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HIGH PERFORMANCE ANALOG INTEGRATED CIRCUITS

EL2020/EL2020C

50 MHz Current Feedback Amplifier

Features

Volts

Slew rate 500 V/us

+33 mA output current
Drives +2.4 Voltsinto 75 Q
Differential phase <0.1°
Differential gain <0.1%
Vsupply +5 Volts to +18

¢ Output short circuit
protected

e Uses current mode feedback

¢ 1% settling time of 50 ns for
10 volt step

® " Yw cost

¢ “5'mA supply current

¢ 8 pin mini-dip

Applications

e Video gain block

¢ Residue amplifier

¢ Radar systems

e Current to voltage converter

e Coax cable driver with gain
of 2 )

Ordering Information

Part No. Temp.Range  Pkg  Outline#

EL2020CN  -25t0+85°C  RDIP  MDPOO0G

EL2020CN/E+ -25t0+85°C  PDIP  MDPOOO6

EL2020C]  -25t0+85°C  Cerdip  MDPOOIO

EI"N(J/E+ -25t0+85°C  Cendip MDPOOIO

EL2ucOCPL  -25(0 +85°C 20 lead PLOC MDPOOIS

EL2020] -5510+125°C  Cerdip MDPOOIO

EL2020)/8838 -55t0+125°C Cerdip MDPOOIO

EL2020L -5510 +125°C 20 pad LOC MDPO0O?

EL2020L/B83B -55t0 +125°C 20padLOC MDPOOOT

SCANTEC vertriebsgesell-
schaft fir Mikroelektronik mbH
Behringstr. 10, D-8033 Planegg
Telefon 089/85980 21
Telex 5213219, Fex 8576574

General Description

The EL2020 is a fast settling, wide bandwidth amplifier optimized
for gains of between —10 and +10. Built using the Elantec mono-
lithic dielectric isolation process, this amplifier uses current
mode feedback to achieve more bandwidth at a given gain then a
conventional voltage feedback operational amplifier.

The EL2020 will drive two double terminated 750 coax cables to
video levels with low distortion. Since it is a closed loop device,
the EL2020 provides better gain accuracy and lower distortion
than an open loop buffer. The device includes output short circuit
protection, and input offset adjust capability.

The bandwidth and slew rate of the EL2020 are relatively indepen-
dent of the closed loop gain taken. The 50 MHz bandwidth at unity
gain only reduces to 30 MHz at a gain of 10. The EL2020 may be
used in most applications where a conventional op amp is used,
with a big improvement in speed power product.

The EL2020 is available in both 8 pin Plastic DIP and 8 pin Cerdip.

Elantec facilities comply with MIL-1-45208A and other applicable
quality specifications. For information on Elantec’s military proc-
essing, see: Elantec’s Military Processing-Monolithic Products.
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EL2020/EL2020C

50 MHz Current Feedback Amplifier

Absolute Maximum Ratings (25°c)

Vs
Vin
AViy
Iy

Iins
Pp

Lop

Important
Note:

Test Level
1

)i

m

v

\"

Supply Voltage +18Vor 36V Tp Operating Temperature Range
Input Voltage + 15VorVg EL2020 -55°Cto +125°C
Differential Input Voltage + 10V EL2020C -25°Cto +85°C
Input Current (Pins 2 or 3) + 10mA T; Operating Junction Temperature
Input Current (Pins 1,5, or 8) +5mA Ceramic Dip Package +175°C
Maximum Power Dissipation Plastic Dip Package +150°C
{See Curves) 1.25 Watts Tsr Storage Temperature -65°Cto +150°C
Peak Output Current Short Circuit Lead Temperature

Protected (Soldering, 5 Seconds) 300°C

Output Short Circuit Duration
(Note 2) Continuous

All parameters having Min./Max. specifications are guaranteed. The Test Level column indicates the specific device testin
actually performed during production and Quality Assurance inspection. Elantec performs most electrical tests using mod-
ern high-speed automatic test equipment, specifically the LTX 77 Series system. Unless otherwise noted, all tests are pulse
tests, therefore Ty=Tc=T,.

Test Procedure

100% production tested and QA sample tested per QA test plan QCX0002,

100% production tested at Ty =25°C, and QA sample tested at Ty =25°C, Tyyax and Ty n Per QA test plan QCX0002.
QA sample tested per QA test plan QCX0002.

