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EL2020C

October 1993 Rev F

Features

e Slew rate 500 V/us

e +33 mA output current

¢ Drives 2.4V into 75Q

¢ Differential phase <0.1°

o Differential gain <0.1%

e Vsupply 5V to +18V

¢ Output short circuit protected
® Uses current mode feedback

® 1% settling time of 50 ns for 10V
step

® Low cost
* 9 mA supply current
® 8-pin mini-dip

Applications

¢ Video gain block

¢ Residue amplifier

® Radar systems

¢ Current to voltage converter

¢ Coax cable driver with
gain of 2

Ordering Information

Part No. Temp.Range Pkg. Outline#
EL2020CN 0°Cto +75°C P-DIP MDP0031
EL2020CM 0°Cto +75°C 20-Lead MDP0027

soL

General Description

The EL2020 is a fast settling, wide bandwidth amplifier opti-
mized for gains between —10 and + 10. Built using the Elantec
monolithic Complementary Bipolar process, this amplifier uses
current mode feedback to achieve more bandwidth at a given
gain then a conventional voltage feedback operational amplifi-
er.

The EL2020 will drive two double terminated 75) coax cables
to video levels with low distortion. Since it is a closed loop de-
vice, the EL2020 provides better gain accuracy and lower distor-
tion 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 inde-
pendent 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 prod-
uct.

Elantec products and facilities comply with Elantec document,
QRA-1: Processing-Monolithic Products.

Connection Diagrams

SOL
ne[T] | e 0 JNC
BAL[Z] 19 ) DISABLE
ne 3] 18 NC
-INEL— 17 ]v+
ne[E] D—L 16 JNC
+IN[EH 18 Jout
ne 7] T4 Ne
v-Z] 13 ]BAL
N[5 12 JNC
ne[o TLINC

2020-2
DIP

2020-1
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Absolute Maximum Ratings ©sc)

Vs Supply Voltage +18V or 36V Ta
ViIN Input Voltage +15Vor Vg Ty
AVIN Differential Input Voltage 10V
In Input Current (Pins 2 or 3) +10mA Tst
IINs Input Current (Pins 1, 5, or 8) +5mA
Pp Maximum Power Dissipation

(See Curves) 1.25W
Iop Peak Output Current Short Circuit

Protected

Output Short Circuit Duration

(Note 2)

Continuous

Open Loop Characteristics vs = +1sv

Operating Temperature Range 0°C to +75°C
Operating Junction Temperature

Plastic Package, SOL 150°C
Storage Temperature —65°C to +150°C
Lead Temperature

(Soldering, 5 seconds) 300°C

Parameter Description Temp Limits Units
Min Typ Max
Vos (Note 1) Input Offset Voltage 25°C -10 3 +10 mV
Tymin Tmax | —15 +15 mV
AVos/AT Offset Voltage Drift -30 uv/ec
CMRR (Note 3) Common Mode Rejection Ratio ALL 50 60 dB
PSRR (Note 4) Power Supply Rejection Ratio 25°C 65 75 dB
TmiN TMAX 60 dB
+In Non-inverting Input Current 25°C, TmMax —15 5 +15 pA
TMIN —25 +25 pA
+ RN Non-Inverting Input Resistance ALL 1 5 MQ
+IPSR (Note 4) Non-Inverting Input Current 25°C, TmMAX 0.05 0.5 RA/V
Power Supply Rejection TMIN 1.0 RAIV
—IiN (Note 1) —Input Current 25°C, Tmax —40 10 +40 RA
T™MIN -50 +50 uA

00302 1H




EL2020C

EL2020C ;
50 MH:z Current Feedback Amplifier =~
-

Open Loop Characteristics vg = +15v— Contd.

Parameter Description Temp Limits TestLevel | Units
Min Typ Max .
—ICMR (Note 3) | —Input Current 25°C, Tpax 0.5 2.0 o | pav
Common Mode Rejection TypIN 40 m . RA/V
—IPSR (Note 4) —Input Current 25°C, Tmax 0.05 0.5 4 ﬂ RA/V
Power Supply Rejection TmIN 1.0 i a LA/
R, Transimpedence (AVoyt/A(—IIN)) 25°C, TMAX 300 1000 I! . V/mA
Ry, = 400Q, Voyr = 10V TamN 50 ‘?‘5“ V/mA
AvoLi Open Loop DC Voltage Gain 25°C, Tpvax 70 80 " dB
Ry, = 40092, Voyr = 10V o P e g
AvyoL2 Open Loop DC Voltage Gain 25°C, TmMAX 60 70 dB
Ry, = 1000, Voyr = 2.5V T 55 m dB
Vo Output Voltage Swing 25°C, TmaAX +12 +13 I A"
Ry = 4000 Tvin f11 m v
Iout Output Current 25°C, TmMAX +30 +32.5 ‘ n . . mA
Ry, = 4000 TN +215 m mA
I Quiescent Supply Current 25°C 9 12 ” 1 mA
Tmin: TMax 15 m mA
I off Supply Current, Disabled, Vg = 0V ALL 5.5 7.5 n mA
Tiogic Pin 8 Current, Pin 8 = 0V ALL |15 | om mA
Ip Min Pin 8 Current to Disable ALL 120 250 4 II - RA
I Max Pin 8 Current to Enable ALL 30 j u RA

1-10



EL2020C

50 MHz Current Feedback Amplifier

AC Closed Loop Characteristics EL2020C vg = +15v,T, = 25°C

Parameter Description Min Typ Max ITmI Units
Closed Loop Gain of 1 V/V (0 dB), R = 1k}
SR1 Slew Rate, R] = 4000}, Vg = 110V, testat Vo = $5V 300 500 I V/us
FPBW1 Full Power Bandwidth (Note 5) 4.77 7.95 1 MH:z
t,1 Rise Time, R} = 1009, VoyTt = 1V, 10% to 90% 6 v ns
tel Fall Time, R} = 1002, Vout = 1V, 10% to 90% 6 v ns
tpl Propagation Delay, R} = 10002, Voyr = 1V, 50% Points 8 v ns
Closed Loop Gain of 1 V/V (0 dB), Rg = 8200
BW —3 dB Small Signal Bandwidth, R} = 1009, Vg = 100 mV 50 v MH:z
tg 1% Settling Time, R] = 40082, Vo = 10V 50 v ns
ts 0.1% Settling Time, R} = 40000, Vo = 10V 90 v ns
Closed Loop Gain of 10 V/V (20 dB), Rr = 1k}, Rg = 111Q
SR10 Slew Rate, R; = 40002, Vg = 10V, Testat Vg = 5V 300 500 1 V/us
FPBWI10 Full Power Bandwidth (Note 5) 4.77 7.95 1 MHz
t,10 Rise Time, R] = 1009, Voyt = 1V, 10% to 90% 25 v ns
t£10 Fall Time, R; = 1000}, Voyr = 1V, 10% to 90% 25 v ns
tpl0 Propagation Delay, R; = 10002, Vouyt = 1V, 50% points 12 v ns
Closed Loop Gain of 10 V/V (20 dB), R = 680}, Rg = 7600
BW —3 dB Small Signal Bandwidth, R} = 10002, Vo = 100 mV 30 v MH:
ts 1% Settling Time, R; = 400 2, Vg = 10V 55 v ns
ts 0.1% Settling Time, R} = 4009}, Vg = 10V 280 v ns

Note 1: The offset voltage and inverting input current can be adjusted with an external 10 k) pot between pins 1 and 5 with the
wiper connected to Vg (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: Vo = *10V.

Note 4: £4.5V < Vg < 118V.

Note 5: Full Power Bandwidth is guaranteed based on Slew Rate measurement. FPBW = SR/27Veqy.

00202 1d



EL2020C

Typical Performance Curves Non-Inverting Gain of One

Phase Shift vs
AycrL = +1 Gain vs Frequency Frequency
TTIT TTTT
+8 AycL=1 I ]I ;E“’”” a.wo | Avel = 1H
| RF=820 LUU R = 1k w . Rp = 820
X I T .90
g g
2 P———— - 0 Ry =1k
vout s 0 g L= 1'
I ALY
AL -4 Ry = 500 g -90 t—F
H Ry = 500 |
1] |
-8 - 180
= il I
1 10 100 1 10 100
FREQUENCY (MH2) FREQUENCY (MHz)
Rise Time and
Settling Time vs —3 dB Bandwidth vs Prop Delay vs
Output Swing Supply Voltage Temperature
T T 80 ——TT T T T 20 T
8 ‘ll% 0.‘%1_‘ |- AycL = +1, R = 100Q ” | Vg = +15,Vgyr = 0.5V -———]
P ] Lo 4 16 | AveL =1
g . v [ i ¢ t [ |
+ !: ! < ) - 11 |
.@ Vg =t 15V, z 60 25°C 2 12 R = 500
[ Ry = 40012, | [_125°C vy = L ri |
AyerL =1 S ! e tP
4 50 8 tp 1
|| —"
-4 L 5 tr T |
0.1% LTy 4 j— 7
-8 1% RL=1k i |
! 30 o LI 111
100 30 5 70 9 +5 10 +15 -5 0 50 100 150
SETTLING TIME (ns) SUPPLY VOLTAGE (V) TEMPERATURE (°C)
Slew Rate vs Slew Rate vs
Supply Voltage Temperature
1000 =TT T T 7T 1250 T T T T T 171
|- 400Q <SRy s 1k Aycp =11 Vg = + 15V, Ry = 4000 -1
1 e s NG
S [T NEGATIVE SWING s NEGATIVE SWING |
E 600 760
s 5
400 500 (—
o ﬁ POSITIVE SWING
200 POSITIVE SIWNG 250
] | |
T .
0 +5 118 -5 o0 50 100 150
SUPPLY VOLTAGE (V) TEMPERATURE (°C)
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EL2020C

50 MHz Current Feedback Amplifier

Typical Performance Curves — Contd. Inverting Gain of One

OUTPUT STEP (V)

+8

+4

Phase Shift vs
Gain vs Frequency Frequency
T L”” TTTT
+8 AvcL=-1 Tt & - 180 Rp=1k
Rf = Rg = 7500 Ry = k[T § HH
.4 HH—— g _270
o Ry = 400 | ] W T
L
v 4 I e Ry = 4000 _
ouT - -360 |-RL=
0 £ Ay =100 | V]
AL hd T 3 R =500
-4 R = 100_]/ g, - 450
L H—=1 —AyeL=-1
-9 1'[‘1‘-’1‘”] £ s [~ Re = Rg =7500]
1 10 100 1 10 100
FREQUENCY (MHz) FREQUENCY (MHz)
Rise Time and
Settling Time vs —3 dB Bandwidth vs Prop Delay vs
Output Swing Supply Voltage Temperature
. 55 20
T T T T 17 T T T T T T 171
1% 0.1% AycL =-1, R = 1000 - FVg=+18V,Voyr =t 0.5V —
§ 50 Ly
16 | AyeL=-1 tr
i 1 A gy
y Vg =+ 15V, — % ne 1 £ A=
. Ry = 4000, — -85°C i abdl
-~ Ayer = -1 —] 40
LE 8 =
i'\' R =1k tr
s 125°C 4
1% [ NJox 30 [ 0
28 75 128 175 225 6 10 £18 -% 0 50 100 180
SETTLING TIME (ns) SUPPLY VOLTAGE (V) TEMPERATURE (°C)
Slew Rate vs Slew Rate vs
Supply Voltage Temperature
1000 1280
2 mEmam
< 800 [~ POSITIVE sWiNG . 1000 POSITIVE SWING
2 | 2
[ I . L
W AT g NEGATIVE SWING :
g 400 LL g 800
200 T l 250 |- Vg =+ 15V, R = 4000
- 4000 <Ry < 1k Ay = -1 - AveL=-1
VI T N T T W | 0 T N W SO T N ¥
o t5 10 t15 -5 0 50 100 150
SUPPLY VOLTAGE (V) TEMPERATURE (°C)
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EL2020C

Typical Performance Curves — Contd. Non-Inverting Gain of Two

OUTPUT STEP (V)

+8

+4

Gain vs Frequency
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Typical Performance Curves — Contd. Non-Inverting Gain of Ten
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EL2020C

EL2020C

50 MH:z Current Feedback Amplifier

VOLTAGE NOISE nVWHz OUTPUT VOLTAGE (Vp-p)
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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 in-
verting input. The error signal of the EL2020 is a
current flowing into (or out of) the inverting in-
put. A very small change in current flowing
through the inverting input will cause a large
change in the output voltage. This current ampli-
fication is the transresistance (Rpp) of the
EL2020 [Vouyr = RoL * Iinvl. Since Rop is
very large (= 106), the current flowing into the
inverting input in the steady state (non-slewing)
condition 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 inputs is 0
Simplified Block Diagram of EL2020

~

-~
~
-~

OUTPUT BUFFER
WITH CURRENT LIMITING
y R3 vour -
(1+ RyRg) Vin

2020-10

Resistor Value Selection and
Optimization

The value of the feedback resistor (and an inter-
nal capacitor) sets the AC dynamics of the
EL2020. A nominal value for the feedback resis-
tor is 1 kQQ, which is the value used for produc-
tion testing. This value guarantees stability. For
a given gain, the bandwidth may be increased by
decreasing the feedback resistor and, conversely,
the bandwidth will be decreased by increasing
the feedback resistor.

Reducing the feedback resistor too much will re-
sult in overshoot and ringing, and eventually os-
cillations. Increasing the feedback resistor results

in a lower —3 dB frequency. Attenuation at high
frequency is limited by a zero in the closed loop
transfer function which results from stray capaci-
tance between the inverting input and ground.

Power Supplies

The EL2020 may be operated with single or split
power supplies as low as 13V (6V total) to as
high as + 18V (36V total). The slew rate degrades
significantly for supply voltages less than 5V
(10V total), but the bandwidth only changes 25%
for supplies from *3V to *18V. It is not neces-
sary to use equal value split power supplies, i.e.,
—5V and + 12V would be excellent for 0V to 1V
video signals. Bypass capacitors from each sup-
ply pin to a ground plane are recommended. The
EL2020 will not oscillate even with minimal by-
passing, however, the supply will ring excessively
with inadequate capacitance. To eliminate supply
ringing and the errors it might cause, a 4.7 pF
tantalum capacitor with short leads is recom-
mended for both supplies. Inadequate supply by-
passing can also result in lower slew rate and
longer settling times.

Non-Inverting Amplifier
mg L it
1
Rg _______
L
= Vout
ViN
Rioan
I Vour-(' ,ﬂ>vm =
= v R
2020-11
EL2020 Typical Non-Inverting
Amplifier Characteristics
10V
Ay | Rp | Rg | Bandwidth | Settling Time
1% 0.1%
+1 8208 | None 50 MHz 50 ns 90 ns

+2 | 750Q | 75090 50 MHz 50ns | 100ns
+5 | 6800 | 1700 50 MHz 50ns | 200ns
+10 | 68002 | 760 30 MHz 55ns | 280ns

00202 TH
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EL2020C

50 MHz Current Feedback Amplifier

Application Information — Contd.
Summing Amplifier

Vol
v
+ 22

Vo = —Ry("‘—i

R1 R2
AL

2020-12

EL2020 Typical Inverting

Amplifier Characteristics

10V
Ay Rr | Ry, Rg | Bandwidth | Settling Time
1% 0.1%
-1 7509 7502 40 MHz 50 ns 130 ns
-2 75000 3750 40 MHz 55 ns 160 ns
-5 68002 130Q 40 MHz 55 ns 160 ns
—10 | 6800 | 68Q 30 MHz 70ns | 170ns
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 char-
acteristics change very little with output loading,
even when the amplifier is in current limit.

The input charactersitics also change when the
input voltage exceeds either supply by 0.5V. This
happens because the input transistor’s base-col-
lector junctions forward bias. If the input exceeds
the supply by LESS than 0.5V and then returns
to the normal input range, the output will recov-
er in less than 10 ns. However if the input ex-
ceeds the supply by MORE than 0.5V, the recov-
ery time can be 100’s of nanoseconds. For this
reason it is recommended that Schottky diode
clamps from input to supply be used if a fast re-
covery from large input overloads is required.
Source Impedance

The EL2020 is fairly tolerant of variations in
source impedances. Capacitive sources cause no
problems at all, resistive sources up to 100 kQ
present no problems as long as care is used in
board layout to minimize output to input cou-

pling. Inductive sources may cause oscillations; a
1 kQ resistor in series with the input lead will
usually eliminate problems without sacrificing
too much speed.

Current Limit

The EL2020 has internal current limits that pro-
tect the output transistors. The current limit
goes down with junction temperature rise. At a
junction temperature of +175°C the current lim-
its are at about 50 mA. If the EL2020 output is
shorted to ground when operating on * 15V sup-
plies, 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 50 ns.

Using the 2020 with Output Buffers

When more output current is required, a wide-
band buffer amplifier can be included in the feed-
back 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 even
more output current, several buffers can be paral-
leled.

EL2020 Buffered with an EL2004

2020-13

Capacitive Loads

The EL2020 is like most high speed feedback am-
plifiers in that it does not like capacitive loads
between 50 pF and 1000 pF. The output resist-
ance works with the capacitive load to form a

cammea 4
scCcona

non-dominate pole in the loop. This re-
sults in excessive peaking and overshoot and can
lead to oscillations. Standard resistive isolation
techniques used with other op amps work well to

isolate capacitive loads from the EL2020.




EL2020C

50 MHz Current Feedback Amplifier

Application Information — Contd.

Offset Adjust
To caiculate the amplifier system offset voitage
from input to output we use the equation:

Output Offset Voltage = Vpog (Rp/Rg+1) *
Ipias (Rp)

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

Compensation

The EL2020 is internally compensated to work
with external feedback resistors for optimum
bandwidth over a wide range of closed loop gain.
The part is designed for a nominal 1 k) of feed-
back resistance, although it is possible to get
more bandwidth by decreasing the feedback re-
sistance.

The EL2020 becomes less stable by adding ca-
pacitance in parallel with the feedback resistor,
so feedback capacitance 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 ap-
proaches the theoritical response than with con-
ventional op amps due to the EL2020’s smaller
propagation delay. Because the internal compen-
sation 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 30 mA of output drive and
low output impedance, driving one to three 750
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 way
to 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 systems, both RS-170 (NTSC) and faster.
It is capable of driving 3 double terminated 75Q
cables with distortion levels acceptable to broad-
casters. A common video application is to drive a
759 double terminated coax with a gain of 2.

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 75() attenuator between each
stage) to increase the errors.

The results, shown in the photos, indicate the en-
tire system of 5 gain-of-two stages has a differen-
tial 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 Differential Gain
of 5 Cascaded of 5 Cascaded
Gain-Of-Two Stages Gain-Of-Two Stages

2020-14
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Application Information — Contd.

Video Distribution Amplifier

The distribution amplifier shown below features
a difference input to reject common mode signals
on the 75 coax cable input. Common mode re-
jection is often necessary to help to eliminate

60 Hz noise found in production environments.

Video Distribution Amplifier
with Difference Input

ISOLATED GROUND
FOR GOOD CMRR

BNC

OUTPUT CABLES

\

7501 CABLE
LOOPTHROUGH INPUT
FOR IMPEDANCE MATCH
(TERMINATE LAST INPUT)

§ 3
7, 33738
SR §

2020-15

EL2020 Disable/Enable Operation

The EL2020 has an enable/disable control input
at pin 8. The device is enabled and operates nor-
mally when pin 8 is left open or returned to pin 7,
Vce. When more than 250 pA 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 sup-
ply current is halved. To make it easy to use this
feature, there is an internal resistor to limit the
current to a safe level (~ 1.1 mA) 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 shifting the logic signal from
5V supplies to whatever supply the EL2020 is op-
erating on without any additional components.

