditions Typ “m.:;e&‘::’e 1 LImIIJle(:g:‘e 2) (:':::I';)
Avmax | Video Amplifier Gain V4 = 12V 8 55 V/V(min)
AAv5V | Attenuation @ 5V Ref: Avmax, V4 = 5V -10 dB
AAv 2V | Attenuation @ 2V Ref: Avmax, V4 = 2V —45 dB
THD Video Ampilifier Distortion Vg =5V,Vo=1 Vpp 0.3 %
f(—3dB) | Video Amplifier Bandwidth (Note 3) | V4 = 12V, Vg = 100 mVrms | 200 170 MHz(min)
tr Qutput Rise Time (Note 3) Vo =4Vpp 2.5 ns
t¢ Output Fall Time (Note 3) Vo =4Vpp 3 ns

Note 1: These parameters are guaranteed and 100% production tested.
Note 2: Design limits are guaranteed (but not 100% production tested). These limits are not used to calculate outgoing quality levels.

Note 3: When measuring video amplifier bandwidth or pulse rise and fall times, a double sided full ground plane printed circuit board without socket is recommend-
ed.

©1989 National Semiconductor Corporation
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Note: When Vs

duty cycle square waves can be used for test purposes.
the clamp comparator inverting input. See applications section for additional information.

FIGURE 2. LM1201 AC/DC Test Circult

< 0.8V and $9 is closed, DC feedback around the Video Amplifier is p

AAA . 0 Vee
2000 *l2v
N 1.0 I
Vo 1 0.1 uF 0.1 uf foa 017 ¢
= I —- g o
10 4F | 0.1 uF o
s1a 16 15 14 13 12 1 10 9 0.1 uF
Vee! Vo2 Vee3 g
3 S
R3 < ZR9
10k i: ) LM1201 DU.T. <10k
2 3 4 5 6 7 8
[0 T = [ ], u
0.1 uF 0.1 uF
l ; 0.1 pg 0.1 u@ RS
OND 3300
Contrast Control Brightness Control
(Gain) v V5 V6 (0C output set)

TL/H/10006 -2

rovided by the clamp comparator. Under these conditions sine wave or 50%
The low frequency dominant pole is determined by C2 at Pin 2. Capacitor C9 at pin 9 prevents overioading

FIGURE 3. Typical Application of the LM1201
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APPLICATIONS INFORMATION

Figure 4 shows the block diagram of a typical analog mono-
chrome monitor. The monitor is used with CAD/CAM work
stations, PCs, arcade games and in a wide range of other
applications that benefit from the use of high resolution dis-
play terminals. Monitor characteristics may differ in such
ways as sweep rates, screen size, or in video amplifier
speed but will still be generally configured as shown in Fig-
ure 4. Separate horizontal and vertical sync signals may be
required or they may be contained as a composite signal in
the video input signal. The video input signal is usually

supplied by coaxial cable which is terminated in 750 at the
monitor input and internally AC coupled to the video amplifi-
er. The input signal is approximately 1V peak-to-peak in am-
plitude and at the input of the high voltage video section,
approximately 6V peak-to-peak. At the cathode of the CRT
the video signals can be as high as 60V peak to peak. The
block in Figure 4 labeled “Video Amplification with DC Con-
trolled Gain/Black Level” contains the function of the
LM1201 video amplifier system.

H
v Yoke
Sync In VERTICAL/HORIZONTAL SWEEP
H O= AND POWER SUPPLY
CIRCUITS
\
Yoke
Video Amplification Ry
with
Video In - O—1-4 0C Controled [ KT
Gain/Black Level

Contrast

Brightness

TL/H/10006 -4

FIGURE 4. Typical Monochrome Monitor Block Dlagram
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Circuit Description

Figure 5 is a block diagram of the LM1201 along with the
contrast and brightness controls. The contrast control is a
DC operated attenuator which varies the AC gain of the
amplifier without introducing any signal distortions or DC
output shift. The brightness control function requires a
“sample and hold"” circuit (black level clamp) which holds
the DC bias of the video amplifier and CRT cathodes con-
stant during the black level reference portion of the video
waveform. The clamp comparator, when gated on during
this reference period, will charge or discharge the clamp
capacitor until the non-inverting input of the clamp compara-
tor matches that of the inverting input voltage which was set
by the brightness control.

Figure 6 is a simplified schematic of the LM1201 video am-
plifier along with the recommended external components.
The IC pin numbers are circled with all external components
shown outside of the dashed line. The video input is applied

LM1201
Low Voltage
Video

to pin 16 via the 10 pF coupling capacitor. DC bias to the
video input is through the 10 kQ resistor which is connected
to the 2.6V reference at pin 3. The low frequency roll-off of
the amplifier is set by these two components. Transistor Q1
buffers the video signal to the base of Q2. The Q2 collector
current is then directed to the Vg1 supply through Q3 or to
Voez through Q4 and the 5000 load resistor depending
upon the differential DC voltage at the bases of Q3 and Q4.
The Q3 and Q4 differential base voltage is determined by
the contrast control circuit which is described below. The
black level DC voltage at the collector of Q4 is maintained
by Q5 and Q6 which are part of the black level clamp circuit
also described below. The video signal appearing at the col-
lector of Q4 is then buffered by Q7 and level shifted down
by 21 and Q8 to the base of Q9 which will then provide
additional system gain.

External
High Voltage

o
CRT

Cathode

Level Ref
| ﬂ Period

Clamp Gate LI L

V=

AAA

AA
VVVv

Brightness
Control

Clamp
Gate
In

TL/H/10006 -5

FIGURE 5. Block Dlagram of LM201 Video Amplifier with Contrast and Black Level Control
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Circuit Description (continued)
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Circuit Description (continued)

The “Drive” pin will allow the user to set the maximum gain
of the amplifier based on the range of input video signal
levels and the CRT stage gain if it is fixed or limited. When
using three LM1201 devices for high resolution RGB appli-
cations, the “Drive” pin allows the user to trim the gain of
each channel to correct for differences in the three CRT
cathodes. A small capacitor (12 pF) in shunt with a 51Q
drive resistor at this pin will extend the high frequency gain
of the video amplifier by compensating for some of the inter-
nal high frequency roll off. The 51 resistor will set the sys-
tem gain to approximately 8 or 18 dB. The video signal at
the collector of Q9 is buffered and level shifted down by
Q10 and Q11 to the base of the output emitter follower Q12.
Between the emitter of Q12 and the video output pin is a
500 resistor which is included to prevent spurious oscilla-
tions when driving capacitive loads. An external emitter re-
sistor must be added between the video output pin and
ground. The value of this resistor should not be less than
3300, otherwise package power limitations may be exceed-
ed when worst case (high supply, max supply current, max
temp) calculations are made. If negative going pulse slewing
is a problem because of high capacitive loads (>10 pF), a
more efficient method of emitter pull down would be to con-
nect a suitable resistor to a negative supply voitage. This
has the effect of a current source pull down when the minus
supply voltage is —12V, and the emitter current is approxi-
mately 10 mA. The system gain will also increase slightly
because less signal will be lost across the internal 500 re-
sistor. Precautions must be taken to prevent the video

output pin from going below ground since IC substrate cur-
rents may cause erratic operation. The collector current
from the video output transistor is returned to the power
supply at Vcca. pin 10. When making power dissipation cal-
culations note that the datasheet specifies only the Vccy
and Vg supply currents at 12V. The IC power dissipation
contribution of Vccs is dependent upon the video output
emitter pull down load.

In normal operation the minimum black level voltage that
can be set at the video output pin is approximately 2V at
maximum contrast setting. In applications that require a low-
er black level voltage, a resistor (approximately 16 k) can
be added from pin 3 to ground. This has the effect of raising
the DC voitage at the collector of Q4 which will extend the
range of the black level clamp by allowing Q5 to remain
active. In applications that require video amplifier shutdown
due to fault conditions detected by monitor protection cir-
cuits, pin 3 and the wiper arms of the contrast and bright-
ness controls can be grounded without harming the IC. This
assumes some series resistance between the top of the
control potentiometers and V¢c.

Figure 7 shows the internal construction of the pin 3 2.6V
reference circuit which is used to provide temperature and
supply voitage tracking compensation for the video amplifier
input. The value of the external DC biasing resistors should
not be larger than 10 kQ when using more than one
LM1201 (e.g. in RGB systems) because minor differences in
input bias currents on the individual video amplifiers may
cause offsets in gain.

to Video Input

10k 2

preccncncccccncncacccaas

H

eccecccccnccecae m cccccaca @ P |

0.1 uF Contrast

Cap
TL/H/10006 -7

FIGURE 7. LM1201 Video Input Voltage Reference and Contrast Control Circults
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Circuit Description (continued)

Figure 7 also shows how the contrast control circuit is con-
figured. Resistors R23, R24, diodes D3, D4, and transistor
Q13 are used to establish a low impedance zero TC half
supply voltage reference at the base of Q14. The differential
amplifier formed by Q15, Q16 and feedback transistor Q17
along with resistors R27, R28 establish a differential base
voltage for Q3 and Q4 in Fijgure 6. When externally adding
or subtracting current from the collector of Q16, a new dif-
ferential voltage is generated that reflects the change in the
ratio of currents in Q15 and Q16. To provide voltage control
of the Q16 current, resistor R29 is added between the Q16
collector and pin 4. A capacitor should be added from pin 4
to ground to prevent noise from the contrast control pot
from entering the IC.

Figure 8 is a simplified schematic of the clamp gate and
clamp comparator section of the LM1201. The clamp gate
circuit consists of a PNP input buffer transistor (Q18), a PNP
emitter coupled pair referenced on one side to 2.1V (Q19,
Q20) and an output switch (Q21). When the clamp gate
input at pin 5 is high (>1.5V), the Q21 switch is on and

shunts the I1 1mA current to ground. When pin 5 is low
(<1.3V), the Q21 switch is off and the |1 1mA current
source is mirrored or “turned around” by reference diode
D5 and Q26 to provide a 1mA current source for the clamp
comparator. The inputs to the comparator are similar to the
clamp gate input except that an NPN emitter coupled pair is
used to control the current which will charge or discharge
the clamp capacitor at pin 2. PNP transistors are used at the
inputs because they offer a number of advantages over
NPNs. PNPs will operate with base voltages at or near
ground and will usually have a greater reverse emitter-base
breakdown voltage (BVebo). Because the differential input
voltage to the clamp comparator during the video scan peri-
od could be greater than the BVebo of NPN transistors,
resistor R34 with a value one half that of R33 or R35 is
connected between the bases of Q23 and Q27. This resis-
tor will limit the maximum differential input to Q24, Q25 to
approximately 350 mV. The clamp comparator common
mode range extends from ground to approximately 9V and
the maximum differential input voitage is Voc and ground.

P

+lclam
[ P — 1mA
=lclam
il — 1mA I (C:l:';n P
[ Q24 Q25
R3S <
20k S <
1 023 1
AV"‘V
Q22 Q28 9) (=)In
11 mA
Q26
TL/H/10006 -8

FIGURE 8. Simplified Schematic of LM1201 Clamp Gate and Clamp Comparator Circults
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Applications Information

Figure 9 shows the configuration of a high frequency amplifi-
er with non-gated DC feedback. Pin 5 is tied low to turn on
the clamp comparator (feedback amplifier). The inverting in-
put (pin 9) is connected to the amplifier output from a low

AAA

pass filter. Additional low frequency filtering is provided by
the clamp capacitor. The Drive pin is grounded to allow for
the widest range of output signals. Maximum output swing is
achieved when the DC output is set to approximately 4.5V.

In —

\7
l O 0(1:3V

0.1 uf 0.1 pF‘L 47 uF
w v wu G v
A ] T1
0.1 uf
510 16 15 14 13 12 1" 10 9 g H
< S
g LM1201 3 1ok
§ 1 2 3 4 ] 6 7 8
l _J_ | Vour
ot “F$ 0.1 uF g
GND 3300
+12V +12V
10k 10k
Galn —>S DC
Control 0 ! “F 0 ”—E- Level

@ v

FIGURE 9. High Frequency Amplifier/Attenuator Circult with Non-Gated DC Feedback (Non-Video Applications)

TL/H/10006 -9
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Applications Information (continueq)

Figure 10 shows the LM1201 set up as a video amplifier
with biphase outputs. Because the collector of output tran-
sistor Q12 is the only internal connection to Vgca, @ 750
termination to the power supply voltage allows one to obtain
inverted video at pin 10. Black level on the non-inverted
video output (pin 8) is set to 1.5V by the voltage divider on
pin 6.

Figure 11 shows how a high frequency video switch may be
designed using multiple LM1201 devices. All outputs can

be OR’ed together assuming no more than one channel is
selected at any given time. Channel selection is accom-
plished by keeping the appropriate SELECT SWITCH open.
Closing the SELECT SWITCH on a given channel disables
that channel’s output (pin 8) leaving it in a high impedance
state. A single pair of contrast and brightness potentiome-
ters control the selected channel's gain and output DC
level.

\/

AAA
\AA4

2000

0.1 p.F'L L
v

cC
2y

510

Q.1 uF
Ve 1 0.1 uF ;
g I I ]
750 16 15 14 13 12 1 10 9
—— ‘b
Ty ) LM1201 32000
L 2 3 4 6 7 8
I: J_ I ‘o5V1.r/lu/
1 uF 0.1 uF ; 0.1 uf [T 0.1 uf
g g g 12V oND sa
+12V
Contrast Gate In 1.5V
Control

TL/H/10006-10

FIGURE 10. Preclamped Video Amplifier with Biphase Outputs
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Applications Information (continued)

AAA

VYV

2000

0.1 ;.LFJ_
" 1 uF g

0.1 pFi
v

\/
0 ﬁgv

ornel |

0.1 uF 510
1 — I
750 16 15 14 13 12 11 10 9
-‘ <
LM1201 3 2000
L1
1 uF ; 1 2 3 4 5 6 7 8
L
SELECT Open to select 0.1 uF == to tos to
SWITCH Close to disable ; pin 4 pin pin 6
3300
ANV » Q) Vee
1 2000 1 +12v
0.1 uF 0.1 uF " 3
0.1
Y 1uF ; 0.1 uf ; 514
750 16 15 14 13 12 1 10 9
4 !
7)) LM1201 $ 00
L1
" ; 1 2 3 4 5 6 7 8
0.1 uf 0.1 uF i
+12V +12V
SELECT Open to select 0.1 uF == Selected
SWITCH i Closs to disable ; Contrast g:m Brightness

FIGURE 11. High Frequency Video Switch with Common Contrast and Brighiness Controls

Selected
Video
Out

TL/H/10006-11
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Rise Time No Socket Rise Time In Socket

TL/H/10006-12 TL/H/10006-13

Fall Time In Socket

TL/H/10006-14 TL/H/10006-15
HP8082 pulse generator ¢ Actual output signal swings
HP10241A 10:1 voltage divider 4 Vp.p (10:1 divider is used)
HP1120A 500 MH2 FET probe ¢ Contrast is set to maximum
Tektronix 2465A 350 MHz scope ¢ Viy = 500 mV,,,

¢ Rprive = 500
¢ Vertical scale is actually 1V/div and not
100 mV/div due to 10:1 attenuator used.
« Outputs are centered at 4V DC.
Scale for All Photos—Vert: 1V/Div
Hori2: 5 ns/Div

© 1980 National Semiconductor Corporation
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TL/H/10006-16

Note: The p.c.b. layout shown above is suitable for evaluating the performance of the LM1201. Although it is similar to the
typical application circuit of Figure 3, there is no c.r.t. driver stage. Instead, a feedback resistor is connected between Pins 8 and
9 and the brightness control is connected to Pin 6. Again, for best results, a socket should not be used for the LM1201.

COMPONENT VALUES:

R1 75Q, 5%, 1/4 watt, carbon composition C1 0.1 pF, ceramic

R3 10k, 5%, 1/4 watt, carbon composition C2 0.1 pF, ceramic

R4  50Q, 5%, 1/4 watt, carbon composition C4 0.1 uF, ceramic

R5  200Q, 5%, 1/4 watt, carbon composition C5 0.1 pF, ceramic

R6  75Q, 5%, 1/4 watt, carbon composition C6 10 uF/6V, electrolytic
R7 3300, 5%, 1/4 watt, carbon composition C7 0.1 uF, ceramic

R8 680 kQ, 5%, 1/4 watt, carbon composition C8 0.1 uF, ceramic

R9 10 kQ, trim pot, helitrim model 91 Cc9 0.1 uF, ceramic

R10 5.1k, 5%, 1/4 watt, carbon composition C10 0.1 uF, ceramic

R11  43kQ, 5%, 1/4 watt, carbon composition C11 0.1 uF, ceramic

R12 12kQ, 5%, 1/4 watt, carbon compaosition C12 0.1 uF, ceramic

R13 10Kk, trim pot, helitrim model 91 C13 100 uF/15V, electrolytic
R14 2k,5%, 1/4 watt, carbon composition C14 0.001 uF, mica

R15 200Q, 5%, 1/4 watt, carbon composition C15 0.1 pF, ceramic

IC1 LM1201

IC2  LM1881

©19889 National Se miconductor Corporation
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Physical Dimensions inches (milimeters)

15 1 13 12 1 o
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16-Lead (0.1500 Wide) Small Outline Molded Package (M)
Order Number LM1201M
NS Package Number M16A
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\ 0.740-0.780
I {1830~ 19.81)

LIFE SUPPORT POLICY
NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR

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

Physical Dimensions inches (milimeters) (Continued)

OPTION 01 OPTION 02 0.065
0.130£0.005 0.060 4° TYP 0.300 - 0.320 1.651
Gsazoiz) I"( s24) 7 ~\[™ opmonac _" (7.620- sm‘)I‘— i
0.145 = 0.200
{3.683-5.080) ¢ f
l l 95045° 0.008-0.016
0
(g.ggg ™ ; ‘ 90°4° TYP “_ 0.280 {0203~ 0.408)
508) 0.125 = 0.150 [ 0.030£0.015 )
(3.175-3.810) 1 ™ {o76220.381) MIN
0.014 = 0.023 |__ 0.100£0.010 (0.325¥0.040
{0.356-0.584) (2.54020.254) =0.015
L) 0.050£0.010 v ~Tor6 N16E (REV F)
i .27%0.254) (825544918
16-Lead Molded Dual-In-Line Package (N)
Order Number LM1201N
NS Package Number N16E

DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

USE AS CRITICAL COMPONENTS IN LIFE SUPPORT

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
effectiveness.

to the user.
National Semiconductor National Semiconductor NS Japan Lid. National National National Semiconductor
Corporation GmbH Sanseido Bidg. 5F Hong Kong Lid. Do Brash Ltda. (AustraNa) PTY, Ltd.
2900 N Drive 183-185 4-15 Nishi Shinjuku Southeast Asia Marketing Av. Brig. Faria Lima, 830 21/3 High Street
P.O. Box 58080 D-8000 Munchen 21 Shinjku-Ku, Austin Tower, 4th Floor 8 Andar Bayswater, Victoria 3153
Santa Clara, CA 85052-8080 West Germany Tokyo 160, Jepan 22-26A Austin Avenue 01452 Sao Paulo, SP. Brasil Austrain
Tel: (408) 721-5000 Tel: (089) § 70 8501 Tel: 3-289-7001 Tsimshatsui, Kowloon, H.K. Tet: (55/11) 212-5088 Tel: (03) 720-6333
TWX: (810) 339-9240 Telex: 52277 FAX: 3-209-7000 Tel: 3-7231280, 3-7243645 Telex: 391-1131831 NSER BR Telex: AA32096

Cable: NSSEAMKTG
Telex: 52096 NSSEA HX
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Semiconductor

April 1, 1992

Preliminary : Information contained in this
data sheet is preliminary and Is subject to
change without notice.

LM1202 230MHz Video Amplifier System

General Description

The LM1202 is a very high frequency video amplifier system
intended for use in high resolution monochrome or RGB color
monitor applications. In addition to the wideband video
amplifier the LM1202 contains a gated differential input black
level clamp comparator for brightness control, a DC controlled
attenuator for contrast control and a DC controlled sub contrast
attenuator for drive control. The DC control for the contrast
attenuator is pinned out separately to provide a more accurate
control system for RGB color monitor applications. All DC
controls offer a high input impedance and operate over aOto 4
volt range for easy interface to buss controlied alignment
systems. The LM1202 operates from a nominal 12 volit supply
but can be operated with supply voltages down to 10 volts for
applications that require reduced IC package power dissipation
characteristics. The LM1202 is packaged in a 20 lead DIP with
special emphasis placed on pin positions for the video
input/output, supply and ground connections.

Features

Bl Wideband video amplifier (1 34 = 230 MHz at Vg, = 4V )

Mt 4=15nsat Vo=4Vpp

Ml Externally gated comparator for brightness control

I 0 to 4 volt high input impedance DC contrast control (>40dB
range)

[l 0 to 4 volt high input impedance DC drive control (+3dB range)

I Easy to parallel three LM1202s for optimum color tracking in
RGB systems

Il Output stage clamps to 0.5v (min) and provides up to 8 volts
output voltage swing

M Output stage directly drives most hybrid or discrete CRT
amplifier stages

Applications

High resolution CRT monitors

Video switches

Video AGC amplifier

Wideband amplifier with gain and dc offset control

Block Diagram and Connection Diagram

Voc2
[16] vecs
Video In [ ¢ | | ATTENUATOR || ATTENUATOR
(CONTRAST) (DRIVE) Vidoo Out
Ground | s |
15 Ground
Attenuator In 1 12[Clamp Cap
Attenuator In-| 2 11 Prive Cap
Control Out+| 20 10 Prive Cap
Control Out-| 3 _I
CONTRAST DRIVE 19 |Clamp(+)
CONTROL CONTROL 18]Clamp(-)
System Vcct E
Contrast Control[ 8 [14|Clamp Gate
Drive Control| 9 [13|Ground
Ordering Information Order number LM1202N

See NS package Number N20A
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Absolute Maximum Ratings (Now 1)

Supply Voltage Vee Pins 4,7,16 o Ground Pins 5,13,15
Voltage at any input Pin (Vi)
Video Output Current (147)

Voc2VIN2GND P

13.5V ¥ Military/Aerospece specified devices are required,

the Natk

1 Cami

ductor Sales

28mA Office/Distributors for avallabliity and specifications.

Package Power Dissipation at Ty = 25°C 1.56W
(Above 25°C derate based on 83 and Tp
Package Thermal Resistance (6ja) N20A TBD°CW
Junction Temperature (T; TBD°CW
Operating Temperature TA) 150°C
Storage Temperature Range (Tgtg) 0°C 10 +70°C
Lead Temperature (Soldering, 10 Seconds) -65°C © +150°C
ESD Susceptibility 265°C
Human Body Model: 100pf Discharged Through a 8D
1.5 KQ Resistor

Electrical Characteristics See Test Ciccuit (Figure 1), Tp = 25°C, V4 = V7 = V16 = 12V
DC Static Test S10pen, V,g =4V, Vg =4V, Vg =4V, V,, =0V unless otherwise noted.

LM 1202
Symbol Parameter Conditions Unis
Typicsl Testad
Umk
Nowe2) Now
Is4,7,16  |Supply Current (Total) Rload == 47 mA(max)
Ve Video Input Voltage 26 V(min)
Vi4L Clamp Gate Low Input Voltage Clamp Comparator On 12 V(min)
Vi4H Clamp Gate High Input Voltage | Clamp Comparator Off 16 V(max)
114L Clamp Gate Low Input Current Vig =0V 05 HA(max)
l14H Clamp Gate High Input Current | V4 = 12V 0.005 pA(max)
ly2+ Clamp Cap Charge Cument Vi2 =0V 800 pA
l12- Clamp Cap Discharge Cument Vi2 =5V -800 WA
VizL Video Output Low Voltage Vig =0V 0.1 V(max)
Vi7H Video Output High Voltage Vi2 =6V 97 V(max)
Vos Comparator Input Offset Voltage fVig - Vig 05 125 mV(max)
AC Dynamic Test S; Ciosed, V14 =0V, Vig = 4V
TN Video Amplifier Input Rests. 20kQ
Av max Video Amplifier Gain Vg =4V, Vg = 4V 20 VN(min)
AAV 2V Attenuation @ 2V Ref: Av max, Vg = 4V F3 dB
AAv 0.5V Attenuation @ 0.5V Ref: Av max, Vg = 2V 28 dB
ADrive AGain Range Vg =0 b 4V 43 B8
THD Video Amplifier (Distortion) Vo =1Vpp 033 %
1-3dB) Video Ampiifier Bandwidth V4 =12V,Vo = 4 Vpp 230 MHzminy
i Output Rise Time (Note 3) VO =4Vpp 15 e
i Output Fall Time (Note 3) Vo =4Vpp 15

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur.
Note 2: Typical specifications are specified at + 25°C and represent the most likely parametric norm.
Note 3: Tested limits are guaranteed to National's AOQL ( Average Outgoing Quality Level ).
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Circuit Description

Figure.2 shows a block diagram of the LM1202 video amplifier along with contrast and
brightness ( black level ) control. Contrast control is a dc - operated attenuator which varies the
ac gain of the amplifier. Signal attenuation ( contrast ) is achieved by varying the base drive to
a differential pair and thereby unbalancing the current through the differential pair. As shown in
Figure.2, pin 20 provides a 5.3V bias voltage for the positive input of the attenuator ( pin 1).
Pin 3 provides a control voltage for the negative input ( pin 2 ) of the attenuator. The voltage at
pin 3 varies as the voltage at the contrast control input ( pin 8 ) varies thus providing signal
attenuation. The gain is maximum ( 0 dB attenuation ) if the voltage at pin8is4Vandis
minimum ( maximum attenuation ) if the voltage at pin 8 is 0V. The 0 to 4V dc - operated drive
control at pin 9 provides a 6 dB gain adjustment range. This feature is necessary for RGB
applications where independant adjustment of each channel is required.

The brightness or black level clamping requires a sample and hold " circuit which holds the dc
bias of the video amplifier constant during the black level reference portion of the video
waveform. Black level clamping, often referred to as dc restoration is accomplished by applying
a back porch clamp signal to the clamp gate input pin ( pin 14 ). The clamp comparator is
enabled when the clamp signal goes low during the black level reference period

( see Figure. 2 ). When the clamp comparator is enabled, the clamp capacitor connected to pin
12 is either charged or discharged until the voltage at the minus input of the comparator
matches the voltage set at the plus input of the comparator. During the video portion of the
signal, the clamp comparator is disabled and the clamp capacitor holds the proper dc bias. In a
dc coupled cathode drive application, picture brightness function can be achieved by varying
the voltage at the comparator's plus input.

White
VM
Black
—_—>
Sync Tw—->_*

| <—Biack Level Reterence Pesiod

Back Porch Tlamp Signal | [ o | r—“'“’"""’

FIGURE 2. Block Diagram of LM1202 Video Amplifier with Contrast and Brightness
( black level ) control.
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Circuit Description ( Continued )
Video Amplifier section ( input stage )

A simplified schematic of LM1202's video amplifier input stage is shown in Figure. 3. The 5.4V
zener diode, Q1, Q6 and R2 bias the base of Q7 at 2.6 V. The ac coupled video signal applied
to pin 6 is referenced to the 2.6 V bias voltage. Transistor Q7 buffers the video signal, Vin, and
Q8 converts the voltage to current. The ac collector current through Q8 is Icg = Vin / R9. Under
maximum gain condition, transistors Q9 and Q11 are off and all of I.g flows through the load
resistors R10 and R11. The maximum signal gain at the base of Q13 is,

A,1 =-(R10 + R11)/R9 = -2. Signal attenuation is achieved by varying the base drive to the
differential pairs Q9, Q10 and Q11, Q12 thereby unbalancing the collector currents through the
transistor pairs. Base of Q10 is biased at 5.3V by externally connecting pin 1 to pin 20 through
a 100 Q resistor. Pin 2 is connected to pin 3 through a 100 Q resistor. Adjusting the contrast
voltage at pin 8 produces a control voltage at pin 3 which drives the base of Q9. By varying the
voltage at the base of Q9, Q8's collector current ( lcg ) is diverted away from the load resistors
R10 and R11 thereby providing signal attenuation. Maximum attenuation is achieved when all
of Ig flows through Q9 and no current flows through the load resistors.

The differential pair Q11 and Q12 provide drive control. Q12's base is internally biased at 7.3V.
Adjusting the voltage at the drive control input ( pin 9 ) produces a control voltage at the base of
Q11. With Q9 off and Q12 off, all of I.g flows through R10 thus providing a gain of

A, =-(R10/R9)x Vin = - 1. Drive control thus provides a 6 dB attenuation range.
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Circuit Description ( continued )
Video Amplifier section ( output stage )

A simplified schematic of LM1202's video amplifier output stage is shown in Figure. 4. The
output stage is the second gain stage. Ideally the gain of the second gain stage would be Ap =

- R21/R18 = -16. Because of the output stage's low open loop gain, the gain is approximately
Ay2 = -10. Thus the maximum gain of the video amplifier is. Av = A, x Ay, = 20. Transistor Q23

and Q24 provide a push - pull drive to the load. The output voltage can swing from 0.1V to 9.7V.
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Circuit Description ( continued )

Contrast Control section

A simplified schematic of LM1202's contrast control section is shown in Figure.5. A 0 to 4V dc
voltage is applied at the contrast input ( pin 8 ). Transistors Q29, Q30 and Q34 buffer and
level shift the contrast voltage to the base of Q36. The voltage at the emitter of Q36 equals the
contrast voltage, Vo, and the current through Q36's collector is given by lcag = Vo / R28.

Transistor Q36's collector current is used to unbalance the current through the differential pair
comprised of Q38 and Q40. Q40's base is intemnally biased at 5.3V and made available at pin
20. Pin 20 is externally connected to pin 1 through a 100 Q resistor ( see Figures 2 and 3 ).
The base of Q38 ( pin 3 ) is externally connected to pin 2 through a 100 Q resistor ( see
Figures 2 and 3 ). With Vo, = 2V, the differential pair ( Q38, Q40 ) is balanced and the
voltage at pins 1 and 2 is 5.3V. Under this conmdition, Q8's collector current is equally split
between Q9 qnd Q10 ( see Figure. 3 ) and the amplifier's gain is half the maximum gain. If
contrast voltage at pin 8 is greater than 2V then Q36's collector current increases thus pulling
Q38's collector node lower and consequently moving Q38's base below 5.3V. With pin 2 at a
lower voltage than pin 1, current through Q10 ( see Figure. 3 ) increases and the amplifier's
gain increases. With V., = 4V, the amplifier's gain is maximum.

If the contrast voltage at pin 8 is less than 2V then Q36's collector current decreases and
Q38's base is pulled above 5.3V. With pin 2 voltage greater than pin 1 voltage, less current
flow through Q10 ( see Figure. 3 ), consequently the amplifier's gain decreases. With

Veont = 0V, the amplifier's gain is minimum ( i.e maximum attenuation ).
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Circuit Description ( continued )
Drive control section

A simplified schematic of LM1202'sdrive control section is shown in Figure.6. A 0 to 4V dc
voltage is applied at the drive control input ( pin 9 ). Transistors Q49, Q50 and Q54 buffer and
level shift the contrast voltage to the base of Q56. The voltage at the emitter of Q56 equals the
drive voltage, Ve @and the current through Q56's collector is given by Icsg = Vgive / R43.

Transistor Q56's collector current is used to unbalance the current through the differential pair
comprised of Q58 and Q60. Q60's base is intemally biased at 7.3V and and connected to the
base of Q12 ( see Figure. 3 ). Q58's base is internally connected to the base of Q11 ( see
Figure. 3 ). With Vo = 2V, the differential pair ( Q58, Q60 ) is balanced and the voltage at the
bases of Q11 and Q12 is 7.3V. Under this condition, Q10's collector current is equally split
between Q11 and Q12 ( see Figure. 3). If contrast voltage at pin 9 is greater than 2V then Q56's
collector current increases thus pulling Q58's collector node lower and consequently moving
Q58's base below 7.3V. With base of Q11 below 7.3V, current through Q12 ( see Figure. 3 )
increases and the amplifier's gain increases. With Vg, = 4V, the amplifier's gain is maximum

under maximum contrast condition (i.e Vo =4V ).

If the drive voltage at pin 8 is less than 2V then 56's collector current decreases and Q58's base
is pulled above 7.3V. With base of Q11 greater than 7.3V, less current flow through Q12 ( see
Figure. 3 ), consequently the amplifier's gain decreases. With V. = OV, the amplifier's gainis 6

dB less than the maximum gain.
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Circuit Description ( continued )
Clamp gate and clamp comparator section

Figures 7 and 8 show simplified schematics of the clamp gate and clamp comparator circuits.
The clamp gate circuit ( Figure 7 ) consists of a PNP input buffer transistor ( Q82 ), a PNP
emitter coupled pair ( Q85 and Q86 ) referenced on one side to 2.1V and an output switch
transistor Q89. When the clamp gate input at pin 14 is high (> 1.5V ) the Q89 switch is on
and shunts the 200 pA current from current source Q90 to ground. When pin 14 is low ( <
1.3V ) the Q89 switch is off and the 200 pA current is mirrored by the current mirror
comprised of Q31 and Q75 ( see Figure 8 ). Consequently the clamp comparator comprised
of the differential pair Q74 and Q77 is enabled. The input of the clamp comparator is similar
to the clamp gate except that an NPN emitter coupled pair is used to control the current that
will charge or discharge the clamp capacitor externally connected from pin 12 to ground. PNP
transistors are used at the inputs because they offer a number of advantages over NPNs.
PNPs will operate with base voltages at or near ground and will usually have a greater emitter
base breakdown voltage ( BVebo ). Because the differential input voltage to the clamp
comparator during the video scan period could be greater than the BVebo of NPN transistors
a resistor ( R63 ) with a value one half that of R60 or R68 is connected between the bases of
Q71 and Q79. The clamp comparator's common mode range is from ground to approximately
9V and the maximum differential input voltage is Vcc and ground.
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Applications of LM1202

Single video channel

A typical application for a single video channel is shown in Figure.9. The video signal is ac
coupled to pin 6. The LM1202 intemnally biases the video signal to 2.6 Vpc. Contrast control is
achieved by applying a 0 to 4V dc voltage at pin 8. The amplifier's gain is minimum (i.e
maximum signal attenuation ) if pin 8 is at 0V and is maximum if pin 8 is at 4V. With pin 9 (drive
control at 0 V, the amplifier has a maximum gain of 20 dB.

For dc restoration, a clamp signal must be applied to the clamp gate input ( pin 14 ). The clamp
signal should be logic low ( less than 0.8 V ) only during the back porch ( black level reference
period ) interval. The clamp gate input is TTL compatible. Brightness control is provided by
applying a 0 V to 4 V dc voltage at pin 19. For example, if pin 19 is biased at 1 V then the video
signal's black level will be clamped at 1 V. A 510 Q load resistor is connected from the video
output pin ( pin 17 ) to ground. This resistor biases the Class A output stage of the amplifier. For
power dissipation considerations, the load resistor should not be much less than 510 Q.
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Applications of LM1202 ( continued)

RGB video preamplifier

Figure.10 shows an RGB video preamplifier circuit using three LM1202s. Note that pins 1 and
2 of IC1 are connected to pins 1 and 2 of IC2 and IC3 respectively. This allows IC1 to provide
a master contrast control and optimum contrast tracking. Adjusting the contrast voltage at pin 8
of IC1 will vary the gain of all three video channels. Drive control input ( pin 9 ) of each LM1202
allows individual gain adjustment for achieving white balance.

