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A High-Performance Video Amplifier
For High Resolution CRT Applications

l. INTRODUCTION

This application note describes the superior
performance characteristics of Motorola CRT
driver transistors in a state-of-the-art video
amplifier. In particular, the high speed obtain-
able with low DC power consumption is shown,
A circuit which is insensitive to foad variations
and interconnect methods is given.

li. APPROACH
The performance requirements for the amplifier are
these:

Voltage Gain 20

Rise and fali times 3ns

Quput 40 ¥ p-p min.
Overshoot 5% max.

Load capaciiance 8§ pF min.

Power supplies BOV, 5V, -8V

The voltage gain is obtained in a transconductance
amplifier in the form of a comman-emitter,
commaon-base cascode circuit. In thes circuit the foad
capacitance 1 isolated fram the cascode by a set of
complemeniary emitter-followers. Thus, the
capacitive toading on the cascods is low, which
allows operaticn at @ moderate dissipation level.

The emitter followers are biased at a Class "B”
operating point. They conduct only durng voltage
transitions, while charging or discharging the CRT
capacitance. This operation 15 similar to the way
highly efficient C-MOS logic [Cs function.

The emitter followers provide a combined output
signal from a low impedance, or “suff” source. This
stiff source makes the entire circuit insensitive (0
load variations and to different methods of connact-
ing the video amplifier to the CRT.

HI. THE CIRCUIT

A. The input Circuit

Refer 1o the circuit diggram in Figure 1. A fast
pulse generator is required for accurate perfarm-
ance data. The Tektronix Model PG502 is a good
example of a pulse generator for optimum perfor-
mance, versanlity and price considerations. The
pulse generator has a rise ume in the range of .8
ns and an cutput impedance of 50 ohms. A
minimum-loss L-pad is used between the generator
and the base of the drver transistor, (1. The im-
pedance levet at this point 1s designed to be 75
ohms. The voltage attenuaton of the matching cir-
cuit is 0.64.

B. The Cascode Circuit

1. The Common-emitter stage uses an
LT100% wansistor in a T0-39 package. The
ermitter current of 70 mA is supplied from a -5
Y source vig resistors Re, and Ra. For ac, only
R¢ at 15 ohms 1s operative. R4 and the built-in
ermitter-hallast resistar of 1.6 ghms, determine
the transconductance of Q1, which s then 63
mAV.

Bath the emitter current ang the callector cur-
rent of this stage follow the base voitage almost
instantaneously. Computer simulation has shown
that the transition times are less shan 1 ns. The
transconductance may be increased during the
transiticn times by adding the “peaking-network”
Re, C2, €3. Adding this network is very much
like adjustng the rise time in the probes of fast
oscilloscopes. In the cascade circuit under discus-
sion the “peaking” netwark compensates fise
time deerioration at the collector by speeding
up the emitter current of (1. This procedure
must be applied with moderation since it may
affect the large-signal swing capability. The
resistor, A6, should be equal 10 or larger than
Ra. The capacitor, C2, determines the length of
time during which “peaking” occurs. The product
of Bs and C2 is typically a few nanaseconds.
The tnmmer, C3, can be used for fine-tuning,
but s usually not important and may be amit-
ted. If there is lead inductance associated with
the path from the emitter of 01 through €3 10
graund, use of C3 may cause ringing at high
frequencies,

2. The common-base stage uses an LT1817
transistar in @ T0-117 package. Since the tran-
sistor must dissipate continuously some two
Watts of DC power, good heatsinking 1s man-
datory. The 70-117 package provides 8 high-
vonductance thermal path o a heatsink or
chassis. At the same time, it adds only minimal
capacitance to the circuit.
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Figure 1. Circuit Diagram of Video Amplifier
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Figure 2A. Rise Time at 10 V p-p Figure 2B. Fall Time at 10 V p-p
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Figure 2C. Rise Time at 40 V p-p Figure 2D. Fall Time at 40 V p-p
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Figure 2E. 10 nsec Pixels 10 V p-p Figure 2F. 10 nsec Pixels 40 V p-p
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The common-base stage has near unity current
gain and acts as an mpedance transformer, pro-
widing a current source at its collector. This cur-
rent charges the combined coliector capdcitances
of G2, and the emitter-foliowers, (3 ana (4,
which acd up to about & pF at the operating
pont. To this total one must add about ane pF
of stray capacitance. A load- or “pull-up” resistor
ot 430 ohms is used at the collector of she
common-base transistor, (2. The rise time at
this point may be calculated to be:

t=2352-P-430 +6pF=57nS

This vatue 1s improved by the addition of a
peaking col of 22uH. Theoretically, the nse
tme couid be reducet by up 10 40% Iwithout
overshoot) by optimizing the inductance. Due 10
the non-inear nature of the capacitances 10 be
compensated for here, different effects result for
rise and fall umes. This situation requires a com-
promise resulting in & practical improvement of
less than the theoretical transition time, Never-
theless, 3 ns wransition times are obtained at the
collector of (02 by means of the emitter peaking
discussed earier.