Using the EL2020 as a Multiplexer

An interesting use of the enable feature is to com-
bine several amplifiers in parallel with their out-

puts common. This combination then acts simi-
lar to a MUX in front of an amnlifier. A tvnical

a U A 1D ITOoNT O an ampaifier. A ypicaz

circuit is shown.

When the EL2020 is disabled, the DC output im-
pedance is very high, over 10 k). However there
is also an output capacitance that is non-linear.
For signals of less than 5V peak to peak, the out-
put capacitance looks like a simple 15 pF capaci-
tor. However, for larger signals the output capac-
itance becomes much larger and non-linear.

The example multiplexer will switch between
amplifiers in 5 us for signals of less than 2V on
the outputs. For full output signals of 20V peak
to peak, the selection time becomes 25 us. The
disabled outputs also present a capacitive load
and therefore only three amplifiers can have their
outputs shorted together. However an unlimited
number can sum together if a small resistor
(25Q) 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.

Using the EL2020 as a Multiplexer

=
E
ANALOG BUS

ViNo

COLLECTOR

(SCOPE SYNC HERE) = INPUT)
TP1 1 +15V
78LS16 %‘LSOS 3 )(Aa.fkﬂ an )
CLOCK ’ "A'Af - A'."

W

2020-16
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' 50 MHz Current Feedback An

Burn-In Circuit

I Vs
> P
Ry o

B RS
V-»
18V 4]
Cz
22¥ o 07
X R:
- #FI 2
° T k0

2020-17
Pin numbers are for DIP Packages.
All Packages Use the Same Schematic.

Equivalent Circuit

BAL BAL

V+ . .

L

S

2 T,
Q4 Q2
DRSABLE Qs
N+ o—
Q10
°u>-l
$
R7$

V2
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EL2020C

50 MHz Current Feedback Amplifier

* Revision A. March 1992

* Connections: +input
. |

y .
' I
' L
. | |
.subckt M2020 3 2

*

* Input Stage
*
e1100301.0
vis 109 OV
h2912 vxx 1.0
rl1 21150
1111 12 29nH
iinp 3 0 10nA
iinm 2 0 5uA

*

* Slew Rate Limiting
*

h1 13 0 vis 600
r213141K

d1 14 0 dclamp

d2 0 14 dclamp

*

* High Frequency Pole

*

*€2 300 14 0 0.00166666666
153017 1.5pH

¢5170 1pF

r517 0 500

*

* Transimpedance Stage
*

g10181701.0

rol 18 0 1Meg

cdp 18 0 5pF

*

* Output Stage
*

ql41819qp
q271820qgn
q371921qn
q442022qp
72164
r82264

EL2020 Macromodel

* Enhancements include PSRR, CMRR, and Slew Rate Limiting

+ Vsupply

| — Vsupply

| | output
I

7 4 6




\ EL2020
50 MHz Current Feedback Amplifier |
—

EL2020 Macromodel — Contd.

ios1 7 19 2.5mA
i0s2 20 4 2.5mA

* Supply

*

ips 74 3mA
*

* Error Terms
L

ivos 0 23 5mA
vxx 2300V
e4240601.0
e5250701.0
e6260401.0
r92423 1K
r10 2523 1K
r1126 23 1K

* Models

.

.model gn npn (is = 5e¢ — 15 bf =100 tf =0.2nS)

.model qp pnp (is=5e — 15 bf =100 tf = 0.2nS)

.model dclamp d(is= le —30 ibv=0.266 bv=1.67 n=4)
.ends

1-23
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EL2020C

50 MHz Current Feedback Amplifier

EL2020 Macromodel

in+ Al’“
3 * ot vis| ! h te
iinp 1 d2 d1

r9 24
AAA.
o? —> 6
r10 25
N — ’5+—-b7
- -4
11 26
o6t 1> 4
H -
0
—
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Features

¢ —3dB bandwidth = 120 MHz,
Ay =1

¢ —3dBbandwidth = 110 MHz,
Ay = 2

* 0.01% differential gain and
0.01° differential phase (NTSC,
PAL)

® 0.05% differential gain and
0.02° differential phase (HDTV)

¢ Slew rate 2000 V/us

® 65 mA output current

® Drives 10V into 200} load

® Characterized at £5V and £15V
¢ Low voltage noise

¢ Current mode feedback

® Settling time of 40 ns to 0.25%
for a 10V step

¢ Output short circuit protected
® Low cost

Applications

® Video gain block

¢ Video distribution amplifier
e HDTV amplifier

¢ Residue amplifiers in ADC
e Current to voltage converter
¢ Coax cable driver

Ordering Information

Part No.  Temp. Range Package  Outline#

EL2030CN 0°Cto +75°C__ 8-Pin P-DIP _ MDP0031

EL2030CM 0°Cto +75°C_ 20-Lead SOL  MDP0027

General Description

The EL2030 is a very fast, wide bandwidth amplifier optimized
for gains between —10 and + 10. Built using the Elantec mono-
lithic Complementary Bipolar process, this amplifier uses cur-
rent mode feedback to achieve more bandwidth at a given gain
than a conventional voltage feedback operational amplifier.

Due to its wide operating supply range (+15V) and extremely
high slew rate of 2000 V/us, the EL2030 drives 10V into 2002
at a frequency of 30 MHz, while achieving 110 MHz of small
signal bandwidth at Ay = + 2. This bandwidth is still 95 MHz
for a gain of +10. On *5V supplies the amplifier maintains a
90 MHz bandwidth for Ay = +2. When used as a unity gain
buffer, the EL2030 has a 120 MHz bandwidth with the gain
precision and low distortion of closed loop buffers.

The EL2030 features extremely low differential gain and phase,
a low noise topology that reduces noise by a factor of 2 over
competing amplifiers, and settling time of 40 ns to 0.25% for a
10V step. The output is short circuit protected. In addition, da-
tasheet limits are guaranteed for + 5V and * 15V supplies.

Elantec’s products and facilities comply with applicable quality
specifications. See Elantec document, QRA-1: Processing,
Monolithic Integrated Circuits.

Connection Diagrams

Mini DIP SOL
'] a nc[i e ] Nc
n-> 7] ve ne 3] ] v
we[3] [¢] our uc[z: 1a] N
v- [4] [*] AN ¥ 7] v
- "o 'TEDLE“
Top View .mE.:J %) our
'“:EI E]NC
V—E: i3] nc
we [, ] ne
ne [i0] | ) ne
2030-3
Top View

Note: Non-designated pins are no connects
and are not electrically connected internally.

1-256
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EL2030C

120 MHz Current Feedback Amplifier

Absolute Maximum Ratings (r, = 25°c)

Vs Supply Voltage +18V or 36V Ty Operating Junction Temperature

Vin Input Voltage +15Vor Vg Plastic Packages 150°C

AViy Differential Input Voltage t6V Tst Storage Temperature —65°C to +150°C

Pp Maximum Power Dissipation See Curves Lead Temperature

Iy  Input Current +10 mA DIP Package 300°C

Iop Peak Output Current Short Circuit Protected (Soldering: <5 seconds—CN;

Output Short Circuit Duration Continuous <10 seconds—])
(Note 1) SOL Package

Ta Operating Temperature Range 0°C to +75°C Vapor Phase (60 seconds) 215°C
Infrared (15 seconds) 220°C

Important Note:

All parameters having M/Muwnmmmmu@mmwmw&mmmmmmmm
rmed during production and WW&WWMWNWWM%W;WW
oquipment, specifically the LTX77 Series system. Unless otherwise noted, all tests are pulsed tests, therefore Ty=To=T,.

Test Procedure

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

QA sample tested per QA test plan QCX0002.

Open Loop DC Electrical Characteristics vs = z15v,r, =

100% production tested at T4, = ZS’QMQAMW:&TA = ZS‘C
Tamax and Ty per QA test plan QCX0002. = )

Parameter is :uaranteed(butuottemd) byD;si@nandChmﬁmDau,
Parameter is typical value at T4 = 25°C for information purposes only.

2001}, unless otherwise specified

Parameter Description Condition Temp Min | Typ | Max
Vos Input Offset Voltage Vg = 15V 25°C 10 20
Tmin, TMAX 30
Vg = £5V 25°C 5 10
Tmin, TMAX 15
AVpg/AT Offset Voltage Drift 25
+IIn + Input Current Vg = %5V, £15V 25°C 5 15
TMmIN, TMAX 25
—-IIN —Input Current Vg = 5V, £15V 25°C 10 40
Twmin, Tmax 50
+RIN + Input Resistance Full 1.1 2.0
CIN Input Capacitance 25°C 1
= %+
—ICMR Input Current Common 25°C 5 10
Mode Rejection (Note 2) Tmin, Tmax 20
PSRR ;r;:\iv;r(;\g;:l;) Rejection Full 60 70
+IPSR + Input Current Power 25°C 0.1 0.5
Supply Rejection (Note 3) TMmIN, TMAX 1.0
—IPSR —Input Current Power 25°C 0.5 5.0
Supply Rejection (Note 3) Twmin: TMAX 8.0

1-26




EL2030C

120 MHz Current Feedback Amplifier

Open Loop DC Electrical Characteristics

Vs = 15V, Ry, = 20052, unless otherwise specified — Contd.

Boo N oari s P o ars e Test Level | .. ..
Parameter Description Condition Temp in | Typ | Max Uni
EL2030C
RoL Transimpedance Vg = 15V 25°C 88 150 11 V/mA
(aVour/A(~I1n)) Taan, T 75 m V/mA
Vour = *10V MINs Tmax
Vour = 2.5V Vg = 15V 25°C 80 120 I V/mA
(Note 6) TwmIN: TMAX 70 m V/mA
AvyoL Open Loop DC Vg = $15V
Voltage Gain Full 60 70 n dB
VOUT = 110V
Vour = 2.5V Vg = 15V
(Note 6) Full 56 65 I dB
Vo Output Voltage Swing Vg = 15V Full 12 13 44 v
(Note 6) Vg = *5V Full 3 3.5 I v
Iout Output Current Vg = *15V Full 60 65 n mA
(Note 9) Vg = *5V Full 30 35 n mA
Rout Output Resistance 25°C 5 v Q
Is Quiescent Supply Current Full 15 21 ¢ mA
Isc Short Circuit Current 25°C 85 v mA
Closed Loop AC Electrical Characteristics
Vg = 115V, Ay = +2,Rp = 82000, Rg = 8200 and Ry, = 200Q2
Parameter Description Condition Temp Min | Typ | Max m Units
EL2030C
SR Slew Rate (Note 7) 25°C 1200 2000 v V/us
FPBW Full Power Bandwidth 25°C 19 318 v MHz
(Note 4) .
tr, tg Rise Time. Fall Time Vpp = 250mV | 25°C 3 v ns
ts Settling Time to 0.25% o
for 10V step (Note 5) 5C 40 v ns
AG Differential Gain (Note 8) 25°C 0.01 v % p-p
Ad Differential Phase o o
Note ) 25°C 0.01 v p-p
eN Input Spot Noise at 1 kHz o
Rg = 101; Rp = 909 25°C 4 v nV/VHz

Note 2: Ve = £10V for Vg = 115V, For Vg = 15V, Vo = +2.5V.

September 19, 1985. Available from the factory upon request.
Note 6: Ry, = 100Q.
Note 7: Vg = 110V, tested at Vg = 15. See test circuit.
Note 8: NTSC (3.58 MHz) and PAL (4.43 MHz).
Note 9: For Vg = +15V, Voyr = +10V. For Vg 15V, Voyr = 12.5V.

Note 1: A heat sink is required to keep the junction temperature below absolute maximum when the output is shorted.

Note 3: Vog is measured at Vg = 4.5V and at Vg = 118V. Both supplies are changed simultaneously.
Note 4: Full Power Bandwidth is specified based on Slew Rate measurement FPBW = SR/27Vp.
Note 5: Settling Time measurement techniques are shown in: “Take The Guesswork Out of Settling Time Measurements”, EDN,

D002 TH
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120 MB: Current Feedback .

DIFFERENTIAL GAIN & PHASE (%,°)

DIFFERENTIAL GAIN & PHASE (%,°)

Typical Performance Curves

TEK1900
VIDEO
GEN.

VM700
VIDEO
TEST

2030-5

Figure 1. NTSC Video Differential Gain and Phase Test Set-Up
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120 MHz Current Feedback Ampl;ﬁer

- EL2030C

Typical Performance Curves — Contd.

A
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0sc R
1500
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Figure 2. HDTV and Wideband Video Differential Gain and Phase Test Set-Up
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EL203OC

120 Mﬂz Current Feedback Amplifier L
Typical Performance Curves — Contd.
Risetime and Overshoot vs Ry Bandwidth and Peaking vs —3 dB Bandwidth vs
for Ay = +2 Rp for Ay = +2 Supply Voltage
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Typical Performance Curves — Contd.

Output Settling Error vs Input Offset Voltage vs

Time, Vg = 15V Temperature
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rrent

Typical Performance Curves — Contd.

INPUT NOISE VOLTAGE (NV/V Hz)
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Large Signal Response

Ay = +1,Rp = 1kQ, 2030-12
20000, Vg = *15V

Ry =

Large Signal Response

ov

ov

s 1 1006
—— p—

Ay = +10,Rp = 750, Rg = 820},  20-14
RL = 2000, Vg = +15V

Burn-In Circuit

~V=-15V

2030-16

ALL PACKAGES USE THE SAME SCHEMATIC.

Typical Performance Curves — Contd.

Large Signal Response

Ay =

= +2,Rp = Rg = 820, 2030-13
Ry = 200, Vg = £15V
Large Signal Response
v, ov
Vour ov

Ay = +2,Rfp = Rg = 7509, 2030-15
Rp = 2000, Vg = t15V

Test Circuit

2030-17
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EL2030C

EL2030C

120 MH? Current Feedback Amplifie

Application Information

Product Description

The EL2030 is a current mode feedback amplifier
similar to the industry standard ELZ2020, but
with greatly improved AC characteristics. Most
significant among these are the extremely wide
bandwidth and very low differential gain and
phase. In addition, the EL2030 is fully character-
ized and tested at =5V and 15V supplies.

Power Supply Bypassing/Lead Dressing
It is important to bypass the power supplies of
the EL2030 with 0.1 uF ceramic disc capacitors.
Although the lead length is not critical, it should
not be more the Y, inch from the IC pins. Failure
to do this will result in oscillation, and possible
destruction of the part. Another important detail
is the lead length of the inputs. The inputs
should be designed with minimum stray capaci-
tance and short lead lengths to avoid ringing and
distortion.

Latch Mode

The EL2030 can be damaged in certain circum-
stances resulting in catastrophic failure in which
destructive supply currents flow in the device.
Specifically, an input signal greater than =5
volts at currents greater than 5 mA is applied to
the device when the power supply voltages are
zero will result in failure of the device.

In addition, the EL2030 will be destroyed or
damaged in the same way for momentary power
supply voltage reversals. This could happen, for
example, during a power turn on transient, or if
the power supply voltages were oscillating and
the positive rail were instantaneously negative
with respect to the negative rail or vice versa.

Differential Gain and Differential Phase
Composite video signals contain intensity, color,
hue, timing and audio information in AM, FM,
and Phase Modulation. These video signais pass
through many stages during their production,
processing, archiving and transmission. It is im-
portant that each stage not corrupt these signals
to provide a “high fidelity” image to the end
viewer.

An industry standard way of measuring the dis-
tortion of a video component (or system) is to
measure the amount of differential gain and
phase error it introduces. A 100 mV peak to peak
sine wave at 3.58 MHz for NTSC (4.3 MHz for
PAL), with 0V DC component serves as the refer-
ence. The reference signal is added to a DC offset,
shifting the sine wave from 0V to 0.7V which is
then applied to the device under test (DUT). The
output signal from the DUT is compared to the
reference signal. The Differential Gain is a mea-
sure of the change in amplitude of the sine wave
and is measured in percent. The Differential
Phase is a measure of the change in the phase of
the sine wave and is measured in degrees. Typi-
cally, the maximum positive and negative devia-
tions are summed to give peak differential gain
and differential phase errors. The test setup in
Figure 1 was used to characterize the EL2030.
For higher than NTSC and PAL frequencies, an
alternate Differential Gain and Phase measure-
ment can be made using an HP3577A Network
Analyser and the setup shown in Figure 2. The
frequency response is normalized to gain or phase
with OV DC at the input. From the normalized
value a DC offset voltage is introduced and the
Differential Gain or Phase is the deviation from
the normalized value.

Video Applications

The video signals that must be transmitted for
modest distances are usually amplified by a de-
vice such as the EL2030 and carried via coax ca-
ble. There are at least two ways to drive cables,
single terminated and double terminated.

When driving a cable, it is important to termi-
nate it properly to avoid unwanted signal reflec-
tions. Single termination (75() to ground at re-
ceive end) may be sufficient for less demanding
applications. In general, a double terminated ca-
ble (75%) in series at drive end and 75() to ground
at receive end) is preferred since the impedance
match at both ends of the line will absorb signal
reflections. However, when double termination is
used (a total impedance of 150()), the received
signal is reduced by half; therefore, the amplifier
is usually set at a gain of 2 or higher to compen-
sate for attenuation.




Video Applications — Contd.

Video signals are 1V peak-peak in amplitude,
from sync tip to peak white. There are 100 IRE
(0.714V) of picture (from black to peak white of
the transmitted signal) and 40 IRE (0.286V) of
sync in a composite video signal (140 IRE = 1V).

For video applications where a gain of two is
used (double termination), the output of the vid-
eo amplifier will be a maximum of 2V peak-peak.
With £5V power supply, the EL2030 output
swing of 3.5V is sufficient to satisfy the video
output swing requirements. The EL2030 can
drive two double terminated coax cables under
these conditions. With 15V supplies, driving
four double terminated cables is feasible.

Although the EL2030’s video characteristics (dif-

ferential gain and phase) are impressive with
15V supplies at NTSC and PAL frequencies, it

Equivalent Circuit

can be optimized when the supplies are increased
to 15V, especially at 30 MHz HDTV applica-
tions. This is primarily due to a reduction in in-
ternal parasitic junction capacitance with in-
creased power supply voltage.

The following table summarizes the behavior of
the EL2030 at £5V and 15V for NTSC. In ad-
dition, 30 MHz HDTYV data is included. Refer to
the differential gain and phase typical perform-
ance curves for more data.