The black level of each video channel can be individually adjusted to the desired voltage by
adjusting the voltage at pin 19. In adc coupled cathode drive application, adjusting the voltage
at pin 19 of each IC will provide cutoff adjustment. In an ac coupled cathode drive application,
the video signal is ac coupled and dc restored at the cathode. In such an application, the video
signal's black level may be clamped to the desired level by simply biasing pin 19 to that voltage
by using a voltage divider at pin 19.

an
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General Description

The LM1203 is a wideband video amplifier system intended
for high resolution RGB color monitor applications. In addi-
tion to three matched video amplifiers, the LM1203 contains
three gated differential input black level clamp comparators
for brightness control and three matched attenuator circuits
for contrast control. Each video amplifier contains a gain set
or “Drive” node for setting maximum system gain (Av = 4
to 10) as well as providing trim capability. The LM1203 also
contains a voltage reference for the video inputs. For high
resolution monochrome monitor applications see the
LM1201 Video Amplifier System datasheet.

LM1203 RGB Video Amplifier System

Features

November 1988

Three wideband video amplifiers (70 MHz @ —3dB)

Inherently matched (+0.1 dB or 1.2%) attenuators for
contrast control
Three externally gated comparators for brightness con-

Provisions for independent gain control (Drive) of each
video amplifier

Video input voltage reference
Low impedance output driver

Block and Connection Diagram
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R CLAMP CAP 5 +
GREEN 1K
GVDEO IN 6 %«
—l_D. \ 40
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G CLAMP CAP 8 -
. ]
<
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FIGURE 1
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See NS Package Number N28B
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Absolute Maximum Ratings
If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/DIstributors for avallabllity and specifications.
Supply Voltage, Vcc Pins 1, 13, 23, 28
(Note 1)
Voltage at Any Input Pin, V|N
Video Output Current, 116, 20 or 25
Power Dissipation, Pp
(Above 25°C) Derate Based on 6,4 and T
Thermal Resistance, 64
Junction Temperature, T,

13.5v

Vec 2 ViN 2 GND

28 mA
2.5W

50°C/W
150°C

Operating Temperature Range, Ta
Storage Temperature Range, Tstg

0°Cto +70°C
—-65°Cto +150°C

Lead Temperature, (Soldering, 10 sec.)
ESD susceptibility
Human body model: 100 pF discharged through a 1.5 kQ

resistor

Electrical Characteristics see Test Circuit (Figure 2, Ta = 25°C; Voot = Vocz = 12V

DC Static Tests s17, 21, 26 Open; V12 = 6V; V14 = 0V; V15 = 2.0V unless otherwise stated

265°C
2kV

Label Parameter Conditions Typ Um.:.le:)::?e 2) Umtl)'e&lgo:'e 3) (Srr::i: )
Is Supply Current Veg 1 only 73 90.0 mA(max)
Vi1 Video Input Reference Voltage 24 2.2 V(min)

26 V(max)
Ib Video Input Bias Current Any One Amplifier 5.0 20 pA(max)
V14l Clamp Gate Low Input Voltage | Clamp Comparators On 1.2 0.8 V(min)
Vi4h Clamp Gate High Input Voltage | Clamp Comparators Off 1.6 20 V(max)
1141 Clamp Gate Low Input Current | V14 = OV -05 -5.0 rA(max)
H4h Clamp Gate High Input Current | V14 = 12V 0.005 1 pA(max)
Iclamp+ | Clamp Cap Charge Current V5,80r10 = OV 850 500 pA(min)
Iclamp— | Clamp Cap Discharge Current | V5,80r10 = 5V -850 -500 pA(min)
Vol Video Output Low Voltage V5,80r10 = OV 0.9 1.25 V(max)
Voh Video Output High Voltage V5,80r10 = 5V 8.9 8.2 V(min)
AVo(2V) | Video Output Offset Voltage Between Any Two Amplifiers +05 +50 mV(max)
Vi5 = 2V
AVo(4V) | Video Output Offset Voltage Between Any Two Amplifiers +0.5 +50 mV(max)
V15 = 4V

AC Dynamic Tests s17, 21, 26 Closed; V14 = 0V; V15 = 4V; unless otherwise stated

Symbol Parameter Conditions Typ le.:.le (i::?e 2) Um?'e&lg:“ 3) “3::;)
Av max Video Amplifier Gain V12 = 12V,V|y = 560 mVp-p | 6.0 4.5 V/V(min)
AAv 5V Attenuation @ 5V Ref: Avmax, V12 = 5V -10 dB
AAv 2V Attenuation @ 2V Ref: Av max, V12 = 2V -40 dB
Avmatch | Absolute gain match @ Avmax | V12 = 12V (Note 5) +0.5 dB
AAv track1 | Gain change between amplifiers | V12 = 5V (Notes 5, 8) +0.1 +05 dB(max)
AAv track2 | Gain change between amplifiers | V12 = 2V (Notes 5, 8) +0.3 +0.7 dB(max)
THD Video Amplifier Distortion Vi2 = 3V,Vp = 1Vp-p 0.5 %
f(—3dB) | Video Amplifier Bandwidth Vi2 = 12V, 70 MHz

(Notes 4, 6) Vo = 100 mV s
t Output Rise Time (Note 4) Vo = 4Vp-p ns
t Output Fall Time (Note 4) Vo = 4Vp-p ns

© 1989 National Semiconductor Corporation
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AC Dynamic Tests s17,21, 26 Closed; V14 = 0V; V15 = 4V; unless otherwise stated (Continued)

Tested Design
Symbol Parameter Conditlons Typ Limit (Note 2) Limit (Note 3) Units
Vsep Video Amplifier 10 kHz Isolation V12 = 12V (Note 7)
—-65 dB
| 10kHz
Vsep Video Amplifier 10 MHz Isolation V12 = 12V (Notes 4, 7)
10 MHz —48 a8

Note 1: Vg supply pins 1, 13, 23, 28 must be externally wired together to prevent internal damage during Vg power on/off cycles.

Note 2: These parameters are guaranteed and 100% production tested.

Note 3: Design limits are guaranteed (but not 100% production tested). These limits are not used to calculate outgoing quality levels.

Note 4: When measuring video amplifier bandwidth or puise rise and fall times, a double sided full ground plane printed circuit board without socket is recommend-
ed. Video Amplitier 10 MHz isolation test also requires this printed circuit board.

Note 5: Measure gain difference between any two amplifiers. Viy = 1 Vp-p.

Note 6: Adjust input frequency from 10 kHz (Avmay ref level) to the —3 dB comer frequency (f —3 dB).

Note 7: Measure output levels of the other two undriven amplifiers relative to driven amplifier to determine channel separation. Terminate the undriven amplifier
inputs to simulate generator loading. Repeat testat fiy = 10 MHz for Vsep = 10 MHz.

Note 8: AAv track is a measure of the ability of any two amplifiers to track each other and quantifies the matching of the three attenuators. Itis the difference in
gain change between any two amplifiers with the Contrast Voltage V12 at either 5V or 2V measured relative to an Av max condition V12 = 12V. For example, at
Av max the three amplifiers gains might be 17.4 dB, 16.9 dB, and 16.4 dB and change to 7.3 dB, 6.9 dB, and 6.5 dB respectively for V12 = 5V. This yields the
measured typical £0.1 dB channel tracking.
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Typical Performance Characteristics

Contrast vs Frequency

Frequency (Hz)
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é -50 1.
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Pulse Response
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Attenuation vs Contrast Voltage
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Applications Information

Figure 4 shows the block diagram of a typical analog RGB
color monitor. The RGB monitor is used with CAD/CAM
work stations, PC's, arcade games and in a wide range of
other applications that benefit from the use of color display
terminals. The RGB color monitor characteristics may differ
in such ways as sweep rates, screen size, CRT color trio
spacing (dot pitch), or in video amplifier bandwidths but will
still be generally configured as shown in Figure 4. Separate
horizontal and vertical sync signals may be required or they
may be contained in the green video input signal. The video
input signals are usually supplied by coax cable which is
terminated in 750 at the monitor input and internally ac cou-

pled to the video amplifiers. These input signals are approxi-
mately 1 volt peak to peak in amplitude and at the input of
the high voltage video section, approximately 6V peak to
peak. At the cathode of the CRT the video signals can be as
high as 60V peak to peak. One important requirement of the
three video amplifiers is that they match and track each
other over the contrast and brightness control range. The
Figure 4 block labeled “VIDEO AMPLIFICATION WITH
GAIN AND DC CONTROL” describes the function of the
LM1203 which contains the three matched video amplifiers,
contrast control and brightness control.

v H
SYNC IN VERTICAL / HORIZONTAL SWEEP YOKE
HO AND POWER SUPPLY
CIRCUITS v
| YOKE
]
=3 ¢
.
3§ CRT
VIDEO IN —- ¢
R 1]
VIDEO AMPLIFICATION HY
G WITH GAIN / DC CRT
8 CONTROL VIDEO
CONTRAST O O BRIGHTNESS

TL/H/9178-4

FIGURE 4. Typical RGB Color Monitor Block Diagram
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Circuit Description

Figure & is a block diagram of one of the video amplifiers
along with the contrast and brightness controls. The con-
trast control is a dc-operated attenuator which varies the ac
gain of all three amplifiers simultaneously while not introduc-
ing any signal distortions or tracking errors. The brightness
control function requires a “‘sample and hold” circuit (black
level clamp) which holds the dc bias of the video amplifiers
and CRT cathodes constant during the black level reference
portion of the video waveform. The clamp comparator,
when gated on during this reference period, will charge or
discharge the clamp capacitor until the plus input of the
clamp comparator matches that of the minus input voltage
which was set by the brightness control.

Figure 6 is a simplified schematic of one of the three video
amplifiers along with the recommended external compo-
nents. The IC pin numbers are circled with all external com-
ponents shown outside of the dashed line. The video input
is applied to pin 6 via the 10 uF coupling capacitor. DC bias

LM1203
LOW VOLTAGE
VIDEO

gy

CONTRAST
CONTROL

[cLanp

8./ svne Y
g [ eveL rer
WALBLE © {1
CLAMP GATE 1| == =

to the video input is through the 10 kQ resistor which is
connected to the 2.4V reference at pin 11. The low frequen-
cy roll-off of the amplifier is set by these two components.
Transistor Q1 buffers the video signal to the base of Q2.
The Q2 collector current is then directed to the Vo 1 sup-
ply directly or through the 1k load resistor depending upon
the differential DC voltage at the bases of Q3 and Q4. The
Q3 and Q4 differential base voltage is determined by the
contrast control circuit which is described below. RF decou-
pling capacitors are required at pins 2 and 3 to insure high
frequency isolation between the three video amplifiers
which share these common connections. The black level dc
voltage at the collector of Q4 is maintained by Q5 and Q6
which are part of the black level clamp circuit also described
below. The video signal appearing at the collector of Q4 is
then buffered by Q7 and level shifted down by Z1 and Q8 to
the base of Q9 which will then provide additional system
gain.

EXTERNAL
' HIGH VOLTAGE
VIDEO
I
CRT
CATHODE
I !
3
' <
I
' >
<
I $
BRIGHTNESS '
CONTROL —t—

TL/H/9178-5

FIGURE 5. Block Diagram of LM1203 Video Amplifier with Contrast and Black Level Control
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Circuit Description (continued)
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Circuit Description (continued)

The *“Drive” pin will allow the user to trim the Q9 gain of
each amplifier to correct for differences in the CRT and high
voltage cathode driver gain stages. A small capacitor
(33 pF) at this pin will extend the high frequency gain of the
video amplifier by compensating for some of the internal
high frequency roll off. To use this capacitor and still provide
variable gain adjustment, the 51Q and series 100Q pot
should be used with the red and green drive pins. The 910
resistor used with the blue drive pin will set the system gain
to approximately 6.2 and allow adjustment of the red and
green gains to 6.2 plus or minus 25%. The video signal at
the collector of Q9 is buffered and level shifted down by
Q10 and Q11 to the base of the output emitter follower Q12.
Between the emitter of Q12 and the video output pin is a
400 resistor which was included to prevent spurious oscilla-
tions when driving capacitive loads. An external emitter re-
sistor must be added between the video output pin and
ground. The value of this resistor should not be less than
3900 or package power limitations may be exceeded when
worst case (high supply, max supply current, max temp) cal-
culations are made. If negative going pulse slewing is a
problem because of high capacitive loads (> 10 pF), a more
efficient method of emitter pull down would be to connect a
suitable resistor to a negative supply voltage. This has the
effect of a current source pull down when the minus supply
voltage is —12V and the emitter current is approximately

10 mA. The system gain will also increase slightly because
less signal will be lost across the internal 400 resistor. Pre-
cautions must be taken to prevent the video output pin from
going below ground because IC substrate currents may
cause erratic operation. The collector currents from the vid-
e0 output transistors are returned to the power supply at
Vce 2 pin 23. When making power dissipation calculations
note that the data sheet specifies only the Vo 1 supply
current at 12V. The IC power dissipation contribution of
Vg 2 is dependent upon the video output emitter pull down
load.

In applications that require video amplifier shut down be-
cause of fault conditions detected by monitor protection cir-
cuits, pin 11 and the wiper arms of the contrast and bright-
ness controls can be grounded without harming the IC. This
assumes some series resistance between the top of the
control pots and Vgc.

Figure 7 shows the internal construction of the pin 11 2.4V
reference circuit which is used to provide temperature and
supply voltage tracking compensation for the video amplifier
inputs. The value of the external DC biasing resistors should
not be larger than 10 kQ because minor differences in input
bias currents to the individual video amplifiers may cause
offsets in gain.

TO VIDEO INPUT

10K
WA

10K
“W\—+4

10K
W

TO BASE
OF Q3

<4

poeocoveeed

SR28 PALS
S 12K
R29
8K 10K > CONTRAST
VW 12 CONTROL
0.1 T

toevocooccsccsccncsvconcccsosvosdoecacscsaceed

CONTRAST (2
DECOUPLING
CAPS Q.1

TL/H/9178-7

FIGURE 7. LM1203 Video Input Voliage Reference and Conirast Control Circulis
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Circuit Description (continued)

Figure 7 also shows how the contrast control circuit is con-
figured. Resistors R23, 24, diodes D3, 4 and transistor Q13
are used to establish a low impedance zero TC half supply
voltage reference at the base of Q14. The differential ampli-
fier formed by Q15, 16 and feedback transistor Q17 along
with resistors R27, 28 establish a diferential base voltage
for Q3 and Q4 in Figure 6. When externally adding or sub-
tracting current from the collector of Q16, a new differential
voltage is generated that reflects the change in the ratio of
currents in Q15 and Q16. To provide voltage control of the
Q16 current, resistor R29 is added between the Q16 collec-
tor and pin 12. A capacitor should be added from pin 12 to
ground to prevent noise from the contrast control pot from
entering the IC.

Figure 8 is a simplified schematic of the clamp gate and
clamp comparator sections of the LM1203. The clamp gate
circuit consists of a PNP input buffer transistor (Q18), a PNP
emitter coupled pair referenced on one side to 2.1V (Q19,
20) and an output switch (Q21). When the clamp gate input
at pin 14 is high (>1.5V) the Q21 switch is on and shunts

the 11 850 A current to ground. When pin 14 is low (<1.3V)
the Q21 switch is off and the |1 850 nA current source is
mirrored or “turned around” by reference diode D5 and Q26
to provide a 850 pA current source for the clamp compara-
tor(s). The inputs to the comparator are similar to the clamp
gate input except that an NPN emitter coupled pair is used
to control the current which will charge or discharge the
clamp capacitors at pins 5, 8, or 10. PNP transistors are
used at the inputs because they offer a number of advan-
tages over NPNs. PNPs will operate with base voitages at or
near ground and will usually have a greater reverse emitter
base breakdown voltage (BVebo). Because the differential
input voltage to the clamp comparator during the video scan
period could be greater than the BVebo of NPN transistors a
resistor (R34) with a value one half that of R33 or R35 is
connected between the bases of Q23 and Q27. This resis-
tor will limit the maximum differential input to Q24, 25 to
approximately 350 mV. The clamp comparator common
mode range is from ground to approximately 9V and the
maximum differential input voltage is Vgc and ground.

*Herawp
Iy
850 A
=leLawp
R31
20K
o— 024 Q25—
Q19 Q20 1% R33< ]\\_hr/{
2 20KS
Q3 Q27
CLAMP PN
G‘T': 18 15 10K 17
(#) NG} 022 850 uA 28 )N
v 2 ) 26
l) ’
i i)"s P92 1 omer
R32 » COMPARATORS
5K
TL/H/9178-8

FIGURE 8. Simplified Schematic of LM1203 Clamp Gate and Clamp Comparator Circuits
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Additional Applications of the LM1203

Figure 9 shows how the LM1203 can be set up as a video
buffer which could be used in low cost video switcher appli-
cations. Pin 14 is tied high to turn off the clamp compara-
tors. The comparator input pins should be grounded as
shown. Sync tip (black level if sync is not included) clamping
is provided by diodes at the amplifier inputs. Note that the
clamp cap pins are tied to the Pin 11 2.4V reference. This
was done, along with the choice of 2000 for the drive pin
resistor, to establish an optimum DC output voltage. The

contrast control (Pin 12) will provide the necessary gain or
attenuation required for channel balancing. Changing the
contrast control setting will cause minor DC shifts at the
amplifier output which will not be objectionable as the out-
put is AC coupled to the load. The dual NPN/PNP emitter
follower will provide a low impedance output drive to the AC
coupled 750 output impedance setting resistor. The dual
500 uF capacitors will set the low frequency response to
approximately 4 Hz.
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FIGURE 9. RGB Video Buffer with Diode Sync Tip Clamps and 75} Cable Driver

©1988 National Semiconductor Corporation




Additional Applications of the LM1203 (continued)

When diode D4 at Pin 11 is switched to ground the input
video signals will be DC shifted down and clamped at a
voltage near ground (approximately 250 mV). This will dis-
able the video amplifiers and force the output DC level low.
The DC outputs from other similarly configured LM1203s
could overide this lower DC level and provide the output
signals to the 75Q cable drivers. In this case any additional
LM1203s would share the same 39002 output resistor. The
maximum DC plus peak white output voltage should not be
allowed to exceed 7V because the “off’ amplifier output
stage could suffer internal zener damage. See Figure 3 and
text for a description of the internal configuration of the vid-
eo amplifier.

Figure 10 shows the configuration for a three channel high
frequency amplifier with non gated DC feedback. Pin 14 is
tied low to turn on the clamp comparators (feedback amplifi-
ers). The inverting inputs (Pins 17, 21, 26) are connected to
the amplifier outputs from a low pass filter. Additional low
frequency filtering is provided by the clamp caps. The drive
resistors can be made variable or fixed at values between 0
and 300Q. Maximum output swings are achieved when the
DC output is set to approximately 4V. The high frequency
response will be dependent upon external peaking at the
drive pins.

' Q+12v
o.1| L \
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0-3000
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8 21 AN
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F 9 20
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€| 10 19
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1 uF 1 18
10K
12 17 —- W\
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GAN 13 16 v
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FIGURE 10. Three Channel High Frequency Amplifier with Non-gated DC Feedback (Non-video Applications)
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. March, 1992
Nat|ona| Preliminary : Information contained

S em i con d u Ct or herein Is subject to change without notice.
LM1203A 100 MHz RGB Video Amplifier System

General Description Features

The LM1203A is an improved version of the popular M Three wideband video amplifiers ( 100 MHz @ -3dB )
LM1203 wideband video amplifier system. The device is I Matched ( £ 0.1 dB or 1.2 % ) attenuators for contrast control
intended for high resolution RGB CRT monitors. In B Three externally gated comparators for brightness control
addition to three matched video amplifiers, the LM1203A B Provisions for individual gain control ( Drive ) of each video

contains three gated ditferential input black level clamp amplifier

comparators for brightness control and three matched .

attenuator circuits for contrast control. Each video X::‘.’ input voltage '°'°é°."°‘

amplifier contains a gain set or “Drive” node for setting impedance output driver

maximum system gain or providing gain trim capability

for white balance. The LM1203A also contains a voltage |mp rovements over LM1203

reference for the video inputs. The LM1203A is pin and

: 100 MHz vs 70 MHz bandwidth
function compatibie with the LM1203. = Voul low  0.25V vs 0.0V

Wt .t 4nsvs7ns
M Built in power down spot killer
Il Lower supply cumrent

Applications
[l High resolution RGB CRT monitors
[l Video AGC amplifiers
[l Wideband amplifiers with gain and DC offset controls
Il 100 MHz Video Switcher

Block Diagram and Connection Diagram

J L1203 RGB AwP
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Figure 1
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If Milltary/Aerospace specified devices are requied, con-  Operating Ratings (Note 2)
tact the National Semiconductor Sales Office/Distributors

for avallabliiity and specifications.

Absolute Maximum Ratings (Note 1)

Supply Voltage, Vcc
Pins 1, 13, 23, 28 (Note 3)
Peak video output source current ( any
one amp ) pins 16, 20 or 25
Voltage at any input pin, V;,
Power Dissipation, Pp ( Above 25 ‘C
derate based on 65 and T; )
Thermal Resistance, 8j5
Junction Temperature, Tj
ESD Susceptibility ( Note 4 )
Storage Temperature
Lead Temperature
Soldering , 10 sec

DC Electrical Characteristics See Test Circuit ( Figure 2 ), Ty =25 °C; Vegq = Voo = 12V.

13.5V
28 mA

Vec 2 Vin 2GND
2.5W

50 ‘CW

180 'C

2kV

65 °‘Cto 150 °C

265°C

Temperature Range
Supply Voltage, V.

S$17, 21, 26 Open; V12 = 6V; V14 = 0V; V15 = 2.0V unless otherwise stated

10.8V < Vec g 13.2V

-20°C 10 80 °C

Symbol Parameter Conditions ;I"‘yoszl.cgl) (nuort:lts) Unis
Is Supply Current \20:0 t19+7\;°c 2,RL=- s o 1:::“-
Vi1 Video Input Reference Voltage - g; \\//((r:;))
Ip Video Input Bias Current Any one amplifier 7 o5 )
Vigl Clamp Gate Low input Voltage Clamp comparators on 1.2 08 Vimax)
Vish Clamp Gate High Input Voltage Clamp comparators off 16 20 Vimin)
L4 Clamp Gate Low Input Current V14 = OV 08 )
l14h Clamp Gate High Input Current Vid = 12V 0.005 (;:x)
lelamp+ Clamp Cap Charge Current V5.8 of 10 = OV 750 HA(min)
lelamp- Clamp Cap Discharge Current VE 8 or 10 < £V 750 HA(min)
Vol Video Output Low Voltage V5.8 or 10 = OV 0.15 05 V(max)
Voh Video Output High Voltage V5.8 or 10 = 5V 78 o5 V(min)
AVo(2v) | Video Output Offset Voltage Between any two 05 ( :;Jx)
amplifiers, V15 = 2V
AVo(av)y | Video Output Offset Voltage Between any two 05 ( :;lx)
amplifiers, V15 = 4V
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AC Electrical Characteristics See Test Circuit ( Figure 2 ), Ty = 25 °C; Veer = Vega = 12V.
$17, 21, 26 Closed; V14 = 0V; V15 = 4V unless otherwise stated
Typical Limit
Avmax  |Video Ampliier Gain V12 = 12V, Vjy = 560 mVpp 6.0 v
(min)
8Aysv  |Attenuation @ 5V Ref: Ay max, V12 = 5V -10 d8
AAvav  |Attenuation @ 2V Ref: Ay max, V12 = 2V 40 d8
AV match | Absolute Gain Match @ Ay max V12 = 12V (Note8) £0.5 dB
dB
AV track 1 |Gain Change Between Ampiifiers  |V12 = SV (Notes 8, 9) £0.1 (max)
d
8Avtrack 2 |Gain Change Between Amplifiers V12 = 2V (Notes 8, 9) £0.3 (max)
THD Video Amplifier Distortion V12 = 3V, Vo = 1Vpp 0.5 %
f(-3dB) |Video Amplifier Bandwidth V12 = 12V, V,, = 4Vpp 100 MHz
(Notes 10,11) ( No external peaking
jcapacitor )
Vo = 4 Vpp (No exiernal
t Output Rise Time (Note 10) lpeaking capacitor ) 36 ns
ty Output Fall Time (Note 10) Vo = 4 Vpp ( No external 4.0 ns
peaking capacitor_)
dB
Vsep 10 kHz {Video Amplifier 10kHz Isolation V12 = 12V (Note 12) -65
dB
Vsep 10 MHz | Video Amplifier 10 MHz Isolation V12 = 12V (Notes 10, 12) -46

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur.

Note 2: Operating Ratings indicate conditions for which the device is functional, but do not guarantee specific performance limits. For
guaranteed specifications and test conditions, see the Electrical Characteristics. The guaranteed specifications apply only for
the test conditions listed. Some performance characteristics may degrade when the device is not operated under the listed
test conditions.

Note 3: Vcc supply pins 1, 13, 23, 28 must be externally wired together to prevent internal damage during Ve power on / off
cycles.

Note 4:  Human body model, 100 pF discharged through a 1.5 kQ resistor.

Note 5: Typical specifications are specified at + 25 °C and represent the most likely parametric norm.

Note 6: Tested limits are guaranteed to National's AOQL ( Average Outgoing Quality Level ).

Note 7: The supply current specified is the quiescent current for Vec1 and Voe2 with RL = =, see Fig.2 ‘s test circuit. The supply

current for Vo2 ( pin 23 ) also depends on the output load. With video output at 4V DC, the additional current through Vec2
is 36 mA for Fig 2's test circuit.

Note 8:

Measure gain difference between any two amplifiers. ViN=1Vpp.
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Note 9:

Note 10:

Note 11:

Note 12 :

A Ay track is a measure of the ability of any two amplifiers to track each other and quantifies the matching of the three

attenuators. K is the difference in gain change between any two amplifiers with the contrast voitage (V12) at either 5V or
2V measured relative to an Ay max condition, V12 = 12V. For example, at Ay max the three amplifiers’ gains might be

17.4 dB, 16.9 dB and 16.4 dB and change to 7.3 dB, 6.9 dB, and 6.5 dB respectively for V12 = SV. This yields the
measured typical + 0.1 dB channel tracking.

When measuring video amplifier bandwidth or pulse rise and fall times, a double sided full ground plane printed circuit
board without socket is recommended. Video amplifier 10 MHz isolation test also requires this printed circuit board.

Adjust input frequency from 10 kHz ( Ay max reference level ) to the -3dB comner frequency (f 34B )-

Measure output levels of the other two undriven amplifiers relative to the driven amplifier to determine channel separation
Terminate the undriven amplifier inputs to simulate generator loading. Repeat test at fyy = 10 MHz for Vsep = 10 MHz.
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Applications Information

Figure 4 shows the block diagram of a typical analop RGB
oolor monitor. The RGB monitor is used with CADACAM
work stations, PC's, arcade games and in a wide range of
other applications that benefit from the use of color display
terminats. The RGB color monitor characteristics may ditfer
in such ways as sweep rates, screen size, CRT color trio
spacing (dot pitch), or in video ampifier bandwidths but will
still be generally configured as shown in Figure 4. Separate
horizontal and vertical sync signals may be required or they
may be contained in the green video input signal. The video

pled 10 the video ampiifiers. These input signals are approxi-
mately 1 volt peak to peak in ampiitude and at the input of
the high voltage video section, approximately 8V peak to
peak. At the cathode of the CRT the video signals can be as
high as 60V peak to psak. One important requirement of the
three video amplifiers is that they match and track each
other over the contrast and brightness control range. The
Figure 4 biock labeled “VIDEO AMPLIFICATION WITH
GAIN AND DC CONTROL" describes the function of the
LM 1203 which contains the three matched video ampliifiers,

input signals are usually supplied by coax cable which is eonmt%omrol and brightness control.
terminated in 750 at the monitor input and internally ac cou- A
v H
s N VERTICAL / HORZIONTAL SWEEP YoKE
HO AND POWER SUPPLY
Cmcurs v
] YOKE
L)
pe BN}
.
> : /T
VIDEO N —
RO —d .
VIDEO AMPLIFICATION g
co WITH GAN / DC =] CRT
CONTROL ViDEO
| Ke2 — 1
CONTRAST O BRIGHTNESS
TUKH/R1T8-4

FIGURE 4. Typical RGB Color Monito: Block Diagram
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Circuit Description

Figure 5 is a block diagram of one of the video amplifiers
along with the contrast and brightness controls. The con-
trast control is a dc-operated attenuator which varies the ac
gain of all three amplifiers simultaneously while not introduc-
ing any signa! distortions or tracking errors. The brightness
control function requires a “sample and hold" circuit (black
level clamp) which holds the dc bias of the video amplitiers
and CRT cathodes constant duning the black level reference
portion of the video waveform. The clamp comparator,
when gated on dunng this reference penod, will charge or
discharge the clamp capacitor until the plus input of the
clamp comparator matches that of the minus input voltage
which was set by the brightness control

LM1203 XTERNAL
LOW VOLTAGE ] HIGH VOLTAGE
VIOEO Vi0£0

=4
750 J camone

1 $

b3

= |
w . ::
CONTRAST n s
VIOEO CONTROL =
8/ swe .
iy e er =
aaue | r[- Lo
CLAWP GATE U U = =

A TUHsITS-S
FIGURE 5. Block Diagram of LM!N:}\ Video Amplifier with Contrast and Black Levei Control
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Circuit Description ( Continued )
Video amplifier section

Figure 6 is a simplified schematic of one of the three video amplifiers along with the
recommended external components. The IC pin numbers are circled and all external
components are shown outside the dashed line. The video input is applied to pin 6 via a 10
uF coupling capacitor. DC bias for the video input is through the 10k resistor connected to the
2.8V referance at pin 11. The low frequency roll - off of the amplifier is set by these two
components. Transistor Q1 buffers the video signal to the base of Q2. Q2's collector current is
then directed to the Vce1 supply directly or through the 2k load resistor depending upon the
differential DC voltage at the bases of Q3 and Q4. This differential DC voltage is generated by
the contrast control circuit which is described in the following sections. An RF decoupling
capacitor is required between pins 2 and 3 to ensure high frequency isolation between the
three video amplifiers which share these common connections. The video signal is buffered
by Q5 and Q6 and DC level shifted by the voltage drop across R5. The magnitude of the
current through R5 is determined by the voltage at pin 8. The voltage at pin 8 is set by the
clamp comparator output current which charges or discharges the clamp hold capacitor during
the black level period of the video waveform. Transistors Q9 and Q10 are darlington
connected to ensure a minimum discharge of the clamp hold capacitor during the time that the
clamp capacitor is gated off. Q7, Q8 and R6 form a current mirror which sets a voltage at the
base of Q11. Q11 buffers the video signal to the base of Q12 which provides additional signal
gain. The " Drive " pin allows the user to trim the Q12 gain of each amplifier to correct for
gain differences in the CRT and high voltage cathode driver gain stages. A small capacitor

( several pico-Farads ) from the " Drive " pin to ground will cause high frequency peaking and
slightly improve the amplifier's bandwidth.

For individual gain adjustment of each video channel, a 51 ohm resistor in series with a 100
ohm potentiometer should be used with the red and green channel drive pins. A 91 ohm
resistor used with the blue channel drive pin sets the blue channel amplifier gain at
approximately 6.2. The 100 ohm potentiometers at the red and green channel drive pins allow
a gain of 6.2 with + 25 % gain adjustment. The video signal at the collector of Q12 is buffered
and level shifted down by Q13, Q14 and Q15 to the base of the output emitter follower Q16. A
50 ohm decoupling resistor is included in series with the emitter of Q16 and the video output
pin so as to prevent oscillations when driving capacitive loads. An external resistor should be
connected between the video output pin and ground. The value of this resistor should not be
less than 390 ohms or else package power limitations may be exceeded under worse case
conditions ( High supply voltage, maximum current, maximum temperature ). The collector
current from the video output transistor of each video channel is returned to the power supply
at Vee2, pin 23. When making power dissipation calculations note that the data sheet
specifies only the Vec1 supply current at 12V supply voltage. The IC power dissipation due to
Vee2 is dependant upon the external video output pull down resistor.
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Figure 6. Simplified schematic of LM1203A video amplifier section with recommended external
components.
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Circuit Decsription ( Continued )
Input reference and contrast control section

Figure 7 shows the input reference and contrast control circuitry. A temperature
compensated 2.8V reference voltage is made available at pin 11. The external DC biasing
resistors shown should not be larger than 10k because minor differences in input bias
currents of the individual video amplifiers may cause offsets in gain. Figure 7 also shows how
the contrast control circuit is configured. R21, R22, Q22, Q23 and Q24 establish a low
impedance zero TC half supply voltage reference at the base of Q25. The differential
amplifier formed by Q27, Q28 and feedback transistor Q29 along with R28 and R29 establish
a differential base voltage for Q3 and Q4 in Figure 6. When externally adding or subtracting
current from the colector of Q28, a new differential voltage is generated that reflects the
change in the ratio of currents in Q27 and Q28. To allow voltage control of the current
through Q28, resistor R27 is added between the collector Q28 and pin 12. A capacitor should
be connected from pin 12 to ground to prevent noise from the contrast control potentiometer
from entering the IC.

r-r—-r———>"~>"~="=—=—=—=>"=>"=—"=—=—=7= vee |
R16 R20 )R21 }Rz3 éme
200 45k \ 10k ) 200 R27 12k
8k
A\
Q18 1
j/ Q¢ / Q26
TN N

R18
sk _K s
54V

|
|
|
|
|
|
|
|
|
|
) roz Re6 R0 |
|
|
|
|
l
|
|
|
|
|

200
10k 200 Qz7 a8
_Kozo 022
To Video To Video
Amp

Qa1 Q3 Base Q4 Base
R29 R31 )
) R17 R19 a2 ¢ R has $ 4% 10k T

5k sk

Figure 7. Simplified schematic of LM1203A video input reference and contrast control circuits.
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Circuit Description ( Continued )
Clamp gate and clamp comparator section

Figures 8 and 9 show simplified schematics of the clamp gate and clamp comparator circuits.
The clamp gate circuit ( Figure 8 ) consists of a PNP input buffer transistor ( Q46 ), a PNP
emitter coupled pair ( Q47 and Q49 ) referenced on one side to 2.1V and an output switch
transistor Q53. When the clamp gate input at pin 14 is high (> 1.5V ) the Q53 switch is on
and shunts the 200 pA current from current source Q54 to ground. When pin 14 is low (<
1.3V ) the Q53 switch is off and the 200 yA current is mirrored by the current mirror
comprised of Q55 and Q36 ( see Figure 9 ). Consequently the clamp comparator comprised
of the differential pair Q35 and Q37 is enabled. The input of each clamp comparator is similar
to the clamp gate except that an NPN emitter coupled pair is used to control the current that
will charge or discharge the clamp capacitors at pins 5, 8 and 10. PNP transistors are used at
the inputs because they offer a number of advantages over NPNs. PNPs will operate with
base voltages at or near ground and will usually have a greater emitter base breakdown
voltage ( BVebo ). Because the differential input voltage to the clamp comparator during the
video scan period could be greater than the BVebo of NPN transistors a resistor ( R37 ) with
a value one half that of R36 or R39 is connected between the bases of Q34 and Q38. The
clamp comparator's common mode range is from ground to approximately 9V and the
maximum differential input voltage is Vcc and ground.