The LT1817 1s packaged in a common-base con-
figuration. This means that the transistor base is
connected 1o two symmetncal aw-inductance
base leads. As is well known, base-lead induc-
tance may cause instabilities I common-base
configurations. To prevent this from happering,
base damping resistors, R7 and R8, have been
added. The value of these resistors depends on
the device hias point ang the circuit layout. If
oscillations occur, they would be near a Giga-
hertz or higher, and theretore may not be seen
on anything but a sampling oscilloscope. They
will affect rise times and output swing capabili
ty. Instabilities may be easly detected with a
spectrum anaiyzer connected to the input jack of
the videa amglifier. Enough signal will feed back
through the collector capacitance of 0t to reach
the analyzer.

3. The emitter-followers, (3 and (4, are 2
complementary pair of transistors, 171829 and
(75839, in T0-39 packages. The transistors are
biased to the threshhald of conduction by two
diodes, Dt and Dz. These diodes should be
relatively large, siow rectfier types, sach pro-
wding no more than 0.6V of bias with a for-
ward diode current of 70mA. The diodes have
iow, largely capacitve impedances at high fre-
quencies, and shauld be connected with shart
leads between the bases of (3 and (4.

The emitter followers provide temporary charging
curents 10 the output crcuit whenever the
voltage across the load is changed. In case of 4
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display with high contrast and many iransitions,
the current n (03 and 04 may become ap-
preciahie, causing the transistors to heat up. The
elevated junction temperature shifts the bias
point from Class “B” n the direction of "AB.”

{f the emitters of these transistars were con-
nected dirsctly, 8 OC compenent of current
would flow from the 60 V supply through the
devices 10 ground. This “pole-current” wouid fur-
ther heat up the juncticns and might lead to
thermal runaway. In the circuit described, this
situaticn 1§ prevented from occurning through the
use of the emitter stabilizing resistors 810 and
R1. Using capaciar, Ca, prevents deteriaration
af the dynamic operation cf the circun.

A simpler, mare primutive way to avaid thermal
problems, is 1o use only one tias diode, or none
at all. Daing this, however, has serious effects
on the gray scale lineanty at mid-range.

4. The output circuit. The (T1839 and
LT5839 transistors have excellent peak current
handing capatilties. Thew emitter currents react
wirtually instantanecusly to the base voliage.
Even when supplying several hundred mulli-
amperes of peak charging current, the base-tc-
emitier gain holds up well. It is therefore
possiole 10 drve more eiaborate load configura-
tions than a bare capacitance. This ability may
ease interconnest problems. The circuit described
in Figure 115 powerful enough 1o accommodate
a piece of shielded cable between the CRT and
the video amplifier. A twin-lead line or a single
wire connection may alsc be used instead cof the
shielded cable. The circuil is not only able to
drive elaborate interconnect networks, but aiso
1o handle substantially farger CRT capacitances
without significant penalt:es i nse and fall
umes. For instance, this ciroutt 15 capable of dnv-
ing 15 pF with 3.8 ns transition times.

In ail cases, the presence of additanal reactve
circuil elements causes the oulput cicuit to have
resonances which wil cause ninging or over-
shoots, if the output circurt s ot groperly
damped. To this end, & vanable resistor, R12, &
wcluded in the crcwt. When adusted for criical
damping, the waveform will look smooth across
the load capacitance.

In the demonstration cucuit, (Fig. 1), & 6.5 pf
chip capacitor simulates the CRT cathode
capacizance. 1t s connected across a special jack,
which has been designed for the Tektranix FET
prabe, Type 6201, Prabe, jack and chip have a
combined capacitance of BpF. The FET probe
may be used in conjunction with Tektronix
samplirg scopes or real-time scopes with band-
widths of 300 MHz or mare.

One may be tempted 10 use slower instruments,
such as a 200 MHz type, and correct mathe-
matically for the additonal transition time con-
trbuted by the scope. We do not recommend
this approach since stower SCopes appear 10 pro-
duce wave shape distortions which tead 10
misleading rise-time values.

IV. AMPLIFIER PERFORMANCE

Fqure 2 contans photographs showing rise and fall
times at 10 V and 40 V peak-to-peak swing. Also
shown are some response curves generated by the
well-known circuit analysis pragram SPICE. Careful
modelling of the semiconductors used, according t@
the theory of Gummel and Paon, resutted n good
agreerment between computer and laboratory-
generated performance data. In addition, computer
analysis offers insights, which cannot be obtaned by
practical measurements.