+Vg|Rload|Ay| AGain| APhase Comments
15V | 750 | 10.02% | 0.03° |Single terminated
15V | 150Q | 1 | 0.02% | 0.02° |Double terminated |
5V | 15002 | 1 |0.05% | 0.02° |Double terminated
15V | 750 | 2 | 0.02% | 0.08° [Single terminated
15V | 1502 | 2 | 0.01% | 0.02° |Double terminated
5V | 150Q | 2 { 0.03% | 0.09° |Double terminated
15V | 15002 | 2 | 0.05% | 0.02° |HDTYV, Double terminated

V+ O 7
Ry éa, Ry
Q
3 Q] Q
Q, ..l< Q,
Qg
IN+ ——O OuT
Qq
Qyy N
O IN-
Q5| Q| Qy7
L L
Ry %“9 %“10
V- O —& * + ———o

2030-18
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EL2030C

EL2030 Macromodel

* Revision A. March 1992

* Enhancements include PSRR, CMRR, and Slew Rate Limiting

* Connections: +input
* |

. [
* I
y I
* l
.subckt M2030 3 2

*

* Input Stage
*
e1100301.0
vis 109 0V
h2912vxx 1.0
r121150
1111 12 48nH
iinp 30 5pA
iinm 2 0 10pA
r12 3 0 2Meg
*

* Slew Rate Limiting
*

h1 13 0 vis 600
r21314 1K

d1 14 0 dclamp

d2 0 14 dclamp

*

* High Frequency Pole

*

*€2 300 14 0 0.00166666666
1330 17 0.5uH

c5170 1pF

r517 0 500

*

* Transimpedance Stage
*

g10181701.0

rol 18 0 150K

cdp 18 0 2.8pF

*

* Output Stage
*

ql41819qp
q271820qgn
q371921qn
q442022qp
172164
182264

+ Vsupply

I — Vsupply

| | output
L

7 4 6

1-36




120 MHz Current Feedback Am

EL2030 Macromodel — Contd.

iosl 719 2.5mA
ios2 20 4 2.5mA

* Supply Current

*

ips 74 9mA
*

* Error Terms
*

ivos 0 23 5SmA
vxx 2300V
e42431.0
e5250701.0
€6260401.0
r9 24 23 3K
r10 25 23 1K
r112623 1K

*

* Models

*

.model qn npn (is= 5¢ — 15 bf =100 tf=0.1nS)

.model gp pnp (is= 5e¢ —15 bf =100 tf =0.1nS)

.model dclamp d(is=1le—30 ibv=0.266 bv=3.7n=4)
.ends

1-37
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EL2030C

“EL2030C

120 MHz Current Feedback Amplifier

EL2030 Macromodel — Contd.

in+ 13 r2 14
; : e Vg 1)
el vis h1 e l"
iinp 4 d2 d1 c5 ::rS
k| T
23

h2 VXX r9 24
r :: ivos WW
r
in- PRI
2 11
10 25
VW o5t > 7
-}
1" 26
A > 4
-1
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EL2038C

1 GHz Operational Amplifier

Features

* Wide gain-bandwidth—1 GHz

* High slew rate—1000 V/us

* High power bandwidth—16 MHz
* Low offset voltage—0.5 mV

¢ Low supply current—13 mA

e Standard * 15V op amp supplies

® Large Open Loop Gain—15 kV/V
(83dB)

* MIL-STD-883 Rev. C Compliant
® Output voltage swing 11V

Applications

® Pulse and Video amplifiers

® Wideband amplifiers

* High speed sample-hold circuits
® Local area Networks

Ordering Information

Temp. Range Pkg. Outline#
0°Cto +75°C P-DIP MDP0031

Part No.
EL2038CN

General Description

The EL2038 monolithic operational amplifier offers a 1 GHz
gain-bandwidth and 1000 V/us slew rate with excellent DC ac-
curacy. The EL2038 is 67% faster than the HA2539 but with a
typical power reduction of 35%. This patented amplifier is sta-
ble when driving capacitive loads and is well behaved when the
output is overdriven. The EL2038 is compensated for closed
loop gains >20. The EL2038 is fabricated with Elantec’s Com-
plementary Bipolar process, and is zener zap trimmed for low
offset voltage.

Elantec’s high speed amplifiers are widely used in military, vid-
eo and medical applications. The EL2038 is especially well-suit-
ed for high speed video amplifiers, pulse detectors and wide
bandwidth filters.

Elantec’s facilities comply with MIL-I-45208A, and other appli-
cable quality specifications. For information on Elantec’s pro-
cessing, see the Elantec document, QRA-1: Elantec’s Process-
ing—Monolithic Products.

Connection Diagram

+IN

EL2038CN
\J

13]
12]
1]
[10]+ v
o]

8] output

[miciciciciolic

2038-2

Top View

Note: Non-designated pins are no connects and are not electrically connected internally.

Manufactured under U.S. Patent No. 4,837,523
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EL2038C

Absolute Maximum Ratings (t, = 25°c)

Voltage between V+ and V— 35V Operating Temperature Range 0°C to +75°C

Differential Input Voltage 6V Operating Junction Temperature 150°C

Output Current 50 mA (Peak) Lead Temperature (Soldering, 5 seconds) 300°C
30 mA (Continuous) Storage Temperature Range —65°C to +150°C

Internal Power Dissipation See Curves

Important Note:

MW&WWMWWW%&MW&WWMMMWM

'WdMMMonMWQWWWMWMWWWWMM

equipment, specifically the LTX71 Series system. Unless otlmwiu noted, all tests are pubed tests, therefore TJaTch,&.

Test Level Test Prooedm-o
1 100% production tested and QA :ampte tmd per QA test plan choooz
nm 1oo%mmmmnn=zmmoamkwam 25°C,
’ © . Tyax and Taon per QA test plan QCX0002. :
m QA sample tested per QA test plan QCX0002.
v Parameter is guaranteed (but not tested) by Design and Characterization Data.
v Parameter is typical value at To = 25°C for information purposes only.

DC Electrical Characteristics Vg = +15V, R, = 1 kQ; unless otherwise specified

Parameter Description Temp Min Typ Max | ;ﬁl ’ Units
Vos Offset Voltage +25°C 0.5 2 L mV
Full 6 mV
TCVos Average Offset Voltage Drift Full 20 uv/eC
Ig Bias Current +25°C 5 15 HA
Full 20 HA
Ios Offset Current +25°C 1 4 , HA
Full 6 pA
RIN Input Resistance +25°C 10 v kQ
CIN Input Capacitance +25°C 1 . : pF
Vem Common Mode Input Range Full +11 +12 . II . \%
IN :;‘i“tl l:::e ;’th:gg o +25°C 6 | v nV/Hz
AvoL Large Signal Voltage Gain +25°C 10k 15k I v/V
(Notes 1,2) Full sk m v/vV
CMRR (Cl\c;:::n;n-Mode Rejection Ratio Full 60 90 : I dB
Vo Output Voltage Swing (Note 1) Full +11 +12 11 v

1-40




DC Electrical Characteristics Vg = %15V, Ry, = 1kQ; unless otherwise specified — Contd.

Parameter Description Temp Min Typ Max I.'!:::l Units
Io Output Current (Note 13) Full +25 150 i mA
Ro Output Resistance +25°C 30 v 1)
Is Supply Current Full 13 17 1 mA
PSRR Power Supply Rejection Ratio (Note 8) Full 60 85 i n ' dB
AC Electrical Characteristics Vg = t15V, RL = 1k{, unless otherwise specified (Note 14)
. Test
Parameter Description Temp Min Typ Max L sel Units
GBW Gain-Bandwidth Product (Notes 4, 5) +25°C 0.875 1.1 o GHz
FPBW Full Power Bandwidth (Notes 1, 2, 6) +25°C 13.5 16 L m MH:z
tr Rise Time (Notes 7, 9) +25°C 4 5 1 ns
(o} Overshoot (Notes 7, 10) +25°C 30 40 m %
SR ) Slew Rate (Note 7) +25°C 750 1000 1 V/us
tg Settling Time (Notes 11, 12)
+25°
10V Step to 0.1% 25°c 100 ne
Note 1: Ry, = 1k, Cp, < 10 pF.
Note 2: Vo = £ 10V.
Note 3: Two tests are performed, Ve = OV to +10V and Vg = 0V to —10V.
Note 4: Vo = 90 mV.
Note 5: Ay = 20.
X X Slew rate
Note 6: Full Power Bandwidth guaranteed based on slew rate measurement using: FPBW = ;rv—-—
peak
Note 7: Refer to Test Circuits section of data sheet.
Note 8: Two tests are performed, V+ = +15V, and V— is changed from —5V to —15V. V— = —15V, and V+ is changed from

+5V to +15V.

Note 9: Risetime measurement of 25% to 75% with Voyr = 200 mV.

Note 10: AVg = 200 mV.

Note 11: Settling time measurements are made with techniques in the following reference: “Take The Guesswork Out of Settling-
Time Measurements,” EDN, September 19, 1985.

Note 12: Ay = —20, R, = 1k.

Note 13: Ry, = 200.

Note 14: 100% AC tested commercial parts available. Consult factory.

1-41
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EL2038C

1 GHz Operational Amplifier

Typical Performance Curves

Input Offset Voltage
vs Supply Voltage
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1 GHz Operational Amplifier
Typical Performance Curves — Contd.
Output Voltage Swing Open Loop Voltage Gain
vs Frequency vs Frequency
a ! I u% 80 I II
& 28— =t Rl I
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EL2038C

Typical Performance Curves — Contd.

Input Noise Voltage

vs Frequency

g 40| —{{Rg=00 |
: i il
§ >
< L]
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] N
z

)

10 100 1k 10k 100k

FREQUENCY (Hz)
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|
H
w
<
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11
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Simplified Schematic

Burn-In Circuit

V+ =15V

500 10k
V- =-156V
2038-9

Pin numbers are for 14-Lead CerDIP. All packages use the
same schematic.

Test Circuit

+V

— Tr_. +V
% *
P
Offset —_
Zener Zap z 3 ]
L N
8 (+) Input [ -V
Vour
+V
(=) Input
— B
Offset s ~
Zener Zap ¥ J
\\ / L L
¥
T 5 5 =
=z =z
. -V
2038-8

A V= 20
C - 10pF Scope Probe

2038-10
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EL2038C

EL2038C |
1 GHz Operational Amplifier ...
-_—

EL2038 Macromodel

* Connections: +input
*
*
*
*

*

.subckt M2038

* Input Stage

ie 37 8 2mA

r6 36 37 65

r7 3837 65
rc1103075
rc2103975
ql130136qn

q2 39 14 38 gna
ediff 33 0 39 30 7.25
rdiff 33 0 1Meg
* Compensation Section

ga0343305.2m

rh 34 0.525Meg

ch 34 0 0.5pF

rc 34 40 600

cc 40 0 4pF

* Poles

ep4104001

rpa414275

cpa 420 17pF

rpb 42 43 50

cpb 43 0 10pF

* Output Stage

ios1 10 50 1.25mA

ios2 513 1.25mA

q3 34350qp

q4 1043 51 gn

q5 1050 52 gqn

q6 3 51 53 qp

rosl 52 8 25

ros2 8 53 25

* Power Supply Current

ips 10 3 9.2mA

* Models

.model qn npn(is = 800.0E — 18 bf = 200 tf=0.2nS)
.model gna npn(is = 864E — 18 bf =250 tf = 0.2nS)
.model qp pnp(is = 800E — 18 bf =60 tf=0.2nS)
.ends

- — —— — — —
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1 GHz Operational Amplifier

EL2038C

08€021H

lOchc

Sret
»rc <
S S

rc2

EL2038 Macromodel — Contd.

odift

>
> rdiff
>

AAA

L

34

[

cpb

——)—

10 Q Vec
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EL2039C/EL2040C

November 1993 Rev D

Features

* Low offset voltage—0.5 mV typ.,
2 mV max

¢ Low supply current—13 mA typ.,
17 mA max

¢ High slew rate—
EL2039—600 V/us
EL2040—400 V/us

¢ Large open loop gain—15 kV/V
(83dB)

* Wide gain-bandwidth—
EL2039—600 MHz
EL2040—400 MHz

* High power bandwidth—
EL2039—9.5 MHz
EL2040—6.3 MHz

® Output voltage swing— 11V
* MIL-STD-883 Rev. C compliant

¢ Improved replacements for
HA2539 and HA2540

Applications

¢ Pulse and video amplifiers

® Wideband amplifiers

* High speed sample-hold circuits
® Local area networks

Ordering Information

Part No. Temp. Range Package Outline #
EL2039CN 0°C to +75°C 14-Pin P-DIP MDP0031
EL2040CN 0°Cto +75°C 14-Pin P-DIP MDP0031

General Descrip
The EL2039 and EL2040 mqnolit
pin compatlble w1th the HA2339

m

are well behaved when the output is o
are compensated for closed loop gains >
fastest of the series with a 600 V/us slew
gain-bandwidth product. The EL2040 has a 40
and 400 MHz gain-bandwidth product. The

eo and medical applications. They are especially suited for hig
speed video amplifiers, pulse detectors, and wide bandwidth fil-
ters.

Elantec’s EL2039C and EL2040C comply with MIL-I-45208A
and other applicable quality specifications. For information on
Elantec’s processing, see the Elantec document, QRA-1: Elan-
tec’s Processing—Monolithic Products.

Connection Diagrams

EL2039 DIP EL2040 DIP
“n 1] [14] -IN 0 1]
] | [] 3]
—v[3] v 2] ] [
o o WO o
B 0] v +IN E%E ouTPUT
o a v [} 5]
B [5] outpur ] ]
2039-1 2039-2
Top View Top View

Note: Non-designated pins are no connects and are not electrically connected
internally.
Manufactured under U.S. Patent No. 4,837,523
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Absolute Maximum Ratings (r, = 25°c)

Vs Voltage between V+ and V— 35V Ty Operating Junction Temperature . 150:C
VDIFF Differential Input Voltage 6V Tst Storage Temperature —65°Cto +150°C
Iop Output Current, Peak soma  1LT  Lead Temperature

Ioc Output Current, Continuous 25mA (Soldering, 5 seconds) s00°c
Pp Internal Power Dissipation See Curves

Ta Operating Temperature Range 0°C to +75°C

O0¥02TH/ 06808 TH

wm i
Al mmmmmmmwmmmmm
- and Quality inspection. rms most electrical tosts using modern h

- |
mmmnmmmwmmmuummmm@w

© Test Procedure
mmmmmmwwmmmm
100% production tested at Ty, = zs'c«ndQAmpuwnnu as*c, o

" Parsmeter is typical value st T, = m@wmm

DC Electrical Characteristics Vs = $15V; Ry, = 1kQ, unless otherwise specified

Parameter Description Temp Min Typ Max | TestLevel
Vos Input Offset Voltage 25°C 0.5 2 o
Full 6
TCVos Average Offset Voltage Drift - Full 20
Ig Bias Current 25°C 5 15
S Full 20
Ios Offset Current 25°C 1
Full m
RIN Input Resistance 25°C 10 v
CIN Input Capacitance 25°C 1 v pF
Vem Common Mode Range Full +11 +12 I v
eIN 3‘1“‘1 ’:;‘:’ Xgl:g:m 25°C 6 v | aviE:
AvoL Large Signal Voltage Gain 25°C 10k 15k i v/V
(Note 1) Full 5k m. o v/V
CMRR ::No::x:;)x'x-Mode Rejection Ratio Full 60 % n . dB
Vo Output Voltage Swing Full £11 +12 il ] \4
Io Output Current (Note 11) Full +25 +50 o mA
Ro Output Resistance 25°C 30 v Q
Ig Supply Current Full 13 17 n ‘ mA
PSRR Power-Supply Rejection Ratio Full 60 85 ﬁ - dB
(Note 7)
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EL2039C/EL2040C

EL2039C/EL2040C

Very High Slew Rate Wideband Operational Amplifier

AC Electrical Characteristics—ELZ2039

+5V to +15V.
Note 8: Ry, = 1 kQ.
Note 9: Settling time measurements are made with techniques in the following reference: “Take The Guesswork Out of Settling-Time
Measurements,” EDN, September 19, 1985.
Note 10: Ay = —10, Ry, = 1k.
Note 11: Rp, = 2000.

Parameter Description Temp Min Typ Max Test Level Units
GBW Gain-Bandwidth Product (Notes 3, 4) 25°C 600 v MH:z
FPBW Full-Power Bandwidth (Notes 1, 5, 8) 25°C 8.7 9.5 1 MH:z
t, Rise Time (Note 6) 25°C 4 v ns
oS Overshoot (Note 6) 25°C 35 v %
SR Slew Rate (Note 6) 25°C 550 600 1 V/ps
ts Settling Time (Note 6) o
10V Step t0 0.1% e 100 L ns
AC Electrical Characteristics—EL2040
Parameter Description Temp Min Typ Max Test Level Units
GBW Gain-Bandwidth Product (Notes 3, 4) 25°C 400 v MH:z
FPBW Full-Power Bandwidth (Notes 1, 5, 8) 25°C 5.5 6 1 MHz
tr Rise Time (Note 6) 25°C 5 v ns
oS Overshoot (Note 6) 25°C 15 v %
SR Slew Rate (Note 6) 25°C 350 400 1 V/us
ts Settling Time (Notes 9, 10) o
2 0
10V Step to 0.1% yC 7 ¥ ns
Note 1: Vo = *10V.
Note 2: Two tests are performed, Vcyy = 0V to +10V and Vg = 0V to —10V.
Note 3: Vo = 90 mV.
Note 4: Ay = 10.
. . Slew Rate
Note 5: Full Power Bandwidth guaranteed based on slew rate measurement using: FPBW = 2—v—-—-
™
peak
Note 6: Refer to Test Circuits section of data sheet.
Note 7: Two tests are performed. V+ = +15V, and V— is changed from —5V to —15V. V— = —15V, and V+ is changed from
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EL2039C/EL2040C
Very High Slew Rate Wideband Operational Amplifier

INPUT OFFSET VOLTAGE (mV)

INPUT OFFSET VOLTAGE (mV)

Input Offset Voltage
vs Supply Voltage

——

4

2 L Tz 1125€

{

. gt Ta= +25C
" Taz -55C
-4

A it
5 7 9 1M 13 15
SUPPLY VOLTAGE (:V)

Input Offset Voltage
vs Temperature

of L1 [ 1 ; IL |
I i
% T 3 TYPICAL UNITS —1 ]
4 ! p——
ol ]
T
TN
-4
'y
38 5 45 85 125

TEMPERATURE ('C)

VOLTAGE GAIN (V/mV) SUPPLY CURRENT (mA)

POWER DISSIPATION (W)

EL2039/EL2040 Typical DC Performance Curves

Supply Current

vs Supply Voltage
15

]

-

B Tax +125°C_|__Lasteet™ |
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—

Ta= =55 C || et

._.—-—
1"
10
5 7 9 " 13 15
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= u! |!k W
L R =
"
|
20k ]
——Ta= +25C
18k — '//
; Ta= +125°C
18K —t A -
g '/
Ta=-55"C ]
12k AT
| LA I
10K | 11
7 ) 1 13 15

20

1.0

SUPPLY VOLTAGE (V)

14-Lead Plastic DIP
Maximum Power Dissipation
v8 Ambient Temperature

i
Ty MAX = 150°C —
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b
I T
| INFINITE
HEAT
- SINK
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FREE AIR
NO HEAT 4
SINK |
-25 25 7% 125
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EL2039C/EL2040C

EL2039C/EL2040C
Very High Slew Rate Wideband Opemtiaml A,mphfier

+ SLEW RATE (Vius)

GAIN BANDWIDTH PRODUCT (MH2)

Vout (Vp-p)

650

610

570

530

RN EEENE

Slew Rate
vs Supply Voltage
[ 1

I R=1k
[
— 1T

| [Ta=+125°C
| T

”
|4 RN

5 7 9 1
SUPPLY VOLTAGE (:V)

Gain Bandwidth Product
at 10 MHz vs Supply Voltage

R =1kQ
l

Ta= -55C

Tp= +25C

Taz +125C

5 7 9 15

SUPPLY VOLTAGE (V)

" 13

Settlmg Time

& BRI
10 mv _L
SETTLING o % _10
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! + RL=1k —]
| ! | Vg=115V ]

[ womv |

- 1 1 SETTLING
BAND

[ 11 i
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SETTLING TIME (ns)

-

2039-7

OUTPUT VOLTAGE SWING (VOLTS p-p)

REJECTION RATIO (dB)

INPUT REFERRED POWER SUPPLY

EL2039 Typical AC Performance Curves

Output Voltage Swing
vs Frequency
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Very High Slew Rate Wideband Operational Ampli
]

EL2039 Typical AC Performance Curves — Contd.

g
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S
o
S
(@]

L
[

EL2039 at Onset of Clipping

HAZ2539 at Onset of Clipping

2039-10 2039-11

EL2040 Typical AC Performance Curves
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EL2039C/EL2040C

EL2039C/EL2040C

Very High Slew Rate Wideband Operational Amplifier

Settling Time

SRREST

SETTLING BAND

Vout (Vp-p)

0 20 40 60 80 100
SETTLING TIME (ns)

2039-13

Test Circuit

Ay = 10
Cr, = 10 pF Scope Probe

Large Signal Response

Al

2039-16

F'QQ‘U i
I

0.5V 2039-14 Vin
5 A"

EL2040 Typical AC Performance Curves — Contd.