Vce

O
%RSS
25K

Q52

Q51

N/
\/

Q54 \I
»”1

Q57

3

V_K Q56 58
—

Current source

control to clamp

RS3 comparators
500 R54
S0K

et

R47
200

Clamp gate
nput

Figure 8. Simplified schematic of LM1203A clamp gate circuit.
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Additional Applications of the LM1203A

Figure 10 shows the configuration for a three channel high
frequency amplifier with non gated DC feedback. Pin 14 is
tied low to tum on the clamp comparators (feedback ampiifi-
ors). The inverting inputs (Pins 17, 21, 26) are connected to
the amplifier outputs from a low pass filter. Additiona! low
frequency filtering is provided by the clamp caps. The drive
resistors can be made variable or fixed at values between O
and 30001. Maximum output swings are achieved when the
DC output is set to approximately 4V. The high frequency

response will be dep upon [ g at the
drive pins.
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FIGURE 10. Three Channel High Frequency Ampiifier with Non-gated DC Feedback (Non-video Applications)
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Additional Applications of the LM1203A ( Continued )

Figure.11 shows a complete RGB video preamplifier circuit using the LM1203A. A quad
Exclusive - Or gate ( MM74HCB86 ) is used to generate the back porch clamp signal from the
composite sync input signal. The composite H Sync input signal may have either polarity. The
back porch clamp signal applied to LM1203A's pin 14 allows clamping the video output
signals to the black reference level thereby providing DC restoration. The back porch clamp
pulse width is determined by the time constant due to the product of R11 and C15. For fast
horizontal scan rates, the back porch clamp pulse width can be made narrower by decreasing
the value of R11 or C15 or both. Note that an MM74C86 Exclusive - Or gate may also be
used, however, the pin out is different than that of the MM74HC86.

For optimum performance and maximum bandwidth, high speed buffer transistors ( Q1, Q2

and Q3 in Figure.11 ) are recommended. The 2N5770 NPN transistors maintain high speed
at high currents when driving the inputs of high voltage CRT drivers.
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LM1203A versus LM1203

LM1203A is an improved version of the LM1203 RGB video amplifier system and is pin and
function compatible with the LM1203. LM1203A's output voltage can swing as low as 0.25V as
opposed to 0.9V for the LM1203. This eliminates the need for a level shift stage between the
preamplifier and the CRT driver in most applications.

The LM1203A also offers faster rise and fall times of 4 ns versus 7 ns for the LM1203 and 100
MHz bandwidth versus 70 MHz for LM1203. Because of LM1203A's wide bandwidth, the device
may oscillate if plugged directly into an existing LM1203 board. For optimum performance and
stable operation, a double sided printed circuit board with adequate ground plane and power
supply decoupling as close to the Vcc pins as possible is recommended. Figure 12 shows the
layout of the PC board for Figure 11's circuit. For suggestions on optimum PC board layout,
please see the reference section below.

The LM1203A also includes a built in power down spot killer to prevent a flash on the screen
upon power down. In some preamplifiers, the video output signal may go high as the device is

being powered down. This may cause a whiter than white level at the output of the CRT driver
thus causing a flash on the screen.

Reference :

Ott, Henry. W, Noise Reduction Techniques in Electronic Systems,
John Wiley & Sons, New York.
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General Description

The LM1204 is a triple 150 MHz video amplifier system
designed specifically for high resolution RGB video display
applications. In addition to three matched video amplifiers,
the LM1204 contains a DC operated contrast control, a DC
operated drive control for each amplifier, and a dual clamp-
ing system for both brightness control and video blanking.
The LM1204 also contains a back porch clamp pulse gener-
ator which is activated by an externally supplied +H/HV
sync signal or by an external composite video signal. The
+ H/HV sync input will have priority over the composite vid-
eo input. A single —H/HV sync output is provided for the
automatically selected sync input signal. The back porch
clamp pulse width is user adjustable from 0.3 us to 4 us.

The LM1204 video output stage will directly drive most
Hybrid or discrete CRT amplfier input stages without the
need for an external buffer transistor. The device has been
designed to operate from a 12V supply with all DC controls
operating over a OV to 4V range providing for an easy inter-
face to serial digital buss controlled monitors.

September 1991

LM1204 150 MHz RGB Video Amplifier System

Features

® Built-in video blanking function

B Built-in sync separator for composite video input

B Includes DC restoration of video signals

B Back porch clamp pulse width user adjustable

| DC control of brightness, contrast, blanking level, drive
and cutoff

® DC controls are OV to 4V for easy interfacing to a
digitally controlled system

Key Specifications

B 150 MHz large signal bandwidth (typ)

B 2.6 ns rise/fall times (typ)

u 0.1 dB contrast tracking (typ)

8 +3 dB drive (A gain) adjustments on R, G, B channels
(typ)

Applications

B High resolution CRT monitors

B Video AGC amplifier

8 Wideband amplifier with gain and DC offset control

Block Diagram and Connection Diagram
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Ordering Information

Order Number LM1204V
See NS Package Number V44A

©188 1 National Semiconductor Corporation TL/H/11238
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Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required, Thermal Resistance, 65 52°C/W

please contact the National Semiconductor Sales Junction Temperature, T 150°C

Office/Distributors for avallablility and specifications. ESD Susceptibility (Note 4) 25KV

Supply Voltage, Voo _are o
Pins 2, 4,6, 19, 31, 41, 44 (Note 3) 13.5V ft‘::?re Temp‘:’at“’e S CIo1S0C

Peak Video Output Source Current eVap;r;z:: L;ég seconds) 215°C
(Any One Amplifier) Pins 30, 35 or 39 30 mA Infrared (15 seconds) 220°C

Voltage at Any Input Pin, V|N GND < V|y < Vce

Maximum +H Sync Input Voltage 5.5 Vpp Operating Ratings (Note 2)

Power Dissipation, PD (Above 25°C Temperature Range 0°C to 70°C

Derate Based on 6,4 and T,) 24W Supply Voltage, Voo 10.8V < Vg < 13.2V

DC Electrical Characteristics (Video Amplifier Section)

The following specifications apply for Vo (pins 2, 4, 6, 19, 31, 36, 41 and 44) = 12V and Tp = 25°C unless otherwise specified.
S1 = B, S2 = B, S3, 4, 5 closed, V9, 13, 15 = 2V, V20, 21, 22, 24, 43 = 0.5V unless otherwise specified; see test circuit,
Figure 1.

Typlcal Limit
Symbol Parameter Conditions (Note 5) (Note 8) Units
Is Supply Current No Video or Sync Input 100 125 mA
Signals, S1 = A (Max)
Ig Input Bias Current S1=A 03 2 pA
(Pin 9, 13, 15, 20, 21 or 22) ’ (Max)
l2ah Blank Gate Input High Current V24 = 4V RA
0.01 2
(Max)
loal Blank Gate Input Low Current Va4 = oV HA
2 5
(Max)
152} Feedback Input Current
(Pin 28, 33 or 38) 150 nA
IBlank + Blank Cap Charge Current V32.37,42 = OV 185 75 1A (Min)
IBlank - Blank Cap Discharge Current V3237,42 = 5V -185 -75 1A (Min)
Isg Blank Cap Bias Current (Pins 32, 37, 42) 20 nA
Iciamp + Clamp Cap Charge Current Vs10,14 = OV 185 75 pA (Min)
Iclamp- Blank Cap Discharge Current Vs.10,14 = 5V -185 -75 kA (Min)
Ica Clamp Cap Bias Current (Pins 5, 10, 14) 20 nA
Vasah Blank Gate High Input Voltage Input Signal is Not Blanked 2 V (Min)
Vag Blank Gate Low Input Voltage Input Signal is Blanked 08 V (Max)
Blank Comparator Offset Voltage Voltage between V43 and P 50 mV
Any One Video Output (Max)
VH Video Output High Voltage RL = 3500 .
(Pins 30, 35, 40) V28,33,38 = OV 8.7 ! ViMin)
Vi Video Output Low Voitage RL = 3500
(Pins 30, 35, 40) V28, 33, 38 = 4V 01 05 ViMax)
VoMas Common Mode Range of Blank 0.5 V(Min)
Comparator (Pins 43, 28, 33, 38)
4 V(Max)

© 1981 National Semiconductor Corporation
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Circuit Figure 1.

DC Electrical Characteristics (Sync Separator/Processor Section)
The following specifications apply for Voc (Pins 2, 4, 6, 19, 31, 36, 41 and 44) = 12V and Tp = 25°C, unless otherwise
specified. S1 = B, S2 = B, S3, 4, 5 closed, V9, 13, 15 = 2V, V20, 21, 22, 24, 43 = 0.5V, unless otherwise specified; see Test

Symbol Parameter Conditions (L):Lc:; (NL;Te"G) Uniis

—H VoH —H Sync Output Logic High (Pin 26) 4.2 24 V(Min)

-H VoL —H Sync Output Logic Low (Pin 26) 0.1 0.4 V(Max)

Va3 Quiescent DC Voltage at +H 3 v
Sync Input

AC Electrical Characteristics (Video Amplifier Section)
The following specifications apply for Voc (Pins 2, 4, 6, 19, 31, 36, 41 and 44) = 12V and Ty = 25°C, unless otherwise
specified. S1 = B, S2 = B, 8§83, 4, 5 closed, V9, 13, 15, 21, 24, 43 = 4V, V20 = 2V, unless otherwise specified; see Test Circuit

Figure 1.
Typlcal Limit
Symbol Parameter Conditions (Note 5) | (Note 6) Units
RiN Video Amplifier Input Resistance 20 kQ
Avmax Maximum Video Amplifier Gain fin = 12kHz 10 5.5 V/V(Min)
AAvtrack Amplifier Gain (Contrast) 01 dB
Tracking (Note 7) ’
AAyay Attenuation at 2V Ref: Ay, V21 =2V 6 dB
AAyo.sv Attenuation at 0.5V Ref: Aya, V21 = 0.5V 28 20 dB(Min)
AGain A Gain Range (Pins 9, 13, 15) V9, 13,15 = OVto4V +3 dB
AVo Max Brightness Tracking Error (Note 8) 100 mV
f_3dB Video Amplifier Bandwidth (Note 9) VouT = 3.5Vpp 150 MHz
THD Video Amplifier Distortion Vout = 1 Vpp, f = 12kHz 0.3 %
R Video Output Rise Time (Note 9) Square Wave Input 26 ns
Vout = 3.5Vpp, R = 3500 ’
te Video Output Fall Time (Note 9) Square Wave Input 26 ns
Vout = 3.5Vpp, R = 3500 ’
VIS0 (1 MHz) Video Amplifier 1 MHz -50 dB
Isolation (Notes 9, 10)
Viso (130 MHz) | Video Amplifier 130 MHz 10 dB
Isolation (Notes 9, 10)

©1891 National Semiconductor Corporation
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AC Electrical Characteristics (Sync Separator/Processor Section)

The following specifications apply for Vcc (Pins 2, 4, 6, 19, 31, 36, 41 and 44) = 12V and Tp = 25°C, unless otherwise
specified. S1 = A, S2 = B, S3, 4, 5 closed, V9, 13, 15, 20, 21, 43 = 2V, unless otherwise specified; see Test Circuit Figure 1
and Timing Diagram for input waveform.

Symbol Parameter Conditions &y:::;') (NL::‘e"e) Units
V18(Min) Composite Video Input Voitage S2 = A, Input = 10% Duty 0.15 Vpp
(Pin 18) Cycle, Test for Loss of BP ’ (Min)
Vig(Max) Composite Video Input Voitage Pulse at Pin 26 2 Vpp
(Pin 18) (Max)
Vo3 + H Sync Input Voltage (Pin 23) Input = 10% Duty Cycle 16 Vpp
: (Min)
Back Porch Clamp Pulse Width 82 =A, Pin 26 = BP Output 1 14 us
atVas = 1V ’ (Max)
Back Porch Clamp Pulse Width ns
at Vo4 = 4V 300 600 (Max)
Maximum +H Sync Input Frequency 600 KHz
Dni Max Duty Cycle of Active High Test for Loss of Sync 22 %
H Sync (Pin 23) at Pin 26
Do Max Duty Cycle of Active Low 22 %
H Sync (Pin 23)
tpdt + H Sync Input to —H Sync Input = 10% Duty Cycle 100 ns
Output Low Delay
tpdh1 + H Sync Input to —H Sync Input = 10% Duty Cycle 65 ns
Output High Delay
tpd1 + H Sync Input Trailing Edge to Input = 10% Duty Cycle, 70 ns
Back Porch Clamp Output Delay S2=A
tpdi2 Composite Video Input to —H Input = 10% Duty Cycle 106 ns
Sync Output Low Delay
tpdh2 Composite Video Input to —H Input = 10% Duty Cycle 68 ns
Sync Output High Delay
tpd2 Composite Video Input Trailing Input = 10% Duty Cycle 78 ns
Edge to Back Porch Clamp Output Delay S2=A
todi2—tpdit Composite Video and * H Sync Input Input = 10% Duty Cycle 6 ns
to — H Sync Output Delta Delay

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur.

Note 2: Operating Ratings indicate conditions for which the device is functional, but do not g tee specific performance limits. For guaranteed specifications
and test conditions, see the Electrical Characteristics. The guaranteed specifications apply only for the test conditions listed. Some performance characteristics
may degrade when the device is not operated under the listed test conditions.

Note 3: Vgc supply pins 2, 4, 6, 19, 31, 36, 41 and 44 must be externally wired together to prevent internal damage during Vcg power on/off cycle.

Note 4: Human body model, 100 pF discharged through a 1.5 kQ resistor.

Note 5: Typical specifications are specified at +25°C and represent the most likely parametric norm.

Note 8: Tested limits are guaranteed to National's AOQL (Average Outgoing Quality Level).

Note 7: AAy tracking is @ measure of the ability of any two amplifiers to track each other and quantifies the matching of the three attenuators. itis the difference in
gain change between any two amplifiers with the contrast voltage, V21, at either 4V or 2V measured relative to an Ay max condition V21 = 4V. For example, at Ay
max, the three amplifier gains might be 17.4 dB, 16.9 dB and 16.4 dB and change to 7.3 d8,6.9 dB and 6.5 dB respectively for V21 = 2V. This yields the measured
typical 0.1 dB channel tracking.

Note 8: Brightness tracking error is measured with all three video channels set for equal gain. The measured value is limited by the resolution of the measurement
equipment.

Note 9: When measuring video amplifier bandwidth or pulse rise and fall times, a double sided full ground plane printed circuit board is recommended. Video
amplifier isolation tests aiso require this printed circuit board. The measured rise and fall times are effective rise and fall times, taking into account the rise and fall
times of the generator.

Note 10: Measure output levels of either undriven amplifier relative to the driven amplifier © determine channel isolation. Terminate the und amplifier inputs.

© 1981 National Semiconductor Corporation
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Typical Performance Characteristics vcc = 12v, T = 25°C unless otherwise specified

Attenuation vs Contrast Attenuation vs Drive Back Porch Clamp Pulse
Control Voltage (f = 12 kHz) Control Voltage (f = 12kHz) Width vs Pin 22 Voltage
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Timing Diagram
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Input/Output Stages (continued)
+H/HV Sync Input

Video Input Stage

—O 5.6V (INTERNAL REGULATOR) ——0 Vec

AA

2k

>
‘20kr
>

23

CLAMP CAP

<
>

<

<

b (PINS 5, 10, 14)

CONTRAST CONTROL

20k

Vce (Pins 2,4, 6, 19,
31, 36, 41, 44)

Contrast Cap (Pins 1, 3)
R Clamp Cap (Pin 5)

B Clamp Cap (Pin 10)
G Clamp Cap (Pin 14)
R Video In (Pin 7)

B Video In (Pin 11)

G Video In (Pin 17)

R A Gain (Pin 9)

B A Gain (Pin 13)
G A Gain (Pin 15)

Compose Video Input
(Pin 18)

Brightness Control
(Pin 20)

Contrast Control
(Pin 21)

VIDEO IN

(PINS 7,11,17)

TL/H/11238-7

TL/H/11238-8

Pin Descriptions

All Vg pins must be externally wired together. For stable operation, each supply pin should be
bypassed with a 0.01 uF and a 0.1 uF capacitor connected as close to the pin as is possible.

An external decoupling capacitor of value 0.1 uF should be connected between pins 1 and 3 for
contrast control.

A 0.022 pF to 0.1 uF capacitor should be connected from this pin to ground. This capacitor allows
clamping of the red channel video signal to the reference black level.

A 0.022 pF to 0.1 uF capacitor should be connected from this pin to ground. This capacitor allows
clamping of the blue channel video signal to the reference black level.

A 0.022 pF to 0.1 pF capacitor should be connected from this pin to ground. This capacitor allows
clamping of the green channel video signal to the reference black level.

This is the input for the red channel video signal, the signal should be AC coupled to the input through
a 10 pF capacitor.

This is the input for the blue channel video signal, the signal should be AC coupled to the input
through a 10 uF capacitor.

This is the input for the green channel video signal, the signal should be AC coupled to the input
through a 10 uF capacitor.

This is the gain adjustment pin for the red video channel. A OV to 4Vp¢ voltage is applied to this pin to
vary the gain of the red channel. Usually, the red channel is set for maximum gain and the gains of the
blue and green channels are reduced relative to the red channel until white balance is achieved on
the CRT screen.

This is the gain adjustment pin for the blue video channel. A OV to 4 Vp¢ voltage is applied to this pin
to vary the gain of the blue channel.

This is the gain adjustment pin for the green video channel. A OV to 4 Vpg voltage is applied to this pin
to vary the gain of the green channel.

This is the sync separator input pin. For Sync on Green systems, the green channel video signal
should be AC coupled to pin 18 through a 0.1 uF capacitor.

If the LM1204 is used without blanking then this pin should be biased at 2.0 Vpc. Brightness control
for all three video channels is now controlled by pin 43 (blank level adjust pin). See Figure 4. If the
LM1204 is used with blanking then this pin allows the user to simultaneously DC offset the video
portion of the output signals of all three channels thus allowing brightness control (See Figure 5).
This pin simultaneously controls the gain of all three video channels. A OV to 4 Vpg input voltage is
applied to this pin, with OV corresponding to minimum gain (i.e., maximum attenuation of video signal)
and 4V corresponding to maximum gain (i.e., minimum attenuation of the video signal).

© 1891 National Semiconductor Corporetion
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Pin Descriptions (continued)

Back Porch Clamp Width
Adijust (Pin 22)

+ H Sync In (Pin 23)

Blank Gate In (Pin 24)

Integrator Cap (Pin 25)

—H Sync Out (Pin 26)

G Feedback (Pin 28)

B Feedback (Pin 33)

R Feedback (Pin 38)

G Video Output
(Pin 30)

B Video Output
(Pin 35)

R Video Output
(Pin 40)

G Blank Clamp Cap
(Pin 32)

B Blank Clamp Cap
(Pin 37)

R Blank Clamp Cap
(Pin 42)

Blank Level Adjust
(Pin 43)

GND (Pins 8,12 16, 27,
29, 34, 39)

The LM1204 provides DC restoration or clamping during the back porch interval of the video signal.
The width of LM1204's internally generated back porch clamp signal can be varied by applying a 0V
to 4 Vpc voitage to this pin. The back porch dlamp signal width can be varied from approximately
0.3 us to 4.0 us by applying 4V to 0.5V respectively. By connecting the blank gate input pin (pin 24)
to Ve, the back porch clamp pulse can be monitored on the —H Sync output pin (pin 26). See
Figures 4 and 5. By connecting pin 22 to Vg, the LM1204 functions as a non-gated amplifier
requiring no clamping. See Section 4 under application hints for further information.

This is the external sync input pin, it accepts a negative or positive polarity signal, either horizontal
sync or a composite sync (1.2 Vpp minimum amplitude). The LM1204 also provides a negative
polarity (TTL compatible) horizontal sync or composite sync output on pin 26. If the composite video
input (pin 18) is not used then an H Sync signal should be AC coupled to this pin through @ 0.1 uF
capacitor. The + H Sync input has priority over the composite video input if both signals are present.
This is the blank gate input pin. The LM1204 allows video blanking at the preamplifier. If blanking is
desired then a TTL compatible, negative polarity blanking signal should be applied to this pin. During
the blanking interval, all three video outputs are level shifted to the blank level set by the voltage at
pin 43. If blanking is not required then, pin 24 should be biased at 4V.

Connecting pin 24 to Ve will cause pin 26 to output the internally generated back porch clamp
signal. The user can observe the change in back porch width as the potential at pin 22 is varied (see
Figures 4 and 5).

A 0.1 uF capacitor should be connected from this pin to ground. This capacitor allows the LM1204 to
integrate the + H Sync input signal and genreate the proper polarity switch for —H Sync output.
This output pin provides a negative polarity horizontal sync signal for other system uses. There is
approximately 100 ns delay between the + H Sync input signal at pin 23 and the —H Sync output
signal at pin 26.

Connecting pin 24 to Vg will cause pin 26 to output the internally generated back porch clamp
signal. The user can observe the change in back porch clamp pulse width as the potential at pin 22 is
varied (See Figures 4 and 5).

This is the cutoff adjustment input for the green video channel. The green video output signal from
pin 30 is fed back to this input through a potentiometer thus allowing the user to individually adjust
the cutoff (black reference) level for each gun. The signal level at this pin should be between 0.5V
and 4V.

This is the cutoff adjustment input for the blue video channel. The blue video output signal from pin
35 is fed back to this input through a potentiometer thus allowing the user to individually adjust the
cutoff (black reference) level for each gun. The signal level at this pin should be between 0.5V and
4V.

This is the cutoff adjustment input for the red video channel. The red video output signal from pin 40
is fed back to this input through a potentiometer thus allowing the user to individualy adjust the cutoff
(black reference) level for each gun. The signal level at this pin should be between 0.5V and 4V.

This is the green channel video output.
This is the blue channel video output.
This is the red channel video output.

A 0.022 uF to 0.1 uF capacitor should be connected from this pin to ground. This capacitor allows
blanking for the green video channel.

A 0.022 pF to 0.1 uF capacitor should be connected from this pin to ground. This capacitor allows
blanking for the blue video channel.

A 0.022 pF to 0.1 uF capacitor should be connected from this pin to ground. This capacitor allows
blanking for the red video channel.

This pin serves two functions depending on whether the LM1204 is used with blanking or without
blanking. If blanking is not selected then pin 20 should be biased at 2.0 Vpc and pin 43 assumes the
role of brightness control. Varying the potential at pin 43 will simultaneously DC offset the video
output signals of all three channels (See Figure 4). If the LM1204 is used with blanking then during
the blanking interval, all three video output signals will be level shifted to the blank level. The desired
blank level can be set by adjusting the potential at pin 43. Brightness control is now made possible
by varying the potential at pin 20. Adjusting the brightness control DC offsets the video portion of the
signal relative to the fixed blank level (all channels are affected simultaneously). See Figure 5.

Ground. All ground pins must be connected to the ground plane.
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Applications Hints

The LM1204 is a wideband video amplifier system designed
specifically for high resolution RGB CRT monitors. The de-
vice includes circuitry for DC restoration of video signals
and also allows contrast and brightness control. DC restora-
tion is done during the back porch interval of the video sig-
nal. An internal sync separator generates a back porch
clamp signal either from a ‘“Sync on Green" signal applied
to the composite video input (pin 18) or from an externally
supplied +H Sync signal . The LM1204 first looks at the
+H Sync input (pin 23), if an external horizontal sync signal
is not present then the device syncs off the composite video
input. The internally generated back porch clamp pulse
width is user adjustable.

A blanking function is also included. This allows the user to
cutoff the beam current in the CRT's guns during the blank-
ing interval thereby preventing horizontal retrace lines from
being visible. Normally blanking is done by applying a high
voltage pulse at the grid. However, blanking at the cathode
using the LM1204 leads to ease of design and lowered cost.

Figure 2 shows the block diagram of the green video chan-
nel and the control logic. The two modes of operation, with
and without blanking, are described below in detail.

1.0 Operation without Blanking

For operation without blanking, the blank gate input (pin 24)
should be connected to + 4V. This causes the blank com-
parator to connect switch S2 to position Y (See Figure 2).

Furthermore, the brightness control input pin (pin 20) should
be biased at a potential between 1V (Min) and 3.8V (Max), it
is best to bias this pin at 2V. The video signal is AC coupled
to the input of the LM1204 as shown for the green channel
in Figure 2. During the back porch interval of the video sig-
nal (See Figure 3), the internally generated back porch
clamping pulse goes low, causing switches S1A and S1B to
be closed. The closure of S1A causes gm1 to charge capac-
itor C2 to a potential determined by the DC voltage at pin
20. This allows g1 to set up an average DC bias for the AC
coupled video signal at the input of A1. When the back
porch clamping pulse is high, S1A and S1B are opened.
With S1A open, g1 is effectively disconnected from C2, C2
now holds the DC bias voltage. The transconductance
stage gm1 therefore functions as a sample and hold device
and holds the input of A1 at the desired DC bias.

The LM1204 uses black level clamping at the back porch of
the video signal to accomplish DC restoration. The trans-
conductance stage gn2 is enabled during the back porch
clamp period to provide a sample and hold function. During
the back porch clamp period, DC feedback from LM1204’s
video output is compared with the voltage set by potentiom-
eter R9. Depending on A2's output voltage, C6 is either
charged or discharged so that the feedback loop consisting
of gm2 and A2 is stabilized and the output is clamped to the
black level. All this occurs during the back porch clamp peri-
od. During the video portion of the signal, gm?2 is disabled
and C6 holds the fixed black level reference voltage. The
beginning of each new line on the raster always starts from
a fixed reference black level thus restoring the DC compo-
nent of each line.

A2 is a summing amplifier that adds a DC offset component
from gm2 to the video signal from the multiplier. Adjusting
R9 will DC offset the output signals of all three channels
thus providing brightness control. Individual cutoff adjust-

ment for each channel is done by varying the feedback voit-
age at each of the R, G and B feedback inputs (Pins 38, 28
and 33). For example, cutoff adjustment for the green chan-
nel is done by potentiometer R8 shown in Figure 2.

Adjusting the contrast control (potentiometer R3 in Figure
2) varies the peak to peak amplitude (includes sync tip if
present) of all three video output signals relative to their
black reference level. The A Gain adjust (pins 9, 15 and 13
for R, G, and B channels respectively) allows the user to
individually adjust the AC gain of each channel. For example
the AC gain of the green channel is adjusted using potenti-
ometer R5 as shown in Figure 2. Normally the red channel
is set for maximum gain and the gains of the blue and green
channels are reduced until white balance is achieved on the
CRT monitor's screen. Figure 4 shows the adjustments for
operation without blanking.

2.0 Operation with Blanking

Much of what was discussed in Section 1.0 also applies
when the LM1204 is used with the blanking function. How-
ever, there are notable differences as described herein. For
operation with blanking, a TTL compatible blanking signal
must be applied to the blank gate input (pin 24).

During the blanking period, the blanking comparator con-
nects switch S2 to position X (See Figure 2). This causes
the LM1204 to level shift the video output signal to the blank
level. Adjusting R9 will adjust the blank level of all three
channels. Individual blank level adjustment for each chan-
nel is done by varying the feedback voltage at each of the
R, G and B feedback inputs (pin 38, 28 and 33). In Figure 2
this is done by adjusting potentiometer R8 for the green
channel.

During the video portion of the video signal, S2 is connected
to position Y. Brightness control is now accomplished by
varying the potential at the brightness control pin (pin 20).
Adjusting R6 offsets the video portion of all three output
signals relative to the fixed blank level, restoring the DC
level of the video signal. Figure 5 shows the adjustments for
operation with blanking.

3.0 Stability Considerations

For optimum performance and stable operation, a double
sided PC board with adequate ground plane is essential.
Moreover, soldering the LM1204 on to the PC board will
yield best results. Each supply pin (pins 2, 4, 6, 19, 31, 36,
41 and 44) should be bypassed with a 0.01 uF and a 0.1 pF
capacitor connected as close to the supply pin as is possi-
ble.

When driving the LM1204 from a 750 video source, the
cable is terminated with 750 to minimize reflections caused
by transmission line effects. However, the input impedance
of LM1204 is capacitive and is also affected by the stray
capacitance of the PC board. Thus the input impedance is a
function of frequency. This changes the impedance of the
cable termination. This can introduce overshoot and ringing
in LM1204’s pulse response. A 100Q resistor in series with
the blocking capacitor at the video input will minimize over-
shoot and ringing (see Figure 8). The value of the resistor is
empirically determined. 1000 is a good starting value.

Since the LM1204 is a wide bandwidth amplifier with high
gain at high frequencies, the device may oscillate when driv-
ing a large capacitive/inductive load. To prevent oscillation,
the amplifier's gain is rolled off at high frequencies. This is
accomplished by an RC network comprised of a resistor in
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3.0 Stability Considerations (continued)

series with a capacitor connected from the video output pin
to ground (see Test Circuit, Figure 7). A 110Q to 200Q
resistor in series with 10 pF is quite adequate for most appli-
cations. However, if oscillations don’t cease then the value
of the resistor should be decreased or the value of the ca-
pacitor should be increased or a combination of the two.

Non-Gated High

Frequency Application

By connecting the back porch width adjust pin (pin 22) to
Vce, the LM1204 functions as a non-gated amplifier requir-
ing no sync or blanking signals. Figure 9 shows a triple high
frequency amplifier with variable gain and DC offset control.
In this mode of operation, filtered DC feedback must be
provided to pins 28, 33 and 38 as shown in Figure 9.

FIGURE 2. Block Diagram Showing Timing
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The video output signals from LH2426AS are AC coupled and diode clamped o greater than 80V.

© 1991 National Semiconductor Corporation

113




Typical Applications Circuits (Continued)
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Semiconductor

LM1391 Phase-Locked Loop

General Description

The LM1391 integrated circuit has been designed primarily ® OU}PUt transistor with low saturation and high voltage
for use in the horizontal section of TV receivers, but may swing

find use in other low frequency signal processing applica- APC of the oscillator with a synchronizing signal

tions. It includes a stable VCO, linear pulse phase detector, DC controlled output duty cycle

and variable duty cycle output driver. +300 Hz typical pull-in

Linear balanced phase detector

Low thermal frequency drift

Small static phase error

Adjustable DC loop gain

Features
® Internal active regulator for improved supply rejection
® Uncommitted collector of output transistor

Schematic Diagram
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TL/H/7889-1
(*) Pin 4 Base of Q16 (LM 1391) for use with (+) flyback pulse
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Absolute Maximum Ratings

If Military/Aerospace specified devices are required, Flyback Input Voltage (Pin 4) 5.0 Vp-p
please contact the Natlonal Semiconductior Sales Power Dissipation (Package Limitation)
Office/Distributors for avallabliity and specifications. Plastic Package (Note 1) 1000 mW
Supply Current 40 mApc Opoerating Temperature Range (Ambient) ~ 0°Cto + 70°C
Output Voltage 40Vpc Storage Temperature Range -65°Cto +150°C
Output Current 30 mApc Lead Temperature (Soidering, 10 sec.) 260°C
Sync Input Voltage (Pin 3) 5.0 Vp-p
Electrical CharacteristiCs T4 = 25°C (see test circuit, all switches in position 1)
Parameter Conditions Min Typ Max Uniis
Regulated Voltage (Pin 6) lg = 22 mApc 8.0 8.6 9.2 Voc
Supply Current (Pin 6) 20 mApG
Cotor e Seten Volags |1 = 20me
Pin 4 Voltage 2.0 Voc
Oscillator Pull-in Range Adjust Ry 1300 Hz
Oscillator Hold-in Range Adjust Ry +900 Hz
Static Phase Error Af = 300 Hz 0.5 s
Ef:;udnan;r;g Frequency Supply S1 in position 2 +3.0 H2/Vpo
Phase Detector Leakage (Pin 5) All switches in position 2 +1.0 BA
Sync Input Voltage (Pin 3) 2.0 5.0 Vp-p
Sawtooth Input Voltage (Pin 4) 1.0 3.0 Vp-p
Maximum Oscillator Frequency 500 kHz

Note 1: For operation in
of 120°C/W junction to ambient.

tures above 25°C, the device must be derated based on a 150°C maximum junction temperature and a thermal resistance

Typical Performance Characteristics

Frequency Drift vs Warm-Up Output Duty Cycle vs Vy
Time Frequency vs Temperature Voltage
3 T T T T 1 LR T 10
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s -2 ‘EJ, "0 NC S 40
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“ & 150 T (MAY BE COMPENSATED 20 )
~200 } WITH N220 CAPACITOR) :
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TL/H/7889-3
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Application Information

The following equations may be considered when using the
LM1391 in a particular application.

Vecc — 8.6

R201 = R301 =
0.02

o

1
fo = ———— Hz 1.5k < Ro < 51k
0= 06RoCo 2 o
R204 = 10 Rp

1

600 fo(Hz) F
Test Circuit

C203 = C204 ==
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Noise Bandwidth
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Connection Diagram
Dual-In-Line Package
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See NS Package Number NOSE
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Typical Applications
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Typical Applications (continued)
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Physical Dimensions inches (milimeters)
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LIFE SUPPORT POLICY
NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR

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

Molded Dual-In-Line Package (N)
Order Number LM1391N

umber NOSE

USE AS CRITICAL COMPONENTS IN LIFE SUPPORT

DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

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
effectiveness.

to the user.
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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 by changing an external hori-
zontal scan rate setting resistor. 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 internally set delay period, such as might be
the case for a non-standard video signal.

PRELIMINARY

April 1989

LM1881 Video Sync Separator

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

Resistor programmable horizontal scan rate (up to

64 kHz)

m Edge triggered vertical output

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

Connection Diagram
LM1881N

COMPOSITE
S S —
0.1 uF

COMPOSITE
VIDEO INPUT o—"l 2

VERTICAL 3
o
SYNC OUTPUT

r4

Vee
0 5-12v

———o
T 0DD/EVEN OUTPUT

RSET

680 kO
BURST/BACK PORCH
OUTPUT

COMPOSITE
YIDEO INPUT _§
1

COMPOSITE
SYNC OUTPUT

I L1l

VERTICAL

SYNC OUTPUT

gursT outPut ~ U U u
ODD/EVEN

u u

u u u u u

OUTPUT

PAL® is a registered trademark of and used under license from Monolithic Memories, inc.

TL/H/9150-1

Order Number LM1881M or LM1881N
See NS Package Number MOSA or NOSE
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Absolute Maximum Ratings

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

Storage Temperature Range -65°Cto +150°C

Supply Voltage 13.2V
Input Voltage 3Vp-p
Output Sink Currents; Pins 1, 3,5 5mA
Output Sink Current; Pin 7 2mA
Package Dissipation (Note 1) 1100 mW
Operating Temperature Range 0°C — 70°C

Electrical Characteristics
Vcc = 5V; Rset = 680 kQ; Tao = 25°C; Unless otherwise specified

ESD Susceptibility (Note 2) 2kV
Soldering Information
Dual-In-Line Package (10 sec.) 260°C
Small Outline Package
Vapor Phase (60 sec.) 215°C
Infrared (15 sec.) 220°C

See AN-450 “Surface Mounting Methods and their Effect on
Product Reliability” for other methods of soldering surface

mount devices.

Tested Design Unlis
Parameter Conditions TYP | Limit (Note3) | Limit (Noted) | (Limits)
Supply Current Outputs at Logic 1 Vee = 5V 5.2 10 mAmax
Ve = 12V 55 12 mAmax
DC Input Voltage Pin 2 1.3 Vmin
1.5
1.8 Vmax
Input Threshold Voltage Note 5 55 mVmin
70
85 mVmax
Input Discharge Current Pin2; VN = 2V 1 6 pAmin
16 pAmax
Input Clamp Charge Current Pin2;Viy = 1V 0.8 0.2 mAmin
RsgT Pin Reference Voltage Pin 6; Note 6 1.10 Vmin
1.22
1.35 Vmax
Composite Sync. & Vertical louT = 40 pA; Vee = 5V 4.5 4.0 Vmin
Outputs Logic 1 Voo = 12V 11.0 Vmin
louT = 1.6 MA Ve = 5V 3.6 24 Vmin
Logic 1 Ve = 12V 10.0 Vmin
Burst Gate & Odd/Even louT = 40 pA; Vece = 5V 45 4.0 Vmin
Outputs Logic 1 Ve = 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 0; Pin 5 0.2 0.8 Vmax
Odd/Even Output louT = — 1.6 mA; Logic 0; Pin 7 0.2 0.8 Vmax
Vertical Sync Width 230 190 usmin
300 usmax
Burst Gate Width 2.7 kQ from Pin 5 to Ve 4 25 psmin
4.7 usmax
Vertical Default Time Note 7 32 psmin
65
90 psmax

Note 1: For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction temperature and a package thermal
resistance of 110° C/W, junction to ambient.
Note 2: ESD susceptibility test uses the “human body model, 100 pF discharged through a 1.5 kQ resistor”.
Note 3: Typicals are at T; = 25°C and represent the most likely parametric norm.
Note 4: Tested Limits are guaranteed to National's AOQL (Average Outgoing Quality Level).
Note 5: Relative difference between the input clamp voltage and the minimum input voltage which produces & horizontal output pulse.

