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General Description Features

The LH2422 and LH2424 are wide bandwidth and high volt- B LH2424: BW = 175 MHz

age CRT video amplifiers. These amplifiers are specifically Rise/Fall Time = 2 ns
designed to directly drive the cathode of high resoluton B LH2422: BW = 120 MHz

Rise/Fall Time = 3 ns
Drives 8.5 pF capacitive load
Pin compatible with CR2424
DC coupled for output level adjust
Output signal can swing 50V

CRT monitors. Both amplifiers work on the transimpedance
principle, about +6.5 mA input current resuits 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 LM1203 preamplifiers.
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Applications

® CRT driver for color and monochrome monitors
B High voltage transimpedance ampilifier

Schematic and Connection Diagrams
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Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required, Operating Temperature Range, Tcase —20°Cto +90°C
please contact the National Semiconductor Sales Lead Temperature (Soldering, <10 sec) 300°C
Office/Distributors for avallabilily and specifications. ESD Tolerance > 4KV
Supply Voltage, Voo +70V
Storage Temperature Range, TSTG ~40°Cto +125°C

DC Electrical Characteristics uniess otherwise noted, the following specifications apply for Vog = + 60V,
R1 = 2150, 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.

Symbol Parameter Conditions N r:: 3) (Nzr: 2) (N!:I‘a: 3) Unlits
lcc Supply Current input/Output Open Circuit 35 435 47.5 mA
VINDC 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 v
VouToc 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 VourT from +5V to + 55V 1 5 %

AC Electrical CharacteristiCs uniess otherwise noted, the following specifications apply for Voc = + 60V,
R1 = 2150, C1 = 60 pF (for LH2422), C1 = 90 pF (for LH2424), Cloap = 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 29 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_3gg | —3 dB Bandwidth (Note 5) 120 175 MHz
Ay Voltage Gain 500 Source Impedance 1.6 13 145 1.5 13 145 VIV
(Note 6)
0s Overshoot 10 10 %
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LH2422°-M|L (Note 7)

DC Electrical CharacteristiCs unless otherwise noted, the following specifications apply for Vog = + 60V,
R1 = 2150, C1 = 60 pF, CLoap = 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 47.5 32 47.5 mA
VINDC input Offset Voltage | Input/Output Open Circuit 1.15 1.8 1.15 1.7 1.15 1.8 Y
VouTpc | Output Offset Voltage | Input/ Output Open Circuit 26 34 26 34 26 34 \'
Pp Power Dissipation 50 MHz Square Wave 6 6 6 w
LE Linearity Error Vour from + 5V to + 55V 8 5 8 %

LLH2422D-MIL (Note 7)

AC Electrical Characteristics uniess otherwise noted, the following specifications apply for Voc = + 60V,
R1 = 2150,C1 = 60 pF, CLoaDp = 8.5 pF, 40 Vp.p swing with 30 Vpc offset. See test circuit, Figure 1.

Ta= +25C
Symbol Parameter Condilions Min Max Units
(Note 8) (Note 8)
tr Rise Time 10% to 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 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 signalt, < 1ns.

Note 5: —3 dB bandwidth is calculated trom the equation; f_3 gg = 0.35/tp.

Note 8: Voltage gain is the ratio of the output voitage to the voitage 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.

Copyright (c) 1988-93 Reed Publishing (USA) Inc.
ALL RIGHTS RESERVED.

THIS IMAGE DATABASE HAS BEEN CREATED BY CAHNERS
TECHNICAL INFORMATION SERVICE, A DIVISION OF
REED PUBLISHING (USA)., AND IS PROPRIETARY TO
CAHNERS TECHNICAL INFORMATION SERVICE. NO PART
OF THIS DATABASE MAY BE DUPLICATED IN HARD COPY
OR MACHINE READABLE FORM WITHOUT FRIOR WRITTEN
AUTHORIZATION FROM CAHNERS TECHNICAL INFORMATION
SERVICE, EXCEPT THAT LICENSEE IS5 GRANTED A
LIMITED, NON-EXCLUSIVE LICENSE TO REPRODUCE
LIMITED PORTIONS OF THE DATABASE FOR LICENSEE’S
INTERNAL USE PROVIDED THAT A SUITABLE NOTICE OF
COPYRIGHT IS INCLUDED ON ALL COPIES. UNDER NO
CIRCUMSTANCES MAY COPIES BE MADE FOR RESALE IN
ANY MEDIA.
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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 (CRTs). 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 5002 to 10002
resistor is also used in series with the output of the ampilifier
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 fail 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 1LH2422 do not include 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 600Q2.
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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 2150 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 voltage, the output
voltage to input voltage ratio is approximately 240V and the
low frequency input impedance is approximately 130. With
the RF input port open circuited and Vo = 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 L H2422 work on the transimpedance prin-
ciple. An internal 3 k1 feedback resistor connected be-
tween the input and output converts the input current to
output voltage.