Small Signal Response

10 mV 2039-15
1

Burn-In Circuit

V+ =15V

o>

K10k

V- =-15V

2039-17
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EL2039C/EL2040C
Very High Slew Rate Wideband Operational Amplifier

Schematic
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EL2039C/EL2040C

EL2039 Macromodel

* Connections: +input
* l

* ' | + Vsupply

. I —Vsupply
* | | | | output
* [

.subckt M2039 1

* Input Stage

ie 373 1.7mA

r6 36 37 60

r7 38 37 60

rc1 103075

rc2 1039 75

ql130136qn

q2 39 14 38 qna

ediff 33 0 39 30 7.25

rdiff 33 0 1Meg

* Compensation Section

ga0343305.2m

rh 34 0.525Meg

ch 34 0 1.5pF

rc 34 40 600

cc 400 7pF

* Poles

ep4104001

rpa414275

cpa 42 0 7pF

rpb 42 43 50

cpb 43 0 3pF

* Output Stage

ios1 10 50 1.25mA

ios2 51 3 1.25mA

q334350qp

q4 104351 gn

q5 1050 52 qn

q6 3 51 53 qp

rosl 52 8 25

ros2 8 53 25

* Power Supply Current

ips 10 3 9.5mA

* Models

.model qn npn(is = 800.0E — 18 bf =170 tf =0.2nS)
.model gna npn(is = 864E — 18 bf = 200 tf=0.2nS)
.model gp pnp(is = 800E — 18 bf =60 tf=0.2nS)
.ends
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EL2039 Macromodel — Contd.

wTw

00702 TH/D660¢TH

S I__ 34 Y
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p——— 4 p 21 Wy Wy -I-‘3
- - ; cpa cpb

2039-19
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EL2039C/EL2040C

EL2040 Macromodel

* Connections: +input
N

*

+ Vsupply

| —Vsupply

l l output
I

11 6 10

|
I
. I
y [
: fd
.subckt M2040 5 4
* Input Stage

i€ 37 6 1.3mA

r6 36 37 60

r7 38 37 60

rcl 1130 75

rc2 113975

ql130536qn
q239438qna

ediff 33 039 30 7.25

rdiff 33 0 1Meg

* Compensation Section
ga0343305.2m

rh 34 0.525Meg

ch 340 1.5pF

rc 34 40 600

cc 40 0 7pF

* Poles

ep4104001

rpa414275

cpa 42 0 7pF

rpb 42 43 50

cpb 43 0 3pF

* Output Stage

ios1 1150 1.25mA

ios2 51 6 1.25mA

q3 64350 gqp

q4 114351 qn
q5115052qn

q6 6 51 53 gp

rosl 52 10 25

ros2 10 53 25

* Power Supply Current
ips 11 6 9.5mA

* Models

.model qn npn(is = 800.0E — 18 bf =130 tf=0.2nS)
.model qna npn(is = 864E — 18 bf = 150 tf = 0.2nS)
.model qp pnp(is = 800E — 18 bf = 60 tf = 0.2nS)
.ends
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EL2040 Macromodel — Contd.
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EL2041C

November 1993 Rev E

Features

¢ Open loop unity
bandwidth—90 MHz

¢ Unity gain stable

¢ High gain—10k typ.

¢ High slew rate—250 V/us

* Low offset voltage—0.5 mV typ.,
2 mV max.

¢ Low supply current—13 mA typ.,
17 mA max.

e Wide supply operation 5V to
15V

¢ Output voltage swing— 11V
* Power bandwidth—4 MHz

¢ Fast settling time

® Pin compatible with HA2541

Applications
® Pulse and video amplifiers
¢ Fast integrators
¢ Wideband filters

* High speed sample and hold
circuits

® Fast, precise D/A converter
output amplifier
® High speed A/D input amplifier

Ordering Information

Part No.  Temp. Range Package  Outline#

EL2041CN 0°Cto +75°C__ 8-Pin P-DIP  MDP0031

General Description

The EL2041 is a unity gain stable monolithic operational ampli-
fier with a 90 MHz open loop unity bandwidth. This unprece-
dented bandwidth is accomplished with a 45° phase margin and
a 6.5 dB gain margin. Unlike other wideband amplifiers, the
patented EL2041 operates on standard * 15V supplies, swings
+11V at its output, and maintains an 80 dB open loop gain into
a 1k load.

In addition, the EL2041 has a 250 V/pus slew rate while drawing
only 13 mA of supply current. Zener Zap techniques are used to
trim the offset voltage to 2 mV maximum, making the EL2041
an excellent choice for applications requiring both speed and
accuracy.

Elantec’s facilities comply with MIL-I-45208A and other appli-
cable quality specifications. For information on Elantec’s pro-
cessing, see the Elantec document, QRA-1: Elantec’s Process-
ing—Monolithic Products.

Connection Diagram
Plastic DIP

BALANCE [1] [¢] BALANCE
- 2] n +Vg
o 3] } [¢] ourPuT
-vg Il“[l NC

Top View

2041-3

Note: Non-designated pins are no connects and are not electrically connected
internally.

Manufactured under U.S. Patent No. 4,837,523
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Voltage between V+ and V—
Differential Input Voltage
Output Current

Internal Power Dissipation
Operating Temperature Range

All e I

DC Electrical Characteristics vg =

Absolute Maximum Ratings (t, = 25°c)

35V

6V

Continuous 25mA
Peak 50 mA

See Curves
0°C to +75°C

Storage Temperature Range
Maximum Junction Temperature
Lead Temperature (Soldering, 5 seconds)

—65°C to +150°C
150°C
300°C

Parameter Description Temp Min Typ

Vos Offset Voltage +25°C 0.5
Full

TCVos Average Offset Voltage Drift Full 20

Ig Bias Current +25°C 5
Full

Ios Offset Current +25°C 1
Full

RIN Input Resistance +25°C 20

CIN Input Capacitance +25°C 1

Vem Common Mode Input Range Full t8 11

foo Nt Voo 0

AvoL Large Signal Voltage Gain +25°C 5k 10k

(Notes 1, 2) Full 4k

CMRR E:No:::n;)n-Mode Rejection Ratio Full 60 80

Vo Output Voltage Swing Full t11 t12

Io Output Current (Note 11) Full +25 150

Ro Output Resistance +25°C 40

Ig Supply Current Full 13

PSRR Power Supply Rejection Ratio Full 60 80

(Note 7)
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EL2041C

EL2041C

Wideband, Fast Settling, Unity Gain Stable, Operational Amplifier

AC Electrical Characteristics vg = +15V; Ry, = 1k, unless otherwise specified

Note 8:

Note 9:

Parameter Description Temp Min Typ Max e ‘ Units
Level
fu Open Loop Unity Bandwidth o -
+25 90
(Notes 4, 10) ¢
FPBW Full Power Bandwidth o5°C 2.8 4
(Notes 1, 5)
tr Rise Time (Note 6) +25°C 4
[e}] Overshoot (Note 6) +25°C 10
SR Slew Rate (Note 6) +25°C 180 250
tg Settling Time (Notes 8, 9, 10) +a5°C 90
10V Step to 0.05%
Note 1: Vg = £10V.
Note 2: Ry, = 1 k).
Note 3: Two tests are performed. Vo = 0V to +8V and Vo = 0V to —8V.
Note 4: Vo = 90 mV.
. A Slew Rate
Note 5: Full power bandwidth guaranteed based on slew rate measurement using: FPBW = ———,
27 Vpeak
Note 6: Refer to Test Circuits section of data sheet.
Note 7: Two tests are performed. V+ = +15V, and V— is changed from —7V to —15V. V— = —15V, and V+ changed from

Note 10: 20012, 20 pF output snubber, see application section.
Note 11: Ry, = 2001).

+7to +15V.

Settling time measurements are made with techniques in the following reference: “Take The Guesswork Out of Settling-Time
Measurements,” EDN, September 19, 1985.

Ay = +1, Ry = 1k.
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e Wideéand. Fast Settliu, Unity Gatnswble, (Ipemtional Am»llﬁer
Typical Performance Curves
Input Offset Voltage Supply Current
vs Supply Voltage vs Supply Voltage
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EL2041C

Typical Performance Curves — Contd.

Slew Rate
vs Supply Voltage
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Typical Performance Curves — Contd.
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Typical Performance Curves — Contd.
Large Signal Response

A 30w

2041-8
2041-7

_ Ay = +1
$:’N - I ;V VIN = +100 mV
Vo = 15V Vo = +100 mV
Open Loop Gain and
Phase Response
2041-9
Burn-In Circuit Test Circuit
V+ = +15V
8 11 IN
10 —— OUuT
o 6
V-=-15V
2041-10

Pin numbers are for 14-Lead
cerDIP. Burn-in circuit is Ay = +1 R=1k
identical for all package types. CL = 10 pF Scope Probe

2041-11
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Application Hints

Product Description

The EL2041 is a wideband monolithic operation-
al amplifier built on Elantec’s proprietary Com-
plementary Bipolar process. Unlike many *5V
wideband op amps available today, the EL2041
operates from 15V to +15V and is capable of
driving 211V at its output. The large signal
swing and open loop voltage gain of 80 dB with a
1 kQ load, differentiate the EL2041 from other
op amps that do not have sufficient load isola-
tion. Another unusual characteristic of the ampli-
fier is the extremely wide unity gain bandwidth
of 90 MHz. This bandwidth is accomplished with
a 45° phase margin, a 6.5 dB gain margin, and a
slew rate of 250 V/us. These AC characteristics
are realized with a 13 mA supply current, which
means lower power dissipation and higher reli-
ability than competing products.

Power Supply Bypass

It is important to bypass the power supplies of
the EL2041 with 0.1 uF or 0.01 pF ceramic disc
capacitors. Failure to do this will result in oscilla-
tion or signal distortion. Although the lead
length is not critical, it should not be more than
1," from the IC pins.

Capacitive Loading

Like all high speed op amps, the EL2041 is sensi-
tive to capacitive loading. There are at least two
ways to approach this problem: The use of a
snubber (Q spoiler), or the use of feedback isola-
tion.

The first approach is to consider the output stage
of the amplifier as a highly inductive element due
to the application of feedback. When this output
stage is loaded with a capacitance a natural reso-
nance occurs. By putting a series RC at the out-
put of the amplifier, the energy of the tank can
be absorbed, quenching the instability. The way
to select the RC values for the Q spoiler is to
drive a small signal (few 100 mV) squarewave
into the desired capacitive load. Place a small re-
sistor (few 100() at the output to ground, and
note the reduction in ringing. When the desired

response has been obtained, the capacitance val-
ue can be chosen. Start with a few 10’s of pico
farads in series with the selected resistor. Adjust
the capacitor for the desired response. The capac-
itor value cannot be chosen arbitrarily large be-
cause of the reduction in open loop gain the series
resistor will cause. In the example shown, the ef-
fects of a 15 pF load have been eliminated. Larger
values of load capacitance can be tamed with a
different RC value.

+
o—o7.

EL2041 % .[ | %1000‘

- R=k3 C= 1 | |
|
|

159FI

2041-13

Frequency Response +6 dB Peak without Snubber and +2 dB
with 20012, 20 pF Snubber.

2041-14
Top Trace is without Snubber; Bottom Trace is 10002, 100 pF
Snubber.

Another way to look at the effect of capacitive
loading is in the frequency domain. The open
loop output impedance of the EL2041 is about
40(); when the output is loaded with 15 pF, an
output pole is formed at 265 MHz. This pole
sounds innocent enough until it’s realized that it
causes a phase shift of tan—! wRC, and at
100 MHz that is 21°. If the amplifier has a 45°

1-67
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Application Hints — Contd.

phase margin with no capacitive loading, then
with 15 pF it will reduce to 24° and considerable
ringing will occur. Some help can be obtained by
isolating the output from the capacitance on the
inverting input.

Voltage Follower with Feedback Isolation

2041-15

Equivalent Circuit for Signal, Fed Back

Ce
Ro I~ "7

Vo Vo
l Re
c Cs

2041-16
The signal fed back is:

VFB _ 1
Vo (1+SCLRp)(1+ SRpCg)

The situation now appears to have been made
worse with an output pole and a feedback pole,
but with the addition of a capacitor C, the ef-
fects of the stray capacitance at the inverting in-
put can be swamped.

VFB _ 1+ SCgRp
Vo (1+SCLRo)(1+SRp [Cr+CsD)

The trick here is to pick Cg large enough to over-
whelm Cg and cancel the feedback pole. However
Cp cannot be made too large or it will look like
an AC short and Cg will again appear in parallel

with Cp. Some typical values to begin design
work are: Rp =200, Cp=15 pF, for Cp, = 15 pF,
and Cg depends on board layout (try to mini-
mize). It should also be realized that these values
of Ry and Cr will begin to roll-off the close loop
gain at 40 MHz.

Input Overdrive

It is important not to overdrive the input of the
EL2041. Input slew rates in excess of 180 V/us
can cause distortion in the large signal square
wave response, and this will show up as an in-
crease in settling time (see typical performance
curves). There are several solutions to this: Slew
rate limit the input source, put clamp diodes
across the amplifier inputs, or take some voltage
gain in the amplifier.

Slew rate limit the input: For example with a
10 V,, ; step at the input, the input rate should be

limited to:
(‘ Max. SR allowed

Vip= 10V ¥ 180 Vips

14v
'y

tsiew

2041-17

VIN — VZENER

tSLEW = min SR

’

VIN
tSLEw

Max source SR=

or

10—6 10
——=22ns , MaxSR =——=450V/us
180 V/us 22ns
If the input slew rate is limited by a 1k resistor,
how large a capacitor is needed?

10 mA

=———=22pF
450 V/ps




Application Hints — Contd.

K e I
+

I 20pF

R

2041-18
This value of R and C will give a —3 dB band-
width of 8 MHz through the op amp. This tech-
nique should be avoided if the intended use is a
small signal sinewave application.

Clamp diodes across the inputs: To obtain full
slew rate at elevated temperature requires a Vgg
of overdrive across the inputs. To insure ade-
quate protection and slew rate requires two di-
odes in each direction across the inputs. A small
series resistance in the input will limit the cur-
rent through the diodes.

Rs

VOUT

2041-19

Take voltage gain in the op amp: By taking volt-
age gain, the input stage does not have to handle
as large a signal swing for a given output swing.
For a voltage gain of 2, remember that the closed
loop bandwidth will go to 45 MHz.

500

2041-20

Using the BALANCE Pins on the

EL2041 Operational Amplifier

The BALANCE pins on the EL2041 can be used
to tune out or adjust the input offset voltage of
the op amp. To use these pins, ignore the connec-
tions shown on the simplified schematic on page
1-171. The adjust current is mirrored up to pnp
current sources near V+ and the BALANCE ad-
justment pot goes between the collectors of two
same-sex transistors. Take a 10 k() potentiometer
(or lower) and connect the ends of the pot to the
BALANCE pins and then connect the wiper to
+V as shown (see Figure below). Moving the
wiper between the two values should zero out the
offset voltage.

In hooking up the example test circuit and mea-
suring the voltage between pins 4 and 5 of an
EL2041], with supply voltages of +15V and a
10 k) pot between pins 3 and 12, an example
adjustment range of +10.3 mV to —13.4 mV for
Vos was measured. The adjust range can be in-
creased by lowering the size of the trim pot and
decreased by increasing it. Adjustment range will
vary slightly from part to part.

Eﬂ

BALANCE J BALANCE

y

10kQ pot
2041-23
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EL2041C

and, Fast Settling, Unity Gain Stable, Operational Amplifier

Simplified Schematic

. .

OFFSET gi
}BAL 3

ZENER ZAP
< 4

J:
TCcomp

@ (+) INPUT o—[z

(-) INPUT 0

-
Lok

| ~—

] BAL

—0 +V

Vour

-

OFFSET SF
ZENER ZAP i %
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Wideband, Fast Settling, Unity Gain Stable, Operational Amplifier
—
EL2041 Macromodel

* Connections: +input

i
* l
. l | ~Vsupply
* | | | output

l [

5

11 6 10

*

.subckt M2041

* Input stage

ie 37 6 3.7mA

r6 36 37 75

r7 3837175

rcl1 113075
rc2113975
ql130536qgn

q2 39438 qna

ediff 33039303

rdiff 33 0 1Meg

* Compensation Section
ga0343305.2m

rh 34 0 1Meg

ch 34 0 16pF

rc 34 40 300

cc 40 0 1.5pF

* Poles

ep4104001
rpa414275

cpa 42 0 2pF

rpb 42 43 50

cpb 43 0 3pF

* Output Stage

iosl 11 50 1.25mA

i0s2 51 6 1.25mA

q3 6 43 50 gp
q4114351qgn
q5115052qn

q6 6 51 53 qp

rosl 52 10 25

ros2 10 53 25

* Power Supply Current
ips 11 6 6.5mA

* Models

.model qn npn(is = 800.0E — 18 bf = 340 tf = 0.2nS)
.model gna npn{is = 864E — 18 bf = 400 tf = 0.2n8S)
.model qp pnp(is =800E — 18 bf = 60 tf=0.2nS)
.ends

1-71
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EL2041C

mmmmmvwmmmwmam -

EL2041 Macromodel — Contd.