Note 8: Careful attention 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 between the start of vertical sync (at input) and the vertical output pulse.

© 1988 National Semiconductor Corporation
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Typical Performance Characteristics
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Application Notes

The LM1881 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 LM1881 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 OUTPUT

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 buffered 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 uF 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 750, 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 delay 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 internally integrating the
composite sync waveform (Figure 3). Horizontal sync pulses
are not able to charge the integrating capacitor sufficiently
because of their short duty cycle, but when the vertical re-
trace interval is reached, the broad serrated pulse charges
the capacitor past a fixed threshold. Once the threshold is
reached, the next serration in the sync waveform triggers an
R-S flipflop and starts the vertical output pulse at Pin 3.
Simultaneously an internal oscilator begins clocking a
counter. When a count of eight is reached the vertical out-
put pulse is terminated and the circuit resets. Both the time
required to reach the integrator threshold and the period of
the oscillator are programmed by an external resistor at Pin
6. For an N.T.S.C. signal with 32 us between serrations, a
680 k) resistor will ensure the vertical output pulse will start
coincident with the leading edge of the first vertical serration
(Figure 2c). If the resistor value gets too small it becomes
possible for the oscillator circuit to time out before the input
vertical sync period has ended. When this is the case, the
sequence will repeat and a double vertical output pulse will
appear. Therefore, the resistor value for a given horizontal
scan rate is chosen small enough to trigger the vertical out-
put pulse on the first serration yet not so small as to give a
double pulse, rather than attempting to choose a value that
gives a specific output pulse width. If the incoming vertical
sync is not serrated, the integrating capacitor is allowed to
charge to a second threshold which automatically initiates
the vertical output pulse sequence. In this instance, the start
of the vertical pulse as well as the pulse period will be de-
pendent on the resistor value.

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 signas 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 voltage 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

© 1989 National Semiconductor Corporation
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Application Notes (continued)
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FIGURE 2. (a) Composiie Video; (b) Composite Sync; (c) Vertical Output Pulse;
(d) Odd/Even Fleld Index; (e) Burst Gate/Back Porch Clamp
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Application Notes (continued)

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 s 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 either 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. Simultaneously 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 normal 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 line(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 (MM74C193N) and to set a start
count latch using two NAND gates. Composite sync tran-
sitions 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 buff-
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 k€2, 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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Typical Applications
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Physical Dimensions inches (milimeters)
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54ACT/74ACT715¢LM1882

General Description

The 'ACT715/LM1882 is a 20-pin TTL-input compatible de-
vice capable of generating Horizontal, Vertical and Compos-
ite Sync and Blank signals for televisions and monitors. All
pulse widths are completely definable by the user. The de-
vice is capable of generating signals for both interlaced and
noninterlaced modes of operation. Equalization and serra-
tion pulses can be introduced into the Composite Sync sig-
nal when needed.

Four additional signals can also be made available when
Composite Sync or Blank are used. These signals can be
used to generate horizontal or vertical gating pulses, cursor
position or vertical Interrupt signal.

The 'ACT715/LM1882 makes no assumptions concerning
the system architecture. Line rate and field/frame rate are
all a function of the values programmed into the data regis-
ters, the status register, and the input clock frequency.

June 1990

Programmable Video Sync Generator

Features

¥ Maximum Input Clock Frequency > 100 MHz

§ Interlaced and non-interlaced formats available

m Separate or composite horizontal and vertical Sync and
Blank signals available

B Complete control of pulse width via register program-

ming

All inputs are TTL compatible

B 8 mA drive on all outputs

Default RS170/NTSC values mask programmed into

registers

u Orderable as linear device LM1882CN or LM1882CM

Connection Diagrams

Pin Assignment for

DIP, Flatpak and SOIC
-/

Do 20 |—Vee

p,—2 19 |— ADDR/DATA

D,—3 18 |~ L/HBYTE

034 17 }=L0AD

0,—5 16 |~ 0DD/EVEN

Ds— 6 15 |—HSYNVOR

0g—7 14 = VCSYNC

0,—8 13 |—HBLHDR
CLR—9 12 J=VCBLANK
GND—{ 10 11}—CLOCK

TL/F/10137-1

TRI-STATE® is a reg d
FACTN is a of National

of National § C
c

Pin Assignment
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D; Dg D5 D, D3
BOEEE
()
B,
2o,
[{0,
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Logic Block Diagram
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Pin Description

There are a Total of 13 inputs and 5 outputs on the
'ACT715/LM1882.

Data Inputs DO-D7: The Data Input pins connect to the
Address Register and the Data Input Register.
ADDR/DATA: The ADDR/DATA signal is latched into the
device on the falling edge of the LOAD signal. The signal
determines if an address (0) or data (1) is present on the
data bus.

L/HBYTE: The L/HBYTE signal is latched into the device
on the falling edge of the LOAD signal. The signal deter-
mines if data will be read into the 8 LSB’s (0) or the 4 MSB's
(1) of the Data Registers. A 1 on this pin when an ADDR/
DATA is a 0 enables Auto-Load Mode.

LOAD: The Load control pin loads data into the Address or
Data Registers on the rising edge. ADDR/DATA and
[/HBYTE data is loaded into the device on the falling edge
of the clock. The Load pin has been implemented as a
Schmitt trigger input for better noise immunity.

CLOCK: System Clock input from which all timing is derived.
The clock pin has been implemented as a Schmitt trigger for
better noise immunity.

CLR: The Clear pin is an asynchronous input that initializes
the device when it is high. Initialization consists of setting all
registers to their mask programmed values, and initializing
all counters, comparators and registers. The clear pin has
been implemented as a Schmitt trigger for better noise im-
munity.

ODD/EVEN: Output that identifies if display is in odd (HIGH)
or even (LOW) field of interlace when device is in interlaced
mode of operation. In noninterlaced mode of operation this
input is always HIGH. Data can be serially scanned out on
this pin during test mode.

TL/F/10137-3

VCSYNC: Outputs Vertical or Composite Sync signal based
on value of the Status Register.

VCBLANK: Outputs Vertical or Composite Blanking signal
based on value of the Status Register.

HBLHDR: Outputs Horizontal Blanking signal, Horizontal
Gating signal or cursor position based on value of the
Status Register.

HSYNVDR: Outputs Horizontal Sync signal, Vertical Gating
signal or Vertical Interrupt signal based on value of Status
Register.

Register Description

All of the data registers are 12 bits wide. Width's of all puls-
es are defined by specifying the start count and end count
of all pulses. Horizontal pulses are specified with-respect-to
the number of clock pulses per line and vertical pulses are
specified with-respect-to the number of lines per frame.

REGO—STATUS REGISTER

The Status Register controls the mode of operation, the
signals that are output and the polarity of these outputs.

Bits 0-2

B, By Bg|VCBLANK VCSYNC HBLHDR HSYNVDR
0 0 0| CBLANK CSYNC HGATE VGATE
0 0 1| VBLANK CSYNC HBLANK VGATE
0 1 0| CBLANK VSYNC HGATE HSYNC
0 1 1 VBLANK VSYNC HBLANK HSYNC
1 0 0| CBLANK CSYNC CURSOR VINT

1 0 1| VBLANK CSYNC HBLANK VINT

1 1 0| CBLANK VSYNC CURSOR HSYNC
1 1 1| VBLANK VSYNC HBLANK HSYNC
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Register Description (continued)
Bits 3-4

B4 B3 Mode of Operation
0 0 Interlaced Double Serration and
Equalization
0 1 Non Interlaced Double Serration
1 o] lilegal State
1 1 Non Interlaced Single Serration
and Equalization
Bits 5-8

Bits 5 through 8 control the polarity of the outputs. A value
of zero in these bit locations indicates a pulse active LOW.
A value of 1 indicates an active HIGH pulse.

B5— VCBLANK Polarity
B6— VCSYNC Polarity
B7— HBLHDR Polarity
B8— HSYNVDR Polarity

Bits 9-11

Bits 9 through 11 enable several different features of the
device.

B9— Enable Equalization/Serration Pulses (0)
Disable Equalization/Serration Pulses (1)

B10— Disable System Clock (0)
Enable System Clock (1)

B11— Disable Counter Test Mode (0)
Enable Counter Test Mode (1)

HORIZONTAL INTERVAL REGISTERS

The Horizontal Interval Registers determine the number of

clock cycles per line and the characteristics of the Horizon-

tal Sync and Blank pulses.

REG1— Horizontal Front Porch

REG2— Horizontal Sync Pulse End Time

REG3— Horizontal Blanking Width

REG4— Horizontal Interval Width

VERTICAL INTERVAL REGISTERS

The Vertical Interval Registers determine the number of
lines per frame, and the characteristics of the Vertical Blank
and Sync Pulses.

REG5— Vertical Front Porch

REG6— Vertical Sync Pulse End Time
REG7— Vertical Blanking Width
REG8— Vertical Interval Width
EQUALIZATION AND SERRATION PULSE
SPECIFICATION REGISTERS

These registers determine the width of equalization and ser-
ration pulses and the vertical interval over which they occur.

REG 9— Equalization Pulse Width End Time

REG10— Serration Pulse Width End Time

REG11— Equalization/Serration Pulse Vertical
Interval Start Time

REG12— Equalization/Serration Pulse Vertical
Interval End Time

# of Clocks per Line

# of Lines per Frame

VERTICAL INTERRUPT SPECIFICATION REGISTERS
These Registers determine the width of the Vertical Inter-
rupt signal if used.

REG13— Vertical Interrupt Activate Time

REG14— Vertical Interrupt Deactivate Time

CURSOR LOCATION REGISTERS

These 4 registers determine the cursor position location, or
they generate separate Horizontal and Vertical Gating sig-
nals.

REG15— Horizontal Cursor Position Start Time

REG16— Horizontal Cursor Position End Time

REG17— Vertical Cursor Position Start Time

REG18— Vertical Cursor Position End Time

Signal Specification

HORIZONTAL SYNC AND BLANK

SPECIFICATIONS

All horizontal signals are defined by a start and end time.
The start and end times are specified in number of clock
cycles per line. The start of the horizontal line is considered
pulse 1 not 0. The horizontal counters start at 1 and count
until HMAX. The value of HMAX must be divisible by 2. This
limitation is imposed because during interlace operation this
value is internally divided by 2 in order to generate serration
and equalization pulses at 2 X the horizontal frequency.
Horizontal signals will change on the falling edge of the
CLOCK signal. Signal specifications are shown below.
Horizontal Period (HPER) = REG(4) X ckper

Horizontal Blanking Width [REG(3) — 1] X ckper
Horizontal Sync Width [REG(2) — REG(1)] X ckper
Horizontal Front Porch = [REG(1) — 1] X ckper

VERTICAL SYNC AND BLANK SPECIFICATION

All vertical signals are defined in terms of number of lines
per frame. This is true in both interlaced and noninterlaced
modes of operation. Care must be taken to not specify the
Vertical Registers in terms of lines per field. The vertical
counter starts at the value of 1 and counts until the value of
VMAX. No restrictions exist on the values placed in the ver-
tical registers. Vertical Blank will change on the leading
edge of HBLANK. Vertical Sync will change on the leading
edge of HSYNC.

Vertical Frame Period (VPER) = REG(8) X hper
Vertical Field Period (VPER/n) = REG(8) X hper/n
Vertical Blanking Width = [REG(7) — 1] X hper/n
Vertical Syncing Width = [REG(6) — REG(5)] X hper/n
Vertical Front Porch = [REG(5) — 1] X hper/n

where n = 1 for noninterlaced

n = 2 for interlaced

COMPOSITE SYNC AND BLANK SPECIFICATION

Composite Sync and Blank signals are created by logically
ANDing (ORing) the active LOW (HIGH) signals of the cor-
responding vertical and horizontal components of these sig-
nals. The Composite Sync signal may also include serration
and/or equalization pulses. The serration pulse interval oc-
cursin place of the Vertical Sync interval. Equalization puls-
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Signal Specification (continued)

es occur preceding and/or following the serration pulses.
The width and location of these pulses can be programmed
through the registers shown below.

Horizontal Equalization PW = [REG(9) — REG(1)] X ckper

= [REG(4)/n + REG(1)
REG(10)] X ckper
Where n = 1 for noninterlaced single serration/equalization
n = 2 for noninterlaced double
serration/equalization
n = 2 for interlaced operation

HORIZONTAL AND VERTICAL GATING SIGNALS

Horizontal and Vertical Gating Signals are available for use
when Composite Sync and Blank signals are selected and
the value of bit 2 of the status register is 0. The Vertical
Gating signal will change in the same manner as that speci-
fied for the Vertical Blank.

Horizontal Gating Signal Width = [REG(16) — REG(15)] X

Horizontal Serration PW

CURSOR POSITION AND VERTICAL INTERRUPT

The Cursor Position and Vertical Interrupt signal are avail-
able when Composite Sync and Blank signals are selected
and bit 2 of the Status Register is set to the value of 1. The
cursor position generates a single pulse of n clocks wide
during every line that the cursor is specified. The signals are
generated by logically ORing (ANDing) the active LOW
(HIGH) signals specified by the registers used for generat-
ing Horizontal and Vertical Gating signals. The Vertical In-
terrupt signal generates a pulse during the vertical interval
specified. The Vertical Interrupt signal will change in the
same manner as that specified for the Vertical Blanking sig-
nal.

Horizontal Cursor Width = [REG(16) — REG(15)] X ckper
Vertical Cursor Width = [REG(18) — REG(17)] X hper
Vertical Interrupt Width = [REG(14) — REG(13)] X hper

ckper
Vertical Gating Signal Width = [REG(18) — REG(17)] X
hper
SYSCK
HNAX |
HBLANK REc4
-\ REG3 s
—=| HSYNC
\
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Addressing Logic

The register addressing logic is composed of two blocks of
logic. The first is the address register and counter
(ADDRCNTR), and the second is the address decode
(ADDRDEC).

ADDRCNTR LOGIC

Addresses for the data registers can be generated by one of
two methods. Manual addressing requires that each byte of
each register that needs to be loaded needs to be ad-
dressed. To load both bytes of all 19 registers would require
a total of 57 Load cycles (19 Address and 38 Data cycles).
Auto Addressing requires that only the initial register value
be specified. The Auto Load sequence would require only
39 Load cydes to completely program all registers (1 Ad-
dress and 38 Data). In the auto load sequence the low order
byte of the data register will be written first followed by the
high order byte on the next load cycle. At the time the High

REG (m) (m)

Addr Lbyte Hbyte
(m)

Byte is written the address counter is incremented by 1. The
counter has been implemented to loop on the initial value
loaded into the address register. For example: If a value of 0
was written into the address register then the counter would
count from 0 to 18 before resetting back to 0. If a value of
15 was written into the address register then the counter
would count from 15 to 18 before looping back to 15. If a
value greater than or equal to 18 is placed into the address
register the counter will continuously loop on this value.
Auto addressing is initiated on the falling edge of load when
ADDRDATA is 0 and LHBYTE is 1. Incrementing and load-
ing of data registers will not commence until the falling edge
of LOAD after ADDRDATA goes to 1. The next rising edge
of LOAD will load the first byte of data. Auto Incrementing is
disabled on the falling edge of load after ADDRDATA and
LHBYTE goes low.

Addr

Addr Lbyte Hbyte
REG (n) l (n) ’ (n)

mo XX X ___X___X__ X X__

[ 1 2 b s

ADDR/DATA / \_/—_\__/-
imeme  \ / \ / \

TL/F/10137-7

Manual Addressing Mode

wn XXX

Cycle # Load Falling Edge Load Rising Edge
1 Enable Manual Addressing Load Address m
2 Enable Lbyte Data Load Load Lbyte m
3 Enable Hbyte Data Load Load Hbyte m
4 Enable Manual Addressing Load Address n
5 Enable Lbyte Data Load Load Lbyte n
6 Enable Hbyte Data Load Load Hbyte n
Enable
Aute Addr Lbyle Hbyte Lbyte Hbyte Addr
Mode REG (n) I (n) ‘ (n) (n¢1) . (ne1) REG (m) ‘

I 2 b s
AOOR/OATA  \ / AN
Y \
L/HeviE / TL/F/10137-8
Auto Addressing Mode

Cycle # Load Falling Edge Load Rising Edge
1 Enable Auto Addressing Load Start Address n
2 Enable Lbyte Data Load Load Lbyte (n)
3 Enable Hbyte Data Load Load Hbyte (n); Inc Counter
4 Enable Lbyte Data Load Load Lbyte (n+ 1)
5 Enable Hbyte Data Load Load Hbyte (n+ 1); Inc Counter
6 Enable Manual Addressing Load Address
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Addressing Logic (continued)

ADDRDEC LOGIC

The ADDRDEC logic decodes the current address and gen-
erates the enable signal for the appropriate register. The
enable values for the registers and counters change on the
falling edge of LOAD. Since the data registers are disabled
at this time any overlap of enable signals will not cause
register data to change. The following Addresses are used
by the device.

Address 0
Address 1-18
Address 19-21
Address 22/54
Address 23/55
Address 24-31
Address 32-50

Status Register REGO

Data Registers REG1-REG18
Unused

Restart Vector (Restarts Device)
Clear Vector (Zeros All Registers)
Unused

Register Scan Addresses

Normal device operation can be resumed by latching in a
non-scan address. As the scanning of the registers is a non-
destructive scan, the device will resume correct operation
from the point at which it was halted.

RS170 Default Register Values

The tables below show the values programmed for the
RS170 Format and how they compare against the actual
EIA RS170 Specifications. The default signals that will be
displayed are CSYNC, CBLANK, HDRIVE and VDRIVE. The
device initially starts at the beginning of the odd field of
interlace. All signals have active low pulses and the clock is
disabled at power up. Registers 13 and 14 are not involved
in the actual signal information. If the Vertical Interrupt was
selected a pulse indicating the active lines would be dis-
played.

Address 51-53 Counter Scan Addresses Reg D Value H Reglster Description
Address 56-63 Unused -
At any given time only one register at most is selected. It is REGO | 0 | 000 | Status Register
possible to have no registers selected. REG1 23 | 017 | HFP End Time
VECTORED CLEAR ADDRESS REG2 91 05B | HSYNC Pulse End Tirfle
Addresses 23 (17H) or 55 (37H) is used to clear all registers REG3 | 157 | 09D | HBLANK Pulse End Time
simultaneously. This function may be desirable to use prior REG4 | 910 | 38E | Total Horizontal Clocks
to loading new data into the Data or Status Registers. This REGS 7 | 007 | VFP End Time
address is read into the device in a similar fashion as all of REGS6 13 | 00D | VSYNC Pulse End Time
the other registers. REG7 | 41 | 020 | VBLANK Pulse End Time
VECTORED RESTART ADDRESS REG8 | 525 | 20D | Total Vertical Lines
The function of addresses 22 (16H) or 54 (36H) are similar REGY 57 | 038 | Equalization Pulse End Time
to that of the CLR pin except that the programming of the REG10 | 410 | 19A | Serration Pulse Start Time
registers is not affected. It is recommended but not required REG11 001 | Pulse Int | Start Ti
that this address is read after the initial device configuration ! 1 ulse Interval Start Time
load sequence. REG12 | 19 | 013 | Pulse Interval End Time
SCAN MODE LOGIC REG13 | 41 | 029 Vertical Interrupt Activa.te Tim?
A scan mode is available in the ACT715/LM1882 that al- REG14 | 526 | 20E | Vertical interrupt Deactivate Time
lows the user to non-destructively verify the contents of the REG15 | 911 | 38F | Horizontal Drive Start Time (1)
registers. Scan mode is invoked through reading a scan ad- REG16 | 92 | 05C | Horizontal Drive End Time
dress into the address register. The scan address of a given REG17 | 1 001 | Vertical Drive Start Time
register is defined by the Data register address + 32. The REG18 | 21 | 015 | Vertical Drive End Time
internal Clocking signal is disabled when a scan address is
read. Disabling the clock freezes the device in it's present
state. Data can then be serially scanned out of the data Rate Period
registers through the ODD/EVEN Pin. The value of the two Input Clock 14.31818 MHz 69.841 ns
horizontal counters and 1 vertical counter can also be Line Rate 15.73426 kHz 63.556 us
scanned out by using address numbers 51-53. Field Rate 59.94 Hz 16.683 ms
Frame Rate 29.97 Hz 33.367 ms
Signal Width us %H Specification (us)
HFP 22 Clocks 1.536 15 +0.1
HSYNC Width 68 Clocks 4.749 7.47 47 +0.1
HBLANK Width 156 Clocks 10.895 17.15 10.9 £0.2
HDRIVE Width 91 Clocks 6.356 10.00 0.1H +0.005H
HEQP Width 34 Clocks 2.375 3.74 23 £0.1
HSERR Width 68 Clocks 4.749 7.47 4.7 +0.1
HPER IOD 910 Clocks 63.556 100

© 1590 National Se miconductor Corporation
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RS170 Default Register Values (continued)

Signal Width 1S %V Specification
VFP 3 Lines 190.67 6 EQP Pulses
VSYNC Width 3 Lines 190.67 6 Serration Pulses
VBLANK Width 20 Lines 1271.12 7.62 0.075V £ 0.005V
VDRIVE Width 11.0 Lines 699.12 4.20 0.04V £ 0.006V
VEQP Intrvi 9 Lines 3.63 9 Lines/Field
VPERIOD (field) 262.5 Lines 16.683 ms 16.683 ms/Field
VPERIOD (frame) 525 Lines 33.367 ms 33.367 ms/Frame

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the Natlonal Semiconductor Sales
Offlce/Distributors for avallabllity and specifications.

Supply Voltage (Vcc)

DC Input Diode Current (k)

V)= —-0.5V
V| = Vcc + 0.5V
DC Input Voltage (V)

DC Output Diode Current (Iok)

Vo = -0.5V
Vo = Vgc + 0.5V
DC Output Volitage (Vo)

DC Output Source
or Sink Current (lo)

DC Vg or Ground Current

—-0.5Vto + 7.0V
-20mA
+20 mA

—0.5V toVgg + 0.5V
—20 mA
+20 mA

-0.5V toVge + 0.5V
+15mA

+20 mA

Recommended Operating

Conditions

Supply Voltage (Vco)
'ACT/LM1882

Input Voltage (V)

Output Volitage (Vo)

Operating Temperature (Ta)
74ACT/LM1882
54ACT/LM1882

Minimum Input Edge Rate (AV/At)
'AC Devices
VN from 30% to 70% of Vco
Voo @ 3.3V, 4.5V, 5.5V

Minimum Input Edge Rate (AV/At)
'ACT/LM1882 Devices
Vin from 0.8V to 2.0V
Ve @ 4.5V, 5.5V

4.5V to 5.5V
0V toVgg
0V toVee

—40°Cto +85°C
-55°Cto +125°C

125 mV/ns

125 mV/ns

per Output Pin (Icc or IgnD)
Storage Temperature (TsTg)

Junction Temperature (T )
CDIP 175°C
PDIP 140°C

Note 1: Absolute maximum ratings are those values beyond which damage
to the device may occur. The databook specifications should be met, without
exception, to ensure that the system design is reliable over its power supply,
temperature and output/input loading variables. National does not recom-
mend operation of FACTT circuits outside databook specifications.

-65°Cto +150°C

DC Characteristics For’ACT Family Devices over Operating Temperature Range (unless otherwise specified)

74ACT/LM1882 54ACT/LM1882 | 74ACT/LM1882
Ta= -55°C
= 4 25° = —
Symbol Parameter Vee Ta 25°C 1o +125°C Ta sc Units Conditions
V) C_ = 50pF 1o +85°C
C_ = 50pF
Typ Guaranteed Limits
VoH Minimum High Level | 4.5 4.49 4.4 44 V | loyr = -50pA
Output Voltage 5.5 5.49 5.4 54 )
4.5 3.86 3.76 Vv *VIN = VIt/VIH
5.5 4.86 4.76 \' loh = —8mA
VoL Maximum Low Level | 4.5 0.001 0.1 0.1 \ loyt = 50 uA
Output Voltage 5.5 0.001 0.1 0.1 \"
4.5 0.36 0.44 " *VIN = VIL/VIH
5.5 0.36 0.44 \% loH = +8mA
loLp Minimum Dynamic _
Output Current 5.5 32.0 mA | Voip = 1.65V

*All outputs loaded; thresholds on input associated with input under test.

©1990 National Semiconductor Corporaton

137



DC Characteristics
For "ACT Family Devices over Operating Temperature Range (unless otherwise specified) (Continued)

74ACT/LM1882 | 54ACT/LM1882 | 74ACT/LM1882
Ta = -55°C .
Symbol Parameter Vee Ta= +25C to +125°C Ta oyl Units Conditions
) CL = 50 pF to +85°C
C_ = 50pF
Typ Guaranteed Limits
loHD Minimum Dynamic _ -
Output Current 5.5 32.0 mA | Voup = 3.85V
N Maximum Input . V| = Vcc, GND
Leakage Current 55 e 10 rA
lcc Supply Current _
Quiesoent 5.5 8.0 80 A | Vv = Vco, GND
lccT Maximum Icc/Input | 5.5 0.6 1.5 mA | VN = Voo - 2.1V
Note 1: Test Load 50 pF, 5000 to Ground.
AC Electrical Characteristics
74ACT/LM1882 54ACT/LM 1882 74ACT/LM1882
Ta = —-55°C Ta = —40°C
Symbol Parameter \23;: Té‘ _ 1;025‘: to +125°C 1o +85°C Units
L P CL = 50pF CL = 50pF
Min Typ Max Min Max Min Max
fMAXI Interlaced fiyax
(HMAX/2 is ODD) 5.0 170 190 150 MHz
fMAX Non-Interlaced fyyax
(HMAX/2 is EVEN) 5.0 190 220 175 MHz
toLH1 ClocktoAnyOutput | g5 | 40 130 155 35 185 ns
tPHL1
tpLH2 Clock to ODDEVEN
tPHL2 (Scan Mode) 5.0 4.5 15.0 17.0 3.5 205 ns
tpLHa Load to Outputs 5.0 4.0 11.5 16.0 3.0 19.5 ns
Capacitance
Symbol Parameter Typ Units Conditions
Cin Input Capacitance 7.0 pF Voo = 5.0V
Cpp Power Dissipation 17.0 pF Vee = 5.0V
Capacitance

© 1800 National Semiconductor Corporation
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AC Operating Requirements

74ACT/LM1882 54ACT/LM1882 74ACT/LM1882
Vee - Tp = —-55°C Ta = —40°C
Symbol Parameter V) Ta= +25°C fo +125°C to + 85°C Units
Typ Guaranteed Minimums
Control Setup Time
tsc ADDR/DATA to LOAD— 5.0 3.0 4.0 4.5 ns
tsc L/HBYTE to LOAD—- : 3.0 4.0 4.5 ns
Data Setup Time
tsd D7-D0 to LOAD+ 5.0 20 4.0 4.5 ns
Control Hold Time
the LOAD - to ADDR/DATA 5.0 0 1.0 1.0 ns
LOAD - to L/HBYTE ’ 0 1.0 1.0 ns
Data Hold Time
tha LOAD + to D7-DO 5.0 1.0 2.0 2.0 ns
trec LOAD + to CL— (Note 1) 5.0 5.5 7.0 8.0 ns
Pulse Width
twid— Load Low 5.0 3.0 55 5.5 ns
twid+ Load High 5.0 3.0 5.0 7.5 ns
twer CLR Pulse Width HIGH 5.0 55 6.5 9.5 ns
twek CLOCK Width
(High or Low) 5.0 25 3.0 35 ns
Note 1: Removal of Vectored Reset to Clock.
toHL,
CLOCK _/_
toLH,
UTPUTS \
Dg-Dy
tsp tho
twld *
LOAD \ /
\ —/ LT |
ts«: tI'u: *nz
LHBYTE
ADDRDATA

TL/F/10137-6
FIGURE 3. AC Specifications
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Ordering Information

defined as follows:

Temperature Range Family
74AC = Commercial
54AC = Military
74ACT = Commercial TTL-Compatible
54ACT = Military TTL-Compatible

74ACT 715 P C QR

Device Type

Package Code
P = Plastic DIP
D = Ceramic DIP
F = Flatpak
L = Leadless Chip Carrier (LCC)
S = Small Outline (SOIC)

OR

The device number is used to form part of a simplified purchasing code where a package type and temperature range are

Special Variations
X = Devices shipped in 13" reels
QR = Commercial grade device with
burn-in
QB = Military grade device with
environmental and burn-in
processing shipped in tubes.

— Temperature Range
C = Commercial (—40°C to +85°C)
M = Military (—55°C to + 125°C)

LM1882CM — Commercial Small Outline (SOIC)
LM1882CN — Commercial Plastic DIP

©1990 National Semiconductor Corporation
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Physical Dimensions inches (milimeters)

95°+5° 88° 94°
0.008-0.012
(0.203-0.305)
0.310-0.410 0.060
(1.874-10.41) (1.524)
MAX
BOTH ENDS

0.2000.005
{5.080£0.127)
g 450 x 0.0150.010
¥ {0.381£0.254)
0.350:+0.008 0.015
1.1 -1. . -0,
( ) MIN TYP ya B TYP
uf Clb/ 0.022-0.028
{0.558-0.711
0.077-0.093 ; 3 r e !
{1.859-2.362) # | f—
o 0.045—0.055 _f_ =
SN N 4 (1. 1‘3 1 397) A —
Z_pemaiL A 0.067-0.083 ‘ | f_ 0.045-0.055
(1.702—2.108) 1.183-1.397)
v ' .
Top View Side View TYP
450 % 0.040£0.010
{1.016£0.254)
3ACS
Bottom View
0.003 0.015
£ ma
mNTYP Y
0022}
(0.558)—> 41 0.006
MAX TYP {0.152)
MIN TYP
Detail A
€20A (REV Oy
20-Terminal Ceramic Leadless Chip Carrier (L)
NS Package Number E20A
0.985
0.025 025 (25.019)
{0.635) \ IAX
A0 P [s] [18] [7] [36] [is] [1a] [i]
0.220— nm .
{5.588 —7.874)
0.005-0.020 /
{0.127-0.508)
RA
0 TYP 0.037:£0.005
{0.94010.127)
0.005 0.05510.005
0.180 _ L 020-0.3%0 ©azn) (1397£0.127) ™ o.020-0.050
1;5“7)(2) (7.355-0.120)" GLASS SEALANT MIN {0.508—1.524)
] | \.- ] (:,:::)
) ” EL U_ v MAX §

F o150 !
(@380) 0.125-0.200
MIN  (3.175-5.080)

0.018+0.003
{0.457£0.076)

0.10020.010
{2.540£0.254)

J20A REV M)

20-Lead Ceramic Dual-In-Line Package (D)
NS Package Number J20A
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Physical Dimensions inches (milimeters) (Continued)

0.201-0.29%
(7.391-7.595)
0.010-0.029

o.25a—o.7a7) X 45"

L_J

I

0.496 -0.512
{12.598=13.003)

e

0.008 -0.013

i

ey (0.102)

(0.220-0.330)

TYP ALL LEADS ALLERD TIPS
0.092 X 0.030

™ N\ LI 7 0 () ) 5] ()
IN
PNN. 1 10ENT~_ | @
0.280 e

0.394-0.419
{10,006 - 10.643 |
1O X TNP
LEADNO. 1 _
ik i
. 1 2 8 4 8§ & 7 8 8 1 f
0010 pax
10.25¢)
0.093-0.104
{2.362-2.642)
$.004 -0.012
> MAX TYP —_—
'u{" funs {0.102-0.305)
N o SEATING
PLANE
0.016 - 00 0.014-0.020
0.016-0.050 10.356) 213 =0.040 TYP
(onus 1.270) (0.356) —» (0.356 -0.508)
TYP ALL LEADS
0.008 1yp
0.203) M8 (AEY )
20-Lead Small Outline Integrated Circuit (S)
NS Package Number M20B
0.970-0.990
{24.638-25.146)
0.03210.005
(0.813£0.127) el L
RAD
@ 0.240-0.260
(8.096-6.604)

0.040
———NOM —|
0350 \ (1.018)
(8.890)

(2 54010.254)

20-Lead Plastic Dual-In-Line Package (P)

0 014-0.023 _’ "_
(0.355-0.585)

NS Package Number N20B

PTI
aia N OO W W
I
0.090
0.290-0.325 ] 228%)
7.366-8.
{1:366-8.255) L0080 NOM 0080 o OPTION2 .\ 0.130 0,005
0065  (1.529) (1.016) 4° (4x) @3 o)
Ry TYP v 3020
| | 0.145-0.200
| p | Gsssmo
95 £750  0008-0015 90°:0.004° I ,
U™ 10.203-0.381) 1
uaonmow 0.125-0.150  {0.508)

(3.175-3810) MIN

N20B (REV A}

PIN NO.1 mcnr\'

L]
OPTION 2
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T (0.762=1.016)

LIFE SUPPORT POLICY

0.060-0.090
"~ (1.524-2.286)
0.030-0.040

P "‘ r(1'27°r$90'127) -

Physical Dimensions inches (milimeters)

0.540 4y

(1372
0.050 £0.005

(o 127) MIN TYP

,250-0.320
6.350-8.128

[Rp—

85
39

I

0
7
MAX

lt—

LASS

201918171615141312 11

D

0.260-0.270

{6.604-6.858)

0.008-0.012 __J

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

M)z 3456783910
L { 0.203-0.305
e V. DETAIL A
DAL 0.250-0.320
ot (6.350-8.128)
IDENT l
W204 (REV D)
| 0.004-0.006 |_ 0.015-0.019 0.045
{0:102-0.152) " {0.381-0.483) "7 13y WX TP
20-Lead Ceramic Flatpak (F)

NS Package Number W20A

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

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

Fax: 33112538

for use of any crauitry d

not assume any
®© 1990 National Semiconductor Corporation
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with instructions for use provided in the labeling, can effectiveness.

be reasonably expected to result in a significant injury

to the user.
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Corporation GmbH Japan Lid, Hong Kong Ltd. Do Brasd (Austr
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National

Semiconductor

LM2412 60MHz CRT Driver

General Description

The LM2412 CRT Video Driver is a wide bandwidth, large
signal amplifier designed to swing large voltages with a short
rise time. This amplifier is a fixed gain cascods circuit. The
primary application for this very fast slewing amplifier is for
driving High Resolution Monochrome or Color graphics
monitors.

September 1991

PRELIMINARY

Features

«+ Operation from 70V power supply
+ 60 MHz bandwidth at 45 Vpp swings
< Riseffall times less than 10ns

< Output signal can swing 45V

« Drives 8 pF capacitive load

<" Low power consumption

Applications

« CRT driver for color and monochrome monitors
« High voltage amplifiers

Block and Connection Diagrams

Y
(K
Qs
2 G2 S
@y
[ @
q0

Order Number LM2412T
See NS Package Number TOS5A
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if Military/Aerospace specified devices are required,
contact the National Semiconductor Sales Office/
Distributors for avallabllity and specifications

Absolute Maximum Ratings)

Supply Voltage, V* 75V
Power Dissipation, Pd 10W
Storage Temp Range,Tstg 25Cto+100C
Operating Temp Range, Tcase 20Ct0+90C
Lead Temp (Soldering, <10sec) 300C
ESD Tolerance 4kV

Electrical Characteristics The following specifications apply for V+ = 70V, CL = 8 pF, DC input bias, Vin = 3.6 Vdc,
45 Vpp output swing, Vbias = +12V. Ta = 25 C unless otherwise noted.