Parameter is guaranteed (but not tested) by Design and Characterization Data

Parameter is typical value for information purposes only.

Open Loop Characteristics vg=-+15volts

EL2020 EL2020C

Parameter Descriptions Temp. Min. Typ. Max. Test Test  Units
Level Level
Vys(Note1)  Input Offset Voltage 25°C -10 3 +10 I I mvV
TminTmax -15 +15 1 51 mvV
CMRR (Note 3) Common Mode Rejection Ratio ALL 50 60 I I dB
PSRR (Note4) Power Supply Rejection Ratio 25°C 65 175 1 1 dB
Tamin:Tmax 60 _ I il dB
+Iin Non-inverting Input Current 25°C,Tyax -15 5 +15 I I rA
Y T -25 25 I ur WA
+Rip Non-Inverting Input Resistance ALL 1 5 I I MQ
+IPSR (Note 4) Non-Inverting Input’Current 25°C,Tmax 0.05 0.5 1 1 pANV
Power Supply Rejection T 1.0 1 1 WAV
—~Iis(Notel) -InputCurrent 25°C,Tmax -40 10 +40 1 I kA
TMIN -50 +50 1 I }lA
-ICMR(Note 3) - Input Current 25°C,Tmax 05 20 1 I rANNV
Common Mode Rejection T 4.0 1 1 WAV
~IPSR(Note 4) -Input Current  25°C, Tyax 005 05 I I AN
Power Supply Rejection TMIN 1.0 1 m KAV
Ry Transimpedence (AV,,/A(-1in)) 25°C,Tmax 300 1000 1 n VimA
Ry =4000,Vgy = + 10V TN 100 I m  V/imA
Ayoll Open Loop DC Voltage Gain 25°C,Tmax 70 80 I I dB
RL-4000, vm“- +10V TMlN 65 I 111 dB
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EL2020/EL2020C

50 MHz Current Feedback Amplifier

<

Open Loop Characteristics — (Continued) V=115 Volts
" EL2020 EL2020C

Parameter Descriptions Temp. Min. Typ. Max. Test Test  Units
Level Level
Ayol2 Open Loop DC Voltage Gain 25°C,Tyax 60 170 1 I dB
R =1009, Vo= +2.5V Tmin 55 I III dB
Vo Output Voltage Swing 25°C,Tpmax +12 +13 I It \Y
R =400Q Tmin +11 I I \Y
Iout Output Current 25°C,Tmax +30 +32.5 I 11 mA
R =400Q Tamin +27.5 I 111 mA
I Quiescent Supply Current 25°C 9 12 1 1 mA
~ Tumm. Tmax 15 1 I mA
L ot Supply Current, Disabled, Vg=0V  ALL 55 1.5 I i mA
Ilogic Pin 8 Current, Pin 8 = OV ALL 11 15 1 II mA
Iy Min Pin 8 Current to Disable ALL 120 250 I II A
I, Max Pin 8 Current to Enable ALL 10 I I A

AC Closed Loop Characteristics EL2020/EL2020C v; - 1 15V, T, = 25°C

Parameter Description Min. Typ. Max. Test Units
Level

Closed loop gain of 1V/V (0dB), Rf = 1kQ

SR1 Slew Rate, R;=400Q, V, = + 10V, test at Vo= + 5V 300 500 I Vs

FPBW1 Full Power Bandwidth (Note 5) 4.77 71.95 1 MHz

t,1 Rise Time, R;= 1002, Vo, =1V, 10% to 90% 6 \' ns

41 Fall Time, R = 1008, V= 1V, 10% to 90% 6 V  ns

199 Propagation Delay, R;=100Q, V=1V, 50% points 8 v ns

_ Closed loop gain of 1V/V (0dB), Rf =8200Q .