11T Vee

I__ 34 .~ AA_o 20

S X
gret grez q ga WA
1 30 1 33 Srditf
- ediff < l 4
<
ips l :: rh ch cc
39 +
] l I
o
IN+ i v
110 Vee
ios1
40 41 Pa 42 b 43
p— 4 ep Wy l Wy
- cpa cpb
0

2041-22
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Features
® 60 MHz gain-bandwidth product
® Unity-gain stable

* Low supply current
= 5.2mA at Vg = 15V

® Wide supply range
= 12V to 118V dual-supply
= 2.5V to 36V single-supply

® High slew rate = 325 V/us

¢ Fast settling = 80 ns to 0.1% for
a 10V step
* Low differential gain = 0.04% at
Ay = +2,Rp = 1500
® Low differential phase = 0.15° at
Ay = +2,Rp, = 1508
¢ Stable with unlimited capacitive
load
® Wide output voltage swing
= +13.6V with Vg = 15V,
RL, = 10000
= 3.8V/0.3V with Vg = +5V,
Ry, = 5000
® Low cost, enhanced replacement
for the AD847 and LM6361

Applications

¢ Video amplifier

¢ Single-supply amplifier

® Active filters/integrators

¢ High-speed sample-and-hold
¢ High-speed signal processing
¢ ADC/DAC buffer

¢ Pulse/RF amplifier

¢ Pin diode receiver

® Log amplifier

¢ Photo multiplier amplifier

¢ Difference amplifier

Ordering Information

Part No. Temp.Range Package Outline #
EL2044CN —40°C to +85°C 8-Pin P-DIP MDP0031

EL2044CS —40°Cto +85°C 8-Lead SO MDP0027

General Description

The EL2044C is a high speed, low power, low cost monolithic
operational amplifier built on Elantec’s proprietary comple-
mentary bipolar process. The EL2044C is unity-gain stable and
features a 325 V/us slew rate and 60 MHz gain-bandwidth
product while requiring only 5.2 mA of supply current.

The power supply operating range of the EL2044C is from
+18V down to as little as +2V. For single-supply operation,
the EL2044C operates from 36V down to as little as 2.5V. The
excellent power supply operating range of the EL2044C makes
it an obvious choice for applications on a single + 5V supply.

The EL2044C also features an extremely wide output voltage
swing of +13.6V with Vg = 115V and R, = 1000Q2. At 5V,
output voltage swing is a wide *+3.8V with R, = 50002 and
+3.2V with Ry, = 1501). Furthermore, for single-supply opera-
tion at + 5V, output voltage swing is an excellent 0.3V to 3.8V
with Ry, = 5001).

At a gain of +1, the EL2044C has a —3 dB bandwidth of
120 MHz with a phase margin of 50°. It can drive unlimited
load capacitance, and because of its conventional voltage-feed-
back topology, the EL2044C allows the use of reactive or non-
linear elements in its feedback network. This versatility com-
bined with low cost and 75 mA of output-current drive makes
the EL2044C an ideal choice for price-sensitive applications re-
quiring low power and high speed.

Elantec products and facilities comply with MIL-I-45208A, and
other applicable quality specifications. For information on
Elantec’s processing, see Elantec document, QRA-1: Elantec’s
Processing, Monolithic Integrated Circuits.

Connection Diagram

DIP and SO Package
ne [T ~ [8]ne
iN-[Z] (7] v+
e 3] [5] our
v-[2 [S]ne
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'EL2044C

Absolute Maximum Ratings (1, = 25°c)

Supply Voltage (Vg) +18V or 36V

Peak Output Current (Iop) Short-Circuit Protected

Output Short-Circuit Duration Infinite
(Note 1)

Input Voltage (VIn) tVg

Differential Input Voltage (dVIn) 10V

Power Dissipation (Pp) See Curves

Operating Temperature
Range (T4)

tant Note:

—40°C to +85°C

mmmwmguwmwnmmmmmr ‘mammf
performed during production and Quality inspection. Elantec performs most e g 4
Wswmmmmwumwummmmmmmm@

Operating Junction
Temperature (Ty)
Storage Temperature (TgT)
Lead Temperature
DIP Package

150°C
—65°C to +150°C

(Soldering: < 5 seconds) 300°C
SO Package

Vapor Phase (60 seconds) 215°C

Infrared (15 seconds) 220°C

. st Procedure ~
1 100% production tested and QA sample tested per QA test plan QCX0002.
I 100% production tested at T4 = 25°C and QA sample tes;ted at TA = 25°C,
. Tagax and Tamy per QA test plan QCX0002. L
m OAamphmeQAwpimm - -
v pnmumumwmwmnwwmmﬁmm

Parammriatypicalva]ueatTA = 25°C for information purposes only.

DC Electrical Characteristics Vs = 115V, Ry, = 100042, unless otherwise specified

Parameter | Description Condition Temp Min | Typ | Max T@tm Units
Vos Input Offset Vg = 15V 25°C 05| 7.0 mV
Voltage TN TMAX 13.0 mV

TCVos 3:::::321“ (Note 2) All 10.0 pv/eC
Ig Input Bias Vg = 15V 25°C 2.8 | 8.2 BA
Current Tatins TMAX 11.2 pA
Vg = 5V 25°C 2.8 pA
Ios Input Offset Vg = 15V 25°C 50 | 300 nA
Current Tariny TMAX 500 nA
Vg = 15V 25°C 50 nA

TClps Average Of.fset (Note 2) All 0.3 nA/°C

Current Drift

AvoL Open-Loop Gain | Vg = +15V,Voyr = £10V, Ry = 1000 25°C 1000 | 1500 VIV
TmiN> Tmax | 800 v/v
Vg = #5V,Voyr = 2.5V, Ry = 5000 25°C 1200 VIV
Vg = £5V,Voyr = £2.5V, Ry = 150Q 25°C 1000 v/vV
PSRR Power Supply Vg = 5Vto £15V 25°C 70 80 dB
Rejection Ratio Tovns Tvax | 65 dB
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DC Electrical Characteristics vs = +15v, Ry, = 10000, unless otherwise specified — Contd.

Parameter Description Condition Temp Min Typ | Max | Test Level | Units
CMRR Common-Mode Vem = 112V, Voyr = 0V 25°C 70 90 | S dB
Rejection Ratio Tavne TMAX 70 w dB
CMIR Common-Mode Vg = 15V 25°C +14.0 v \Y%
Input Range Vs = £5V 25°C 142 v v
Vg = +5V 25°C 4.2/0.1 v \%
Vour Output Voltage Vs = 115V, Ry = 10000 25°C +134 | t13.6 o | v
Swing Ty Tmax | £13.1 e v
Vg = £15V, Ry = 5000 25°C £12.0 | +13.4 g \
Vg = +5V, Ry, = 5000 25°C +34 | +38 o v
Vs = +5V,Rp = 1500 25°C +3.2 v v
Vg = +5V, Ry, = 5000 25°C 3.6/0.4 | 3.8/0.3 e \'
Tumin, Tmax | 3.5/0.5 \'
Isc Output Short 25°C 50 75 mA
Circuit Current Tains TMAX 35 mA
Is Supply Current Vg = 115V, No Load 25°C 5.2 mA
Tmin, TMax mA
Vs = 15V, NoLoad 25°C 5.0 v mA
RIN Input Resistance | Differential 25°C 150 v kQ
Common-Mode 25°C 15 ooV MO
Cin Input Capacitance | Ay = +1@ 10 MHz 25°C 1.0 v pF
Rout Output Resistance | Ay = +1 25°C 50 v m(
PSOR Power-Supply Dual-Supply 25°C $2.0 +18.0 |.... ¥... v
Operating Range | ;o1 Supply 25°C 2.5 36.0 v
Closed-Loop AC Electrical Characteristics
Vg = 115V, Ay = +1, Ry, = 1000Q unless otherwise specified
Parameter Description Condition Temp [ Min | Typ | Max | TestLevel | Units
BW —3 dB Bandwidth Vg = +15V,Ay = +1 25°C 120 v MH:z
(Vour = 0.4 Vpp) Vg = £15V,Ay = —1 | 25°C 60 v MH:
Vg = +15V,Ay = +2 25°C 60 A MHz
Vg = £15V,Ay = +5 25°C 12 N MHz
Vg = £15V,Ay = +10 | 25°C 6 v MHz
Vg = £5V,Ay = +1 25°C 80 v MHz
GBWP Gain-Bandwidth Product | Vg = 115V 25°C 60 v MHz
Vg = £5V 25°C 45 v MHz
PM Phase Margin RL = 1kQ,Cp = 10pF | 25°C 50 v °
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Closed-Loop AC Electrical Characteristics

Vg = £15V, Ay = +1, Ry, = 10000 unless otherwise specified — Contd.

Parameter Description Condition Temp | Min| Typ | Max | T stal
SR Slew Rate (Note 3) Vs = 15V, Ry, = 10000 | 25°C 250 325 '
Vg = 15V, Ry, = 50002 25°C 200

FPBW Full-Power Bandwidth Vg = 115V 25°C 4.0 5.2

(Note 4) Vg = +5V 25°C 127
tr, tf Rise Time, Fall Time 0.1V Step 25°C 3.0
os Overshoot 0.1V Step 25°C 20
tpDp Propagation Delay 25°C 2.5
tg Settling to +0.1% Vg = 115V, 10V Step 25°C 80

Ay = +1) Vg = 5V, 5V Step 25°C 60
dG Differential Gain (Note 5) | NTSC/PAL 25°C 0.04
dP Differential Phase (Note 5) [ NTSC/PAL 25°C 0.15
eN Input Noise Voltage 10 kHz 25°C 15.0 nV/VHz
iN Input Noise Current 10 kHz 25°C 1.50 . pA/E
CISTAB Load Capacitance Stability | Ay = +1 25°C Infinite pF

Note 1: A heat-sink is required to keep junction temperature below absolute maximum when an output is shorted.

Note 2: Measured from Tyn to TMAX-

Note 3: Slew rate is measured on rising edge.

Note 4: For Vg = =15V, Voyr = 20 Vpp. For Vg = 15V, Voyr = 5 Vpp. Full-power bandwidth is based on slew rate
measurement using: FPBW = SR/(27 * Vpeak).

Note 5: Video Performance measured at Vg = 115V, Ay = +2 with 2 times normal video level across Ry, = 150Q. This
corresponds to standard video levels across a back-terminated 75( load. For other values of Ry, see curves.




Yower 60 MHz Unity-Gain Stable Operational A
Typlcal Performance Curves (Ta = 25°C, Ry, = 1000(), Ay = + 1 unless otherwise specified)
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Low-Power 60 MHz Unity-Gain Stable Operational Ang;hﬁer .
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Law-Power 60 MHz Unity-Gain Stable Operational Amplifier

EL2044C
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: EL2044C
n Stable Operational Amplifier

2044-2

All Packages Use the Same Schematic

Applications Information

Product Description

The EL2044C is a low-power wideband monolith-
ic operational amplifier built on Elantec’s propri-
etary high-speed complementary bipolar process.
The EL2044C uses a classical voltage-feedback
topology which allows it to be used in a variety of
applications where current-feedback amplifiers
are not appropriate because of restrictions placed
upon the feedback element used with the amplifi-
er. The conventional topology of the EL2044C al-
lows, for example, a capacitor to be placed in the
feedback path, making it an excellent choice for
applications such as active filters, sample-and-
holds, or integrators. Similarly, because of the
ability to use diodes in the feedback network, the
EL2044C is an excellent choice for applications
such as fast log amplifiers.

Single-Supply Operation

The EL2044C has been designed to have a wide
input and output voltage range. This design also
makes the EL2044C an excellent choice for sin-
gle-supply operation. Using a single positive sup-
ply, the lower input voltage range is within
100 mV of ground (Ry, = 50012), and the lower
output voltage range is within 300 mV of ground.
Upper input voltage range reaches 4.2V, and out-
put voltage range reaches 3.8V with a 5V supply
and Ry, = 5000. This results in a 3.5V output
swing on a single 5V supply. This wide output
voltage range also allows single-supply operation
with a supply voltage as high as 36V or as low as

2.5V. On a single 2.5V supply, the EL2044C still
has 1V of output swing.

Gain-Bandwidth Product and the —3 dB

Bandwidth

The EL2044C has a gain-bandwidth product of
60 MHz while using only 5.2 mA of supply cur-
rent. For gains greater than 4, its closed-loop
—3 dB bandwidth is approximately equal to the
gain-bandwidth product divided by the noise
gain of the circuit. For gains less than 4, higher-
order poles in the amplifier’s transfer function
contribute to even higher closed loop band-
widths. For example, the EL2044C has a —3 dB
bandwidth of 120 MHz at a gain of + 1, dropping
to 60 MHz at a gain of +2. It is important to
note that the EL2044C has been designed so that
this “extra” bandwidth in low-gain applications
does not come at the expense of stability. As seen
in the typical performance curves, the EL2044C
in a gain of +1 only exhibits 1.0 dB of peaking
with a 100002 load.

Video Performance

An industry-standard method of measuring the
video distortion of a component such as the
EL2044C is to measure the amount of differential
gain (dG) and differential phase (dP) that it in-
troduces. To make these measurements, a
0.286 Vpp (40 IRE) signal is applied to the device
with 0V DC offset (0 IRE) at either 3.58 MHz for
NTSC or 4.43 MHz for PAL. A second measure-
ment is then made at 0.714V DC offset (100
IRE). Differential gain is a measure of the
change in amplitude of the sine wave, and is mea-
sured in percent. Differential phase is a measure
of the change in phase, and is measured in de-
grees.

For signal transmission and distribution, a back-
terminated cable (75 in series at the drive end,
and 750 to ground at the receiving end) is pre-
ferred since the impedance match at both ends
will absorb any reflections. However, when dou-
ble termination is used, the received signal is
halved; therefore a gain of 2 configuration is typi-
cally used to compensate for the attenuation.

The EL2044C has been designed as an economi-
cal solution for applications requiring low video
distortion. It has been thoroughly characterized
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Applications Information — Contd.
for video performance in the topology described
above, and the results have been included as typi-
cal dG and dP specifications and as typical per-
formance curves. In a gam of + 2, ufi'v'u‘xg xauu
with standard video test levels at the input, the
EL2044C exhibits dG and dP of only 0.04% and
0.15° at NTSC and PAL. Because dG and dP can
vary with different DC offsets, the video per-
formance of the EL2044C has been characterized
over the entire DC offset range from —0.714V to
+0.714V. For more information, refer to the
curves of dG and dP vs DC Input Offset.

The output drive capability of the EL2044C al-
lows it to drive up to 2 back-terminated loads
with good video performance. For more demand-
ing applications such as greater output drive or
better video distortion, a number of alternatives
such as the EL2120, EL400, or EL2073 should be
considered.

Output Drive Capability

The EL2044C has been designed to drive low im-
pedance loads. It can easily drive 6 Vpp into a
1502 load. This high output drive capability
makes the EL2044C an ideal choice for RF, IF
and video applications. Furthermore, the current
drive of the EL2044C remains a minimum of
35 mA at low temperatures. The EL2044C is cur-
rent-limited at the output, allowing it to with-
stand shorts to ground. However, power dissipa-
tion with the output shorted can be in excess of
the power-dissipation capabilities of the package.

Capacitive Loads

For ease of use, the EL2044C has been designed
to drive any capacitive load. However, the
EL2044C remains stable by automatically reduc-
ing its gain-bandwidth product as capacitive load
increases. Therefore, for maximum bandwidth,
capacitive loads should be reduced as much as
possible or isolated via a series output resistor

(Rs). Similarly, coax lines can be driven, but best

AC performance is obtained when they are termi-
nated with their characteristic impedance so that
the capacitance of the coaxial cable will not add
to the capacitive load seen by the amplifier. Al-

though stable with all capacitive loads, some
peaking still occurs as load capacitance increases.
A series resistor at the output of the EL2044C
can be used to reduce this peaking and further
improve stability.

Printed-Circuit Layout

The EL2044C is well behaved, and easy to apply
in most applications. However, a few simple tech-
niques will help assure rapid, high quality results.
As with any high-frequency device, good PCB
layout is necessary for optimum performance.
Ground-plane construction is highly recommend-
ed, as is good power supply bypassing. A 0.1 uF
ceramic capacitor is recommended for bypassing
both supplies. Lead lengths should be as short as
possible, and bypass capacitors should be as close
to the device pins as possible. For good AC per-
formance, parasitic capacitances should be kept
to a minimum at both inputs and at the output.
Resistor values should be kept under 5 k) be-
cause of the RC time constants associated with
the parasitic capacitance. Metal-film and carbon
resistors are both acceptable, use of wire-wound
resistors is not recommended because of their
parasitic inductance. Similarly, capacitors should
be low-inductance for best performance.

The EL2044C Macromodel

This macromodel has been developed to assist
the user in simulating the EL2044C with sur-
rounding circuitry. It has been developed for the
PSPICE simulator (copywritten by the Microsim
Corporation), and may need to be rearranged for
other simulators. It approximates DC, AC, and
transient response for resistive loads, but does
not accurately model capacitive loading. This
model is slightly more complicated than the
models used for low-frequency op-amps, but it is
much more accurate for AC analysis.

The model does not simulate these characteristics
accurately:

noise non-linearities
settling-time temperature effects
CMRR manufacturing variations
PSRR
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60 MHz Ifnm&atu Stable Operational

E’L2044C

* Connections: +input

* i —input

. | | + Vsupply

* L = Vsupply

* | | ] | output
* A
.subckt M2044 3 2 7 4 6

* Input stage

N

ie 737 1mA

r6 36 37 800

r7 38 37 800
rcl 4 30 850

rc2 4 39 850
q130336qp
q2 392 38 qpa
ediff 33 0 39 30 1.0
rdiff 33 0 1Meg
N

* Compensation Section
*

ga0343301m
rh 34 0 2Meg
ch 340 1.3pF
rc 3440 1K
cc400 1pF

-

* Poles
.

ep4104001
rpa 41 42 200
cpa 420 1pF
rpb 42 43 200
cpb 43 0 1pF
.

* Output Stage
L]

iosl 7 50 1.0mA
ios2 51 4 1.0mA
q344350qp
q474351qn
q575052qn
q6 4 51 53 qp

rosl 52 6 25
ros2 6 53 25
-

* Power Supply Current
L]

ips 74 2.7mA
L]

EL2044C Macromodel — Contd.

* Models

.model qn npn(is = 800E — 18 bf = 200 tf = 0.2nS)
.model gpa pnp(is = 864E — 18 bf =100 tf =0.2nS)
.model gp pnp(is=800E — 18 bf =125 tf=0.2n8S)
.ends
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Features

® 100 MHz gain-bandwidth
product

® Gain-of-2 stable

¢ Low supply current
= 5.2mA at Vg = 15V

¢ Wide supply range
= 12V to 18V dual-supply
= 2.5V to 36V single-supply

¢ High slew rate = 275 V/us

® Fast settling = 80 ns to 0.1% for
a 10V step

¢ Low differential gain = 0.02% at
Ay = +2,RL, = 150Q

* Low differential phase = 0.07° at
Ay = +2,Rp, = 1500

e Stable with unlimited capacitive
load

¢ Wide output voltage swing
= 113.6V with Vg = 115V,
Ry, = 100002
= 3.8V/0.3V with Vg = +5V,
Ry, = 5000

Applications

® Video amplifier

¢ Single-supply amplifier

o Active filters/integrators

¢ High-speed sample-and-hold
¢ High-speed signal processing
¢ ADC/DAC buffer

¢ Pulse/RF amplifier

® Pin diode receiver

¢ Log amplifier

¢ Photo multiplier amplifier

¢ Difference amplifier

Ordering Information

Part No. Temp. Range Packag Outline #
EL2045CN  0°Cto +75°C 8-Pin P-DIP  MDP0031
EL2045CS  0°C to +75°C 8-Lead SO MDP0027

General Description

The EL2045C is a high speed, low power, low cost monolithic
operational amplifier built on Elantec’s proprietary comple-
mentary bipolar process. The EL2045C is gain-of-2 stable and
features a 275 V/us slew rate and 100 MHz gain-bandwidth
product while requiring only 5.2 mA of supply current.