)
i
{
i
i

- Typical Units
Symbol Parameter Conditions ypica
Icc | Supply Current No Input or Output Load 33 mA
VouT |Output Offset Voltage VIN = 3.6V 35 Vpe
Tr Rise Time 10% to 90%
7 ns
Tt Fall Time 10% to 90%
5 ns
BW |Bandwidth -3dB 60 MHz
Av  |Voltage Gain
12 VN
OS |Overshoot 0 %
LE Linearity Error
10 %
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General Description

The LM2416 contains three wide bandwidth, large signal
amplifiers designed for large voltage swings. The amplifiers
have a gain of 13. The device is intended for use in color
CRT monitors and is a low cost solution to designs conform-
ing to VGA, Super VGA and the IBM® 8514 graphics stan-
dard.

The part is housed in the industry standard 11-lead TO-220
molded power package. The heat sink is floating and may
be grounded for ease of manufacturing and RFI shielding.

LM2416/LM2416C Triple 50 MHz CRT Driver

Features

B 50 Vpp output at 45 MHz drives CRT directly

November 1990

B Rise/fall time typically 10 ns with 8 pF load

B 65V output swing capability

Applications
8 CRT driver for RGB monitors
B High voltage amplifiers

Schematic and Connection Diagram

(One Section)

Sk
2,7,9
Veus Q2
1,6,8
ViN a
R2
2.0 6N
=
TL/K/10738-1

18M®8514 1s a registered trademark of International Business Machines Corporation.

N

o

N

=N e 0 o N o o

st

PIN 1 DESIGNATOR

Top View

v+

Yours
BIAS 3
Y3
BIAS 2
VN2
GND
Vour2
Your1
BIAS 1

A\

TL/K/10738-2

Order Number LM2416T or LM2416CT
See NS Package Number TA11B

©1990 National Semiconductor Corporation TL/K/10738
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Absolute Maximum Ratings

Supply Voltage, V+ +85V If Milltary/Aerospace specified devices are required,
Power Dissipation, Pp 10W please contact the Natlonal Semiconductior Sales
Storage Temperature Range, Tstg —25°C o + 100°C Office/Distributors for avallabllity and specifications.
Operating Temperature Range, TCASE —20°Cto +90°C

Lead Temperature (Soldering, <10 sec.) 300°C

ESD Tolerance 4kV

Electrical Characteristics
V+ = 80V, C_ = 8 pF, DC input bias, Viy = 3.6 Vpc. 50 Vpp output swing, Vpjas = +12V. See Figure 1. Tp = 25°C unless
otherwise noted.

LM2416 LM2416C
Symbol Parameter Conditions Units
Min Typlcal Max Min Typ Max
lcc Supply Current No Input or |
(per Amplifier) Output Load 18 22 26 16 22 28 mA |
Vout Output Offset Voltage | Vi = 3.6V 38 42 46 35 42 48 Voo 1
te Rise Time 10% to 90% |
(Note 3) 8 13 12 16 ns }
Y Fall Time 10% to 90% |
(Note 3) 10 13 12 16 ns
BW Bandwidth -3dB 42 - 35 MHz
Av Voltage Gain 1 13 15 10 13 16 VIV
os Overshoot Figure 1 0 0 % |
LE Linearity Error (Note 1) 8 10 %
AAy Gain Matching (Note 2) 0.2 0.5 dB

Note 1: Linearity Error is defined as the variation in small signal gain from +20V to + 70V output with a 100 mV AC, 1 MHz, input signal.
Note 2: Calculated value from Voltage Gain test on each channel.
Note 3: Guaranteed parameter, not tested.

Test Circuit Typical Performance
+12V Blas Characteristics
0, N s:ows«p. LM2416 Frequency Response
047 4 1,6,8
gpre 0.1 puF 0 - Y
= 360 = g \
el 36V g
TL/K/10738-3 3
* 8 pF is total load capacitance. It includes all parasitic capacitance.
FIGURE 1. Test Circuit (One Section)

Figure 1 shows a typical test circuit for evaluation of the 1 10 100
LM2416. This circuit is designed to allow testing of the FREQUENCY (NHz)
LM2416 in a 500 environment such as a pulse generator, TL/K/10738-4
oscilloscope or network analyzer. LM2416 Pulse Response
8
o T ‘;
g oM /
5 ! [ |
2 40 |
s ] |
20

TME (nSec)
TL/K/10738-5
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LM2416—Theory of Operation

The LM2416 is a high voltage triple CRT driver suitable for
VGA, Super VGA, IBM 8514 and 1K by 768 non-interlaced
display applications. The LM2416 features 80 volt operation
and low power dissipation. The part is housed in the industry
standard 11 lead TO-220 molded power package. The heat
sink is floating and may be grounded for ease of manufac-
turing and RFI shielding.

The circuit diagram of the LM2416 is shown in Figure 2. Q1
and R1 provides a conversion of input voltage to current,
while Q2 acts as a common base or cascode amplifier stage
to drive the load resistor R1. Emitter followers Q3 and Q4
isolate the impedance of R1 from the capacitance of the
CRT cathode, and make the circuit relatively insensitive to
load capacitance. The gain of this circuit is R1/R2 and is
fixed at 13. The bandwidth of the circuit is set by the collec-
tor time constant formed by the load resistor R1 and associ-
ated capacitance of Q2, Q3, Q4, and stray layout capaci-
tance. Proprietary transistor design allows for high band-
width with low operating power.

LM2416
v+
<
b
Q3
Veet Q2 OUTPUT
Q4
INPUT o1
R2

TL/K/10738-6
FIGURE 2. LM2416 CRT Driver
(One Section)

Thermal Considerations

The transfer characteristics of the amplifier are shown in
Figure 3. Since this is a class A input stage, powsr supply
current increases as the input signal increases and conse-
quently power dissipation also increases. Average dissipa-
tion per stage is 1.8W, increasing to 3.2W at minimum out-
put voltage.

The LM2416 cannot be used without heat sinking. Figure 3
shows the power dissipated in each channel over the oper-
ating voltage range of the device. Typical “average’” power
dissipation with the device output voltage at one half the
supply voltage is 1.8W per channel for a total dissipation of
5.4W package dissipation. Under white screen conditions,
i.e.: 156V output, dissipation increases to 3W per channel or
9W total. The LM2416 case temperature must be main-
tained below 90°C. If the maximum expected ambient tem-
perature is 50°C, then a heat sink is needed with thermal
resistance equal to or less than:
- (90 — 50°C)

9w

The Thermalloy #6400 is one example of a heatsink that
meets this requirement.

WARNING: THE LM2416 IS NOT PROTECTED AGAINST
OUTPUT SHORT CIRCUITS. The maximum DC load the
LM2416 can drive is 6000 to ground or V+.

Rin = 4.4°C/W

90 ~—~
T 8
s o VOLTAGE | POWER el (/=
g ~ A+ 2
5 % \ o
S w 20 @2
a
g ® TS g
3 2 ,/ N 1.0 g
10 1~ N_| ®
pd
0 1 2 3 4 5 6 7
INPUT VOLTAGE

TL/K/10738-7
FIGURE 3. LM2416 DC Characteristics
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1
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3
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I I 6 23 I~ GREEN DRIVE
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5
&—”—— 8 2 LM2416 5.1k
10 uf 0.1 pF
8 7* 500 o |||
! s 2 5 =
vete 3 1sa 3 w0k 3 S
3
10 w4 ] ;
0.1 uF
" 18 AV"‘T
+
510 %
10 ﬂ“J' 200 7
$ 12 7 AN
[]
13 1 0
L
0.01 uF S¢ BLUE
>
max g " 15 ;}500 CUTOFF 232 9
WA~
contRasT & ¢
CONTROL > 75
min == 0] uF 10
Tk 1 & B
g 10k g 10k | BLACK LEVEL "
W (BRIGHTNESS) ° 5.1k
L 10k | CONTROL
. b
BLACK LEVEL 1000 pF =

=

2
&:oogv -

+30v
TL/K/10738-8

FIGURE 4. Typical Application LM1203-LM2416 Application

A typical application of the LM2416 is shown in Figure 4.
Used in conjunction with a LM1203, a complete video chan-
nel from monitor input to CRT cathode is shown. Perform-
ance is satisfactory for all applications to 1k by 768 non-in-
terlaced. Typical rise-fall times are 12 ns, with better than
50V p-p drive signals available to an 8 pF load. In this

application, feedback is local to the LM1203. An alternative
scheme would be feedback from the output of the LM2416
to the positive clamp inputs of the LM1203. This would pro-
vide slightly better black level control of the system.

©1880 National Semiconductor Corporation
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LM2416/LM2416C Triple 50 MHz CRT Driver

Physical Dimensions inches (milimeters)

0.788+0.010

0.171

LIFE SUPPORT POLICY

11 Lead TO-220 Molded Package (T)
Order Number LM2416T or LM2416CT
NS Package Number TA11B

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
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DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

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
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with instructions for use provided in the labeling, can effectiveness.
be reasonably expected to result in a significant injury
to the user.
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General Description

The LM2418 contains three large signal voltage amplifiers
designed to directly drive CRT cathodes for VGA Color
Graphics Displays. Output swings greater than 50 Vpp are
achieved with a 90V power supply. The nominal voltage
gain of each amplifier is 18 with gain matching of 1.0 dB
between amplifiers.

Packaging is the industry standard molded 11 lead TO-220.
The heatsink tab is isolated and may be grounded to im-
prove RFI shielding and simplify assembly.

LM2418 Triple 30 MHz CRT Driver

January 1992

Features

50 Vpp output at 30 MHz drives CRT directly
Rise/fall time typically 12 ns with 8 pF load

65V output swing capability

Optimized output stage for low crossover distortion
Gain matching of 1 dB

Voltage gain of 18

Includes oscillation supression resistors

Applications
® CRT driver for RGB monitors
m High voltage amplifiers

Schematic and Connection Diagram

(One Section)

-0 5 GND

FIGURE 1

/ T
10
. Vout 3
BIAS 3
3,4,10 8
Vour < 7 Vins
_< BIAS 2
6
O " S Vinz
1], GND
4
3 Vour2
5 Vout1
BIAS 1
1
Viny
N 2
PIN 1 DESIGNATOR
TU/K/11125-1 TL/K/11125-2
Top View
Order Number LM2418T

See NS Package Number TA118B

© 1992 National Semiconductor Corporation TL/K/11125
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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, V+

Storage Temperature Range, TgTg

+95V

—25°Cto +100°C

Operating Temperature Range, Tcase
Lead Temperature (Soldering, <10 sec.)
ESD Tolerance

—20°Cto +100°C

300°C
tbd

Electrical Characteristics

v+ =90V, C_ = 8 pF, DC input bias, Viy = 3.6 Vpc. 50 Vpp output swing, Vgjas = + 12V. T4 = 25°C unless otherwise noted.
Symbol Parameter Conditions LM2418 Units

Min Typ Max

lcc Supply Current (per Amplifier) No Input or Output Load 18 26 mA
Vourt Output Offset Voltage ViN = 3.6V 46 53 60 Vpc
t Rise Time 10% to 90% (Note 3) 12 20 ns
t Fall Time 10% to 90% (Note 3) 12 20 ns
BW Bandwidth —-3dB 30 MHz
Ay Voltage Gain 15 18 21 \"7A%
os Overshoot 5 %
LE Linearity Error (Note 1) 8 %
AAy Gain Matching (Note 2) 1.0 dB

Note 1: Linearity Error is defined as the variation in small signal gain from + 20V to + 70V output with a 100 mV AC, 1 MHz, input signal.
Note 2: Calculated value from Voltage Gain test on each channel.
Note 3: Guaranteed parameter, not tested.

AC Test Circuit

Figure 2 shows a typical test circuit for evaluation of the LM2418. This circuit is designed to allow testing of the LM2418 in a 509
environment such as a pulse generator, oscilloscope or network analyzer.

412V Bias

0.01 uF

Yin

3.6 Vpo

*8 pF is total load capacitance. It includes all parasitic capacitance.
FIGURE 2. Test Circuit (One Section)

Typical Performance Characteristics

OUTPUT (dB)

LM2418 Frequency
Response

e
Vout=50 Vpp

LS V=99 Yo

-2

-6
1 10 100

FREQUENCY (MHz)

TL/K/11125-4

FIGURE 3

QUTPUT (V)

TL/K/11125-3

LM2418 Pulse

Response

80
V=90V,
60 \\ / Qeser
40
20
o
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TIME (ns)

TU/K/11125-5
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LM2418—Theory of Operation

The LM2418 is a high voltage triple CRT driver suitable for
VGA display applications. The LM2418 features 90V opera-
tion and low power dissipation. The part is housed in the
industry standard 11-lead TO-220 molded power package.
The heat sink is electrically isolated from the circuitry and
may be grounded for ease of manufacturing and RF! shield-
ing.

The circuit diagram of the LM2418 is shown in Figure 1. Q1
and R1 provide a conversion of input voltage to current,
while Q2 acts as a common base or cascode amplifier stage
to drive the load resistor R1. Emitter followers Q3 and Q4
isolate the impedance of R1 from the capacitance of the
CRT cathode, and make the circuit relatively insensitive to
load capacitance. The gain of this circuit is R1/R2 and is
fixed at 18. The bandwidth of the circuit is set by the collec-
tor time constant formed by the load resistor R1 and associ-
ated capacitance of Q2, Q3, Q4, and stray layout capaci-
tance. Diodes D1 and D2 provide forward bias to the output
stage to reduce crossover distortion at low signal levels,
while R3 provides a DC bias offset to match the output level
characteristics of the LM1203 RGB Video Amplifier System.
Proprietary transistor design allows for high bandwidth with
low operating power.

Figure 2 shows a typical test circuit for evaluation of the
LM2418. This circuit is designed to allow testing of the
LM2418 in a 500 environment such as a pulse generator
and a scope, or a network analyzer. In this test circuit, two
resistors in series totaling 4.95 k) form a wideband low
capacitance probe to match the output of the LM2418 to a

90
| N V+ = 90V
80
VOLTAGE '\
S 70 =
Zz
60 \ T30 2 Z
8 N T < 2
< a T
5 S0 \ & o
S 40 POWER |, & &
c NI &8
& 30 A1 NJ— e
3 A AN €3
© 20 N 1.0 =
—_—
10
4 0
0 1 2 3 4 5 6
INPUT VOLTAGE (V)
TL/K/11125-7

FIGURE 4. LM2418 DC Characteristics

500 cable and load. Typical AC performance of the circuit is
shown in Figure 3. The input signal is AC coupled to the
base of Q1, while a DC bias of 12V is applied to the base of
Q2.

Thermal Considerations

The transfer characteristics of the amplifier are shown in
Figures 4 and 5. Since this is a class A input stage, power
supply current increases as the input signal increases and
consequently power dissipation also increases. Average
dissipation per stage is 1.1W, increasing to 1.85W per stage
at minimum output voltage.

The LM2418 cannot be used without heat sinking. Figure 5
shows the power dissipated in each channel over the oper-
ating voltage range of the device. Typical “average” power
dissipation with the device output voltage at one half the
supply voltage is 1.8W per channel for a total dissipation of
5.4W package dissipation. Under white screen conditions,
i.e., 20V output, dissipation increases to 3.0W per channel
or 9W total. The LM2418 case temperature must be main-
tained below 100°C. If the maximum expected ambient tem-
perature is 60°C, then a maximum heat sink thermal resist-
ance can be calculated:

_(100°C — 60°C) _
9w
PRECAUTION: THE LM2418 IS NOT PROTECTED
AGAINST OUTPUT SHORT CIRCUITS. The maximum DC

load the LM2418 can drive is 800Q to ground or V+.

* 4.4°C/W

70 2.0
o2 / =
o g 3%
g: POWER -z
58 i
25 e
59 / &

> a
25 50 e 1.0 S0
& L1 ==
5 2%
3o VOLTAGE =

40 TI 0.5

55 60 65 70 75 80 85 90 95

Vi)
TL/K/11125-9
FIGURE 5. LM2418 Output Swing
and Power Characteristics
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Typical Application

A typical application of the LM2418 is shown in Figure 6.  better than 50 Vpp drive signals available to a 10 pF load. In
Used in conjunction with an LM1203, a complete video  this application, feedback is local to the LM1203, an alterna-
channel from monitor input to CRT cathode is shown. Per-  tive scheme would feed back from the output of the LM2418
formance is satisfactory for all applications up to 640 by 480  to the positive clamp inputs of the LM1203. This would pro-
lines. Typical rise/fall times of this circuit are 15 ns, with  vide better black level control of the system.
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w&[o 750 3 10k 510
<
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TL/K/11125-10
FIGURE 6. Typical Application LM1203-LM2418 Application
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Physical Dimensions inches (milimeters) Lit #107762
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LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL 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 2. A critical component is any component of a life

systems which, (a) are intended for surgical implant support device or system whose failure to perform can
into the body, or (b) support or sustain life, and whose be reasonably expected to cause the failure of the life
failure to perform, when properly used in accordance 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.
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LM2419 Triple 65 MHz CRT Driver

General Description

The LM2419 contains three wide bandwidth, large signal
amplifiers designed for large voltage swings. The amplifiers
have a gain of 15. The device is intended for use in color CRT
monitors and is a low cost solution to designs conforming to
1024 x 768 display resolution.

The device is mounted in the industry standard 11 - lead

TO - 220 molded power package. The heat sink is electrically
isolated and may be grounded for ease of manufacturing and
EMI / RFI shielding.

Features

50 Vpp output swing at 65 MHz

Rise / Fall time < 7ns with 12 pF load

60 Vpp output swing capability

Pin and function compatible with LM2416

Applications

Il CRT driver for SVGA, IBM 8514 and 1024 x 768 display
resolution RGB monitors

Schematic and Connection Diagrams

One Channel

10

Vin3

Vbias 2
Vin2

Vout 2
Vout 1

N j@la o jo 1IN

Vbias 1

Vin 1

=
o[ <
Y

Pin 1 Designator

Order Number LM2419T
See NS Package Number TA11B
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* 12pF is the total load #ance and includes the teet jig capaci

Fig 1. Test Circuit ( One Section )
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if Military/Aerospace specified devices are required, con-
tact the National Semiconductor Sales Office/Distributors
for avallabliity and specifications.

Absolute Maximum Ratings (Note 1)

Supply Voltage, V+

Storage Temperature, TSTG
Operating Case Temperature, Tcg.e o
Lead Temperature (soldering < 10 sec) 300 ~ C
ESD Tolerance 8D

+85V Max
25°Ct10100°¢C
20°Cto 90°¢C

Electrical CharacteristicCS Unless otherwise spacified, the following specifications apply for V+ = 80V, DC input bias,
vin Dc* 3.9V; 50 Vpp output swing; frequency = 1 MHz; Vbias = 12V; CL = 12 pF; TA' 25 © C; see test circult, Fig.1.

Symbol Parameter Conditions (N“:ti."a) (‘;‘Y:t'f;') (N'ﬁta.’g) ::l::\lh“)
lec Supply Current ( per amplifier) | Input/ Output open circuit 18D mA
Vout Output Offset Voltage 50 v
t Rise Time 10 % 10 90 % ( Note 4) 4 ns
4 Fall Time 10 % t0 90 % (Note 4 ) [ ns
BW Bandwidth f agB 65 MHz
Titt 1 kHz
Ay Voltage Gain 15 VN
oS Over shoot tr, tf = Sns 4
0s Overshoot (Note 4) T80
LE Linearity Error Vout = 25V to 75V T8O
0.2 dB

Gain Matching

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. The guaranteed
specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is
not operated under the listed test conditions.

Note 2: Typical specifications are at 25 oC and represent the most likely parametric norm.

Note 3: Min / Max limits are guaranteed to National's AOQL ( Average Outgoing Quality Level ).

Note 4: Input signal t. 4 <2ns.
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Gain, Av (dB)

Typical Performance Characteristics ( T, = 25 °C, Test Circuit - Fig.1)

Pulse Response

Frequency Response
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Test Circuit

Figure.1 shows a typical test circuit for evaluation of the LM2419. The input signal is ac coupled
into the input of LM2419 and is referenced to 3.9V DC using an external 3.9V DC bias through a
390 Q resistor. The test circuit is designed to allow testing of the LM2419 in a 50 Q environment
such as a 50 Q oscilloscope or network analyzer. The 4950 Q resistor in series with the output of
the LM2419 forms a 100 : 1 voltage divider when interfaced to a 50 Q oscilloscope or network
analyzer.

Theory of Operation

£
P e A
The LM2419 is a high voltage triple CRT driver suitable for SVGA, IBM 8514 and 19??‘46
display resolution monitors. The device is packaged in the industry standard 13- lead TO - 220
molded power package. The heat sink is electrically isolated and may be grounded for ease of
manufacturing and RFI/ EMI shielding.

The schematic diagram of LM2419 is shown in Figure.2. Q1 and R2 provide a conversion of the
input voltage to current while Q2 acts as a common base amplifier to drive the load resistor, R1.
Resistor R4 along with R2 sets up the dc bias at the base of Q1. Emitter followers Q3 and Q4
isolate R1 from the capacitive load at the output, thus making the rise and fall times relatively
insensitive to the load capacitance.

The gain of the amplifieris - R1 / ( R2 || R4 ) and is fixed at approximately -15. The bandwidth of
LM2419 is primarily limited by the time constant due to R1 and the capacitances associated with
D1, Q2, Q3 and Q4. Diode D1 is used to provide some bias voltage for Q3 and Q4 so as to
reduce small signal cross over distortion. Resistor R3 is used to prevent Q2 from oscillating at high
frequencies.

Figure. 2 . Schematic diagram of one section of LM2419.
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Application Hints
Arc protection

The LM2419 must be protected from arcing within the CRT. To limit the arcover voltage, a 200V
spark gap is recommended at the cathode. Clamp diodes D1 and D2 ( as shown in Figure.3 ) are
used to clamp the voltage at the output of LM2419 to a safe level. The clamp diodes used should
have high current rating, low series impedance and low shunt capacitance. Resistor R2 in
Figure.3 limits the arcover current while R1 limits the current into LM2419 and reduces the power
dissipation of the output transistors when the output is stressed beyond the supply voltage.
Having large value resistors for R1 and R2 would be desirable but this has the effect of reducing
rise and fall times.

Improving rise and fall times

Because of an emitter follower output stage, the rise and fall times of the LM2419 are relatively
unaffected by capacitive loading. However, the series resistors R1 and R2 ( see Figure.3 ) will
reduce the rise and fall times when driving the CRT's cathode which appears as a capacitive
load. The capacitance at the cathode typically ranges from 8pF to 12pF.

To improve the rise and fall times at the cathode, a small inductor is often used in series with the
output of the amplifier. The inductor L1 in Figure.3 peaks the amplifier's frequency response at

the cathode thus improving rise and fall times. The inductor value is emperically determined and
is dependant on the load. An inductor value of 0.1pH is a good starting value. Note that peaking

V+
+80V
(®)
Cs
C1 'L 150 pF
100pF
100V '.ﬂ_\_
Vbias -
+12V (27.9) \
C2 C3 p4
1 51 0.1 uH
Vino | D2  (ToCRT Cathode )
( From Video Preamplifier FDH400

Gnd

Figure.3 Typical application circuit ( one channel ).
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the ampilifier's frequency response will increase the overshoot.
Reducing overshoot

LM2419's overshoot is a function of both the input signal rise and fall times and the capacitive
loading. The overshoot is increased by either more capacitive loading or faster rise and fall
times of the input signal.

Table.1 shows the overshoot for a typical device with different capacitive loads and different
input signal rise and fall times. As can be observed from Table.1, overshoot is large for large
capacitive loads and faster input signal rise and fall times. In an actual application, the LM2419
is driven from a preamplifier with rise and fall times of 3ns to 7ns. When driven from LM1203
preamplifier ( see application circuit, Figure.6 ) the overshoot is 4 % with 12 pF capacitive load.
The overshoot can be reduced by including a resistor in series with LM2419's output as in
Figure.3. Larger value resistors for R1 and R2 would reduce overshoot but this also increases
the rise and fall times at the output.

Resistors R3 and R4 and capacitor C5 in Figure.3 also reduce the overshoot considerably
without adversely affecting the rise and fall times. Capacitor C5's value should not be increased
too much otherwise power dissipated by R3 and R4 would increase significantly at high
frequencies. The value of R3 and R4 is emperically determined, 500 Q is a good starting value.
Two resistors are used because lower wattage resistors can be used and also the effective
shunt capacitance of two resistors is less than that of a single resistor.

Overshoot (%)

Cc
L
t, / tt
5pF . 8pF 11pF 15pF
1.2ns 4% 6% 7% 8%
7ns 4% 5% 6% 7%

Table.1 LM2419 overshoot versus capacitive loading for a typical device.
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Short Circuit Protection

The output of LM2419 is not short circuit protected. Shorting the output to either ground or to
V. will destroy the device. The maximum DC load the LM2419 can drive is 600 Q ???? to
ground or V.

RGB Video Application

A complete video section for an RGB CRT monitor is shown in Figiure. 6. The LM1203 video
preamplifier and the LM2419 include almost all the circuitry required between the video input
connection and the CRT's cathodes. However, an externally generated back porch clamp
signal is required to accomplish DC restoration of the video signal.

Performance is satisfactory for a non - interlaced 1024 x 768 display resolution application.
With 50 Vpp output swing and 12 pF load, the rise / fall time for Figure. 6's circuit was
measured at 6.5 ns. In this application, feedback is local to the LM1203. An alternative
scheme would be feedback from the output of the LM2419 to the positive clamp inputs of the
LM1203. This would provide better black level stability in a DC coupled cathode drive
application. For detailed information on the LM1203, please refer to the LM1203 data sheet.
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Galin versus output DC level

Figure. 4 shows LM2419's gain versus output DC level. A 100 mV, ac signal is applied at the
LM2419's input and the input signal's DC level is swept. As can be seen from Figure. 4, the
amplifier's gain is constant at approximately 13.6 ( Vout = 1.36 Vpp ) for output DC level
between 30V and 70V.

If the amplifier's output signal swings well beyond the 30V to 70V range then the amplifier's
transfer function will start approaching the non - linear region. For optimum performance, it is
recommended that LM2419's output low voltage be at 25V or above. With 50 Vpp swing, the

output high voltage is 75V.
Thermal Consliderations

LM2419's transfer characteristic and power dissipation versus DC input voltage is shown in
Figure. 5. Power supply current increases as the input voltage increases, consequently power
dissipation increases. Considering a 20 % black retrace time in a 1024 x 768 display resolution
application, the average power dissipation for continuous white screen is approximately 4.3 W
per channel with 50V, output signal ( black level at 75V and white level at 25V ). For thermal
and gain linearity considerations, the output low voltage ( white level ) should be maintained
above 20V. If the device is operated at an output low voltage below 20V, the power dissipation
might exceed 4.7W per channel (i.e 14W power dissipation for the device ). Note that the
device can be operated at lower power by reducing the peak to peak video output voltage to
less than 50V and clamping the video black level close to the supply voltage.

The LM2419 requires that the package be properly heat sunk under all operating conditions.
Maximum ratings require that the device case temperature be limited to 90 °C maximum. Thus

for 50 °C maximum ambient temperature and 13W power dissipation, the thermal resistance of
the heat sink should be :

0,,<(90-50)°C /13W = 3 °C/W

veve
[ 43
7e o T
6o = J.u -i——f
N e
- ==z -.:x_—: i .. 4.5W
- . F—ore = —
z - e e s Ed
> — ==X
— do r—— 7 T — 2
+ —— - N - —H
= 3 — e
z 3 ae _'____:5_1._ =
- = — S tw
e VW0 | ——-—F 11— ___4_1} ______ —
S e e ETETie R VAN
Eé . i 2 3 « § ¢ 7T @
&)
v .
out (DC) v Vin (V)
Fig. 4 Gain vs out (DC), Fig.5 Vout § P.D vs Vin

Vin = 100 mVpp
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PC Board Layout Considerations

For optimum performance, adequate ground plane, isolation between channels, good supply
bypassing and minimizing unwanted feedback are necessary. The following book is highly
recommended :

Ott, Henry. W, Noise Reduction Techniques in Electronic Systems,
John Wiley & Sons, New York, 1976.
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@National

Semiconductor
LM6118/LM6218A/LM6218

General Description

The LM6118 series are monolithic fast-settling unity-gain-
compensated dual operational amplifiers with +20 mA out-
put drive capability. The PNP input stage has a typical bias
current of 200 nA, and the operating supply voltage is + 5V
to +20V.

These dual op amps use slew enhancement with special
mirror circuitry to achieve fast response and high gain with
low total supply current.

The amplifiers are built on a junction-isolated VIP™ (Verti-
cally Integrated PNP) process which produces fast PNP’s
that complement the standard NPN's.

November 1991

Fast Settling Dual Operational Amplifier

Features Typlcal
B Low offset voltage 0.2 mV
B 0.01% settling time 400 ns
B Slewrate A, = -1 140 V/us
B Slew rate Ay = +1 75V/us
B Gain bandwidth 17 MHz
8 Total supply current 5.5 mA
8 Output drives 500 load (+1V)

Applications
B D/A converters

B Fast integrators
B Active filters

Typical Applications

Vin—9

TL/H/10254-1
Single ended input to differential output
Ay = 10, BW = 3.2 MHz
40 Vp., Response = 1.4 MHz
Vg = t15V
Wide-Band, Fast-Setiling
40 Vp.p Amplifier

VIP™ is a trademark of National Semiconductor Corporation.

Connection Diagrams and
Order Information

Dual-In-Line Package (J or N)

ourpur 4 ~ LR
mpur(-)l% . outpur
INPUT(#) E 5 INpUT(=)
v- 4 S NpUT(+)

TL/H/10254-4
Top View

Order Number LM6118N, LM6118J/883,
LM6218AN or LM6218N
See NS Package Number JOBA or NOSE

Small Outline Package (WM)

Ne =4 ~ 4 v+
outpuT =3 13 \e
Ne= 12 oureur
INPUT(=) = VN
INPUT(+) = 10\ puT(=)
Ne =3 [ npuT(e)
v-—1 2 ne
TL/H/10254-3
Top View

Order Number LM6218AWM or LM6218WM
See NS Package Number M14B

©1891 National Semiconductor Corporation TL/H/10254
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Absolute Maximum Ratings (Note 1)

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

Total Supply Voitage 42V
Input Voltage (Note 2)
Differential Input Current (Note 3) +10mA
Output Current (Note 4) Internally Limited
Power Dissipation (Note 5) 500 mW

ESD Tolerance (C = 100pF, R = 1.5k?)
Maximum Junction Temperature
Storage Temperature Range

Lead Temperature (Soldering, 10 sec.)

+2kV
150°C

—-65°Cto +150°C

Operating Temp. Range

LM6118, LM6118J/883
LM6218A
LM6218

300°C

-55°Cto +125°C
-40°Cto +85°C
—40°Cto +85°C

Electrical Characteristics +5v < vg < +20v, Vom = 0V, Vout = OV, louT = 0A, unless otherwise
specified. Limits with standard type face are for Ty = 25°C, and Bold Face Type are for Temperature Extremes.

T LMé118 LM6218A LM6218
Parameter Conditions 25",% Limiis Limits Limits Units
(Notes 6 & 7) (Note 86) (Note 8)
Input Offset Voltage Vg = 15V 0.2 1 1 3 mV (max)
2 2 4
Input Offset Voltage VT +3V<Vom < vt -3sv 0.3 1.5 1.5 3.5
2.5 2.5 4.5 mV (max)
Input Offset Current VT +3V<VoysVi -35v| 20 50 50 100
250 100 200 nA (max)
Input Bias Current VT +3V<sVom < vt —3s5v | 200 350 350 500 nA (max)
950 950 1250
Input Common Mode Vo +av<voysvt —a5v| 100 90 90 80 4B (min)
Rejection Ratio Vg = 20V 85 85 75
Positive Power Supply VT = —-15V 100 90 90 80 dB (min)
Rejection Ratio s5v<vt <a0v 85 85 75
Negative Power Supply vt =15v 100 90 90 80 dB (min)
Rejection Ratio -20V <V~ € -5V 85 85 75
Large Signal Vout= 17V AL = 10k 500 150 150 100 )
Voltage Gain Vs = 20V 100 100 70 | V/mV(min)
Vout = +10V RL = 500 200 50 50 40 )
Vg = 15V (+20mA) 30 30 25 | V/mV(min)
Total Supply Current Vg = *15V 5.5 7 7 7
7.5 1.5 7.5 mA (max)
Output Current Limit Vg = *15V, Pulsed 65 100 100 100 mA (max)
Slew Rate, Av = —1 Vg = 15V, Vo = +10V 140 100 100 100 .
Rs = R¢ = 2k, C; = 10pF 50 50 50 V/ps (min)
Slew Rate, Av = +1 Vg = 15V, Vout = £10V 75 50 50 50 )
Rs = Ry = 2k, Cf = 10pF ) 30 a0 | V/ms(min)
Gain-Bandwidth Product | Vg = 15V, f, = 200 kHz 17 14 14 13 MHz (min)
0.01% Settling Time AVoyt = 10V, Vg = +15V, 400 ns
Ay = -1 Rs = Ry = 2k C; = 10pF
Input Capacitance Inverter 5 pF
Follower 3 pF

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 rated operating conditions.

Note 2: input voltage rangeis (V+ — 1V) to (V=)
Note 3: The inputs are shunted with three series-connected diodes back-to-back for input differential clamping. Therefore differential input voltages greater than
about 1.8V will cause excessive current to flow unless limited to less than 10 mA.
Note 4: Current limiting protects the output from a short to ground or any voltage less than the supplies. With a continuous overload, the package dissipation must
be taken into account and heat sinking provided when necessary.
Note 5: Devices must be derated using a thermal resistance of 90°C/W for the N, J and WM packages.
Note 8: Limits are guaranteed by testing or correlation.

Note 7: A military RETS specification is available on request. At the time of printing, LM61 18J/883 RETS spec complied with the Boldtace limits in this column.
The LM6118J/883 may also be procured as Standard Military Drawing device #5962-915650 1MPX.