BW ~3dB small signal bandwidth, R;=1002, V,=100mV 50 \' MHz

tg 1% settling time, R;=400Q, V, =10V 50 A ns

t, 0.1% settling time, Ry = 4002, V,= 10V - 90 \Y ns
Closed loop gain of 10V/V (20dB), R;=1kQ,R; = 1110

SR10 Slew Rate, R;=4000, V,= + 10V, testat Vo= +5V 300 500 1 Vius

FPBW10 Full Power Bandwidth (Note 5) 4.71 1.95 I MHz

1,10 Rise Time, R, =100Q, V=1V, 10% to 90% 25 V  ns

;10 Fall Time, R;=100Q, V=1V, 10% to 90% 25 v ns

t,10 Propagation Delay, R, = 100Q, V=1V, 50% points 12 \Y ns
Closed loop gain of 10V/V (20dB), R;=680Q, R, ~76Q

BW -3dB small signal bandwidth, Rj= 100, V,=100mV 30 V  MHz

tg 1% settling time, R;=400Q, V,= 10V 55 V ns

ts 0.1% settling time, R;=4008, V, =10V 280 V ns

Note 1: The offset voltage and inverting input current can be adjusted with an external 10kQ pot between pins 1 and 5§ with the wiper
connected to Vec (Pin 7) to make the output offset voltage zero.

Note 2: A heat sink is required to keep the junction temperature below the absolute maximum when the output is short circuited.

Note 3: V=110V

Note4: $4.5V s Vs< + 18V .

Note 5: Full Power Bandwidth is guaranteed based on Slew Rate measurement. FPBW-SR/Zereak
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EL2020/EL2020C

50 MHz Current Feedback Amplifier

Typical Performance Curves, Non-Inverting Gain of One
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EL2020/EL2020C

50 MHz Current Feedback Amplifier

Typical Performance Curves, Inverting Gain of One
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EL2020/EL2020C

50 MHz Current Feedback Amplifier

Phase Shift vs
Gain vs Frequency Frequency
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EL2020/EL2020C

50 MHz Current Feedback Amplifier

Typical Performance Curves ,Non-Inverting Gain of Ten
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EL2020/EL2020C

50 MHz Current Feedback Amplifier
R S R T
Typical Performance Curves — (Continued)
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EL2020/EL2020C

50 MHz Current Feedback Amplifier

Typical Performance Curves — (continued)
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50 MHz Current Feedback Amplifier
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Application Information

Theory of Operation

The EL2020 has a unity gain buffer similar to the EL2003
from the non-inverting input to the inverting input. The
error signal of the EL2020 is a current flowing into (or out
of) the inverting input. A very small change in current
flowing through the inverting input will cause a large
change in the output voltage. This current amplification
is the transresistance (R,;) of the EL2020. [V, = Rop * Iiny].

Since R, is very large (= 10°), the current flowing into the -

inverting input in the steady state (non-slewing) condi-
tion is very small.

Therefore we can still use op-amp assumptions as a first
order approximation for circuit analysis, namely that...

1. The voltage across the inputs = 0 and
2. The current into the inputsis = 0

Vour

Rioap

Non-Inverting Amplifer

EL2020 Typical Non-Inverting Amplifier Characteristics

10 Volt
OUTPUT BUFFER setding Time
veo T e hE MITING Av Rf Rg Bandwidth 1% 0.1%
+1 8200 None 50MHz 50ns 90ns
+2  750Q 1750Q 50MHz 50ns  100ns
Vout = +5 6800 1700 S0MHz 50ns  200ns
+10 6800 76Q 30MHz 55ns  280ns

. (1+ R/Rg) VIN

iN+

EXTERNAL GAIN
SETTING RESISTORS

Simplified Block Diagram of EL2020

Resistor Value Selection and Optimization

The value of the feedback resistor (and an internal capac-
itor) sets the ACdynamics of the EL2020. A nominal value
for the feedback resistor is 1kQ, which is the value used
for production testing. This value guarantees stability.
For a given gain, the bandwidth may be increased by de-

Va2

Vi
Vg= -Rfgl-—~ + - £
? '(m * Ry

Summing Amplifier
EL2020 Typical Inverting Amplifier Characteristics

creasing the feedback resistor and, conversely, the band- 10 Volt
width will be decreased by increasing the feedback resis- Settling Time
tor. Av  Rf Ry,Rp Bandwidth 1% 0.1%
Reducing the feedback resistor too much will result in -1 7500 7500  40MHz 50ns  130ns
overshoot and ringing, and eventually oscillations. In- -2 7502 3750 40MHz  55ns  160ns
creasing the feedback resistor results in a lower — 3dB fre- -5 6800 1300 40MHz  S5ns  160ns
-10 6800 682  30MHz  70ns 170nms

quency. Attenuation at high frequency is limited by a
zero in the closed loop transfer function which results
from stray capacitance between the inverting input and
ground.