The power supply operating range of the EL2045C is from
+18V down to as little as +2V. For single-supply operation,
the EL2045C operates from 36V down to as little as 2.5V. The
excellent power supply operating range of the EL2045C makes
it an obvious choice for applications on a single +5V or +3V

supply.

The EL2045C also features an extremely wide output voltage
swing of £13.6V with Vg = 115V and Ry, = 1000Q). At £5V,
output voitage swing is a wide t3.8V with Ry, = 5008 and
+3.2V with Ry, = 1500, Furthermore, for single-supply opera-
tion at + 5V, output voltage swing is an excellent 0.3V to 3.8V

with Ry, = 500Q).

At a gain of +2, the EL2045C has a —3 dB bandwidth of
100 MHz with a phase margin of 50°. It can drive unlimited
load capacitance, and because of its conventional voltage-feed-
back topology, the EL2045C allows the use of reactive or non-
linear elements in its feedback network. This versatility com-
bined with low cost and 75 mA of output-current drive makes
the EL2045C an ideal choice for price-sensitive applications re-
quiring low power and high speed.

Connection Diagram

DIP and SO Package
e [ ~ 8] ne

iN-[Z] [7] v+
N+ 3] [6] out

v-[2 [5]nC

2045-1
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EL2045C
Low-Power 100 MHz Gain~oﬁ-2 Stable Qpemﬁaﬁal Ampkﬁer

EL2045C

Absolute Maximum Ratings (r, = 25°c)
Supply Voltage (Vg) +18V or 36V Operating Junction
Peak Output Current (Iop) Short-Circuit Protected Temperature (Ty) 150°C
Output Short-Circuit Duration Infinite Storage Temperature (Tgt) —65°C to +150°C
{Note 1) Lead Temperature
Input Voltage (Vin) +Vg DIP Package
Differential Input Voltage (dVyn) +10V (Soldering: < 5 seconds) 300°C
Power Dissipation (Pp) See Curves SO Package
) Vapor Phase (60 seconds) 215°C
Operating Temperature Infrared (15 seconds) 220°C
Range (Ta) 0°C to +75°C
Important Note:

A}lWMWM/mmﬁmmmm@mmmlcﬂmhﬁmﬁaMedmtesﬂnzacmally
performed during production and M@WWMWMWMWWMWWWMM
equipment, specifically the LTX77 Series system. Unless otherwise nommeMmMMTauTchA. :

Test Level Test Procedure
I 100% production tested and QA sample tested per QA test plan QCX0002,
I 100% production tested at Ty = 25°C and QA sample tested at Ta = 25‘C
Tmax and TMmWQAmtpmm
m QAmplemtedperQAwnplmocxm .
v Pmm:nmwwmm)mmwmmmmm
v Parameter is typical value at T4 = 25°C for information purposes only.

DC Electrical Characteristics Vs = +15V, Ry, = 1000}, unless otherwise specified

Parameter| Description Condition Temp Min | Typ | Max | Test Level | Units
Vos Input Offset Vg = £15V 25°C 05| 7.0 1 mV
Voltage Ty TMAX 9.0 m mV

ToVos | v ff | hote a 10 v |wrc
Ig Input Bias Vg==%"V 25°C 28 | 8.2 1 RA
Current Tarn, TMAX 9.2 1 pA
Vg = £5 25°C 2.8 v pA
Ios Input Offset Vg = %15 25°C 50 | 300 I nA
Current Torrns TMax 400 i1 nA
Vg = £5V 25°C 50 v nA

TClps Average Of'fset (Note 2) All 0.3 ‘ v nA/°C

Current Drift

AvoL Open-Loop Gain | Vg = +15V,Voyr = +10V, Ry = 10000 25°C 1500 | 3000 1 v/V
Ty, Tmax | 1500 1 v/vV
Vg = +5V,Vgyr = 2.5V, Ry, = 5000 25°C 2500 v v/v
Vs = £5V,Vour = 2.5V, Ry, = 1500 25°C 1750 v v/V
PSRR Power Supply Vg = *5Vto £15V 25°C 70 | 85 I dB
Rejection Ratio T, Thax | 65 m dB
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EL2045C
Low-Power 100 MHz Gain-of-2 Stable Operational Amplifier
|
DC Electrical Characteristics Vg = +15V, Ry = 10001}, unless otherwise specified — Contd.
Parameter Description Condition Temp Min Typ | Max | TestLevel | Units
CMRR Common-Mode Vem = 112V, Voyr = 0V 25°C 70 95 I dB
Rejection Ratio Tain, TMAX 70 m dB
CMIR Common-Mode Vg = 115V 25°C +14.0 v v
Input Range Vg = $5V 25°C +4.2 v v
Vg = +5V 25°C 4.2/0.1 v v
Vout Output Voltage Vg = $15V, Ry, = 10000 25°C +134 | 136 o v
Swing Tmin, Tmax | £13.1 me v
Vs = 15V, Ry, = 5000 25°C +12.0 | 134 i v
Vg = t5V,Rp = 5000 25°C +34 | 38 ™ v
Vg = 5V, Ry, = 1500 25°C +32 v v
Vg = +5V, Ry = 5000 25°C 3.6/0.4 | 3.8/0.3 1 v
Tminy TMax | 3.5/0.5 1 \"
Isc Output Short 25°C 50 75 1 mA
Circuit Current TN, TMAX 35 S mA
Ig Supply Current Vs = 115V, No Load 25°C 5.2 6.3 i | mA
TN, TMAX 7.6 I mA
Vg = £5V, No Load 25°C 5.0 v mA
Rin Input Resistance | Differential 25°C 150 v kQ
Common-Mode 25°C 15 v MQ
CIn Input Capacitance | Ay = +2@ 10 MHz 25°C 1.0 v pF
Rourt Output Resistance | Ay = +2 25°C 50 v mQ
PSOR Power-Supply Dual-Supply 25°C +2.0 +18.0 e v
Operating Range | o 1 Supply 25°C 2.5 36.0 v v
Closed-Loop AC Electrical Characteristics
Vg = +15V,Ay = +2,Rf = Ry = 1kQ, C¢ = 3 pF, Ry, = 1000} unless otherwise specified
Parameter Description Condition Temp | Min | Typ | Max | Test LCVG! Units
BW —3 dB Bandwidth Vg = 15V,Ay = +2 25°C 100 v ‘ MH:z
(Vour = 0.4 Vpp) Vs = £15V,Ay = -1 | 25°C 75 v MH:z
Vg = 15V, Ay = +5 25°C 20 V MH:z
Vs = £15V,Ay = +10 | 25°C 10 v MHz
Vg = +15V,Ay = +20 | 25°C 5 v MHz
Vg = £5V,Ay = +2 25°C 75 v MHz
GBWP Gain-Bandwidth Product | Vg = 115V 25°C 100 v MH:z
Vg = 15V 25°C 75 v MHz
PM Phase Margin Rp = 1k, Cy, = 10 pF 25°C 50 v °

1-87

Qe¥0C1H



EL2045C

Closed-Loop AC Electrical Characteristics

Vg = £15V, Ay = +2,Rf = Ry = 1kQ, Cf = 3 pF, Ry, = 100042, unless otherwise specified — Contd.

Parameter Description Condition Temp | Min | Typ | Max | TestLevel | Units
SR Slew Rate (Note 3) Vg = +15V,Rp = 10000 | 25°C | 200 | 275 . .
Vg = +5V,RL = 5000 25°C 200
FPBW Full-Power Bandwidth Vg = 15V 25°C 3.2 4.4
(Note ) Vg = 15V 25°C 12.7
te te Rise Time, Fall Time 0.1V Output Step 25°C 3.0 ns
oS Overshoot 0.1V Output Step 25°C 20 %
tpD Propagation Delay 25°C 2.5 ns
tg Settling to +0.1% Vs = 115V, 10V Step 25°C 80 ns
(Av=+2 Vg = £5V, 5V Step 25°C 60 ns
dG Differential Gain (Note 5) | NTSC/PAL 25°C 0.02 %
dP Differential Phase (Note 5) | NTSC/PAL 25°C 0.07 °
eN Input Noise Voltage 10 kHz 25°C 15.0 nV/VHz
iN Input Noise Current 10 kHz 25°C 1.50 pA/VHz
CISTAB Load Capacitance Stability | Ay = +2 25°C Infinite pF
Note 1: A heat-sink is required to keep junction temperature below absolute maximum when an output is shorted.
Note 2: Measured from Typin to Tmax.
Note 3: Slew rate is measured on rising edge.
Note 4: For Vg = 115V, Voyr = 20 Vpp. For Vg = 15V, Voyr = 5 Vpp. Full-power bandwidth is based on slew rate
measurement using: FPBW = SR/(27 * Vpeak).
Note 5: Video Performance measured at Vg = 115V, Ay = +2 with 2 times normal video level across Ry, = 1500. This

corresponds to standard video levels across a back-terminated 75} load. For other values of Ry, see curves.

EL2045C Test Circuit

2045-2
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~ EL2045C

ational Amplifier

Frequency Response for
Various Load Resistances
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EL2045C

Typical Performance Curves
(Ta = 25°C, Rg = 1k, Cf = 3 pF, R = 10008, Ay =

+ 2 unless otherwise specified) — Contd.
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Typical Performance Curves

(Ta = 25°C,R; = 1kQ, C; = 3 pF, Ry, = 100002, Ay = + 2 unless otherwise specified) — Contd.
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Low-Power 100 MHz

Burn-In Circuit

V+ =15V

+

A
W
1k 10k
V- = 15V
2048-10

All Packages Use the Same Schematic

Applications Information

Product Description

The EL2045C is a low-power wideband, gain-of-2
stable monolithic operational amplifier built on
Elantec’s proprietary high-speed complementary
bipolar process. The EL2045C uses a classical
voltage-feedback topology which allows it to be
used in a variety of applications where current-
feedback amplifiers are not appropriate because
of restrictions placed upon the feedback element
used with the amplifier. The conventional topolo-
gy of the EL2045C allows, for example, a capaci-
tor to be placed in the feedback path, making it
an excellent choice for applications such as active
filters, sample-and-holds, or integrators. Similar-
ly, because of the ability to use diodes in the feed-
back network, the EL2045C is an excellent choice
for applications such as fast log amplifiers.

Single-Supply Operation

The EL2045C has been designed to have a wide
input and output voltage range. This design also
makes the EL2045C an excellent choice for sin-
gle-supply operation. Using a single positive sup-
ply, the lower input voltage range is within
100 mV of ground (R, = 500Q), and the lower
output voltage range is within 300 mV of ground.
Upper input voltage range reaches 4.2V, and out-
put voltage range reaches 3.8V with a 5V supply
and Ry, 500Q. This results in a 3.5V output
swing on a single 5V supply. This wide output
voltage range also allows single-supply operation
with a supply voltage as high as 36V or as low as
2.5V. On a single 2.5V supply, the EL2045C still
has 1V of output swing.

Gain-Bandwidth Product and the —3 dB

Bandwidth

The EL2045C has a gain-bandwidth product of
100 MHz while using only 5.2 mA of supply cur-
rent. For gains greater than 4, its closed-loop
—3 dB bandwidth is approximately equal to the
gain-bandwidth product divided by the noise
gain of the circuit. For gains less than 4, higher-
order poles in the amplifier’s transfer function
contribute to even higher closed loop band-
widths. For example, the EL2045C has a —3 dB
bandwidth of 100 MHz at a gain of + 2, dropping
to 20 MHz at a gain of +5. It is important to
note that the EL2045C has been designed so that
this “extra” bandwidth in low-gain applications
does not come at the expense of stability. As seen
in the typical performance curves, the EL2045C
in a gain of +2 only exhibits 1.0 dB of peaking
with a 1000{2 load.

Video Performance

An industry-standard method of measuring the
video distortion of a component such as the
EL2045C is to measure the amount of differential
gain (dG) and differential phase (dP) that it in-
troduces. To make these measurements, a
0.286 Vpp (40 IRE) signal is applied to the device
with 0V DC offset (0 IRE) at either 3.58 MHz for
NTSC or 443 MHz for PAL. A second measure-
ment is then made at 0.714V DC offset (100
IRE). Differential gain is a measure of the
change in amplitude of the sine wave, and is mea-
sured in percent. Differential phase is a measure
of the change in phase, and is measured in de-
grees.

For signal transmission and distribution, a back-
terminated cable (75() in series at the drive end,
and 75() to ground at the receiving end) is pre-
ferred since the impedance match at both ends
will absorb any reflections. However, when dou-
ble termination is used, the received signal is
halved; therefore a gain of 2 configuration is typi-
cally used to compensate for the attenuation.

The EL2045C has been designed as an economi-
cal solution for applications requiring low video
distortion. It has been thoroughly characterized
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EL2045C

Low-Power 100 MHz Gain-of-2 Stable Operational Amplifier

Applications Information — Contd.
for video performance in the topology described
above, and the results have been included as typi-
cal dG and dP specifications and as typical per-
formance curves. In a gain of + 2, driving 1502,
with standard video test levels at the input, the
EL2045C exhibits dG and dP of only 0.02% and
0.07° at NTSC and PAL. Because dG and dP can
vary with different DC offsets, the video per-
formance of the EL2045C has been characterized
over the entire DC offset range from —0.714V to
+0.714V. For more information, refer to the
curves of dG and dP vs DC Input Offset.

The output drive capability of the EL2045C al-
lows it to drive up to 2 back-terminated loads
with good video performance. For more demand-
ing applications such as greater output drive or
better video distortion, a number of alternatives
such as the EL2120, EL400, or EL2074 should be
considered.

Output Drive Capability

The EL2045C has been designed to drive low im-
pedance loads. It can easily drive 6 Vpp into a
1500 load. This high output drive capability
makes the EL2045C an ideal choice for RF, IF
and video applications. Furthermore, the current
drive of the EL2045C remains a minimum of
35 mA at low temperatures. The EL2045C is cur-
rent-limited at the output, allowing it to with-
stand shorts to ground. However, power dissipa-
tion with the output shorted can be in excess of
the power-dissipation capabilities of the package.

Capacitive Loads

For ease of use, the EL2045C has been designed
to drive any capacitive load. However, the
EL2045C remains stable by automatically reduc-
ing its gain-bandwidth product as capacitive load
increases. Therefore, for maximum bandwidth,
capacitive loads should be reduced as much as
possible or isolated via a series output resistor
(Rs). Similarly, coax lines can be driven, but best
AC performance is obtained when they are termi-
nated with their characteristic impedance so that
the capacitance of the coaxial cable will not add
to the capacitive load seen by the amplifier. Al-

though stable with all capacitive loads, some
peaking still occurs as load capacitance increases.
A series resistor at the output of the EL2045C
can be used to reduce this peaking and further
improve stability.

Printed-Circuit Layout

The EL2045C is well behaved, and easy to apply
in most applications. However, a few simple tech-
niques will help assure rapid, high quality results.
As with any high-frequency device, good PCB
layout is necessary for optimum performance.
Ground-plane construction is highly recommend-
ed, as is good power supply bypassing. A 0.1 pF
ceramic capacitor is recommended for bypassing
both supplies. Lead lengths should be as short as
possible, and bypass capacitors should be as close
to the device pins as possible. For good AC per-
formance, parasitic capacitances should be kept
to a minimum at both inputs and at the output.
Resistor values should be kept under 5 k) be-
cause of the RC time constants associated with
the parasitic capacitance. Metal-film and carbon
resistors are both acceptable, use of wire-wound
resistors is not recommended because of their
parasitic inductance. Similarly, capacitors should
be low-inductance for best performance.

The EL2045C Macromodel

This macromodel has been developed to assist
the user in simulating the EL2045C with sur-
rounding circuitry. It has been developed for the
PSPICE simulator (copywritten by the Microsim
Corporation), and may need to be rearranged for
other simulators. It approximates DC, AC, and
transient response for resistive loads, but does
not accurately model capacitive loading. This
model is slightly more complicated than the
models used for low-frequency op-amps, but it is
much more accurate for AC analysis.

The model does not simulate these characteristics
accurately:

noise non-linearities
settling-time temperature effects
CMRR manufacturing variations
PSRR
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EL2045C

* Connections: +input

* | —input

. [ | + Vsupply

. | | l —Vsupply

. [ 1 | |  output
. [
.subckt M2045 3 2 7 4 6

-

* Input stage

L]

ie 737 0.9mA
r6 36 37 400

r7 38 37 400
rcl 4 30 850

rc2 4 39 850

ql1 303 36 qp
q239238qpa
ediff 33039301.0
rdiff 33 0 1Meg
*

* Compensation Section
.

ga0343301m
rh 34 0 2Meg
ch 34 0 1.5pF
rc 34 40 1K

cc 400 1pF

»

* Poles
*

ep4104001
rpa 41 42 200
cpa 42 0 2pF
rpb 42 43 200
cpb 43 0 2pF
»

* Output Stage

iosl 7 50 1.0mA
i0s2 51 4 1.0mA
q3 44350 qp
q474351qn
q575052qn
q6 4 51 53 qp
rosl 52 6 25
ros2 6 53 25

*

* Power Supply Current
*

ips 74 2.7TmA
-

EL2045C Macromodel — Contd.

* Models

.

.model qn npn(is = 800E — 18 bf =200 tf=0.2nS)
.model qpa pnp(is = 864E — 18 bf = 100 tf = 0.2nS)
.model qp pnp(is = 800E — 18 bf =125 tf = 0.2nS)
.ends
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Features

® 200 MHz —3 dB bandwidth,
Ay =2

* Disable/enable

® 12 ns settling to 0.05%

* Vg = £5V@15mA

® Low distortion: HD2, HD3 @
—60 dBc at 20 MHz

¢ Differential gain 0.02% at NTSC,
PAL

¢ Differential phase 0.01° at NTSC,
PAL

® Overload/short-circuit protected
® *+1to *8 closed-loop gain range
® Low cost

Applications
® Video gain block
® Video distribution
* HDTV amplifier

* Analog multiplexing (using
disable)

* Power-down mode (using
disable)

¢ High-speed A/D conversion
¢ D/A I-V conversion

® Photodiode, CCD preamps

* IF processors

* High-speed communications

Ordering Information

Part No. Temp. Range  Pack Outline #

EL2070CN _—40°C to +85°C 8-Pin P-DIP _MDP0031

EL2070CS —40°Cto +85°C  8-Lead SO MDP0027

General Description

The EL2070 is a wide bandwidth, fast settling monolithic am-
plifier incorporating a disable/enable feature. Built using an ad-
vanced complementary bipolar process, this amplifier uses cur-
rent-mode feedback to achieve more bandwidth at a given gain
than conventional operational amplifiers. Designed for closed-
loop gains of +1 to 8, the EL2070 has a 200 MHz —3 dB
bandwidth (Ay = +2), and 12 ns settling to 0.05% while con-
suming only 15 mA of supply current. Furthermore, the fast
disable/enable times of 200 ns/100 ns allow rapid analog multi-
plexing.