© 1991 National Semiconductor Corporation
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Typical Performance Characteristics

Input Blas Current Input Noise Voltage Common Mode Limlts
Vg=215V 1000 (V’)O A5V L Vg X220V
500 Veu =0V s - 1
-2
T 20 ;IIIIH)lIIIIHHIIIIIIMIIIIIIII 5§ POSITIVE —
5 100 \\\ g =4 4.
© ~ ' 7 =
I IIH- 1l 2
. |||||H o “"m ' weoame {3
10 ’. "I”H.IIIIIIHIIIHIII o
=50 [} 50 100 150 10 100 1k 10k 100k =30 [ 50 100 150
TEMPERATURE (°C) FREQUENCY (Hz) TENPERATURE (°C)
Frequency Response
Common Mode Rejecllon Power Supply Rejection High Frequency
120 ]
T T 2 we . Vemi
IIIIIIIIIIIIIIUIIIIIIIIlIIIIHH 100 P R =5000 o =280 (100
Il NN Rp =5000 oS T P
g & ® NN =25 N Rl prae 4
2 = \Q g ¥ N =
E | g ® POSITIVE \\\ § » N © g
g 1 A AR CREH g w \\ 10 » %
I A veame | N\ 0 \fite 2
LT TTame Ty T » l \ -10 P -20
LI T T T 0 - 0
1k 10k 100k ™ 10M 100 1k 10k 100k 1M 1OM 100k iU 100 100M
FREQUENCY (Hz) FREQUENCY (Hz) FREQUENCY (Hz)
Unity Gain Bandwidth Large Signal Response
Unity Gain Bandwldth vs Output Load (Sine Wave)
) . Sy
T =250C A=
N SR N P o
i e \\ 3 J ; . | & =000
S * NVs=215v_| | S 12 Vi ’;‘g 6 ! T
I3 =1 THD = 3%
g " ] & . g ‘4
" i ] . -y
— / TH =1x\ N
10 4 0 AL, =
0 0 0 100 150 10 100 1k 10k 100k 300k M 3M  1OM
TEMPERATURE (°C) OUTPUT LOAD RESISTANCE (Q) FREQUENCY (Hz)
Total Harmonic Distortion Output Impedance Output Saturation
— ® ("')‘: [ T | fv=vi=tzv
T o=t ma
e =2 I l
€ s g L e
- 2 * Overdrive = 0.3 mV
g % IS * Ovardrive = 1.0 mV =
2 § 3 “20m"
2 )| pemny
4 2 ,
f =1 mA
e [
=30 [ 50 100 150
FREQUENCY (Hz) FREQUENCY (Hz) TEMPERATURE (°C)
TL/H/10254 -5
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Typical Performance Characteristics (continued)

CURRENT LMIT (2 mA)

STEP SIZE (V)

INPUT REFERRED COUPLING (dB)

Output Current Limit
120
vs-': 15
100 VOUT = QY ——
\\
80
N
60 ~
N
) S~
20
[}

=100 Rg=100,R = 1100 I Ilhpr A
=120

=140

+0
TN
- 1omy [ 1mv/ Rs R0
Va4 ¢=10 pF|
Z T/ 4= 7]
0
N, \
)
omv\ [\1mv
ALY

-0 0 50 100 150
TEMPERATURE (°C)

Inverter Settling Time

100 200 300 500
SETTUNG TIME (ns)

Amplifier to Amplifier Coupling

TA=25%C, Vg =2 15V A
Source Amp Output 20 Vo /R
Receive Amp Ay=10

L I|||||1w 'llllllllll.dl

N RT3 N Rl

I iIlIIIi Il"'|!III|IH
et IR 2 QAT

il
IIIIWIIIIIH il IIIIIIIIIlIIIII

10 100 1k 10k 100k M
FREQUENCY (Hz)

SUPPLY CURRENT (mA)

STEP SIZE (V)

Supply Current
(Both Amplifiers)
8
, EEEE
. TWe =259 and 125%
-
s -
. T\=55°C
3
z You=VYo=
' u7¥o=0
X 1
0 2 4 6 8101214 16 18 20
£SUPPLY VOLTAGE (V)
Follower Settling Time
+10
/]
- tomv/ /‘ 1my !
=28
// // V:ﬂtISV"‘
0 Ry=R;=2kf
\ el
- LA i
lOmV\ Ximv
o L\ A

100 200 300 500
SETTLING TIME (ns)

1000

Slew Rate
Vs=215V
Vouy =10V
0 et Rg=R=2ka
P . =
3 \\ C=10pF
Z 1% Y
B \\
1 -
100 -
§ Ay=+1
50

0
=50-25 0 25 50 75 100 125 150

TEMPERATURE (°C)

" Typlcal Stabliity Range
10”

Il 11

L vg= nsv”ll

1077

UNST

REGION

1078

i
IRanl

| Ty=25°%C L|
Fund 125°CH

AT

107?

CAPACITIVE LOADING (F)

10-10

Y

ot —

1

23 5
CLOSED

Settling Time, Vs = *+ 15V

"
[
<
-
5
Ss
gﬂ
2
2>
UE
=20y
=
=
~]
©w

TL/H/10254-23

10 20
LOOP GAIN

50 100

TL/H/10254 -6

TL/H/10254-7
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Typical Performance Characteristics (continued)
Siep Response,Av = +1,Vs = +15V Step Response, Av

-1,Vs = +15V

OUTPUT VOLTAGE (5V/DIV}

OUTPUT VOLTAGE (5v/0IV)

IM (100 ns/div)

TL/H/10254-8 TL/H/10254-9
Application Information
General Volitage Follower
The LM6118 series are high-speed, fast-settling dual op- R
amps. To insure maximum performance, circuit board layout R
is very important. Minimizing stray capacitance at the inputs o
and reducing coupling between the amplifier's input and i
output will minimize problems. 30pF R2
Supply Bypassing ';: 1,/2LM621 ‘.‘S?‘v Vour
To assure stability, it is recommended that each power sup- Y~ ¥ ==, < 1000pF
ply pin be bypassed with a 0.1 uF low inductance capacitor
near the device. If high frequency spikes from digital circuits =
or switching supplies are present, additional filtering is rec- TL/H/10254-10
ommended. To prevent these spikes from appearing at the For C, = 1000 pF, Small signal BW = 5 MHz
output, R-C filtering of the supplies near the device may be 20 Vp.p BW = 500 kHz
necessary.

Inverter

Power Dissipatlon
These amplifiers are specified to 20 mA output current. If ;: :,:
accompanied with high supply voltages, relatively high pow- Yn— W Wy
er dissipation in the device will occur, resulting in high junc- ]
tion temperatures. In these cases the package thermal re- ::
sistance must be taken into consideration. (See Note 5 un- 30pF -
der Electrical Characteristics.) For high dissipation, an N - 50 v
package with large areas of copper on the pc board is rec- 1/"“"‘ WA——Tour
ommended. " =L, <10005F
Amplifier Shut Down b I

If one of the amplifiers is not used, it can be shut down by
connecting both the inverting and non-inverting inputs to the
V7 pin. This will reduce the power supply current by approx-

TL/H/10254-11
Settling time to 0.01%, 10V Step
For C_ = 1000 pF, settling time = 1500 ns

imately 25%. For C_ = 300 pF, settling tme = 500 ns
Capacltive Loading
Maximum capacitive loading is about 50 pF for a closed- Integrator
loop gain of +1, before the amplifier exhibits excessive st
ringing and becomes unstable. A curve showing maximum P czf |
capacitive loads, with different closed-loop gains, is shown Vi—AWA— 1
in the Typical Performance Characteristics section. ;I::E o

b
To drive larger capacitive loads at low closed-loop gains, 1;
isolate the amplifier output from the capacitive load with 30 pF w2
500. Connect a small capacitor directly from the amplifier - 50 v
output to the inverting input. The feedback loop is closed 1/2‘“"‘ vvv our
from the isolated output with a series resistor to the invert- R = 10005
ing input. 2%

TL/H/10254-12

©1991 National Semiconductor Corporation
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Application Information (continued)

Examples of unity gain connections for a voltage follower,
Inverter, and integrator driving capacitive loads up to
1000 pF are shown here. Different R1-C1 time constants
and capacitive loads will have an effect on settling times.

Input Blas Current Compensation

Input bias current of the first op amp can be reduced or
balanced out by the second op amp. Both amplifiers are laid
out in mirror image fashion and in close proximity to each
other, thus both input bias currents will be nearly identical

and will track with temperature. With both op amp inputs at
the same potential, a second op amp can be used to con-
vert bias current to voltage, and then back to current feed-
ing the first op amp using large value resistors to reduce the
bias current to the level of the offset current.

Examples are shown here for an inverting application, (a)
where the inputs are at ground potential, and a second cir-
cuit (b) for compensating bias currents for both inputs.

Blas Current Compensation

St
Cc1 |
R1
VIN“vAv‘v
1/2LM621 —Vour
= -----.z-----_,
] ]
' % '
' A A A R‘,‘.
) R3 S,y
] SN ]
[} MW ]
' JC% '
) [}
] . |
) 100 pF '
' ]
] ]
) ¢ ]
| J ]
" = ]
[ QY

TL/H/10254-13
*adjust for zero integrator drift

(a) Inverting Input Bias Compensation
for Integrator Application

INPUTS 1/21LM621
. +

R1:

M 2M <

Your

L
\AADN|

R3

. 2M
—AAA
A\AAZ

C1

10pF

pPrmcncncecncerceccecmee=y
bt oo ececeeaneceweeoeeoeed

TL/H/10254-14
*mount resistor close to input pin to minimize stray capacitance

(b) Compensation to Both Inputs

Amplifier/Parallel Buffer

R4S RS < R6 S R7<
sﬂof, .f,':’ 03 503 503 03
~AAA- —AAA— VOUT

Ay = +5,lgyt < 80 mA
Vg = £15V,Cy < 0.01 pF
Large and small signal BW. = 1.3 MHz (THD = 3%)

TL/H/10254-15
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Application Information (continued)
Constani-Vollage Crossover Network With 12 dB/Oclave Slope

Small signal (200 mVp.p) BW = 5 MHz

TL/H/10254-19

R R
24k 2
V"‘V AV‘V"
R
24k
A
\AAZ
1/2LM621 Vu
+
R 6.2k SR/4
24k = c . R/4
AAA (1] 6.2k
YIN vy 111 C AAA
R Il e
2 R " 1
Wy 24k R 11
1/2LM621 AMA 24k
+ 1/2LM621 M-
+ 1/2LM621 —V_
= *
Crossover Frequency =2%c
Refer to AN 346 for details =
TL/H/10254-16
Bilateral Current Source Instrumentation Amplifier
Ré R1 R2 R3 Ré
5k 10k 1k 1k 10k
R2 AAA~ —~AAA AN— A9 ANV
10k 0.1%
a1 0.1% 10pF
1K [1/2wie2t AN~
Vin + 1/24621 —= —Vour
A AA re Rs -
AA A4 ‘:
ks RS 37 RS R6
— 10k 4.5k 1%
0.1% AN lout 1k 1k
0.1%
TL/H/10254-17 =+ INPUT————+
Vs = £15V, =10 € Vijy < 10V TL/H/10254-18
I:UT Re 1mA " Ay = 10, Vs = £15V, All resistors 0.01%
—= = — Small signal and large signal (20 Vp.p) B.W. = 800 kH2
Vin  RZR6 v mall signal and large signal ( p.p)
Output dynamic range = 10V — R6 lgyr
R = 5000, small signal BW = 6 MHz 150 MHz Gain-Bandwlidth Ampilifier
Large signal response = 800 kH2 RS RS
= D2+R4__ - 2% 2
Coutequiv. 2 1o R2Re 32 pF (fo = 15MH2)
R2 R4
220 220
Coaxlal Cable Driver ;'/2 o v
- -_— —Your
C1 v, L
10pF Y $r>600
Il 220 j
I L
R3 R =
2k ‘%k‘ TL/H/10254-20
— ::Z'V Ay = 100, Vg = 15V,
R4 500 Coax Small signal BW = 1.5 MHz
Rl 50 Cable Large signal BW (20 V,.p) = 800 khz
1k 20 mA Vour
Y, m,
W ma. _i RS
=12V -

©1591 National Semiconductor Corporation
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Schematic Diagram

12-¥S20L/H/L

620

14 LM6118 (Op Amp A)

820

o
@ﬂA

S0

1£49)

058

£€0

;

810

189
4]

169

(+)1ndNt

(V)NMOQLNHS

(v)sva
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Schematic Diagram (continued)

Blas Circuit

R101 <
12,5k §

<RI <’R112
S0k $20k

ALY

114

7

R109
2.4k
A""Y
R107
3.7k R110
2.4k
a10s 0109 LA
R108
v 106 220
atory o b,
fa11s l\‘ R113
o1 2.4k
R104 3 106 — < AV
24k 700
D2
1 Q108 —i<¢ A
RI0S < R114
38k 2.4k

v0

BIAS(A)

BIAS(B)

BIAS

SHUTDOWN(A)

SHUTDOWN(E)

V-
TL/H/10254-22

©1991 National Semiconductor Corporation

1Tk




Physical Dimensions inches (milimeters)

0.400 MAX ———

no.owm\l‘r;—m S

!

!

0.220  0.310 MAX
0.291 GLASS

e

RO.025 TYP
| K E3 QR 2 R
0.045
- 0,085 TP

SEALANT

MAX 0.200

959450 TYP It
0.310 0.055 WAX —=]
_\‘”‘ 0a10™"] BOTH ENDS H
0.008 0 ‘

0.012
—s

8-Lead Ceramic Dual-In-Line Package (J)
Order Number LM6118J/883
NS Package Number JOSA

0.290 0.005 GLASS
0.320 ‘}_{ MIN {
0.180 l

0.020
0.060

_f_F 0.150
i 0.125  MIN
: 0.200

90° £ 4°

TYP

0.018£0.003 TYP

0.100 £0.01

0 TYP

4084 (REV K)
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0.291-0.299

Physical Dimensions inches (milimeters)

{7.381-7.5%)
0.017
|l x45°
0.009-0.013 > s}
0.229-0.330)
8° MAXTYP
TP AL LEADS ALL LEADS
0.04 j ‘ 0.030-0.050
(0.102) > e Gz
ALL LEAD TYP ALL LEADS
TIPS

0.346 - 0.362
(8.788-9.198)

1413 12 1110 9 8

AAAAAA

8-Lead Malded Small Outline Package (M)
Order Number LM6218AWM or LM6218WM
NS Package Number M14B

0.394-0.419
{0.01-10.60)
LEAD NO. 1
mem_"o
123 456 71
0.027 l
{0.686)
208801
{2.362-2.607)
+ + 0.004-0.012
{0.102-0.305)
URIRININinI SEATING
0.037-0.044 PLANE
0.940-1.118) T f
0.050 L_ 0.014-0.019
{1210 — {0.356-0.483)
v

M148 (REV O
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Physical Dimensions inches (milimeters) (Continued)

0.373-0.400

.474=10.16)
0.080
0.092 o0 oL 0.032 +0.005
(2.337) N } (0.813£0.127)
PIN NO. 1 IDENT « + ) L5020 005 AAD
: ~N S (6.3510.127) PIN NO. 1 1DENT
oprioN 1 |® ¥
R BII
—py D280 0.040
g™ 7 oo mm’—»l OPTION 2
0750 0.038 _
o 300-0320 ¢ (079 —> e 0.145-0.200
{1.62-8.128) i W'*“—" Iai (0.991) 12.683—5.080)
b F * o A 0130000 )
) 11 vy (3:30220.127) ‘
‘} |1"_’ D.125-0.140
i 0.065 | 1) _ {2.175-3.5)
0.009—0.015 < °"2"’5 (1.651) [[90° £4° ﬁ
0.009-0.015 _ | 317 X
joza-u3sn | AR Tve SN
NOM 0.018£0.003
0325 *4ig — I pasTz0.0m5)
+1.016 0.100:£0.010
(bass * o 330) * (2.5400.25¢)
0.045+0.015
{1.14320.381) . 0.060
0.0% {1.524)
i.1—.2-7—0) e NOSE (REV F)

8-Lead Molded Dual-In-Line Package (N)
Order Number LM6118N, LM6218AN or LM6218N
NS Package Number NOSE

LIFE SUPPORT POLICY

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

SEMICONDUCTOR CORPORATION. As used herein:

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

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 effectiveness.
be reasonably expected to result in a significant injury
to the user.
National National National National National Semicondutores National Semiconductor
Corporation GmbH Japan Lid. Hong Kong Lid. Do Brasil Lida. {Australia) PTY, Ltd.
2800 Drive 10 Sanseido Bidg. 5F Suite 513, 5th Fioor Av. Brig. Faria Lima, 1383 1st Floor, 441 St. Kilda Rd.
P.O. Box 58080 D-8080 Furstenfeidbruck 4-15 Nishi Shinjuky Chinachem Golden Plaza, 8.0 Andor-Conj. 62 Mebourne, 3004
Santa Clara, CA 85052-8090  West Germany Shinjku-Ku, 77 Mody Road, Tsimshatsui East, (01451 Sao Paulo, SP, Brasil Victory, Ausraka
Tel: 1(800) 272-8858 Tel: (0-81-41) 103-0 Tokyo 160, Japan Kowioon, Hong Kong Tel: (55/11) 212-5066 Tel: (03) 267-5000
TWX: (810) 336-8240 Telex: 527-648 Tel: 33-28-7001 Tel: 3-7231280 Fax: (55/11) 211-1181 NSBRBR  Fax: 61-3-2677458
Fax: (08141) 103554 FAX: 33-268-7000 Telex: 52096 NSSEA HX
Fax: 3-3112536
not assume any use of any cruitry described, no crcuit patent icenses are implied and Natonai reserves the fight at any time without notice to change said circuitry and specifications.
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National

Semiconductor

LM6162/LM6262/LM6362

General Description

The LM6362 family of high-speed amplifiers exhibits an ex-
cellent speed-power product, delivering 300 V/us and
100 MHz gain-bandwidth product (stable for gains as low as
+ 2 or —1) with only 5 mA of supply current. Further power
savings and application convenience are possible by taking
advantage of the wide dynamic range in operating supply
voltage which extends all the way down to +5V.

These amplifiers are built with National’s VIP™ (Vertically
Integrated PNP) process which provides fast transistors that
are true complements to the already fast NPN devices. This
advanced junction-isolated process delivers high speed per-
formance without the need for complex and expensive di-
electric isolation.

High Speed Operational Amplifier

November 1990
Features
8 High slew rate 300 V/us
® High gain-bandwidth product 100 MHz
B Low supply current 5 mA
B Fast settling time 120 ns to 0.1%
® Low differential gain <0.1%
B Low differential phase <0.1°
B Wide supply range 4.75V to 32V

B Stable with unlimited capacitive load
B Well behaved; easy to apply

Applications

B Video amplifier

B Wide-bandwidth signal conditioning for image process-
ing (FAX, scanners, laser printers)

B Hard disk drive preamplifier

B Error amplifier for high-speed switching regulator

Simplified Schematic

Connection Diagram

v+
Y

Vos
Adjust Ve Your  N/C

s] 7] s 5]

6] Vour )
—

1 | 2 | 3 4 |

Vos INV NI v=
Adjust  Input input

TL/H/11061-2
Order Number LM8162N, LM6262N
or LM6362N

See NS Package Number NOSE
Order Number LM6262M or

c

VIP™ is a of National

LM6362M
See NS Package Number MOBA

TL/H/11061-1
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Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required, See AN-450 “Surface Mounting Methods and Their Effect
please contact the Natlonal Semiconducior Sales on Product Reliability” for other methods of soldering sur-
Office/Distributors for avallabllity and specifications. face mount devices.
Supply Voltage (V+ -V ™) 36V Storage Temperature Range -65°C < Ty < +150°C
Differential Input Voltage (Note 2) +8V Max Junction Temperature 150°C
Common-Mode Input Voltage (V+t-0.7V) to ESD Tolerance (Note 5) + 1100V
(Note 3) (V- = 0.3V) .
Output Short Circuit to GND (Note 4) Continuous Operatlng Ratlngs
Soldering Information Temperature Range (Note 6)
Dual-In-Line Package (N) o LM6162 -55°C< Ty < +125°C
Soldering (10 seconds) 260° I o
Small Outiine Package (M) LM6262 25C<Ty< +85°C
Vapor Phase (60 seconds) 215°C LMé362 0C<T,< +70°C
Infrared (15 seconds) 220°C Supply Voitage Range 4.75V to 32V

DC Electrical Characteristics
These limits apply for supply voltage = +15V, Vou = OV, and Ry 2 100 kQ, uniess otherwise specified. Limits in standard
typeface are for To = Ty = 25°C; limits in boldface type apply over the Operating Temperature Range.

Typlcal LM68162 | LMe6262 LM6362
Symbol Parameter Conditions (Note 7) Limit Limit Limit Unlts
(Note 8) (Note 8) (Note 8)
Vos Input Offset Voltage +3 +5 +5 +13 mV
+8 +8 +15 max
AVos Input Offset Voltage .
ATemp | Average Drift 7 uvre
Ibias Input Bias Current 2.2 3 3 4 RA
[] 5 ] max
los Input Offset Current +150 +350 +350 +1500 nA
+800 +600 +1900 max
Alps Input Offset Current .
ATemp Average Drift 0.3 nA/°C
Rin Input Resistance Differential 180 kQ
Cin Input Capacitance 2.0 pF
AvoL Large Signal Vout = 10V, R = 2k 1400 1000 1000 800 VIV
Voltage Gain (Note 9) 500 700 650 min
R = 10kQ 6500 VIV
Veum Input Common-Mode Supply = +15V +14.0 +13.9 +13.9 +13.8 v
Voltage Range +13.8 +13.8 +13.7 min
-13.2 -12.9 -12.9 -129 \'%
-12.7 -12.7 -12.8 max
Supply = +5V 4.0 3.9 3.9 38 \"
(Note 10) 3.8 3.8 3.7 min
1.6 1.8 1.8 1.9 \"
2.0 2.0 2.0 max
CMRR Common-Mode -10V < Vom < +10V 100 83 83 76 dB
Rejection Ratio 79 79 74 min
PSRR Power Supply +10V < Vg < 16V 93 83 83 76 dB
Rejection Ratio 79 79 74 min
Vo Output Voltage Supply = £15V,RL = 2kQ | +14.2 +135 +135 +13.4 v
Swing +13.3 +13.3 13.3 min
-13.4 -13.0 -13.0 -12.9 \
-12.7 -12.8 -12.8 max

®© 1990 National Semiconductor Corporation
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DC Electrical Characteristics (continued)
These limits apply for supply voltage = 15V, Voy = OV, and R > 100 k{2, unless otherwise specified. Limits in standard
typeface are for Ty = Ty = 25°C; limits in boldface type apply over the Operating Temperature Range.

Typical LMme162 LM6262 LMeé382
Symbol Parameter Conditions (Note 7) Limit Limit Limit Units
(Note 8) (Note 8) (Note 8)
Vo Output Voltage Swing Supply = +5V and 4.2 35 35 34 \"
RL = 2kQ (Note 10) 3.3 3.3 3.3 min
1.3 1.7 1.7 1.8 \"
2.0 1.9 1.9 max
losc Output Short Sourcing 65 30 30 30 mA
Circuit Current 20 25 25 min
Sinking 65 30 30 30 mA
20 25 25 min
Is Supply Current 5.0 6.5 6.5 6.8 mA
6.8 6.7 6.9 max
GBW Gain-Bandwidth Product f = 20 MHz 100 80 80 75 MHz
58 (.13 (13 min
Supply = *5V 70 MHz
SR Slew Rate Ay = +2(Note 11) 300 200 200 200 V/us
180 180 180 min
Supply = 5V 200 V/us
PBW Power Bandwidth VouTt = 20 Vpp 4.5 MHz
ts Settling Time 10V step, to 0.1%
Ay = —1,R_ = 2kQ 100 ns
ém Phase Margin Ay = +2 45 deg
Differential Gain NTSC, Ay = +2 <0.1 %
Differential Phase NTSC, Ay = +2 <0.1 deg
en Input Noise Voltage f = 10kHz 10 nV/y Hz
in Input Noise Current f = 10kHz 1.2 pA/Y Hz
Note 1: Absolut ratings indicate limits beyond which damage to the component may occur. Electrical specifications do not apply when operating the

device beyond its rated operating conditions.
Note 2: The ESD protection circuitry between the inputs will begin to conduct when the differential input voltage reaches 8V.

Note 3: a) In addition, the voltage between the V+ pin and either input pin must not exceed 36V.
b) When the voltage applied to an input pin is driven more than 0.3V below the negative supply pin voltage, a substrate diode begins to conduct. Current
through this pin must then be kept less than 20 mA to limit damage from self-heating.

Note 4: Although the output current is internally limited, continuous short-circuit operation at elevated ambient temperature can result in exceeding the maximum
allowed junction temperature of 150°C.

Note 5: This value is the average voltage that the weakest pin combinations can withstand and still conform to the datasheet limits. The test circuit used consists of
the human body model, 100 pF in series with 15000.

Note 6: The typical thermal resistance, junction-to-ambient, of the molded plastic DIP (N package) is 105°C/W. For the moided plastic SO (M package), use
155°C/W. All bers apply for packag dered directly into a printed circuit board.

Note 7: Typical values are for Ty = 25°C, and represent the most likely parametric norm.
Note 8: Limits are guaranteed, by testing or correlation.
Note 9: Voltage Gain is the total output swing (20V) divided by the magnitude of the input signal required to produce that swing.

Note 10: For single-supply operation, the following conditions apply: V* = 5V, V= = 0V, Vg = 2.5V, Voyr = 2.5V. Pin 1 and Pin 8 (Vos Adjust pins) are each
connected to pin 4 (V™) to realize maximum output swing. This connection will increase the offset voltage.

Note 11: V) = 10V step. For 1 5V supplies, Viy = 1V step.

© 1880 National Semiconductor Corporation
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Typical Performance Characteristics R_ = 10kn, Ta = 25°C unless otherwise noted
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Typical Performance Characteristics (continued)
RL = 10 kQ, T = 25°C unless otherwise noted

Differential Gain (Note)

1) 51 et cne

TL/H/11061-4

Stiep Response; Av = +2

Input (1V/div) Output (2V/div)

TIME (50 ns/div)

Input Noise Voltage Input Noise Current
———y 100
€ RN
z ‘w% 3
g - i § 10 \‘
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N
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1 10 100 1k 10k 100k 1 10 100 1k 10k 100k
FREQUENCY (Hz) FREQUENCY (Hz)

|

OUTPUT SWING (V p~p)
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Sr ! ,

TL/H/11061-6

Differential Phase (Note)
3

!

[N [ig

.

¥

1

TL/H/11061-5

Note: Differential gain and differential phase
measured for four series LM6362 op amps con-
figured with gain of +2 each, in series with a
1:16 attenuator and an LM6321 buffer. Error
added by LM6321 is negligible. Test performed
using Tektronix Type 520 NTSC test system.

Power Bandwlidth
Vs = 215V
Av = ¢1
THD < 1%
N
o1 1 10 100
FREQUENCY (MHz)

TL/H/11061-7
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Typical Performance Characteristics (continued)
RL = 10kQ, Tao = 25°C unless otherwise noted

Open-Loop
High-Frequency Response

TL/H/11061-8
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Application Tips

The LM6362 has been decompensated for a wider gain-
bandwidth product than the LM6361. However, the LM6362
still offers stability at gains of 2 (and — 1) or greater over the
specified ranges of temperature, power supply voltage, and
load. Since this decompensation involved reducing the emit-
ter-degeneration resistors in the op amp’s input stage, the
DC precision has been increased in the form of lower offset
voltage and higher open-loop gain.

Other op amps in this family include the LM6361, LM6364,
and LM6365. If unity-gain stability is required, the LM6361
should be used. The LM6364 has been decompensated for
operation at gains of 5 or more, with corresponding greater
gain-bandwidth product (125 MHz, typical) and DC preci-
sion. The fully-uncompensated LM6365 offers gain-band-
width product of 725 MHz, typical, and is stable for gains of
25 or more. All parts in this family, regardless of compensa-
tion, have the same high slew rate of 300 V/us (typ).

The LM6362 is unusually tolerant of capacitive loads. Most
op amps tend to oscillate when their load capacitance is
greater than about 200 pF (in low-gain circuits). However,
load capacitance on the LM6362 effectively increases its
compensation capacitance, thus slowing the op amp’s re-
sponse and reducing its bandwidth. The compensation is
not ideal, though, and ringing may occur in low-gain circuits
with large capacitive loads.

Typical Applications

Offset Voltage Adjustment

TL/H/11061-11

Power supply bypassing is not as critical for LM6362 as it is
for other op amps in its speed class. However, bypassing
will improve the stability and transient response of the
LM6362, and is recommended for every design. 0.01 uF to
0.1 uF ceramic capacitors should be used (from each sup-
ply “rail”” to ground); if the device is far away from its power
supply source, an additional 2.2 pF to 10 uF of tantalum
may be required for extra noise reduction.

Keep all leads short to reduce stray capacitance and lead
inductance, and make sure ground paths are low-imped-
ance, especially where heavier currents will be flowing.
Stray capacitance in the circuit layout can cause signal cou-
pling from one pin, input or lead to another, and can cause
circuit gain to unintentionally vary with frequency.
Breadboarded circuits will work best if they are built using
generic PC boards with a good ground plane. If the op amps
are used with sockets, as opposed to being soldered into
the circuit, the additional input capacitance may degrade
circuit frequency response. At low gains (+2 or —1), a
feedback capacitor Cy from output to inverting input will
compensate for the phase lag caused by capacitance at the
inverting input. Typically, values from 2 pF to 5 pF work well;
however, best results can be obtained by observing the am-
plifier pulse response and optimizing C¢ for the particular
layout.

Inverting Amplifier, 30 MHz Bandwidth
+5v

0.01 uF r
=

SpF
|
1
A‘A'A
2k 2%
VN — MWV -
LM6362 — VYour
Operation on t15V +
supplies results in wider
bandwidth, 50 MHz 0.01 uf
(typ). I
- -5y =

TL/H/11061-12
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Typical Applications (continued)

+15V

Video Cable Driver

LMS?;2>—

AAA
A\ A4

100 pFe

100k*

Your

soa — — L)

*Network required when operating on supply voitage
over 15V, for overvoltage protection of LM6321. if
+5V supplies are used, omit network and connect
output of LM6362 directly to input of LM6321.

TL/H/11061-13
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Physical Dimensions inches (milimeters)
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Physical Dimensions inches (milimeters) (Continued)

0.373-0.400

Molded Dual-In-Line Package (N)
Order Number LM6162N, LM6262N or LM6362N
NS Package Number NOSE

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL 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
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with instructions for use provided in the labeling, can effectiveness.
be reasonably expected to result in a significant injury
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General Description

The LM6181 current-feedback amplifier offers an unparal-
leled combination of bandwidth, slew-rate, and output cur-
rent. The amplifier can directly drive up to 100 pF capacitive
loads without oscillating and a 10V signal into a 5082 or 750
back-terminated coax cable system over the full industrial
temperature range. This represents a radical enhancement
in output drive capability for an 8-pin high-speed ampilifier
making it ideal for video applications.

Built on National’s advanced high-speed VIP™ I (Vertically
Integrated PNP) process, the LM6181 employs current-
feedback providing bandwidth that does not vary dramati-
cally with gain; 100 MHz at Ay = —1, 60 MHz at Ay =
—10. With a slew rate of 2000V/ ps, 2nd harmonic distortion
of —50 dBc at 10 MHz and settling time of 50 ns (0.1%) the
LM6181 dynamic performance makes it ideal for data acqui-
sition, high speed ATE, and precision pulse amplifier appli-
cations.

LM6181 100 mA, 100 MHz Current Feedback Amplifier

April 1992

Features (rypical unless otherwise noted)

® Slew rate

m Settling time (0.1%)

m Characterized for supply ranges

m Low differential gain and phase error

| High output drive

m Guaranteed bandwidth and slew rate

m Improved performance over EL2020, OP160, AD844,
LT1223 and HA5004

2000 V/us

50 ns

+5V and +15V
0.05%, 0.04°

+ 10V into 10002

Applications
m Coax cable driver

u Video amplifier

m Flash ADC buffer

m High frequency filter

Typical Application

500 500 CABLE

out
= 8200

8200 500

TL/H/11328-1
Cable Driver

Dual-In-Line Package (N)

1 / 8

N/C — N/C
2 7

INVERTING INPUT - p—V+
3 6
NON-INVERTING INPUT + — OUTPUT

4 5

Vo e N/C

TL/H/11328-3
Order Number LM6181IN, LM6181AIN or LM6181AMN
See NS Package Number NOSE

VIP™ is a of National i G

Connection Diagrams (For Ordering Information See Back Page)

Vin
(2v/div)

Vour
{2v/div)

TIME (50ns/div)

TL/H/11328-2

Small Outline Package (M)

.y \—/ 16, .
2 15
INVERTING INPUT — N/C
3 14
NON-INVERTING INPUT =i —N/C
4 13
* Ve — + 1 p—N/C
5 12
N/C ——i —nN/C
N/C § L v+
*Heat sinking 7 10
pins (Note 3)  N/C = — OUTPUT
L] v_ _8 . V_ .

TL/H/11328-4
Order Number LM6181IM or LM6181AIM
See NS Package Number M16A
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Absolute Maximum Ratings (Note 1)

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

Supply Voltage +18V
Differential Input Voltage +6V
Input Voltage + Supply Voltage
Inverting Input Current 15 mA
Soldering Information

Dual-In-Line Package (N) Soldering (10 sec) 260°C
Small Outline Package (M)

Vapor Phase (60 seconds) 215°C

Infrared (15 seconds) 220°C

DC Electrical Characteristics
The following specifications apply for Supply Voltage = + 15V, and R = 1 kQ unless otherwise noted. Boldface limits apply
at the temperature extremes; all other limits T; = 25°C.

Output Short Circuit (Note 7)
Storage Temperature Range —65°C < Ty < +150°C
Maximum Junction Temperature 150°C
ESD Rating (Note 2) +3000V
Operating Ratings
Supply Voltage Range 7V to 32V
Junction Temperature Range (Note 3)

LM6181AM —565°C < Ty < +125°C

LM6181Al, LM61811

—40°C < Ty < +85°C

LM6181AM LM6181AI LM61811
Symbol Parameter Conditions Typical | Limit | Typical | Limit | Typical | Limit Units
(Note 4)| (Note 5)| (Note 4)| (Note 5)| (Note 4) | (Note 5)
Vos Input Offset Voltage 20 5.0 2.0 5.0 3.5 7.0 mV
5.0 5.0 7.0 max
TC Vos | Input Offset Voltage Drift 5.0 5.0 5.0 pv/°C
Ig Inverting Input Bias Current 2.0 5.0 2.0 5.0 5.0 10
12.0 12.0 17.0 | LA
Non-Inverting Input Bias Current 0.5 1.5 0.5 1.5 2.0 3.0 max
3.0 3.0 5.0
TClg |Inverting Input Bias Current Drift 30 30 30
" i ; nA/°C
Non. Inven.lng Input Bias 10 10 10
Current Drift
Ig Inverting Input Bias Current Vg = £4.5V, 16V 0.3 0.5 0.3 0.5 0.3 0.75
PSR Power Supply Rejection 3.0 3.0 4.5
Non-Inverting Input Bias Current| Vg = +4.5V, + 16V 0.05 0.5 0.05 0.5 0.05 0.5
Power Supply Rejection 1.5 1.5 3.0 RANV
Ig Inverting Input Bias Current —10V < Vgm < +10V| 03 0.5 0.3 0.5 0.3 0.75 | max
CMR |Common Mode Rejection 0.75 0.75 1.0
Non-Inverting Input Bias Current| —10V < Vg < +10V([ 0.1 0.5 0.1 0.5 0.1 0.5
Common Mode Rejection 0.5 0.5 0.5
CMRR |Common Mode Rejection Ratio | —10V < Vgy < +10V| 60 50 60 50 60 50 dB
50 50 50 min
PSRR |Power Supply Rejection Ratio |Vg = *4.5V, £16V 80 70 80 70 80 70 dB
70 70 65 min
Ro Output Resistance Ay = —1,f =300kHz| 0.2 0.2 0.2 Q
RiN Non-Inverting Input Resistance 10 5.0 10 5.0 10 25 MQ
5.0 5.0 2.5 min
Vo Output Voltage Swing RL = 1k 12 1 12 11 12 1
11 11 11 Vv
RL = 1000 1 10 11 10 11 10 | min
7.5 8.0 8.0
Isc Output Short Circuit Current 130 100 130 100 130 100 mA
75 85 8s min
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DC Electrical Characteristics (continued)
The following specifications apply for Supply Voltage = + 15V, and R = 1 k(2 unless otherwise noted. Boldface limits apply
at the temperature extremes; all other limits T; = 25°C.