Power Supplies

The EL2020 may be operated with sinile or split power
supplies as low as +3V (6V total) to as high as + 18 volts
(36V total). The slew rate degrades significantly for sup-
ply voltages less than +5V (10V total), but the bandwidth
only changes25% for supplies from +3V to + 18V. It isnot
necessary to use equal value split power supplies, i.e.,

89

-5V and +12V would be excellent for 0 to 1V video sig-
nals. Bypass capacitors from each supply pin to a ground
plane are recommended. The EL2020 will not oscillate
even with minimal bypassing, however, the supply will
ring excessively with inadequate capacitance. To elimi-
nate supply ringing and the errors it might cause, a 4.7uF
tantalum capacitor with short leads is recommended for
both supplies. Inadequate supply bypassing can also
result in lower slew rate and longer settling times.

20¢02T13/02021d
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50 MHz Current Feedback Amplifier
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Input Range .

The non-inverting input to the EL2020 looks like a high
resistance in parallel with a few picofarads in addition to
a DC bias current. The input characteristics change very
little with output loading, even when the amplifier is in
current limit.

The input characteristics also change when the input
voltage exceeds either supply by 0.5V. This happens be-
cause the input transistor’s base-collector junctions for-
ward bias. If the input exceeds the supply by LESS than
0.5V and then returns to the normal input range, the out-
put will recover in less than 10ns. However if the input
exceeds the supply by MORE than 0.5V, the recovery time
can be 100’s of nanoseconds. For this reason it is recom-
mended that Schottky diode clamps from input to supply
be used if a fast recovery from large input overloads is

req_ ed.

Source Impedance

The E12020 is fairly tolerant of variations in source impe-
dances. Capacitive sources cause no problems at all, re-
sistive sources up to 100k present no problems as long
as care is used in board layout to minimize output to in-
put coupling. Inductive sources may cause oscillations;
a 1k resistor in series with the input lead will usually
eliminate problems without sacrificing too much speed.

Current Limit ] B o o
The EL2020 has internal current limits that protect the
output transistors. The current limit goes down with
junction temperature rise. At a junction temperature of
+175°C the current limits are at about 50maA. If the
EL2020 output is shorted to ground when operating on
415V supplies, the power dissipation could be as great as
1.1W. A heat sink is required in order for the EL2020 to
survive an indefinite short. Recovery time to come out of
current limit is about 50ns.

Usé ~The 2020 With Qutput Buffers

Wh.« more output current is required, a wideband
buffer amplifier can be included in the feedback loop of
the EL2020. With the EL2003 the subsystem overshoots
about 10% due to the phase lag of the EL2003. With the
EL2004 in the loop, the overshoot is less than 2%. For
evlex:l more output current, several buffers can be paral-
leled.

EL2020 Buffered With An EL2004

Capacitive Loads

The EL2020 is like most high speed feedback amplifiers
in that it does not like capacitive loads between 50 and
1000pF. The output resistance works with the capacitive
load to form a second non-dominate pole in the loop.
This results in excessive peaking and overshoot and can
lead to oscillations. Standard resistive isolation tech-
niques used with other op amps work well to isolate ca-
pacitive loads from the EL2020.

Offset Adjust
To calculate the amplifier system offset voltage from in-
put to output we use the equation:

Output Offset Voltage = V5 (Rf/Rg+1) + Iias (Rg)

The EL2020 output offset can be nulled by using a 10kQ
potentiometer from pins 1 to 5 with the slider tied to pin 7
(+ Vo) This adjusts both the offset voltage and the invert-
ing input bias current. The typical adjustment range is
+80mV at the output.

Compensation

The EL2020 is internally compensated to work with ex-
ternal feedback resistors for optimum bandwidth over a
wide range of closed loop gain. The part is designed for a
nominal 1kQ of feedback resistance, although it is possi-
ble to get more bandwidth by decreasing the feedback re-

_sistance.

The EL2020 becomes less stable by adding capacitance in
parallel with the feedback resistor, so feedback capaci-
tance is not recommended.