The EL2070 is an obvious high-performance solution for video
distribution and line-driving applications, especially when its
disable feature can be used for fast analog multiplexing. Fur-
thermore, the low 15 mA supply current, and the very low 5 mA
of supply current when disabled suggest use in systems where
power is critical. With differential gain/phase of 0.02%/0.01°,
guaranteed video specifications, and a minimum 50 mA output
drive, performance in these areas is assured.

The EL2070’s settling to 0.05% in 12 ns, low distortion, and
ability to drive capacitive loads make it an ideal flash A/D driv-
er. The wide 200 MHz bandwidth and extremely linear phase
allow unmatched signal fidelity. D/A systems can also benefit
from the EL2070, especially if linearity and drive levels are im-
portant.

Elantec products and facilities comply with MIL-1-45208A, and
other applicable quality specifications. For information on
Elantec’s processing, see Elantec document, QRA-1: Elantec’s
Processing, Monolithic Integrated Circuits.

Connection Diagram
DIP and SO Package
Ny

OFFSET ADJUST 1 8P OiSABLE
IN-32 7R v+
IN+CJ3 sPour
v-f+4 sPnc

2070-1
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EL2070C

Absolute Maximum Ratings (r, =
Supply Voltage (Vg)

Output Current

Common-Mode Input Voltage +Vg Lead Temperature
Differential Input Voltage 5V (Soldering, 5 Seconds)
Disable Input Voltage + Vg, —1V Junction Temperature

Thermal Resistance

25°C)
+7V

Output is short-circuit protect-

ed to ground, however, maxi-

mum reliability is obtained if

Iourt does not exceed 70 mA.

(Disabled)

EL2070C

034 = 95°C/W P-DIP
074 = 175°C/W SO-8

-mwuuymenmmmmommnmmmhmmmmﬁmw«mw&.

Test Procedure

Power Dissipation
Operating Temperature

Applied Output Voltage

Storage Temperature

100% mmww%mw;«%mvmm&
100% production tested at T4 = WCMQAMM&@; = 25°C,

_Tmmd?umpet@hwplmm
QA mﬂam&dp«%mmm

Pmemuwmw(butmmud)byﬁedpwwmmu

Parameter is typical value at T4 = 25°C fnrintmmummmmly

+Vg
See Curves

—40C to +85C
300°C

175°C
—60°C to +150°C

Open Loop DC Electrical Characteristics v = +5v, R, = 1000 unless otherwise specified

Parameter Description Co:d(;::ons Temp Min | Typ | Max | TestLevel | Units
Vos Input Offset Voltage 25°C 2 5.0 — mV
TMIN 8.2
Tmax 9.0
d(Vos)/dT Average Of.fset (Note 1) All 100 40.0
Voltage Drift
+In + Input Current 25°C, TmMAX 10 20.0
TMIN 36.0
d(+I1N)/dT Average + ?nput (Note 1) All 50.0 200.0
Current Drift
—IIN —Input Current 25.0°C 10 20
Twmins TMaX 36.0
d(—IyN)/dT Average —¥nput (Note 1) All 0.0 2000 | W nA/°C
Current Drift L
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Open Loop DC Electrical Characteristics — Contd.
Vs = 15V, Rp = 10002 unless otherwise specified

Parameter Description Cox;l‘del:itons Temp Min | Typ
PSRR ;:;;i:‘;;’:{io Al 450 | 500
CMRR g‘e’;'c“:;: ::j: Al 400 | 50.0
Is Supply Current—Quiescent | No Load All 16.0
ISoFF Supply Current—Disabled (Note 2) All 4.0
+ RN + Input Resistance 25°C, TmMax | 100.0 | 200.0
TMIN 50.0
CIN Input Capacitance All 0.5
Rout Output Impedance (DC) All 0.1
RouytD Output Resistance (DC) Disabled All 100.0 | 200.0
CoutD Output Capacitance (DC) Disabled All 0.5
CMIR Common-Mode (Note 3) 25°C, TmMAX 2.0 2.1
Input Range TvIN 1.2
Iout Output Current 25°C, TmMAX 50.0 70.0
TMIN 35.0
Vout Output Voltage Swing No Load All 3.3 3.5
VourL Output Voltage Swing 10092 25°C 3.0 34
—ICMR ;xd\z:: 22::: l?ommon 25°C 8.0
+IPSR ;uix:;:t RC;::;; Power 25°C 1.0
—IPSR s—ﬂl;:;x;t ]S:errﬁe:;tn Power 25°C 20
RoL Transimpedance 25°C 30.0 125.0
TMIN 80.0
TMAX 140.0
ILoGIC Pin 8 Current @ 0V All 0.8
Vpis Maximum Pin 8 All
V to Disable
Iprs Minin’mm Pin 8 All 350.0
I to Disable
Ien Maximum Pin 8 All

I to Enable
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EL2070C

EL2070C

200 MHz Carrém‘ Feed

Closed-Loop AC Electrical Characteristics

Vg = £5V,Rp = 25002, Ay = +2, Ry, = 1001 unless otherwise specified

Parameter Description Cox;rdei::ons Temp Min Typ Max | Test Level | Units
FREQUENCY RESPONSE
SSBW —3 dB Bandwidth 25°C 150.0 | 200.0 m MHz
(Vour < 0.5 Vpp) TyviN 150.0 v MHz
Tmax 120.0 v MHz
LSBW (:/‘li]z Ea:g“\';::; Av = +5 All 350 | 500 v MH:z
GAIN FLATNESS
GFPL Peaking <40 MHz 25°C 0.0 0.3 m dB
Vour < 05 Vpp Tamn, TMAX 0.4 L dB
GFPH Peaking >40 MHz 25°C 0.0 0.5 m dB
Vour < 0.5 Vpp Ty TMax 0.7 v dB
GFR Rolloff <75 MHz 25°C 0.6 1.0 1 dB
Vour < 0.5 Vpp Ty 1.0 v dB
TMmax 1.3 w dB
LPD Linear Phase Deviation <75 MHz 25°C, TMIN 0.2 1.0 G IV ‘ °
Vour < 0.5 Vpp Toax 2 ~ X
TIME-DOMAIN RESPONSE
tr1, te Rise Time, Fall Time 0.5V Step All 1.6 v . ns
ta, ter Rise Time, Fall Time 5.0V Step Al 6.5 . w ns
te1 Settling Time to 0.1% 2.0V Step All 10.0 130 | W ns
te2 Settling Time to 0.05% | 2.0V Step All 120 | 150 v ns
oS Overshoot 0.5V Step 25°C, TMAX 0.0 10.0 Il ' %
TMIN 15.0 v %
SR Slew Rate Ay = +2 All 430.0 | 700.0 1w V/us
Ay = —2 All 1600.0 v V/us
DISTORTION
HD? 2nd Harmonic Distortion | 2 Vpp 25°C —60.0 | —45.0 jﬁ_ dBc
at 20 MHz Tamn —400 W dBc
Tmax —45.0 w dBc
HD3 3rd Harmonic Distortion | 2 Vpp 25°C —60.0 | —50.0 I dBc
at 20 MHz TN TMAX ~50.0 v dBe
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Closed-Loop AC Electrical Characteristics — Contd.

Vs = 15V, Rp = 250Q, Ay = +2, Ry, = 1000 unless otherwise specified

Test

Parameter Description Conditions Temp | Min | Typ Max Units
EQUIVALENT INPUT NOISE
NF Noise Floor (Note 4) 25°C -157.0 —154.0 dBm (1 Hz)
>100 kHz TN -1540 | dBm (1Hz)
TMAX —153,0IV dBm (1Hz)
INV Integrated Noise (Note 4) 25°C 40.0 57.0 nv
100 kHz to 200 MHz TN 57.0 uv
TMAX 63.0 rv
DISABLE/ENABLE PERFORMANCE
TOFF Disable Time to >50 dB 10 MHz All 1000.0 v ns
ToN Enable Time All 200.0 ns
OFFIso Off Isolation 10 MHz All 55.0 59.0 dB
VIDEO PERFORMANCE
dg Differential Gain (Note 5) NTSC/PAL 25°C 0.02 0.08 % pp
dp Differential Phase (Note 5) NTSC/PAL | 25°C 0.01 0.08 °pp
dg Differential Gain (Note 5) 30 MHz 25°C 0.05 0.18 % pp
dp Differential Phase (Note 5) 30 MHz 25°C 0.05 0.18 °pp
VBW —0.1 dB Bandwidth (Note 5) 25°C | 30.0 60.0 MHz

Note 1: Measured from TN to TMAX-
Note 2: Supply current when disabled is measured at the negative supply.
Note 3: Common-mode input range for rated performance.

Note 4: Noise Tests are performed from 5 MHz to 200 MHz.

Note 8: Differential gain/phase tests are with Ry, = 100Q. For other values of Ry, see curves.
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EL2070C

200 MHz Current Feedback Amplifier

MAGNITUDE (NORMALIZED) (dB)

TRANSIMPEDANCE (V/mA)

NOISE VOLTAGE (nV/VHz)

FREQUENCY (Hz)

Non-Inverting
Frequency Response
oI 270
0
2] 180
N
-2 %,
~
AV =48 90 e’
-4 w
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Typical Performance Curves
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~EL2076C

Current Feedback Amplifier
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Typical Performance Curves — Contd.
Settling Time vs

Settling Time Long-Term Settling Time Load Capacitance
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EL2070C

Typical Performance Curves — Contd.

Differential Gain and
Phase (3.58 MHz)
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Equivalent Circuit

DISABLE

OFFSET ADJUST O=~—p
1

IN® Ot
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R3 Ry Rs
e
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V= ©O
4

Burn-In Circuit

2070-11

ALL PACKAGES USE THE SAME SCHEMATIC.

2070-10
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;L2070C

Applications Information

Theory of Operation

The EL2070 has a unity gain buffer from the
non-inverting input to the inverting input. The
error signal of the EL2070 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 volt-
age. This current amplification is called the trans-
impedance (Rgr) of the EL2070 [Vour =
(RoL) * (—Imn)]. Since Rqp is very large, the
current flowing into the inverting input in the
steady-state (non-slewing) condition 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 is approximately
ov.

2. The current into the inputs is approximately
0 mA.

Resistor Value Selection and
Optimization

The value of the feedback resistor (and an inter-
nal capacitor) sets the AC dynamics of the
EL2070. The nominal value for the feedback re-
sistor is 25012, which is the value used for produc-
tion testing. This value guarantees stability. For
a given closed-loop gain the bandwidth may be
increased by decreasing the feedback resistor and,
conversely, the bandwidth may be decreased by
increasing the feedback resistor.

Reducing the feedback resistor too much will re-
sult in overshoot and ringing and eventually os-
cillations. Increasing the feedback resistor results
in a lower —3 dB frequency. Attenuation at high
frequency is limited by a zero in the closed-loop
transfer function which results from stray capaci-
tance between the inverting input and ground.
Consequently, it is very important to keep stray
capacitance to a minimum at the inverting input.

Differential Gain/Phase

An industry-standard method of measuring the
distortion of a video component is to measure the
amount of differential gain and phase error it in-
troduces. To measure these, a 40 IREpp reference
signal is applied to the device with 0V DC offset
(0 IRE) at 3.58 MHz for NTSC, 4.43 MHz for
PAL, and 30 MHz for HDTV. A second measure-
ment is then made with a 0.714V DC offset (100
IRE). Differential Gain is a measure of the
change in amplitude of the sine wave, and is mea-
sured in percent. Differential Phase is a measure
of the change in phase, and is measured in de-
grees. Typically, the maximum positive and neg-
ative deviations are summed to give peak values.

In general, a back terminated cable (75f) in series
at the drive end and 75() to ground at the receiv-
ing end) is preferred since the impedance match
at both ends will absorb any reflections. Howev-
er, when double-termination is used, the received
signal is reduced by half; therefore a gain of 2
configuration is typically used to compensate for
the attenuation. In a gain of 2 configuration, with
output swing of 2 Vpp, with each back-terminat-
ed load at 150€). The EL2070 is capable of driv-
ing up to 4 back-terminated loads with excellent
video performance. Please refer to the typical
curves for more information on video perform-
ance with respect to frequency, gain, and loading.

Capacitive Feedback

The EL2070 relies on its feedback resistor for
proper compensation. A reduction of the imped-
ance of the feedback element results in less stabil-
ity, eventually resulting in oscillation. Therefore,
circuit implementations which have capacitive
feedback should not be used because of the capac-
itor’s impedance reduction with frequency. Simi-
larly, oscillations can occur when using the tech-
nique of placing a capacitor in parallel with the
feedback resistor to compensate for shunt capaci-
tances from the inverting input to ground.
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Applications Information — Contd.

Offset Adjustment Pin

Output offset voltage of the EL2070 can be
nulled by tying a 10k potentiometer between
+Vg and —Vg with the slider attached to pin 1.
A full-range variation of the voltage at pin 1 to
+ 5V results in an offset voltage adjustment of at
least 10 mV. For best settling performance pin
1 should be bypassed to ground with a ceramic
capacitor located near to the package, even if the
offset voltage adjustment feature is not being
used.

Printed Circuit Layout

As with any high frequency device, good PCB
layout is necessary for optimum performance.
Ground plane construction is a requirement, as is
good power-supply and Offset Adjust bypassing
close to the package. The inverting input is sensi-
tive to stray capacitance, therefore connections at
the inverting input should be minimal, close to
the package, and constructed with as little cou-
pling to the ground plane as possible.

Capacitance at the output node will reduce stabil-
ity, eventually resulting in peaking, and finally
oscillation if the capacitance is large enough. The
design of the EL2070 allows a larger capacitive
load than comparable products, yet there are oc-
casions when a series resistor before the capaci-
tance may be needed. Please refer to the graphs
to determine the proper resistor value needed.

Disable/Enable Operation

The EL2070 has a disable/enable control input at
pin 8. The device is enabled and operates normal-
ly when pin 8 is left open or tied to pin 7. When
more than 350 pA is pulled from pin 8, the
EL2070 is disabled. The output becomes a high
impedance, the inverting input is no longer driv-
en to the positive input voltage, and the supply
current is reduced by %4. To make it easy to use
this feature, there is an internal resistor to limit
the current to a safe level (0.8 mA) if pin 8 is
grounded.

To draw current out of pin 8 an open-collector
TTL output, a 5V CMOS output, or an NPN
transistor can be used.
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EL2070C

EL2070C

200 MHz Current Feedback Amplifier
-

EL2070 Macromodel

* Revision A. March 1992
* Enhancements include PSRR, CMRR, and Slew Rate Limiting

* Connections: +input

* | —input

" | | + Vsupply

. | | | —Vsupply

* I ‘ | | output
* [ | | [
.subckt M2070 3 2 7 4 6

*

* Input Stage
N
e1100301.0
vis 109 0V
h2912 vxx 1.0
r1 21150
1111 12 48nH
iinp 3 0 8uA
iinm 2 0 8uA

*

* Slew Rate Limiting
*

h1 13 0 vis 600

r213 141K

d1 14 0 dclamp

d2 0 14 dclamp

*

* High Frequency Pole

*

€2 30014 00.00166666666
1330 17 0.1uH

¢c517 00.1pF

r517 0 500

*

* Transimpedance Stage
*

g10181701.0

rol 18 0 150K

cdp 180 2.8pF

*

* Output Stage
*

ql 41819 qp
q271820qgn
q371921gn
q442022qp
172162
82262
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EL2070 Macromodel — Contd.

iosl1 719 2.5mA
ios2 20 4 2.5mA

L

* Supply Current

.

ips 74 9mA
L

* Error Terms
*

ivos 0 23 5SmA
vxx 23 0 0V
e4240301.0
e5250701.0
e6260401.0
19 24 23 3K
r10 2523 1K
rll126 23 1K

*

* Models

*

.model qn npn (is = 5¢ — 15 bf =200 tf=0.05nS)
.model gp pnp (is= 5e — 15 bf =200 tf =0.05nS)
.model dclamp d(is = 1e—30 ibv=0.266 bv=1.3 n=4)
.ends
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EL2070C

EL2070C

200 MHz Current Feedback Amplifier

EL2070 Macromodel — Contd.
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>
iinp i ;)—- a2 di ) c5 3rs _‘ :Em " out
[ 1 J [ 1 o | [
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T E 1 Lo
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10 25
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élantec

HIGH PERFORMANCE ANALOG INTEGRATED CIRCUITS

EL400C

200 MHz Current Feedback Amplifier

Features

® 200 MHz — 3 dB bandwidth,
Ay =2

® 12 ns settling to 0.05%

Vg = 15V@15mA

¢ Low distortion: HD2, HD3 @
—60 dBc at 20 MHz

¢ Differential gain 0.02% at NTSC,
PAL

¢ Differential phase 0.01° at NTSC,
PAL

® Overload/short-circuit protected
e 11 to £8 closed-loop gain range
* Low cost

® Direct replacement for CLC400

Applications

¢ Video gain block

® Video distribution

* HDTV amplifier

* High-speed A/D conversion
* D/A I-V conversion

® Photodiode, CCD preamps

¢ IF processors

* High-speed communications

Ordering Information

Part No. Temp. Range Package  Outline #
ELAOOCN —40°Cto +85°C 8-Pin P-DIP _MDP0031
ELA00CS —40°Cto +85°C  8-Lead SO MDP0027

General Description

The EL400 is a wide bandwidth, fast settling monolithic ampli-
fier built using an advanced complementary bipolar process.
This amplifier uses current-mode feedback to achieve more
bandwidth at a given gain than conventional operational ampli-
fiers. Designed for closed-loop gains of £1 to %8, the EL400
has a 200 MHz —3 dB bandwidth (Ay = +2), and 12 ns set-
tling to 0.05% while consuming only 15 mA of supply current.

The EL400 is an obvious high-performance solution for video
distribution and line-driving applications. With low 15 mA sup-
ply current, differential gain/phase of 0.02%/0.01°, and a mini-
mum 50 mA output drive, performance in these areas is assured.

The EL400’s settling to 0.05% in 12 ns, low distortion, and abil-
ity to drive capacitive loads make it an ideal flash A/D driver.
The wide 200 MHz bandwidth and extremely linear phase allow
unmatched signal fidelity. D/A systems can also benefit from
the EL400, especially if linearity and drive levels are important.

Elantec products and facilities comply with MIL-1-45208A, and
other applicable quality specifications. For information on
Elantec’s processing, see Elantec document, QRA-1: Elantec’s
Processing, Monolithic Integrated Circuits.

Connection Diagram
DIP and SO Package
-/

OFFSET ADJUST 1
IN-[] 2
IN+C] 3
v-]4

8INC
7PRv+
epout
5 FNC

04001

Top View

1111

000¥' 14

 A9Y £661 I9QUIAON



EL400C

EL400C

200 MHz Current Feedback Amphﬁer
-

Absolute Maximum Ratings (1, = 25°c)

Supply Voltage (Vg) 7V Lead Temperature
Output Current Output is short-circuit protect- (Soldering, 5 Seconds) 300°C
ed to ground, however, maxi- Junction Temperature 175°C
mum reliability is obtained if Storage Temperature —60°C to +150°C
IoyT does not exceed 70 mA. Thermal Resistance 0yp = 95°C/W P-DIP
Common-Mode Input Voltage Vg 654 = 175°C/W SO-8
Differential Input Voltage 5V
Power Dissipation See Curves
Operating Temperature —40°C to +85°C
I.mpomi Note:
An wmm having Min/Max -poemecﬁm are xmu&
equipment, specifically the mem WWM v Wcﬁo ‘
Test Level Test Procedure
I 100% production tested and QA sample tested per QA test plan QCXDOO&
n 100% production tested at T4 = 25°C and QA sample mted at T A = zs‘c

Tagax and Tany per QA test plan QCX0002.

