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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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oA8T-088) 026020020
8.380 £ 0.508) HYO?B (REV A)

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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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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13



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

15




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

9 OUTPUT

|- 8 GROUND

|- 7 GROUND
€ (NO PIN)

=5 Voo (480 Vpe)
4 (NO PIN)

=3 GROUND

[~ 2 GROUND

1 INVERTING INPUT

/

o

TL/K/11266-2
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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
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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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MAX i
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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
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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
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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

©1989 National Semiconductor Corporation

35




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

0.386 —0.334
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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.
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Figure.10 Typical RGB application with contrast, drive and black level ( cutoff ) control.
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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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