LM6181AM LM6181AI LM61811
Symbol Parameter Conditions Typical Limit Typical Limit Typical Limit | Units
(Note 4) | (Note5)| (Noted) | (Note5)| (Noted) |(Note5)
Z7 Transimpedance R = 1kQ 1.8 1.0 1.8 1.0 18 0.8
0.6 0.6 0.6 MO
Ry = 100Q 1.4 0.8 1.4 0.8 1.4 0.7 min
0.45 0.5 0.45
Is Supply Current No Load, Vo = OV 7.5 10 7.5 10 75 10 mA
10 10 10 max
Vem Input Common Mode vt — 17V vt — 17V vt — 17V v
Voltage Range V- + 17V V- + 1.7V V- + 17V

AC Electrical Characteristics
The following specifications apply for Supply Voltage = * 15V, R = 1 k2 unless otherwise noted. Boldface limits apply at
the temperature extremes; all other limits Ty = 25°C.

LM6181AM LM6181Al LM61811
Symbol Parameter Conditions Typical | Limit | Typical | Limit | Typical | Limit Units
(Note 4) [ (Note 5) | (Note 4) | (Note 5) | (Note 4) | (Note 5)
BW Closed Loop Bandwidth Ay = +2 100 100 100
—3dB Ay = +10 80 80 80
MHz
Ay = —1 100 80 100 80 100 80 min
Ay = —10 60 60 60
PBW | Power Bandwidth Ay = —1,Vo = 5Vpp 60 60 60
SR Slew Rate Overdriven 2000 2000 2000 v/
us
= — = + .
Av=—1.Vo =210Vl 4450 | 1000 | 1400 | 1000 | 1400 | 1000 | min
(Note 6)
ts Settling Time (0.1%) Ay = —1,Vg = x5V
AL = 1500 50 50 50
ns
tr t Rise and Fall Time Vo = 1Vpp 5
to Propagation Delay Time Vo = 1Vpp 6
in(+) Non-Inverting Input Noise | f = 1 kHz
Current Density 3 3 3 pArHz
in(-) Inverting Input Noise f=1kHz
Current Density 16 16 16 pAnHz
en Input Noise Voltage Density [f = 1 kHz 4 4 4 nV/yHz
Second Harmonic Distortion | 2 Vpp, 10 MHz —50 —50 —-50 dBc
Third Harmonic Distortion | 2 Vpp, 10 MHz —55 —55 —-50
Differential Gain R = 150Q
Ay = +2 0.05 0.05 0.05 %
NTSC
Differential Phase RL = 150Q
Ay = +2 0.04 0.04 0.04 Deg
NTSC
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DC Electrical Characteristics
The following specifications apply for Supply Voltage = +5V, and R = 1 kQ unless otherwise noted. Boldface limits apply at
the temperature extremes; all other limits T) = 25°C.

LM6181AM LM6181Al LM61811
Symbol Parameter Conditions Typical | Limit | Typical | Limit | Typical | Limit Units
(Note 4) |(Note 5)| (Note 4) [(Note 5)| (Note 4) |(Note 5)
Vos Input Offset Voltage 1.5 3.0 1.5 3.0 3.0 5.0 mV
3.0 3.0 5.0 | max
TC Vos |Input Offset Voltage Drift 2.5 25 25 rVv/°C
g Inverting Input 5.0 10 5.0 10 5.0 17.5
Bias Current 22 22 27.0 pA
Non-Inverting Input 0.25 1.5 0.25 1.5 0.25 3.0 max
Bias Current 1.5 1.5 5.0
TClg |Inverting Input Bias
Current Drift 50 50 50
nA/°C
Non-Inverting Input
Bias Current Drift 30 30 30
Is Inverting Input Bias Current|Vg = +4.0V, £6.0V 0.3 0.5 0.3 0.5 0.3 1.0
PSR Power Supply Rejection 0.5 0.5 1.0
- i = % +
Non-lnverting Input Vs = £4.0V, 6.0V 0.05 05 0.05 05 0.05 05
Bias Current
Power Supply Rejection 0.5 0.5 0.5 | LA/
Is Inverting Input Bias Current| —2.5V < Vgy < +2.5V 0.3 0.5 0.3 0.5 0.3 1.0 max
CMR |Common Mode Rejection 1.0 1.0 1.5
an-lnvertnng Input —25V < Vpm < +2.5V 012 05 012 05 012 05
Bias Current
Common Mode Rejection 1.0 0.5 0.5
CMRR |Common Mode —-25V < Vpm < +2.5V 57 50 57 50 57 50
Rejection Ratio 47 47 47 dB
PSRR |Power Supply Vg = 4.0V, £6.0V 80 70 80 70 80 64 min
Rejection Ratio 70 70 64
Ro Output Resistance Ay = —1,f = 300 kHz 0.25 0.25 0.25 Q
RiN Non-inverting 8 5 8 5 8 25 MQ
Input Resistance 2.5 2.5 2.0 min
Vo Output Voltage Swing R = 1kQ 26 2.25 2.6 2.25 2.6 2.25
2.2 2.25 2.25 \
RL = 1000 22 20 2.2 2,0 2.2 20 | min
2.0 2.0 2.0
Isc Output Short 100 75 100 75 100 75 mA
Circuit Current 70 70 70 min
p4d Transimpedance Ry = 1kQ 1.4 0.75 1.4 0.75 1.0 0.6
0.5 0.5 0.4 MO
R = 1000 1.0 0.5 1.0 0.5 1.0 0.4 min
0.25 0.3 0.25
Is Supply Current No Load, Vg = OV 6.5 8.5 6.5 8.5 6.5 8.5 mA
8.5 8.5 8.5 | max
Vem Input Common Mode vt — 17V vVt — 17V v+ — 1.7V v
Voltage Range V- + 1.7V V- + 1.7V V- + 17V
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AC Electrical Characteristics
The following specifications apply for Supply Voltage = +5V, R = 1 kQ unless otherwise noted. Boldface limits apply at the
temperature extremes; all other limits T; = 25°C.

LM6181AM LM6181AI LM61811
Symbol Parameter Conditions Typical | Limit |Typical| Limit | Typical| Limit | Units
(Note 4) | (Note 5)| (Note 4) | (Note 5)| (Note 4)| (Note 5)
BW Closed Loop Bandwidth —3dB|Ay = +2 50 50 50
Ay = +10 40 40 40
Ay = 35 55 35 55 35 MHz
v= 1 55 min
Ay = —10 35 35 35
PBW | Power Bandwidth Ay = —1,Vo =4Vpp| 40 40 40
= — = +
SR |SlewRate Av=—1Vo==*2V| o, | 575 | s00 | 375 | 500 | 375 | /MO
(Note 6) min
ts Settling Time (0.1%) Ay = —1,Vo = =2V
R, = 1500 50 50 50
ns
t b Rise and Fall Time Vo = 1Vpp 8.5 8.5 8.5
tp Propagation Delay Time Vo = 1Vpp 8 8 8
in(+) Non-Inverting Input Noise f=1kHz =
Current Density 3 8 8 pArHz
in(—) Inverting Input Noise f=1kHz A/
Current Density 16 16 16 pA/Hz
en Input Noise Voltage Density f=1kHz 4 4 4 nVv/yHz
Second Harmonic Distortion 2 Vpp, 10 MHz —45 —45 —45 dBc
Third Harmonic Distortion 2 Vpp, 10 MHz —55 —55 —55
Differential Gain R = 150Q
Ay = +2 0.063 0.063 0.063 %
NTSC
Differential Phase Ry = 150Q
Ay = +2 0.16 0.16 0.16 Deg
NTSC

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating ratings indicate conditions the device is intended to
be functional, but device parameter specifications may not be guaranteed under these conditions. For guaranteed specifications and test conditions, see the
Electrical Characteristics.

Note 2: Human body model 100 pF and 1.5 kQ2.

Note 3: The typical junction-to-ambient thermal resistance of the molded plastic DIP(N) package soldered directly into a PC board is 102°C/W. The junction-to-am-
bient thermal resistance of the S.0. surface mount (M) package mounted flush to the PC board is 70°C/W when pins 1, 4, 8, 9 and 16 are soldered to a total 2 in2
1 oz. copper trace.

Note 4: Typical values represent the most likely parametric norm.

Note 5: All limits g d at room p (standard type face) or at operating p (bold face type).
Note 6: Measured from +25% to +75% of output waveform.
Note 7: Continuous short circuit operation at el d ambient temp can result in exceeding the maximum allowed junction temperature of 150°C. Output

currents in excess of +130 mA over a long term basis may adversely affect reliability.
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Typical Performance CharacteristiCs 7, = 25°C unless otherwise noted
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Typical Performance Characteristics 1, = 25°C unless otherwise noted (Continued)
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Typical Performance Characteristics Ta = 25°C unless otherwise noted (Continued)
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Typical Performance Characteristics 1, = 25°C unless otherwise noted (Continued)
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Typical Performance Characteristics 1, = 25°C unless otherwise noted (Continued)
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Typical Performance Characteristics Ta = 25°C unless otherwise noted (Continued)
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Typical Performance Characteristics

Power Derating Curves
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Typical Applications

CURRENT FEEDBACK TOPOLOGY

For a conventional voltage feedback amplifier the resulting
small-signal bandwidth is inversely proportional to the de-
sired gain to a first order approximation based on the gain-
bandwidth concept. In contrast, the current feedback ampli-
fier topology, such as the LM6181, transcends this limitation
to offer a signal bandwidth that is relatively independent of
the closed-loop gain. Figures 1a and 71b illustrate that for
closed loop gains of —1 and —5 the resulting pulse fidelity
suggests quite similar bandwidths for both configurations.

Vour
(0.1v/div)

TL/H/11328-12

Vour [
(0.1v/div)

TIME (5 ns/div)
TL/H/11328-13
1b

FIGURES 1a, 1b: Variation of Closed Loop Gain
from —1to —5 Yields Similar Responses

The closed-loop bandwidth of the LM6181 depends on the
feedback resistance, Ry. Therefore, Rg and not Ry, must be
varied to adjust for the desired closed-loop gain as in
Figure 2.

O Vout

TL/H/11328-14
FIGURE 2. Rg Is Adjusted to Obtain
the Desired Closed Loop Gain, AycL

POWER SUPPLY BYPASSING AND LAYOUT
CONSIDERATIONS

A fundamental requirement for high-speed amplifier design
is adequate bypassing of the power supply. It is critical to
maintain a wideband low-impedance to ground at the ampli-
fiers supply pins to insure the fidelity of high speed amplifier
transient signals. 10 uF tantalum and 0.1 uF ceramic by-
pass capacitors are recommended for each supply pin. The
bypass capacitors should be placed as close to the amplifier
pins as possible (0.5" or less).

FEEDBACK RESISTOR SELECTION: R¢

Selecting the feedback resistor, Ry, is a dominant factor in
compensating the LM6181. For general applications the
LM6181 will maintain specified performance with an 8209
feedback resistor. Although this value will provide good re-
sults for most applications, it may be advantageous to ad-
just this value slightly. Consider, for instance, the effect on
pulse responses with two different configurations where
both the closed-loop gains are 2 and the feedback resistors
are 8201, and 16409}, respectively. Figures 3a and 3b illus-
trate the effect of increasing R¢ while maintaining the same
closed-loop gain—the amplifier bandwidth decreases. Ac-
cordingly, larger feedback resistors can be used to slow
down the LM6181 (see —3 dB bandwidth vs R typical
curves) and reduce overshoot in the time domain response.
Conversely, smaller feedback resistance values than 820}
can be used to compensate for the reduction of bandwidth
at high closed loop gains, due to 2nd order effects. For
example Figure 4 illustrates reducing R; to 5000 to estab-
lish the desired small signal response in an amplifier config-
ured for a closed loop gain of 25.

seand |

Vour §
(0.5V/div) }

(0.5V/div) ;
TIME (20 ns/div)
TL/H/11328-15
3a: Ry = 8200
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Typical Applications (continued)

saentl T I

Vour
(0.5V/div)

Vin §
(0.5V/div)

TIME (20 ns/div)
TL/H/11328-16
3b: Ry = 16400
FIGURES 3a, b: Increasing Compensation
with Increasing Rg¢

TIME (20 ns/div)
TL/H/11328-17
FIGURE 4: Reducing Rg for Large
Closed Loop Gains, R = 5000

SLEW RATE CONSIDERATIONS

The slew rate characteristics of current feedback amplifiers
are different than traditional voltage feedback amplifiers. In
voltage feedback amplifiers slew rate limiting or non-linear
amplifier behavior is dominated by the finite availability of
the 1st stage tail current charging the compensation capaci-
tor. The slew rate of current feedback amplifiers, in contrast,
is not constant. Transient current at the inverting input de-
termines slew rate for both inverting and non-inverting
gains. The non-inverting configuration slew rate is also de-
termined by input stage limitations. Accordingly, variations
of slew rates occur for different circuit topologies.

DRIVING CAPACITIVE LOADS

The LM6181 can drive significantly larger capacitive loads
than many current feedback amplifiers. Although the
LM6181 can directly drive as much as 100 pF without oscil-
lating, the resulting response will be a function of the feed-
back resistor value. Figure 5 illustrates the small-signal
pulse response of the LM6181 while driving a 50 pF load.
Ringing persists for approximately 70 ns. To achieve pulse
responses with less ringing either the feedback resistor can
be increased (see typical curves Suggested R; and Rg for
Cy), or resistive isolation can be used (102-51Q typically
works well). Either technique, however, results in lowering
the system bandwidth.

Figure 6 illustrates the improvement obtained with using a
479 isolation resistor.

8200
vin
-0 Vout
500 ji 50 pF
- 5a = TL/H/11328-18
Vour
(0.2v/div) §
Vin
(0.2V/div)

L i T_ .
TIME (20 ns/div)
5b
FIGURES 5a, b: Ay = —1,LM6181 Can Directly

Drive 50 pF of Load Capacitance with 70 ns
of Ringing Resulting in Pulse Response

TL/H/11328-19

8200

8200

1l
w
o
°
S

6a TL/H/11328-20

Vour Y]
(0.2v/div)

Vin
(0.2V/div)

TIME (20 ns/div) TL/H/11328-21
6b
FIGURES 64, b: Resistive Isolation of C_
Provides Higher Fidelity Pulse Response. R¢
and Rg Could Be Increased to Maintain Ay = —1
and Improve Pulse Response Characteristics.

201




Typical Applications (continued)

CAPACITIVE FEEDBACK

For voltage feedback amplifiers it is quite common to place
a small lead compensation capacitor in parallel with feed-
back resistance, R;. This compensation serves to reduce
the amplifier's peaking in the frequency domain which
equivalently tames the transient response. To limit the
bandwidth of current feedback amplifiers, do not use a ca-
pacitor across R¢. The dynamic impedance of capacitors in
the feedback loop reduces the amplifier’s stability. Instead,
reduced peaking in the frequency response, and bandwidth
limiting can be accomplished by adding an RC circuit, as

illustrated in Figure 7b.
+
e
_.l I.j_f.t uf

181 —0 Vour

_"j_o.ip.F

v

R=3000

in

8200
1
f-3dB = 7RG

TL/H/11328-22

" TIME (50 ns/div)

TL/H/11328-23
7b

FIGURES 7a, b: RC Limits Amplifier
Bandwidth to 50 MHz, Eliminating
Peaking in the Resulting Pulse Response

Vin
(0.5V/div)

Typical Performance
Characteristics

OVERDRIVE RECOVERY

When the output or input voltage range of a high speed
amplifier is exceeded, the amplifier must recover from an
overdrive condition. The typical recovery times for open-
loop, closed-loop, and input common-mode voltage range
are illustrated in Figures 9, 11 and 12, respectively.

The open-loop circuit of Figure 8 generates an overdrive
response by allowing the +0.5V input to exceed the linear
input range of the amplifier. Typical positive and negative
overdrive recovery times shown in Figure 9 are 5 ns and
25 ns, respectively.

out
2500 1kQ

TL/H/11328-24
FIGURE 8

Vour
(2V/div)

500mu
TIME (50 ns/div)

TL/H/11328-25

FIGURE 9. Open-Loop Overdrive Recovery Time of 5 ns,
and 25 ns from Test Circuit in Figure 8
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Typical Performance

Characteristics (continued)

The large closed-loop gain configuration in Figure 10 forces
the amplifier output into overdrive. Figure 11 displays the
typical 30 ns recovery time to a linear output value.

LM6181

out

1500

TL/H/11328-26

Vour B§
(5V/div)

Vin
(0.5V/div)

Slns

TIME (50 ns/div)

TL/H/11328-27

FIGURE 11. Closed-Loop Overdrive Recovery
Time of 30 ns from Exceeding Output
Voltage Range from Circuit in Figure 10

Ordering Information

The common-mode input of the circuit in Figure 10 is ex-
ceeded by a 5V pulse resulting in a typical recovery time of
310 ns shown in Figure 12. The LM6181 supply voltage is
+5V.

Vour
(2V/div)

Vin
(2V/div)

y 100ns
TIME (100 ns/div)

TL/H/11328-28

FIGURE 12. Exceptional Output
Recovery from an Input that
Exceeds the Common-Mode Range

Temperature Range NSC
Package Military Industrial Drawing
—55°C to +125°C —40°C to +85°C
8-Pin LM6181AMN LM6181AIN NOBE
Molded DIP LM6181IN
16-Pin LM6181AIM
Small Outline LM6181IM M16A

If Military/Aerospace specified devices are required, contact the National Semiconductor Sales
Office or Distributors for availability and specifications.
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Physical Dimensions inches (milimeters)
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TYP ALL LEADS e 0008 o
(0.203) M16A (REV H)

Small Outline Package (M)
Order Number LM6181IM or LM6181AIM
NS Package Number M16A
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Physical Dimensions inches (milimeters) (Continued)
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Dual-In-Line-Package (N)
Order Number LM6181AIN, LM6181IN or LM6181AMN
NS Package Number NOSE

LIFE SUPPORT POLICY
NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR US

E AS CRITICAL 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 2.
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

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
effectiveness.

to the user.
National National National National National Semicondutores National Semiconductor
Corporation GmbH Japan Ltd. Hong Kong Ltd. Do Brasil Ltda. (Australia) PTY, Ltd.
2900 i Drive i 10 Sanseido Bidg. 5F Suite 513, 5th Floor Av. Brig. Faria Lima, 1383 1st Floor, 441 St. Kilda Rd.
P.O. Box 58090 D-8080 Furstenfeldbruck  4-15 Nishi Shinjuku Chinachem Golden Plaza, 6.0 Andor-Conj. 62 Melbourne, 3004
Santa Clara, CA 95052-8090  West Shinjuku-Ku, 77 Mody Road, Tsimshatsui East, 01451 Sao Paulo, SP, Brasil Victory, Australia
Tel: 1(800) 272-9959 Tel: (0-81-41) 103-0 Tokyo 160, Japan Kowloon, Hong Kong Tel: (55/11) 212-5066 Tel: (03) 267-5000
TWX: (910) 338-8240 Telex: 527-649 Tel: 33-299-7001 Tel: 3-7231290 Fax: (55/11) 211-1181 NSBRBR  Fax: 61-3-2677458
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Fax: 3-3112536
National does not assume any ility for use of any circuitry described, no circuit patent licenses are implied and National reserves the right at any time without notice to change said circuitry and specifications.
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110 MHz CRT Video
Amplifier Fulfills Demands
of High Resolution
Monitors

Over the years there has been a continuing trend toward
high resolution monitors. Such monitors have finally made
possible PC based desk top publishing (DTP) which allows
the user to merge text and graphics and produce docu-
ments that rival typeset documents from publishing houses.
In addition, high resolution monitors have also made possi-
ble high end work stations for sophisticated CAD/CAM
applications and 3D modeling. At the low end of the spec-
trum there is IBM’'s CGA color display monitor with 320 x
200 pixel resolution. However, at the other end of the spec-
trum, there is the Hitachi color monitor that boasts 2048 x
2048 pixel resolution; allowing the user to produce photo
quality graphics.

A simplified block diagram of a typical color monitor is
shown in Figure 1. In most cases, a properly terminated
transmission line or a coaxial cable carries the video signal
from the host computer to the monitor. The video signal is
usually 1 Vpp and thus requires amplification before the sig-
nal can be applied to the cathode. The amplification of the
video signal is usually done in two stages. A low voltage

National Semiconductor
Application Note 598
Zahid Rahim

April 1989

amplifier, often called a pre-amplifier, amplifies the 1 Vpp
signal to a 4-6 Vpp, signal. In addition to amplification, a pre-
amplifier may also provide contrast and brightness control.
Note that contrast control allows the user to vary the gain of
the video signal and thereby vary the sharpness of the im-
age. Meanwhile, brightness control allows the user to
change the brightness of the image by varying the DC offset
of the video signal. Keep in mind that in color monitors; a
single contrast control knob varies the contrast level for all
three guns simultaneously. Also, a single brightness control
knob varies the brightness level for all three guns simulta-
neously. Most pre-amplifiers also provide DC restoration or
black level clamping for the video signal, as described in
Section 8.

As shown in Figure 1, the green channel usually carries a
composite video signal. The composite video signal not only
containg gray scale information (i.e., the video signal ampli-
tude) but also the timing information required for horizontal
and vertical synchronization. The sync separator separates
the horizontal and vertical sync signals from the composite

HORIZONTAL
H = SYNC DEFLECTION
o— e LRV«
V- smco ~| sePArATOR | o:rchch;non
(OPTIONAL) DEFLECTION
DRIVE —l
RED
PRE= CRT VIDEO
AMPLIFIER AMPLIFIER
RED
7 E : CATHODE
GREEN
PRE= CRT VIDEO
GREEN = AMPLIFIER AMPLIFIER
COMPOSITE
‘ED??{ | CRT
75
BLUE
PRE= CRT VIDEO
= AMPLIFIER AMPLIFIER
BLUE \
© P —
5 1 \
- POWER
SUPPLY

TL/K/10378-1

FIGURE 1. Simplified RGB Monitor Block Diagram
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signal. The horizontal and vertical deflection circuits in turn
drive their respective deflection coils with linear sawtooth
current waveforms (current ramps). The current ramps pro-
duce magnetic fields whose strength is proportional to the
amount of current passing through the coils. These magnet-
ic fields in turn deviate the electron beam thus accomplish-
ing the task of horizontal and vertical scanning.

The CRT video amplifier is the second stage of amplifica-
tion, it amplifies the 4-6 Vpp video signal to a 40-60 Vpp
signal that the cathode requires to energize each phosphor
dot (also called pixel) on the screen. Thus, by modulating
the voltage of each of the three cathodes, the correspond-
ing pixel is energized at varying intensities, thereby produc-
ing various shades of color. To change a pixel from black to
peak white, the CRT video amplifier may be required to
swing as much as 40 Vpp, and all this in as short a duration
as possible. One of the major limitations in building high
resolution monitors is the difficulty in designing high voltage
and wide bandwidth CRT video amplifiers. At bandwidths
exceeding 80 MHz, discrete designs become impractical be-
cause of the stray capacitance on the PC board. Moreover,
the performance requirements of the transistors are by no
means trivial. On the one hand the transistors should have
breakdown voltages of 70V to 100V depending on the appli-
cation, while on the other hand the transistors should main-
tain fis of 1 GHz to 2 GHz at 100 mA or more collector
current.

Table | illustrates the key requirements for various pixel dis-
play resolution currently available in the market. Note that
the maximum pixel time is derived assuming 60 Hz refresh
rate and retrace time equivalent to 30% of each frame time.
Also, as a rule of thumb, 33% of the pixel time is generally
allocated to the rise/fall time of the signal at the CRT cath-
ode. For ease of analysis we may assume that the CRT
video amplifier is linear and has a single pole roll off
thus allowing us to approximate the bandwidth as

signed to fulfill the needs of high resolution monitors and is
the subject of this paper. LH2422's rise and fall times of 3.3
ns and 110 MHz bandwidth at 40 Vpp, output makes it ideal
for use in 1024 x 1024 pixel display monitors that require
each pixel to be energized in 12 ns.

1.0 LH2422 CRT VIDEO AMPLIFIER—THEORY
OF OPERATION

The LH2422 is essentially a transimpedance amplifier with
an internal 3k feedback resistor as shown in the block dia-
gram of Figure 2. Since the device is powered by a single
power supply, some form of biasing is required to bias the
output half way between the power supply so that symmetri-
cal output swing can be achieved. This is accomplished by a
supply dependent bias voltage Vg, and a 165 resistor Rg
connected between the inverting input and ground. In the
absence of any external input signal, the quiescent output
DC voitage can be predicted from the following equation:
VouT(DC) = (1 + Re/Rp) x Vg (1)
At 60V power supply, Vg is approximately 1.55V, thus from
equation (1), VoyT(DC) == 30V. Note that any currentinject-
ed at the summing node (inverting input) flows entirely
through the feedback resistor because the current through
Rg remains unchanged due to the voltage Vg impressed
across it. Thus, +6.67 mA current at the summing node
causes the output to swing 20V from its quiescent output
DC voltage.
Voltage to voltage gain is easily accomplished by inserting a
gain setting resistor, Rg, in series with the input signal (V|N)
and the summing node of LH2422. Keep in mind that for
proper operation, VN should be centered on a DC voltage
equal to LH2422's internal bias voltage, Vg, at the summing
node. Thus, at DC there is no current flowing through Rg,
consequently LH2422's output is biased at half the supply
voltage (V +/2 volts). The ac gain of the properly biased
input signal can be predicted from the following equation:

f-3 dg = (0.35)/t,, where t, is the signal rise time. The Av = —(Re/Rg) %)
LH2422, a hybrid CRT video amplifier, is specifically de-
TABLE |
Maximum Minimum Minimum Required Required
Display Video Dot Bandwidth
Pixel Rise Time
Resolution Time Update Clock al CRT Cathode (f —3dB) of CRT
Rate Rate Video Amplifier

320 x 200 200 ns 5 MHz 2.5 MHz 66 ns 5 MHz

640 x 350 57ns 18 MHz 9 MHz 19ns 18 MHz

640 x 480 42ns 25 MHz 12.5 MHz 14ns 25 MHz

800 x 560 29 ns 35 MHz 17.5 MHz 9.6ns 36 MHz

1024 x 900 14ns 72 MHz 36 MHz 46ns 76 MHz

1024 x 1024 12ns 82 MHz 41 MHz 4ns 86 MHz

1280 x 1024 9.8 ns 102 MHz 51 MHz 32ns 110 MHz

1664 x 1200 6.4 ns 156 MHz 78 MHz 21 ns 166 MHz

2048 x 2048 30ns 330 MHz 165 MHz ins 350 MHz

Note: This table assumes 60 Hz refresh rate and retrace time equivalent to 30% of each frame time.

© 1989 National Semiconductor Corporstion
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LH2422 R
01 "A"'
} 3K
YiN Rg V4 = 80V
¢ AA~ \ Yo
Re INPUT g + ¢
PORT 185 |
INVERTING Vg=1.55V
INPUT

TL/K/10378-2

FIGURE 2. Block Diagram shows LH2422 as a transimpedance amplifier with 3k Internal feedback resistor. An external
. galn setting resistor (Rg) accomplishes the task of voliage to voltage gain.

An equation that combines both the ac and DC components
of the output signal is as follows:

Vo = Ve (1 + Re/Rg + Re/Rg) — VIN(RF/Rg) (3)
Equation (3) thus allows us to predict the output voltage for
any given input voltage. It should be noted that in practice,
the output voltage may differ from that predicted by equa-
tion (3) because of the tolerance of Rg and Vg, caused by
process variation. However, very accurate predictions can
be made by measuring Vg and by applying equation (3).

2.0 PEAKING CAPACITOR IMPROVES
PULSE RESPONSE

For high resolution monitors, a video signal having a fast
rise and fall time is crucial. There is a finite pixel time avail-
able for a gun to excite each pixel, thus if the video signal’s
rise and fall times are too long then the pixel will be ener-
gized to the peak voltage for a shorter duration than a signal
with faster rise and fall time. As an example, if the video
signal’s rise and fall times are too slow then vertical lines of
alternate black and white stripes (which would require full
scale transition between adjacent pixels) would appear dim-
mer in comparison with horizontal lines. As a rule of thumb,
the video signal’s rise and fall times should be no more than
33% of the pixel time. With this is mind, a peaking capacitor
can significantly improve the pulse response of LH2422.
The capacitor, C1, is usually a variable capacitor and is con-
nected across the gain setting resistor, Rg, as shown in
Figure 2. When driven from a 500 source, C1 forms an RC
peaking network. At high frequency, C1 bypasses Rg and
significantly increases the amplifier's closed loop gain thus
causing high frequency peaking. By varying C1, LH2422's
pulse response can be optimized for fast rise/fall time and
low overshoot.

The test circuit of Figure 3 shows a typical setup for measur-
ing rise/fall time and frequency response. A fast 500 pulse
generator (HP 8082A) is used to drive the LH2422 with puls-

es having rise/fall time of 1 ns or less. Since a 50Q coaxial
cable connects the pulse generator to the amplifier, a 50Q
6 dB pad is used to terminate the cable at the amplifier's
input. Terminating the cable with it's characteristic imped-
ance minimizes ringing of the input signal due to reflection.
To observe the high voltage output of the amplifier, some
form of attenuation of the signal is required so as not to
overdrive the oscilloscope’s internal amplifier. R1 and R2
together with the scope’s 500 input impedance provide a
100:1 attenuation of the amplifier's output signal. Two series
resistors, R1 and R2, are used as opposed to a single 4.95k
resistor so as to reduce the effective shunt capacitance
across the resistor. Note that care should be taken so that
there is minimal stray capacitance at the junction of R1 and
R2. Alternately, a 100:1 passive probe or a FET probe may
be used. For proper measurements, the DC offset of the
pulse from the pulse generator is adjusted so that the ampli-
fier's output signal is centered at 30V. With a 220 resistor,
ac gain of approximately 13.6 is realized as per equation (2).
Thus, a 3 Vpp signal at the Rr input port produces a
40 Vpp signal at the amplifier’s output. Peaking capacitor C1
is adjusted until an optimum pulse response with fast rise/
fall time and low overshoot is observed on the scope. A 500
1 GHz bandwidth plug in (Tektronix 7A29) was used to mea-
sure rise and fall times.

The scope photographs of Figures 4(a) and 4(b) show the
rise and fall time response of the LH2422's 40 V, output
signal. Note that the pulse generator's rise (fall) time as
observed on the scope must be subtracted from the output
signal’s observed fall (rise) time. As can be seen from the
scope photographs, rise and fall times of 3.3 ns and 3.1 ns
respectively can be easily achieved. The amplifier’s excel-
lent response to 40 Vpp output signal at 10 MHz and
50 MHz (10 ns pixel) are shown by the scope photographs
of Figures 4(c) and 4(d).
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FIGURE 3. ac Test Circult for Measuring Rise/Fall Time and Frequency Response
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FIGURE 4. Scope photographs show typical rise and fall times of 3.3 ns (a) and 3.1 ns (b) respectively. The output
signal’s peaks remain relatively flat at 10 MHz (c) and 50 MHz (d).
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An HP network analyzer was used with the AC test circuit of
Figure 3 to measure the amplifier's frequency response
(note that the signal was ac coupled to the amplifier's R
input). Figure 5(a) shows the effect of gain peaking caused
by the peaking capacitor, moreover, the bandwidth (/-3 dg)
is measured at over 120 MHz for a 40 Vpp output signal. An
important feature to keep in mind is that for lower output
signals, the amplifier's bandwidth increases along with a
corresponding decrease in rise and fall tmes. As can be
evidenced from Figure 5(b), the same device shows a
145 MHz bandwidth at 20 Vp, output. It should be kept in
mind that although faster and higher resolution monitors

CH1 Sz| log MAG 1 dB/ REF ~-1355dB 1:-3.0726 d8
hp "121.675 616 MHz

h 4

START 0.300 000 MHz STOP 1 000.000 000 MHz
TL/K/10378-8
FIGURE 5(a). At 40 Vpp, output, the amplifier's
3 dB bandwidth Is better than 120 MHz. The
hump In the frequency response is caused

by the peaking capacitor.
CHI Sy, log MAG 1d8/ REF =-1393dB 1:-2.9219 dB
he 145.271 483 “fﬁ

pEN

TIN

V1
/ d
7
,—“'/ \
g
1
START 0.300 000 MHz STOP 1 000.000 000 MHz

TL/K/10378-9
FIGURE 5(b). Decreasing the Amplifier's Output Swing
10 20 Vppp Increases the 3 dB Bandwidih to 145 MHz

can be designed by limiting the amplifier’s output swing, the
image would not be as sharp or bright because of less ener-
gy available to energize each pixel.

3.0 IMPROVING SETTLING TIME FOR HIGH BIT
RESOLUTION MONITORS

So far we have only discussed display resolution which in
effect determines the maximum number of pixels that can
be displayed. When viewing arcs or curved images, the dis-
play resolution of the monitor becomes particularly evident,
a low resolution monitor would show jagged edges as op-
posed to smoocth and sharply defined edges for a high reso-
lution monitor. A monitor’s bit resolution on the other hand
is an indication of the number of colors that can be dis-
played. An analog monitor for instance accepts analog sig-
nals from a video D/A converter (DAC) located in the host
computer.

For example, if 4-bit video DACs are used for each of the
three guns in the color monitor then each gun must be able
to resolve 16 (i.e., 24) levels of the video signal’s gray scale.
In this case the total bit resolution of the monitor is 12 (i.e.,
4 x 3) because each color word would consist of 4 bits each
of blue, red and green information. The total number of
available colors, also known as the color palstte would then
be 4096 (i.e., 24x3). Since each gun must resolve the video
signal’'s gray scale to any one of 16 levels, settling time
spedification becomes very important. The CRT video am-
plifier is thus required to settle within a specified error band,
usually +14 LSB. Note that as bit resolution increases, the
amplifier’s output is required to settle within a smaller and
smaller error band. For instance, a triple 8-bit monitor would
require the video amplifier's output to settle within +0.2%
of the final value as opposed to + 3% for a triple 4-bit moni-
tor. Clearly, it becomes evident that for higher bit resolution
the video amplifier’s settling time would increase. Conse-
quently at high bit resolutions, the pixel display resolution
decreases so that the pixel time is long enough to accom-
modate the increased settling time of the video amplifier.

Significant settling time improvement of LH2422's output
signal can be made by making a simple modification to the
amplifier’s peaking network. Note that although the peaking
capacitor improves the rise/fall time of LH2422, the capaci-
tor also introduces overshoot. Excessive overshoot and
ringing of the output signal results in a longer time for the
output to settle within the specified error band. Including a
resistor R1 in series with the peaking capacitor C1 (as in
Figure 6) can improve settling time by reducing overshoot,
but, the rise and fall times increase. We can however
achieve optimum settling time at the expense of increased
rise/fall times by taking advantage of this tradeoff, as illus-
trated by curves A and B in Figure 6. Table Il clearly illus-
trates the effect of R1 on settling time and rise/fall time of a
typical device. The settling time ts is measured from 10% of
the output signal's rising edge to the point where the output
settles to within a specified error band. Meanwhile, tg¢ is the
settling time measured for 90% of the output signal’s falling
edge to the point where the output settles to within a speci-
fied error band. From Table I, the worst case settling time
to within +5% of the final value is 7.1 ns while the worst
case rise/fall time is 3.2 ns at R1 = 0Q. Increasing R1 to
150 causes a significant drop in the settling time to 3.8 ns
due to reduced overshoot, but, the rise/fall time increases
to 3.4 ns. A further increase in R1 to 240 however increas-
es the settling time to 4.2 ns due to the increased rise/fall
time of 3.6 ns. Thus, as shown in Table Il, R1 = 15Q pro-
vides an optimum pulse response by achieving the desired
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TL/K/10378-10
FIGURE 6. Inciuding the Right Value of Resistor in
Series with the Peaking Capacitor Can Significantly
Reduce Setiling Time by Reducing the Overshoot as
Shown by Curves AandB

TABLE II. Setiling Time Characteristics for Output
Seltling to within +5% of Final Value*

R1 tsr tr tst U]
on 7.1 ns 3.2ns 6.7ns 30ns

15Q 3.8ns 3.4ns 3.8ns 3.3ns

240 4.2ns 3.6 ns 3.8ns 35ns

*C1 adjusted for optimum pulse response

TABLE IIl. Settling Time Characteristics for Output
Seltling o within +2.5% of Final Value*

R1 tsr tr st 1
on 8.5ns 3.2ns 8.9ns 3.0ns

15Q 6.3ns 3.4ns 3.8ns 3.3ns

240 6.1 ns 3.6ns 4.2ns 3.5ns

*C1 adjusted for optimum pulse response

tradeoff between settling time and rise/fall time. The set-
tling time for the same device measured to within £2.5% of
the final value is shown in Table Ill. The trend is clear, as R1
increases from 00 to 240 the worst case settling time de-
creases from 8.9 ns to 6.1 ns. As R1 is further increased, an
optimum value will be reached where the settling time is
minimum and any incremental change in R1 will degrade the
settling time.