The EL2020 is also sensitive to stray capacitance from the
inverting input to ground, so the board should be laid
out to keep the physical size of this node small, with
ground plane kept away from this node.

Active Filters

The EL2020’s low phase lag at high frequencies makes it
an excellent choice for high performance active filters.
The filter response more closely approaches the theoriti-
cal response than with conventional op-amps due to the
EL2020’s smaller propagation delay. Because the internal
compensation of the EL2020 depends on resistive feed-
back, the EL2020 should be set up as a gain block.

Driving Cables

The EL2020 was designed with driving coaxial cables in
mind. With 30mA of output drive and low output impe-
dance, driving one to three 75Q double terminated coax
cables with one EL2020 is practical. Since it is easy to set
up a gain of +2, the double matched method is the best
wa{xt)o drive coax cables, because the impedance match
on both ends of the cable will suppress reflections. For a
discussion on some of the other ways to drive cables, see
the section on driving cables in the EL2003 data sheet.

Video Performance Characteristics

The EL2020 makes an excellent gain block for video sys-
tems, both RS-170 (NTSC) and faster. It is capable of driv-
ing 3 double terminated 750 cables with distortion levels
acceptable to broadcasters. A common video application
is to drive a 75Q double terminated coax with a gain of 2.
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To measure the video performance of the EL2020 in the
non-inverting gain of 2 configuration, 5 identical gain-of-
two circuits were cascaded (with a divide by two 759 at-
tenuator between each stage) to increase the errors.

The results, shown in the photos, indicate the entire sys-
tem of 5 gain-of-two stages has a differential gain of 0.5%
and a differential phase of 0.5°. This implies each device
has a differential gain/phase of 0.1% and 0.1°, but these
are too small to measure on single devices.

Differential Phase of Differential Gain of
5 Cascaded 5 Cascaded
Gain-Of-Two Stages Gain-Of-Two Stages

Video Distribution Amplifier

The distribution amplifier shown below features a differ-
ence input to reject common mode signals on the 75Q
coax cable input. Common mode rejection is often neces-
sary to help to eliminate 60Hz noise found in production
environments.

ISOLATED GROUND
FOR GOOD CMRR
Ble TO MATCH
{ OUTPUT CABLES
39 i; 50 OR 750
4700 \ BNC
‘7” LA A
BNC W
\ BNC -

N

75 0 CABI
LOOPTHROUGH INPUT
FOR IMPEDANCE MATCH

JLLQ
(TERMINATE LAST INPUT)

Video Distribution Amplifier
with Difference Input

EL2020 Disable/Enable Operation

The EL2020 has an enable/disable control input at pin 8.
The device is enabled and operates normally when pin 8
is left open or returned to pin 7, V... When more than
250uA is pulled from pin 8, the EL2020 is disabled. The
output becomes a high impedance, the inverting input is
no longer driven to the positive input voltage, and the
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supply current is halved. To make it easy to use this fea-
ture, there is an internal resistor to limit the current to a
safe level (~ 1.1mA) if pin 8 is grounded.

To draw current out of pin 8 an “open collector output”
logic gate or a discrete NPN transistor can be used. This
logic interface method has the advantage of level shift-
ing the logic signal from 5 Volt supplies to whatever sup-
ply the EL2020 is operating on without any additional
components.

Using the EL2020 as a Multiplexer

An interesting use of the enable feature is to combine
several amplifiers in parallel with their outputs com-
mon. This combination then acts similar to a MUX in
front of an amplifier. A typical circuit is shown.

When the EL2020 is disabled, the DC output impedance -
isvery high, over 10k ohms. However there is also an out--

put capacitance that is non-linear. For signals of less than
5 Volts peak to peak, the output capacitance looks like a
simple 15pF capacitor. However, for larger signals the
;)utput capacitance becomes much larger and non-
inear.

The example multiplexer will switch between amplifiers
in 5us for signals of less than +2 Volts on the outputs. For
full output signals of 20 Volts peak to peak, the selection
time becomes 25us. The disabled outputs also present a
capacitive load and therefore only three amplifiers can
have their outputs shorted together. However an unlim-
ited number can sum together if a small resistor (25
ohms) is inserted in series with each output to isolate it
from the “bus”. There will be a small gain loss due to the
resistors of course.
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Using The EL2020 as a Multiplexer
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