Shown in Figure 3 are the superimposed plots of the
input voltage &t the base of 01 and the autput
voltage across the CRT capacitance. The second set
of glots, Figure 4, displays the collector-Current wave
form of Q1 ang the combined emnter circuits of the
compiementary set of emitter followers. The collecter
current of 81 shows clearly the effect of “peaking,”
introduced by the emitter circuit components, Re, C2
and C3. Note that under tull swing conditions 140 V
p-p output], the waveforms are not gquite sym-
metrical. The effect on the transition times of the
output voltage, however, is minimal.

The example shown in hath Figures 3 and 4 cor-
responds o a pixeltime of 10 ns, which is the prac-
teal minimum for a system with 3 ns transitions.
When operating continuously a1 this rate, approx-
imately 25mA of average current flows in each one
of the emitter-followers. This causes a significant rise
in case temperature for these devices. It is therefore
recommended that cfip-on heat radiators be used.
There is no electrical penalty for this measure, since
the colectors are on ground potential,

Heatsinking becomes absolutely mandatory if ane ex-
plores the fimits of the amplifier by operating at 100
MHz and beyand.

V. CONCLUSION

An amplifier was developed which meets all neecds of
3 high-resolution CRT monitor. While practical con-
siderations played an important part 0 the circuit
realization, the primary purpese was to demonstrate
transistor capability. 1t is hoped that enough
background information was gven to allow the
reader 10 tailor tus cwcult to his specific needs.

MOTOROLA
3


http://www.fastio.com/

SPOOLED: 84-07.24.18:22 .
STARTED: B4.07.24.16:22, OM: AMIC BY: PRI LEGEND:

LEGENG: I Vi300
¥ 1100] + VIO
LI Nk TIME ¥ 1300

TE V(100
e 0000001 1S0DD.01  30000e07  45000+01  E0000+01 R — 2000001  -1.000001 000001 1.00004%  Z.000OQI -
S T—— 0000061 3750102 7500002 1125001 1500001 (

#}mmmmmmm -1.5000.00 - 7.5000-01 0.0000-01 1.5000-01 1.5000+00

() w—— 1
v —’—
-
-

-
,

Emutter Current of NPN Follower ——=

i
T

- g,
3
L]
bl

Vollage Across CAT Cathode Capanitance ~

1
T
-

|
™~ Input Voitage (01 Basel

M o am am e ae e e am

o e e e o o e

- -

L [N €

Emutter Current of

s PNP Follower \

+ =40V

-+

P
~~. / e’
-+ - I T -
| - Collector Current of Ot ~__
!
)
1
i
]
]
v
1
]
]
L]
1
1
|
1
1

2=t 20 _I_.

Figure 3. Computer Generated Voitage Plots Figure 4. Computer Generated Current Waveforms

Motarela reserves the right to make changes without further notice to any products herein. Motorola makes no warranty, representation or guarantee regarding
the suitability of its products for any particular purpase, nor does Motorola assume any liability asising out of the application or use of any product or circuit,
and specifically disclaims any and ail iability, including without limitation consequential or incidental damages. “Typical” parameters can and do vary in different
applications. All operating parameters, including “Typicals” must be validated for each customer application by customer's technical experts. Motorola does
not convey any license under its patent rights nor the rights of others. Motorola products are not designed, intended, or authorized for use as components in
systems intended for surgical implant into the body, or other applications intended to support or sustain life, or for any other application in which the failure of
the Motorola product could create a situation where personal injury or death may occur. Should Buyer purchase or use Motorola products for any such
unintended or unauthorized application, Buyer shall indemnify and hold Motorola and its officers, smployees, subsidiaries, affiliates, and distributors harmless
against all claims, costs, damages, and expenses, and reasonable attorney fees ansing out of, directly or indirectly, any claim of personal injury or death
associated with such unintended or unauthorized use, even if such claim alleges that Motorola was negligent regarding the design or manufacture of the part.
Motorola and @ are registered trademarks of Motorola, Inc. Motorola, Inc. is an Equat Opportunity/Affirnative Action Employer.

Literature Distribution Centers:

USA: Motorota Literature Distribution; P.O. Box 20912; Phoenix, Arizona 85036.

EUROPE: Motorola Ltd.; European Literature Centre; 88 Tanners Drive, Blakelands, Milton Keynes, MK14 6BF, England.

JAPAN: Nippon Motorola Ltd.; 4-32-1, Nishi-Gotanda, Shinagawa-ku, Tokyo 141 Japan. k

ASIA-PACIFIC: Motorala Semiconductors H.K. Ltd.; Silicon Harbour Center, No. 2 Dai King Street, Tai Po Industrial Estate, .
Tai Po, N.T., Hong Kong.

— @ MOTOROLA
1PHX24187-2 PRINTED INUSA 10/82 IMPERALLITHO 88430 1000 RF YBACAA AN1020/D
OO O 0 0

ClibPD www fastio.com


http://www.fastio.com/

	AN1020.REV0.tif
	image 1 of 4
	image 2 of 4
	image 3 of 4
	image 4 of 4