4.0 PROTECTING AMPLIFIER OUTPUT
FROM TUBE ARCING

Arcing within the CRT is a rare phenomenon, however, dur-
ing the life of the tube arcing may occur. Spark gaps are
widely used at the CRT’s cathode and the grids to protect
against arcing. Spark gaps have low capacitance and a fast
turn on time. When the potential across the spark gap ex-
ceeds the specified threshold, the spark gap turns on and
provides a low impedance ground return for the high arc-
over current. Once the accumulated charge has been dis-
charged, the CRT can no longer sustain arcing and the
spark gap returns to its high impedance normally off state. A
5002-100Q resistor is also connected between the CRT vid-
eo amplifier and the cathode. The resistor provides current
limiting in the presence of a high arc-over voltage.

5.0 PREVENTING SPURIOUS OSCILLATIONS

The LH2422 includes a high frequency bypass capacitor
mounted near the supply pin thus making the device less
prone to oscillations. However, precautions must be taken
to prevent excessive overshoot and ringing caused by the
output wire inductance. Usually a piece of wire connects the
video amplifier's output to the CRT's cathode. The wire's
inductance and the capacitance at the cathode form an LC
tank circuit when driven by the amplifier. At it's resonant
frequency, the tank circuit may introduce overshoot and
ringing. A damping resistor in series with the output can
critically damp the output ringing. The resistor value may
either be emperically determined or it may be calculated
from the following equation :

Damping Resistor, R > 2J[7C

Where, L = Inductance of output wire
C = Capacitance at CRT cathode

Usually a 50Q-1009 damping resistor is adequate. As an
added advantage, the damping resistor also protects the
amplifier's output against tube arcing by providing current
limiting. Keep in mind that the damping resistor should not
be too large otherwise the output signal’s rise/fall time may
be significantly affected due to the RC time constant formed
by the damping resistor and the cathode’s capacitance.

6.0 CONTROLLING ELECTROMAGNETIC
INTERFERENCE (EMI)

There are stringent requirements on the manufacturers of
electronic products to control the emission of electromag-
netic waves. Electromagnetic waves not only interfere with
radio and TV reception but may also affect other electronic
devices in the vicinity of the source of radiation.

Voltage spikes caused by fast switching currents and the
impedance of the supply line and ground connection give
rise to EMI radiation. An effective way to combat EMI radia-
tion is by making use of power supply filtering and generous
use of a ground plane on the printed circuit board. The
ground plane provides a low impedance return for the fast
switching current, thereby suppressing EMI radiation. Note
that LH2422's metal tab is internally connected to the de-
vice’s ground pins. Thus connecting the amplifier's metal
tab to the printed circuit board’s ground plane through a
heatsink accomplishes both heat sinking and suppression
of EMI radiation. Additionally, CRT manufacturer’s also use
conductive shield enclosures to not only minimize emission
of EMI radiation but also to prevent EMI radiation from en-
tering the Monitor. In response to the offending electromag-
netic field, the shield produces currents which in turn pro-
duce magnetic fields that oppose and cancel the inducing
field. A steel enclosure provides excellent attenuation of
EMI radiation through reflection and absorption loss
(caused by the exponential decay of the electromagnetic
wave's amplitude as it travels through the medium). Some
monitors may have an electrically conductive polymer coat-
ing applied to the interior of its plastic cover.

@
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7.0 MANAGING POWER DISSIPATION

Lets face it, the LH2422 is power hungry and requires that
the package be heat sunk for proper operation under any
condition. The worst case power dissipation occurs during
full scale transitions i.e., when vertical lines of alternate
black and white stripes are displayed on the screen. As
shown by the curves in Figure 7, the power dissipation of
the amplifier not only depends on the power supply but also
increases linearly with frequency. For instance, at 60V pow-
er supply and 50 MHz (10 ns pixel), the power dissipation is
4.5W. Such high power dissipation demands that proper
care be exercised to insure sufficient heat sinking.

LH2422’s maximum ratings require that the device case
temperature be limited to 80°C maximum. Thus at 50°C
maximum ambient temperature and 4.5W maximum power
dissipation, the thermal resistance of the heat sink should
be less than (80°C — 50°C)/4.5W = 5.7°C/W. Several ap-
proaches to heat sinking may be taken. The simplest is a
slug of aluminum with a volume of 4 cu. inches or a sheet of
aluminum with an area of 32 square inches and a thickness
of 0.125 inches. Alternately, commercially available heat
sinks such as Thermalloy 15509 or AAvid 61875 extrusion
(see Figure 8) may be used. The following guidelines
should be followed for best resuits:

(a) Use a thermal joint compound (such as Thermacote
from Thermalloy or the 340 silicone heat sink compound
from Dow Corning) between the heat sink and the
LH2422's metal tab. The thermal joint compound is a
grease that establishes a low thermal resistance be-
tween the package and the heat sink by displacing the
air gaps.

(b) Apply proper torquing (i.e., mechanical stress) so that
good thermal contact is established.

(c) Mount the heat sink vertically. This causes the heat sink
to lose heat because of cold air moving from bottom to
top due to convection and is especially useful for heat
sinks with fins (such as Thermalloy 15509 or AAvid
61875).

(d) Paint the heat sink with black oil paint or apply a dark
varnish. This further reduces the heat sink’s thermal re-
sistance due to better radiation heat transfer.

LH2422 Power Dissipation

7 T) = 25°%
gp 85 |Vour= 4‘3"»
E s Vour{DC)=1/2V+
£ 55 WITH HEAT SINK A
z Lt //
g 5 [AG—V+ =65V 7 P
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% 35 L]
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FREQUENCY (MHz)
TL/K/10378-11
FIGURE 7. LH2422’s Power Dissipation Increases
Almost Linearly with Increasing Frequency

8.0 BUILDING A 100 MHz HIGH RESOLUTION
MONOCHROME MONITOR

Figure 9 shows the circuitry required to amplify and process
the video signal and to drive the CRT cathode. The LM1201
pre-amplifier in Figure 9 not only amplifies the 1 Vpp, video
signal but also provides brightness control, contrast control
and black level clamping as will be discussed in this section.

The composite video signal from the host computer is ac
coupled to the input of LM1201 through a blocking capaci-
tor, C1, and is referenced to 2.6V by an internal reference.
Amplifiers A1 and A2 shown in the block diagram of
LM1201 (see Figure 9) provide a gain of 8; shorting the
drive resistor, R20, will provide additional gain. The potenti-
ometer R18 provides a variable voltage at LM1201's con-
trast control pin (pin 4) thus allowing attenuation of the vid-
60 output signal. A nearly linear 0 dB to 30 dB attenuation
can be obtained by varying the contrast voltage. Contrast
control adjustment thus allows the user to vary the gain of
the video signal.

The LH2422 in Figure 9 is configured for midband gain of
13.6 as per equation (2). Variable capacitors C18 and C19
provide gain peaking at high frequencies and should thus be
adjusted for best rise/fall time and low overshoot at the
CRT cathode. To obtain a 40 Vp, output signal at the cath-
ode, a 3 Vp, signal centered on 1.5 Vpg is required at the
Rg input port of LH2422. This requires a signal swing from
0V to 3V but the video output signal of LM1201 does not
swing all the way down to ground. In order to interface the
LM1201 and the LH2422 and yet accommodate the quies-
cent voltage requirements of the two devices, level shift di-
odes D1, D2, D3 and a high speed buffer transistor Q1
(2N5770) where included. Adjusting the potentiometer at
the brightness control pin (pin 9) of LM1201 allows the user
to vary the DC offset of LM1201’s output signal at pin 8
which in turn varies the DC level of the input signal at
LH2422's Rg input port. Brightness control thus allows the
user to vary the overall brightness or luminance of the pic-
ture displayed on the screen.

In addition to brightness and contrast control, LM1201 also
accomplishes black level clamping. To understand the role
of black level clamping we need to look back at the video
signal.

AAvid 61875 or

Thermalloy 15509

LH2422 Extruded Heat Sink (Cut to 3" width)

Ll o]

TL/K/10378-12
FIGURE 8. Heat Sinking with an Extruded Heat Sink
such as Thermalloy 15509 or AAvid 61875
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FIGURE 9. Circult shows how the LM1201 pre-amplifier and LH2422 CRT Video Amplifier
may be used to bulld a 100 MHz monochrome monitor.
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Manufacturers of computers and monitors generally follow
the EIA standard RS-343 for video signal. The RS-343 stan-
dard specifies the various video signal levels relative to a
reference level. Usually the black level is used as a refer-
ence. It is interesting to note that no DC component is spec-
ified, the reason is that the standard was developed for tele-
vision. Since the TV signal travels through air, the DC com-
ponent of the signal is lost. At the receiving end, the signal
is ac coupled. However, a DC restoration circuit is required
to reinsert the DC component of the video signal. By rein-
serting the DC component of the video signal, brightness of
each line is restored since the brightness level may be dif-
ferent for each line. DC restoration is thus essential for pro-
ducing the correct background illumination or shading. Like-
wise for monitors, the video signal is ac coupled at the input
so that the monitor can easily interface with computers from
various manufacturers.

Figure 10(a) shows the 1 Vp, composite video signal with
sync tip. Meanwhile the signal at the cathode is an amplified
signal of opposite phase as shown in Figure 10(b). Since the
video signal is amplitude modulated, the signal’s amplitude
relative to the reference black level specifies the relative
brightness of the signal. The black level corresponds to the
CRT cathode’s beam cutoff. In most monitors, a large nega-
tive potential is applied to the CRT’s grid during the blanking

COMPOSITE VIDEO
SIGNAL

BLACK LEVEL
REF PERIOD

(a)

—~

je— LINE n —=| |} LINE (n¢1) |

OQUTPUT SIGNAL A J.J_Iw .[ &.

AT CRT CATHODE

(b)

GRAY SCALE

N N

LINE (n¢1) —

f=— LINE n ‘—{C‘
HORIZONTAL RETRACE
PERIOD

interval thus preventing the retrace lines from being dis-
played. The LM1201 uses black level clamping at the back
porch of the video signal to accomplish DC restoration.
LM1201’s clamp comparator, A3, is enabled during the
black level reference period to provide a sample and hold
function. DC feedback taken from LH2422's output during
the black level reference period is compared with the voit-
age set by the brightness control potentiometer R18. De-
pending on the LH2422's output voltage, the clamping ca-
pacitor is charged or discharged so that the feedback loop
consisting of amplifiers A2, A3 and LH2422 is stabilized and
that LH2422's output is restored to the biack level. All this
occurs during the horizontal retrace interval. During the vid-
eo portion of the signal, A3 is disabled and clamping capaci-
tor, C13, holds the fixed black level reference voitage. The
beginning of each new line thus always starts from a fixed
reference black level and the DC component of each line is
restored. Adjusting the contrast control varies the amplitude
of the video signal on each line relative to the fixed black
level. For the complete circuit of Figure 9 (from video input
to the CRT cathode), rise and fall times of 3.4 ns and 3 ns
respectively were measured at the cathode. This corre-
sponds to a bandwidth of over 100 MHz. Note that damping
resistor, R21, was not used.
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FIGURE 10. The CRT Video ampilifier is a high voliage wide bandwidth inverting amplifier that amplifies
the 1V, composite video signal (a) fo a 40 Vp, signal at the CRT cathode (b).
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A much simpler interface network for the LM1201 and
LH2422 may be used (see Figure 11). The RC interface
network of Figure 11 not only eliminates the need for a
handfull of discrete components such as the level shift di-
odes, resistors and transistor Q1 in Figure 9 but also the
additional negative supply, Vg, is no longer required. A pull
down resistor, Ry, is required to bias the emitter follower
transistor of LM1201. As discussed earlier, the quiescent
voltage of LM1201 output is much higher than what's re-
quired at LH2422's input. in the absence of Rg, LH2422's
output would be in negative saturation because of its invert-
ing gain. Connecting a resistor Rg from LH2422’s input to
ground causes the inverting amplifier's output to rise, thus
counteracting the effect of LM1201’s high quiescent output
voltage. To select the appropriate resistor values, the DC
level of LM1201’s output pulse should be measured first.
Package power dissipation considerations for LM1201 re-
quire that the average current from LM1201’s output be lim-
ited to about 20 mA, this requirement thus puts a limit on
how low the resistor values can be. The DC voltage of
LM1201’s pulse output for this setup was measured at 4.6V.
Using a 5000 resistor for Ra biases LM1201’s emitter fol-
lower ata DC current of 9 mA. A 300Q resistor was selected
for Rg so as to provide an ac gain of 10 for the LH2422. A
bias voltage of Vg = 1.6V was measured at LH2422's input.
Finally to bias the output of LH2422 to V+/2 = 30V, the
required resistor value Rg can easily be calculated by sub-
stituting the values for Rg, Rg, Vg and Viy (LM1201's DC
output voltage) in equation (3). Alternately, a potentiometer
may initially be substituted for Rg, the potentiometer is then
adjusted so that the ac signal at LH2422’s output is cen-
tered on V4 /2 voits. If desired, the potentiometer may be
replaced with a fixed resistor corresponding to the desired
value. Note that brightness control at LM1201 provides ad-
ditional control over LH2422's output offset. A resistor value
of Rg = 180§ seemed to do the job well. Since LH2422's
inverting input is clamped at 1.6V the DC current through
Rg is 10 mA (i.e., [4.6V-1.6V]/300Q). Thus with 9 mA DC

current through Ra and 10 mA through Rg, the average
current drawn from LM1201's output is 19 mA and within
the power dissipation limits of the device.

Note that although the interface circuit of Figure 71 is much
simpler than that of Figure 9, there is a penalty for speed.
The rise and fall times at the cathode (without the damping
resistor, R1) was measured at 4.2 ns and 3.2 ns respectively
for the same devices used in Figure 9's circuit. The band-
width of Figure 11’s circuit is over 80 MHz. Thus there are
tradeoffs between the circuits of Figure 9 and Figure 11 as
summarized in Table IV.

TABLE V. Comparison of Circults in
Figure 9and Figure 11

Circult | 4 | f BW

Figure 9 |3.4 ns| 3 ns | >100 MHz|Requires Discrete
Level Shift Stage and
an Additional Negative
Supply Voltage

Figure 11|4.2 ns|3.2 ns| >80 MHz |Requires Simple RC
Interface Network and
Works from Single
Positive Supplies

Comments

9.0 BUILDING A HIGH RESOLUTION COLOR MONITOR
A high resolution color monitor can be easily designed using
a pair of LM1201 pre-amplifier and LH2422 CRT video am-
plifier for each channel (see Figure 12). The contrast con-
trol pins (pin 4) of each pre-amplifier are connected togeth-
er, meanwhile, potentiometer R13 provides a common con-
trast adjustment for all three guns. For best tracking of con-
trast control, pin 14 of each pre-amplifier are connected to-
gether. Furthermore, pin 13 of green channel’s pre-amplifier
is connected to the corresponding pin of red and blue chan-
nel pre-amplifiers through 10Q decoupling resistors, R14
and R15. R14 and R15 are required to prevent loop instabili-
ty.

Vee
T +12V
L1201 c1
PRE-AMPLIFIER 10-100 pF
AT
soa, Rg
_ AAA 9~
yvy
s . RA 300 Ra
500 180
= = CRT VIDEO
AMPLIFIER
S R3
S 40
CLAMPING jL
SIGNAL =

TL/K/10378-15

FIGURE 11. Circuit shows a simple RC interface network for LM1201 and LH2422 which eliminates
the need for a level shift stage and additional Vgg supply of Figure 9.
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FIGURE 12. Circult for a low voltage color monitor uses a pair of LM1201 pre-amplifier
and LH2422 CRT video ampilifier for each channel.
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Note that the drive resistor, R5, connected between the pre-
amplifier’s pin 11 and ground controls the ac gain of the
video signal. By making the drive resistor variable, the mis-
match in the ac drive levels for each of the three guns can
be compensated. The spot cutoff voltage for each gun cor-
responds to the potential applied at the CRT cathode which
causes the beam spot to disappear from the screen, there-
by establishing the black level. The cutoff voltage of each
gun within the same tube are not matched and thus require
different cathode potentials to bring each gun to cutoff. By
making the clamp feedback resistor R11 variable, individual
cutoff adjustment for each gun is easily achieved. With pin 9
of each pre-amplifier connected together, potentiometer
R12 allows a common brightness control adjustment for all
three guns. Note that the circuit of Figure 12 works well for a
low voltage color monitor that has a very narow spread in
cutoff voltages. The major limitation is set by LH2422's
maximum 70V supply voitage, which requires that the worst
case cutoff voltage be below 65V since the amplifier’s linear
range extends to within 5V off each supply rail.

Many CRTs have a spread of as much as 25V or more in
cutoff voltages for the three guns within the same tube. To
accommodate such a large variation in cutoff voltages,
LH2422's output can no longer be DC coupled to the CRT’s
cathode. The output can, however, be ac coupled. A black
level clamping circuit using diodes must then be included at
the output to restore the DC component of the video signal.
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Understanding The
Operation of a CRT Monitor

Computer technology is going to see major advances in the
1990s. Users will see desk top computers with the computa-
tional power of today’s super-computers. Even graphics
capabilities for sophisticated 3 dimensional modeling and
image processing wouid be available to the average user at
areasonable cost. In the area of electronic publishing; users
will be able to store video images in the computer, merge
the images with text and graphics and produce true color
photorealistic hardcopies. Ultra high resolution monitors will
be required to make such graphics capabilities available.
Display systems are available in various technologies such
as cathode ray tubes (CRTs), liquid crystal displays (LCDs),
electroluminescent displays (EL), plasma displays, and light
emitting diodes (LEDs). However, for high resolution moni-
tors the CRT has been and continues to be the technology
of choice. Besides its awkward shape, weight and high volt-
age requirements, the CRT offers many advantages over its
competitors. As opposed to other display systems that re-
quire a driver for each picture element (pixel), the CRT re-
quires a single driver to drive the tube’s cathode or three
drivers for a color display. CRTs also offer excellent con-
trast, luminance and better display resolution than its coun-
terparts. Even though the brightness of the CRT’s screen is
not uniform across the face of the screen, the variation from
the center to the corners is gradual and may be unnoticea-
ble to most viewers. In the case of LCD or LED displays,
however, a very tight brightness level matching is required
among the adjacent pixels. Continued improvements over
the years and declining prices have made the CRT a popu-
lar choice for high resolution monitors.

The operation of a CRT monitor is basically very simple. A
heating element in a CRT heats the cathode and causes it
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to emit electrons which are accelerated and focused on a
phosphor screen by means of high voltage grids. An image
(raster) is displayed by scanning the electron beam across
the screen. Since the phosphor’s luminance begins to fade
after a short time, the image needs to be refreshed continu-
ally. In order to eliminate flicker, most monitors refresh the
screen at a 60 Hz rate.

Figure 1 shows a simplified block diagram of a color CRT
monitor. The entire circuitry within the monitor can be
grouped into three main categories: video signal processing
and amplification, horizontal/vertical deflection and syn-
chronizing, and power supply. As shown in Figure 1, a trans-
mission line or a coaxial cable carries the video signal from
the host computer to the monitor. The video signal is usually
a 1 Vpp signal and thus requires amplification before the
signal can be applied to the CRT's cathode. The amplifica-
tion of the video signal is usually done in two stages. A low
voltage amplifier, often called a preamplifier, amplifies the
1 Vpp signal to a 4-6 Vpp signal. In addition to amplification,
the preamplifier also provides contrast and brightness con-
trol. Contrast control allows the user to vary the gain of the
video amplifier. Increasing the contrast for instance increas-
es the video signal’s level and thus causes the lighter por-
tions of the raster to be brighter than the darker portions.
The result is a sharp picture with contrasting light and dark.
Brightness control on the other hand allows the user to
change the brightness of the raster by varying the DC offset
of the video signal. Increasing brightness in effect makes
both the light and dark portions of the image brighter. Most
preamplifiers also provide DC restoration or black level
clamping which makes the brightness control possible. This
will be described later in the text.
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CRT VIDEO AMPLIFIER PROVIDES

HIGH VOLTAGE AMPLIFICATION

The CRT video amplifier is the second stage amplifier, it
amplifies the preamplifier's 4-6 Vpp signal to a 40-60 Vpp
signal that the cathode requires to energize each phosphor
dot on the screen. In a color monitor, there is a trio of red,
green and blue phosphor dots. Together, each trio consti-
tutes a picture element, often called a pixel for short. The
light emitted by the phosphor dot is proportional to the num-
ber of electrons striking the phosphor. Thus by modulating
the voltage of each of the three cathodes in a color monitor,
the corresponding phosphor dot is energized at varying in-
tensities, thereby producing various shades of color. To
change a pixel from black to peak white, the CRT video
amplifier may be required to swing as much as 40 Vpp. The
higher the display resolution of a monitor, the shorter the
time available to energize each pixel. Thus high resolution
monitors demand wide bandwidth amplifiers, which is gener-
ally not a problem when designing preamplifiers because of
its low voltage swings of 4-6 Vpp. However, achieving wide
bandwidth from a CRT video amplifier is no trivial task. The
transistors required should not only have breakdown volt-
ages of 70-80V but must also maintain fr of 1 GHz to
2 GHz at high collector currents.

Table | illustrates the key requirements for various pixel dis-
play resolution monitors currently available in the market.
Note that the maximum pixel time is derived assuming a

60 Hz frame refresh rate and retrace time equivalent to 30%
of each frame time. Also as a rule of thumb, 33% of the
pixel time is generally allocated to the rise/fall time of the
signal at the CRT cathode. For ease of analysis we may
assume that the CRT video amplifier is linear and has a
single pole rall off. Thus the amplifier's bandwidth may be
approximated as f_3 gg = (0.35)/t, where t; is the signal
rise time.

Figure 2(a) shows a simplified cross-sectional view of a col-
or CRT. A heating element biased at approximately 6V and
500 mA to 2A (depending on the tube) heats up the cath-
odes. Heating the cathodes energizes the electrons in the
cathodes and greatly aids in the emission of electrons. A
large DC potential, on the order of several hundred volts
more positive than the cathode is applied at the second
grid, G2. This causes the electron beam to be accelerated
towards the screen. Since the beam emerging from the
cathode tends to diverge, a negative potential with respect
to the cathode is applied at grid G1. By making G1 (also
called control grid) more negative than the cathode, the
electron beam begins to converge as shown in Figure 2(b).
This action is similar to beam focusing using an optical
lense. Furthermore, by modulating the potential difference
between the cathode and the control grid, the beam intensi-
ty and hence the brightness level is modulated. Finally the
beam is electrostatically focused on the screen by adjusting
grid G3's potential until the desired focus is achieved.
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FIGURE 2(a). A cross-sectlonal view of a color
tube shows the arrangement of the grids.
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TABLE |
Minimum Required Required
Maximum
Display Pixel Pixel Rise Time System
Resolutlon Time Clock at CRT Bandwidth
Frequency Cathode (f-34dB)
320 x 200 182ns 5 MHz 60 ns 6 MHz
640 x 350 52ns 19 MHz 17 ns 20 MHz
640 x 480 38ns 26 MHz 12.5ns 28 MHz
800 x 560 26ns 38 MHz 8.6ns 41 MHz
1024 x 900 126 ns 80 MHz 4.2ns 84 MHz
1024 x 1024 1ins 90 MHz 3.7ns 95 MHz
1280 x 1024 8.9 ns 112 MHz 2.9ns 120 MHz
1664 x 1200 58ns 170 MHz 1.9ns 180 MHz
2048 x 2048 2.8ns 360 MHz 1ins 380 MHz
4096 x 3300 860 ps 1.2GHz 280 ps 1.23 GHz
Note: This table assumes 60 Hz refresh rate and retrace time equivalent to 30% of each frame time.
CATHODE SCREEN
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FIGURE 2(b). The electron beam Is accelerated
and elecirostatically focused by applying
the appropriate potentlial at the respective grids.
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COLOR TUBES REQUIRE ADJUSTMENTS
TOBALANCE THE GUNS

As the cathode potential is increased with respect to G1, a
potential is reached at which the beam spot on the screen
disappears. This potential is called the spot cutoff voltage
and thus corresponds to the voitage that produces the black
level. The cutoff voltage is usually different for each of the
three guns in a color tube. Thus the cutoff voltage needs to
be individually adjusted for each gun so that at cutoff all
three guns are at the black level. For a picture tube of the
type shown in Figure 2, the adjustment can be made by
individually adjusting the potential at the corresponding con-
trol grid, G1. However, most modern day color tubes uses a
unitized gun in which G1 and G2 are common to all three
guns. Among the advantages of a unitized gun are that it
produces a better spot size resulting in bright pictures and
better gray scale tracking. Cutoff voltage adjustment in a
unitized gun now requires that the cathode voltages be ad-
justed. This places a burden on the CRT video amplifier
because the large variation of cutoff voltages within the tube
must now be compensated by adjusting the video ampilifi-
er's DC offset. The spot cutoff design curves for a typical
unitized tube is shown in Figure 3. At grid 2 to grid 1 voltage
(Vg2-Vg1) of 400V the cathode to grid 1 cutoff voltage var-
ies from 50V to 70V as shown by the curves. Thus if the
CRT video amplifiers are coupled directly to the cathodes
and with Vg = OV, the amplifiers must be designed to be
able to swing at least as high as 70V because of the 20V
variation between the guns within the tube. Note that bias-
ing G2 at a higher potential would be desirable because of
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FIGURE 3. Spot Cutoff Characteristics
for a Typical Color Tube
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the improved spot size, consequently a brighter picture.
However, doing so would require a higher cutoff voltage and
thus place a heavier burden on the amplifier driving the
cathode. In contrast, a monochrome CRT doesn’t havs this
problem because of the single gun.

Neutral white is the most difficult color to produce in a color
monitor because the light emitting efficiency of R, G and B
phosphors is different. Thus a specific proportion of R, G
and B drive levels are required at the three cathodes to
produce neutral white. The peak amplitude of the cathode
drive signal determines the shade of white that will be dis-
played. Thus neutral white is produced by adjusting the AC
gain of each of the three preamplifiers. Usually the red gun
is driven at maximum gain because of red phosphors’s low-
est efficiency, and, the gain of the green and blue guns are
reduced until the desired balance is achieved. Keep in mind
that once the gain adjustments have been made, the con-
trast control will vary the gain of all three guns simulta-
neously. Also the color on the screen should not change as
the screen’s brightness level is changed, this is often re-
ferred to as gray scale tracking. Good gray scale tracking
requires that the amplifiers have good differential gain char-
acteristics as well as good DC output tracking capability.
Furthermore, the amplifiers should also track well over a
wide range of contrast adjustment.

Manufacturers of computers and monitors generally follow
the EIA standard RS-343 for video signal. The RS-343 stan-
dard specifies the various video signal levels relative to a
reference level. It is interesting to note that no DC compo-
nent is specified, the reason is that the standard was devel-
oped for television. Since the video signal in broadcast tele-
vision travels through air, the DC component of the signal is
lost. At the receiving end the signal is AC coupled. However,
a DC restoration circuit is required to reinsert the DC com-
ponent of the video signal. By reinserting the DC compo-
nent of the video signal, brightness of each line is restored
since the brightness may be different for each line. DC res-
toration is thus essential for producing the correct back-
ground illumination or shading. Likewise for monitors, the
video signal is AC coupled at the input so that the monitor
can easily interface with computers from various manufac-
turers.

Figure 4a shows the 1 Vpp composite video signal with sync
tip. The signal at the cathode is an amplified signal of oppo-
site phase as shown in Figure 4b. The video signal for three
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FIGURE 4. The composite video signal Is a 1 Vpp signal that carries both the amplitude and

sync Information (a). A wide bandwidth inverting amplifier amplifies the signal at the cathode (b).
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lines of the raster are shown. Since the video signal is am-
plitude modulated, the signal’s amplitude relative to the ref-
erence black level specifies the relative DC component of
each line on the raster. The DC component of the video
signal is thus restored by clamping the black level at a fixed
reference potential (e.g., 40V), corresponding to the CRT's
beam cutoff voltage. The video signal's video portion con-
tains the gray scale information (i.e., the signal's amplitude)
whereas the sync portion contains the timing information
required for horizontal and vertical synchronization.

DC restoration of the video signal can be done in two ways.
The first method is to use a simple diode clamp to clamp the
signal at the reference black level. Diode clamping can be
done either at the AC coupled input of the preamplifier or at
the AC coupled output of the CRT video amplifier. The dis-
advantage of diode clamping is that the black level is sensi-
tive to fluctuations in the power supply as well as noise
coupling and temperature drift of the diode’s forward drop.
A more effective approach for DC restoration is to do a
dynamic black level clamping at the back porch of each
video signal. This requires the use of comparator within the
feedback loop of the CRT video amplifier and the preamplifi-
er. During the horizontal retrace period, the comparator
compares the DC feedback taken from the CRT video am-
plifier's output with the voltage set by the brightness control
potentiometer. Depending on the CRT video amplifier’s out-
put voitage, a clamping capacitor at the output of the com-
parator is either charged or discharged so that the feedback
loop is stabilized and the video signal is restored to the
black level. During the video portion of the signal, the com-
parator is disabled and the clamping capacitor holds the
black level reference voltage until it is refreshed at the be-
ginning of the next line. The beginning of each new line
always starts from a fixed reference black level and the DC
component of each line is restored. This approach not only
offers excellent power supply rejection but also there is min-
imal black level drift because the black level is brought back
to the correct reference potential during each horizontal re-
trace period.

WITHOUT DEFLECTION CIRCUITRY
THERE WOULD BE NORASTER

An image is displayed in a CRT by scanning the electron
beam across the face of the screen. The beam is scanned
from left to right on each line, moreover, at the end of each
line the beam drops down to the beginning of the next line.
The motion from right to left is called horizontal retrace.
During the horizontal retrace interval the electron gun is bi-
ased at a potential such that the retrace lines are invisible.
Note that the horizontal retrace interval coincides with the
horizontal blanking interval (part of the composite signal's
sync portion). There are two methods of accomplishing
blanking. The first approach is to disable the preamplifier
during the blanking interval and bias the CRT video amplifier
at a potential higher than the CRT'’s spot cutoff voltage. This
effectively prevents the retrace lines from being visible. The
second approach involves the application of a large nega-
tive potential at the control grid (G1) during the blanking
interval.

Once all lines on the screen are traced, the beam moves
from the bottom to the top during the vertical retrace inter-
val. The composite video signal contains the horizontal sync
pulse which is repeated at the horizontal scan rate. The

horizontal scan rate may be anywhere from 15 kHz to
240 kHz depending on the resolution of the monitor. The
vertical sync pulse is much wider than the horizontal sync
pulse and occurs at the end of the raster, i.e., after all lines
in the frame have been traced. The vertical sync pulse is
repeated at a 60 Hz rate. For proper operation, a sync sepa-
rator separates the horizontal and vertical sync pulses from
the composite video signals.

The simplified block diagram of Figure 5 shows the circuitry
required for horizontal and vertical scanning, also shown is
a high voltage flyback power supply. The composite video
signal is AC coupled to the input of the sync amplifier Q1,
whose gain is determined by the ratio of its collector and
emitter resistors. The inverted video signal appears at the
collector of Q1 and is buffered by the emitter follower Q2.
Q3 is essentially a saturating sync switch that removes the
signals’ video portion and leaves only the sync pulses.
Resistors R8 and R9 bias Q3's base at a potential below the
cutin voltage of the transistor so that Q3 is normally off.
When the composite video signal's level is between the
blanking level and the sync tip, Q3 saturates and produces
a negative going pulse at Q3's collector. The buffered out-
put of Q4 is a composite sync signal that contains both the
horizontal and vertical sync pulses. A two stage RC low
pass filter separates the 60 Hz vertical sync pulses from the
composite signal.

The vertical sync pulses trigger the vertical oscillator so that
the oscillator is locked at 60 Hz. The vertical oscillator is
usually a relaxation oscillator and drives the power transis-
tor Q5 with a 60 Hz sawtooth voltage waveform. Q5 in turn
energizes the vertical deflection coils with a 60 Hz sawtooth
current ramp. The linear current ramp produces a magnetic
field in the vertical deflection coil and causes the electron
beam to move from top to bottom at a uniform speed. This
accomplishes the task of moving the beam progressively
from one line to the next as the raster is scanned. During
the vertical retrace interval there is a rapid decrease in Q5's
collector current, causing the beam to retrace rapidly from
the bottom of the raster to the top. The amplitude of the
current ramp is usually made adjustable because this allows
the user to adjust the height of the raster.

The horizontal sweep circuit works similar to the vertical
sweep circuit, however, there are some major differences.
Since the horizontal sync pulses are narrow and operate at
high frequency, they are susceptible to noise impulses. In
order to maintain trouble free synchronization, an automatic
frequency control (AFC) circuit is used. Moreover, the hori-
zontal oscillator is a voitage controlled oscillator (VCO) as
opposed to the triggered relaxation oscillator for the vertical
sweep circuit. The AFC compares the phase of the horizon-
tal sync signal with that of a sample of the horizontal output
signal and produces a DC correction voltage proportional to
the phasing of the two signals. The AFC’s output signal is
an error signal that locks the VCO such that the sync signal
and the horizontal output signal are maintained at the sync
signal’s frequency. Without horizontal synchronization, the
picture would tear up diagonally. Finally, a power output
transistor, Q6, drives the horizontal deflection coils with sev-
eral hundred milliamps of current depending on the mA/
inch deflection ratings of the tube.
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THE SWEEP CIRCUIT ALSO
GENERATES HIGH VOLTAGES

A switching regulator is used to produce a regulated DC
voltage to power the low voltage circuits and the horizontal/
vertical scanning circuit. The high voltages required for the
CRT'’s grids and the high voltage anode are derived by the
transformer action. The horizontal output transistor Q6 not
only drives the horizontal deflection coils but it also drives
the primary of the step up transformer T1.

During the horizontal retrace interval, the collector current
of Q6 drops rapidly causing the transformer’s magnetic field
to collapse. The transformer’s primary coil in turn produces
a back EMF to sustain the current thus raising Q6's collec-
tor to a high potential. Through the transformer action, T1's
secondary coil produces high voltages. A voltage multiplier
circuit consisting of a diode and capacitor network multiplies
the secondary coil’s voltage to a 25,000V potential that the
tube’s high voltage anode requires. Other high voltages are
derived by tapping various points on the secondary coil. A
diode and capacitor network is used to rectify and filter the
power supply voltage. A power supply of this type is often
called a scanning or flyback voitage supply because of its
association with the horizontal sweep circuit.
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