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 k{2 internal feedback resistor
results in a +20V swing at the output.
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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 50Q 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
500 NETWORK CERANIC
ANALYZER
Rs
500 0.47 uf

MONQLITHIC

*Ct = 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 & 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 piaced 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 Circuit

®©1991 National Semiconductor Corporation
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, Heatsink Block (Aluminum)

P.C. Board

Aluminum spacer
required between
package and
heatsink block

FIGURE 2. Heat Sinking with an Aluminum Block

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

=

U -

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

TL/K/10128 -5
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Application Circuits

3
*Q1 is 2N5770 for LH2422 and 2N5109 for LH2424.

Vee
T +12v
LM1201
PRE-AMPLIFIER

CRT YIDEO
AMPLIFIER

4]

10-100 pF
A1
soaf, Re . Rl
AAA .
Wy
s . R, 300 Rg st
500 180
< R2
— = - 4
- - CRY VIDEO
AMPLIFIER
< R3
$ 0
CLAMPING A
SIGNAL —

R4 200 Veo
_[ 2 A4 -0
+12v
o :? I o o L1 reo 1 o
’ 50 st 0.1 uF
L e L
Veer 1000 pF = |Yecz = | orive | Veos
15 14 13 12 1" 10
LM1204
VioeEo o {PRE-AMPLIFIER)
N L
L b VIDEO
W Al 8| oureur
A 10 uf 100
& S R2 CLAMP BRIGHTNESS
3 COMPARATOR
— 3ok CONTRAST 9 CONTROL - 2 g1
- CONTROL - ! > > 10k
5 [ Veer A3 A
(2.6v) :
Y 6 7
L o7
0.1 uF L i L
I = 0.1 uf =
= o
Vee CLAMPING 02
R18 | capaciToR .
10k L o2
| 0.1 uf
— U U= Conrast
-— oV CONTRAST
] f— CONTROL
BLACK LEVEL REF PERIOD (BACK PORCH) e
®-
CLAMPING
SIGNAL +80V L c20
T 0w
— 1 6 =
S RE = Vee
3 40 -12v
c19 c18
SRS
b LH2422 |y 10-100 pF 10-100 pF
or A""f ‘v""ﬁ
R21 LH2424 Ri4 R13
160 si

FIGURE 4. Circult shows how the LM1201 pre-amplifier and LH2422/LH2424 CRT
Video Amplifier may be used 1o build a 100 MHz Monochrome Monitor

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

TL/K/10128 -7

TL/K/10128-13
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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 & 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 500 generator, how-

ever, the input impedance at V| 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 wiil
reduce reflections and provide a 5002 source to the circuit
board.

Your
to
500 Scops
TL/K/10128-8
FIGURE 8. Schematic of LH2422 Evaluation Circuit

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 50Q 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, aW, 5%
R2 22k, VAW, 5%
R3 2.7k}, VAW, 5%

CAPACITORS:

C1 10 pF — 120 pF (muRata ERIE P/N TZ0O3R121E)
C2 10 uF, 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)

© 1001 National Semiconductor Corporation

Power ed by | Cniner.com El ectronic-Library Service CopyRi ght 2003




Evaluation Board (continued)
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LH2422 EVALUATION BOARD [0}
a National

TL/K/10128-9

(c) Solder (Bottom) Side

o O

TL/K/10128-11
FIGURE 7. PC Board Layout and Componenti Placement Gulde

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

©
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Physical Dimensions inches (millimeters)
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NS Package Number HY07A
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Physical Dimensions inches (millimeters) {(Continued)
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Physical Dimensions inches (millimeters) (Continued)
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Order Number LH2422S or LH2424S
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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 impiant 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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