Test
Paramete: Description
r p Conditions Temp Min | Typ Max Units
Vos Input Offset Voltage 25°C 2.0 5.5 1 mV
TMIN 8.7 m | mv
TMAX 9.5 I - mV
Ay Njam oA AL INT e 1N : T
ay VOS}/UL ﬂvcrugc WIISsCL Note 1) "
Voltage Drift All 10.0 40.0 & v pv/°C
+In +Input Current 25°C, Taax 100 | 250 o | pa
TMIN 41.0 m BA
d(+1I dT A +1I t Note 1
I/ verage T npd (Note 1) Al 500 | 200.0 v nA/°C
Current Drift i
-IIN —Input Current 25°C 10.0 25.0 1 MA
TMIN 41.0 m kA
TMmAX 35.0 m RA
d(—IiN)/dT | A —Input Note 1 / :
() verage - mpu (Note 1) All 1000 | 2000 v nA/°C
Current Drift : .
PSRR P S 1 S .
ower Suppy Al 400 | 500 . n dB
Rejection Ratio . .
CMRR C -Mod: : -
ommmon-oce All 400 | 500 o dB
Rejection Ratio
Ig Supply Current—Quiescent | No Load All 15.0 23.0 lIv mA
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200 MH: Current Feedback Amplifier

EL400C

Open Loop DC Electrical Characteristics

Vs = £5V, R, = 1000 unless otherwise specified — Contd.

Parameter Description Teet Temp Min Typ Max ori Tavel Units
Conditions EL400C
+ RN + Input Resistance 25°C, TmMaAX 100.0 200.0 I kQ
TMIN 50.0 411 )
CiN Input Capacitance All 0.5 2.0 v pF
Rourt Output Impedance (DC) All 0.1 0.2 v Q
CMIR Common-Mode Input (Note 2) 25°C, TmAX 2.0 2.1 w
Range TMIN 1.2 v v
Ioutr Output Current 25°C, Tmax 50.0 70.0 I mA
) TMIN 35.0 I mA
Vour Output Voltaée >Swing o No Load All 3.2 3.5 o \Y%
VourL Output Voltage Swing 100Q 25°C 3.0 3.4 1 v
RoL Transimpedance 25°C 30.0 125.0 I {1 V/mA
TvN 80.0 v V/mA
TMAX 140.0 e V/mA
Closed-Loop AC Electrical Characteristics
Vs = 15V, R = 2500, Ay = +2, Ry, = 100 unless otherwise specified
Parameter Description Tes.t Temp Min Typ Max us vl Units
Conditions EL400C
FREQUENCY RESPONSE
SSBW —3 dB Bandwidth 25°C 150.0 200.0 BE18 MH:z
(Vour < 0.5 Vpp) TMIN 150.0 v MHz
Tmax 120.0 IV MHz
- ; =+
LSBW (V?)fr’: Iz";zv:/‘s:; Av=+5 All 350 | 500 v MHz
GAIN FLATNESS
GFPL Peaking <40 MHz 25°C 0.0 0.3 8238 dB
Vouyr < 0.5Vpp T, TMAX 0.4 v . dB
GFPH Peaking >40 MHz 25°C 0.0 0.5 314 dB
Vour < 0.5 Vpp Trmn, TMAX 0.7 v dB
GFR Rolloff <75 MHz 25°C 0.6 1.0 i dB
Vour < 0.5 Vpp TN 1.0 W dB
TMAX 1.3 v dB
LPD Linear Phase Deviation <75 MHz 25°C, TMIN 0.2 1.0 v °
Vour < 0.5 Vpp Toax 2 s s
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EL400C

EL400C
200 MHz Current Feedback Ampiafier
|
Closed-Loop AC Electrical Characteristics — Contd.
Vg = +5V,Rp = 2500, Ay = +2, R, = 100Q) unless otherwise specified
Parameter Description Te:sF Temp Min | Typ Max o Units
Conditions EL400C
TIME-DOMAIN RESPONSE
tr1, thy Rise Time, Fall Time 0.5V Step 25°C, TmIN 1.6 24 v ns
TMAX 2.9 v ns
tro, to Rise Time, Fall Time 5.0V Step All 6.5 10.0 IV ns
ts1 Settling Time to 0.1% 2.0V Step All 10.0 13.0 v ns
ts2 Settling Time to 0.05% 2.0V Step All 12.0 15.0 v ns
(o} Overshoot 0.5V Step 25°C 0.0 10.0 LN %
Tmin, Tmax 15.0 v %
SR Slew Rate Ay = +2 All 430.0 | 700.0 v V/us
Ay = —2 All 1600.0 v V/ps
DISTORTION
HD2 2nd Harmonic Distortion 2 Vpp 25°C —60.0 | —45.0 1 dBc
at 20 MHz TyiIN ~40.0 w dBc
TMmaX —45.0 w dBc
HD3 3rd Harmonic Distortion 2 Vpp 25°C -600 | =500 | 1t dBc
at 20 MHz Tain, TMAX ~50.0 w dBc
EQUIVALENT INPUT NOISE
NF Noise Floor (Note 3) 25°C —157.0 | —154.0 v dBm (1 Hz)
> 100 kHz — ~1540| IV | dBm@H2)
TMAX —153.0 v dBm (1Hz)
INV Integrated Noise (Note 3) 25°C 40.0 57.0 147 & nv
100 kHz to 200 MHz Tome 570 i v
TMAX 63.0 v uv
VIDEO PERFORMANCE
dg Differential Gain (Note 4) NTSC/PAL 25°C 0.02 v % pp
dp Differential Phase (Note 4) NTSC/PAL 25°C 0.01 Y ° pp
dg Differential Gain (Note 4) 30 MHz 25°C 0.05 v % pp
dp Differential Phase (Note 4) 30 MHz 25°C 0.05 “ V ‘ °pp
VBW —0.1 dB Bandwidth (Note 4) 25°C 60.0 v MH:z
Note 1: Measured from TN to Tvax-
Note 2: Common-Mode Input Range for Rated Performance.
Note 3: Noise Tests are Performed from 5 MHz to 200 MHz.
Note 4: Differential Gain/Phase Tests are Ry, = 100£). For other values of Rj, see curves.
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200 MHz Current Feedback

Typical Performance Curves
Non-lnvertlng
Fre

MAGNITUDE (NORMALIZED) (dB)
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Open-Loop Transimpedance
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00
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02
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EL400C

EL400C

200 MHz Current Feedback Amplifier

Typical Performance Curves — Contd.

Recommended Rg vs
Load Capacitance

Rs ()
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250 $
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£
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Phase (3.58 MHz)
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2
L 004 0.08
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g 002 ] /b‘v‘ —0.04
g 0.01} d6 ~-4|L : 0.02
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1 2 3 4
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]
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8 12
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1 AV"I
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200 MBz Current Feedback Amplifier

EL400C

Equivalent Circuit
7

Burn-In Circuit
Ra

v+ O

IN+

-{os

5k
—_— A ——

\AAd

+V = #5V

OFFSET ADJUST O——p
1

V=0
4

Applications Information

Theory of Operation

The EL400 has a unity gain buffer from the non-
inverting input to the inverting input. The error
signal of the EL400 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 called the transim-
pedance (Ror) of the EL400 [Voyr = (RoL) *
(—IiN)]. Since Rqp, is very large, the current
flowing into the inverting input in the steady-
state (non-slewing) condition is very small.

Therefore we can still use op-amp assumptions as

a first-order approximation for circuit analysis,

namely that:

i. The voltage across the inputs is approximately
oV.

2. The current into the inputs is approximately
0 mA.

Resistor Value Selection and
Optimization

The value of the feedback resistor (and an inter-
nal capacitor) sets the AC dynamics of the

6
p—-0 OUT
0400-9
ALL PACKAGES USE THE SAME

|A’° SCHEMATIC.
l\ 13

O IN=

2

0400-8

EL400. The nominal value for the feedback resis-
tor is 2502, which is the value used for produc-
tion testing. This value guarantees stability. For
a given closed-loop gain the bandwidth may be
increased by decreasing the feedback resistor and,
conversely, the bandwidth may be decreased by
increasing the feedback resistor.

Reducing the feedback resistor too much will re-
sult in overshoot and ringing, and eventually os-
cillations. Increasing the feedback resistor results
in a lower —3 dB frequency. Attenuation at high
frequency is limited by a zero in the closed-loop
transfer function which results from stray capaci-
tance between the inverting input and ground.
Consequently, it is very important to keep stray
capacitance to a minimum at the inverting input.

Differential Gain/Phase

An industry-standard method of measuring the
distortion of a video component is to measure the
amount of differential gain and phase error it in-
troduces. To measure these, a 40 IREpp reference
signal is applied to the device with OV DC offset
(0IRE) at 3.58 MHz for NTSC, 4.43 MHz for
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EL400C

200 MH: Current Feedback Amplifier

Applications Information — Contd.

PAL, and 30 MHz for HDTV. A second measure-
ment is then made with a 0.714V DC offset
(100IRE). Differential Gain is a measure of the
change in amplitude of the sine wave, and is mea-
sured in percent. Differential Phase is a measure
of the change in phase, and is measured in de-
grees. Typically, the maximum positive and neg-
ative deviations are summed to give peak values.

In general, a back terminated cable (752 in series
at the drive end and 75() to ground at the receiv-
ing end) is preferred since the impedance match
at both ends will absorb any reflections. Howev-
er, when double-termination is used, the received
signal is reduced by half; therefore a gain of 2
configuration is typically used to compensate for
the attenuation. In a gain of 2 configuration, with
output swing of 2 Vpp, with each back-terminat-
ed load at 150€2. The EL400 is capable of driving
up to 4 back-terminated loads with excellent vid-
eo performance. Please refer to the typical curves
for more information on video performance with
respect to frequency, gain, and loading.

Capacitive Feedback

The EL400 relies on its feedback resistor for
proper compensation. A reduction of the imped-
ance of the feedback element results in less stabil-
ity, eventually resulting in oscillation. Therefore,
circuit implementations which have capacitive
feedback should not be used because of the capac-
itor’s impedance reduction with frequency. Simi-
larly, oscillations can occur when using the tech-

nique of placing a capacitor in parallel with the
feedback resistor to compensate for shunt capaci-
tances from the inverting input to ground.

Offset Adjustment Pin

Output offset voltage of the EL400 can be nulled
by tying a 10k potentiometer between + Vg and
—Vgs with the slider attached to pin 1. A full-
range variation of the voltage at pin 1 to £5V
results in an offset voltage adjustment of at least
+10 mV. For best settling performance pin 1
should be bypassed to ground with a ceramic ca-
pacitor located near to the package, even if the
offset voltage adjustment feature is not being
used.

Printed Circuit Layout

As with any high frequency device, good PCB
layout is necessary for optimum performance.
Ground plane construction is a requirement, as is
good power-supply and Offset Adjust bypassing
close to the package. The inverting input is sensi-
tive to stray capacitance, therefore connections at
the inverting input should be minimal, close to
the package, and constructed with as little cou-
pling the ground plane as possible.

Capacitance at the output node will reduce stabil-
ity, eventually resulting in peaking, and finally
oscillation if the capacitance is large enough. The
design of the EL400 allows a larger capacitive
load than comparable products, yet there are oc-
casions when a series resistor before the capaci-
tance may be needed. Please refer to the graphs
to determine the proper resistor value needed.
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EL400 Macromodel

* Revision A. March 1992
* Enhancements include PSRR, CMRR, and Slew Rate Limiting
* Connections: +input
* —input
+ Vsupply
—Vsupply
| output

|
|
|
7 4 6

I
’ [
’ o
' I
: o
subckt M400 3 2

.

* Input Stage
L]
e1100301.0
vis 10 9 OV
h2912vxx 1.0
r1 21150
111112 48nH
iinp 3 0 8uA
iinm 2 0 8uA

*

* Slew Rate Limiting
*

h1 13 0 vis 600
r21314 1K

d1 14 0 dclamp

d2 0 14 dclamp

*

* High Frequency Pole

*

*e2 300 14 0 0.00166666666
1330170.1pH
¢51700.1pF

r517 0 500

*

* Transimpedance Stage
*

gl0181701.0

rol 18 0 150K

cdp 18 0 2.8pF

.

* Output Stage
*

ql141819 qp
q271820qgn
q371921gn
q442022qp
172162
82262
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EL400 Macromodel — Contd.

iosl 719 2.5mA
i0s2 20 4 2.5mA

»

* Supply Current
»

ips 74 9mA

L]

* Error Terms
L]

ivos 0 23 5mA
vxx 2300V
e4240301.0
e5250701.0
e6260401.0
r9 24 23 3K
r10 2523 1K
rll1 26 23 1K

* Models

.model gn npn (is = 5¢ — 15 bf =200 tf = 0.5nS)
.model gp pnp (is = 5e¢ — 15 bf =200 tf=0.5nS)

.model dclamp d(is= 1e — 30 ibv=0.266 bv=1.3 n=4)
.ends
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EL400 Macromodel — Contd.

10
3 +
el |vis hit

13 ."2'. 14 — %l 17 0 :Is—
d2 a1 SR 375 18] 3
cdp
thH. Tl T

ivos

r9 24
VWA ot —>3
- =
r1o 25
WA +1>7
o5
- - 14
rit 26
WA o6t > 4
- - |4
0

los1
19

los2
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EL2071C/EL2171C

November 1993 Rev D

Features

® 150 MHz — 3 dB bandwidth,
Ay = 20

¢ 10 ns settling to 0.1%

e Vg = £5V@15mA

® 2.5 ns rise/fall times (2V step)

® Overload/short-circuit protected

e t7to 50 closed-loop gain
range

® Low cost

e EL2171 is direct replacement for
CLC401

® Disable capability on EL2071

Applications

® Line drivers

® DC-coupled log amplifiers

* High-speed modems, radios

* High-speed A/D conversion
® D/A I-V conversion

® Photodiode, CCD preamps

¢ IF processors

* High-speed communications

® Analog multiplexing
(using disable—EL2071)

® Power down mode
(using disable—EL2071)

Ordering Information

Part No. Temp.Range Package Outline#

EL2171CN —40°C to +85°C 8-Pin P-DIP MDP0031

EL2171CS  —40°Cto +85°C 8-Lead SO  MDP0027

EL2071CN —40°C to +85°C 8-Pin P-DIP MDP0031

EL2071CS  —40°Cto +85°C 8-Lead SO  MDP0027

General Description

The EL2071 and EL2171 are wide bandwidth, fast settling
monolithic amplifiers built using an advanced complementary
bipolar process. The EL2071 has a disable/enable feature which

Mhaca A lifans
allows power down and analog multiplexing. These amplifiers

use current-mode feedback to achieve more bandwidth at a giv-
en gain than conventional operational amplifiers. Designed for
closed-loop gains of =7 to +50, the EL2071 and EL2171 have a
150 MHz — 3 dB bandwidth (Ay = +20), and 2.5 ns rise/fall
time, while consuming only 15 mA of supply current. The
EL2071 consumes only 1.5 mA when disabled.

The wide 150 MHz bandwidth and extremely linear phase
(0.2 dB deviation from linear at 50 MHz) allow superior signal
fidelity. These features make the EL2071 and EL2171 especially
suited for many digital communication system applications.

The EL2071’s and EL2171’s settling to 0.1% in 10 ns and ability
to drive capacitive loads make them ideal in flash A/D applica-
tions. D/A systems can also benefit from the EL2071 and
EL2171, especially if linearity and drive levels are important.

Elantec products and facilities comply with MIL-I1-45208A, and
other applicable quality specifications. For information on
Elantec’s processing, see Elantec document, QRA-1: Elantec’s
Processing, Monolithic Integrated Circuits.

Connection Diagrams

EL2171 EL2071
DIP and SO Package DIP and SO Package
N\ N
ne [ [8]nc ne 1] [8] bisasLe
IN-[2] [7] v+ iN-[2] 7] v+
N+ 3] 6] our N+ 3] [6] our
v-[4] [5]ne v-[4] [5]nc
2071-1 2071-2
Top View Top View
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Absolute Maximum Ratings (r, = 2s5c)
Supply Voltage (Vg) 7V Lead Temperature
Output Current Output is short-circuit protect- DIP Package 300°C
ed to ground, however, maxi- (Soldering: <5 Seconds-CN;
mum reliability is obtained if <10 Seconds-J)
IouyT does not exceed 70 mA. SO Package
Common Mode Input Voltage Vg Vapor Phase (60 Seconds) 215°C
Differential Input Voltage 5V Infrared (15 seconds) 220°C
Power Pi“ipaﬁon " See Cun:es Operating Junction Temperature
Operating Temperature —40°C to +85°C Ceramic Packages 175°C
Plastic Packages 150°C
Storage Temperature —60°C to +150°C

Open Loop DC Electrical Characteristics
Vs = 15V, Ry, = 10012, unless otherwise specified
Parameter Description Test Tem Min Typ Max
P Conditions P
Vos Input Offset Voltage 25°C 3 6
TMmIN, TMAX 10
TCVos Average Of.fset (Note 1) All 2 50
Voltage Drift
+IIn + Input Current 25°C, TmaAX 10 20
TMIN 36
TC (+I1N) Average + ?nput (Note 1) Al 100 200
Current Drift
-Iin —Input Current 25°C 10 30
TMIN 46
Twmax 40
TC (—IIN) Average — ?nput (Note 1) All 100 200
Current Drift
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EL2071C/EL2171C

Open Loop DC Electrical Characteristics

Vs = 15V, Ry = 1002, unless otherwise specified — Contd.

Test
D ipti T Min i
Parameter escription Conditions 'emp Typ Units
PSRR Pow.iver.Supply' (Note 2) All 50 55 dB
Rejection Ratio
CMRR CoTnm'on-Mo?e All 40 50 dB
Rejection Ratio
Ig Sul?ply Current— No Load All 15 mA
Quiescent
ISOFF Supply Current— EL2071C
All 1.5 3.0
Disabled (Note 3)
+ RN + Input Resistance 25°C, TmMAX 100 200
CIN Input Capacitance All 0.5 2.5
Rour Output Resistance (DC) All 0.2 0.3
Rourp Output Resistance (DC) EF2071C All 100 200
Disabled
Coutp Output Capacitance (DC) E?.ZO? 1C All 0.5 20
Disabled
CMIR Common-Mode Input (Note 4) 25°C, TmMAX t2.5 +2.8
Range TrIN +2
Iout Output Current 25°C, TmMAX 50 70
TMIN 35
Vour Output Voltage Swing No Load 25°C, TmMAX 3.2 3.5
TMIN 3
Voury, Output Voltage Swing Ry, = 1000 25°C 3.2 3.4
RoL Transimpedance 25°C 250 1000
I1oGIiC Pin 8 Current @ + 5V EL2071C All 500 750
Vpis Minimum Pin 8 EL2071C 25°C 4.3
V to Disable TN 4.0
TMAX 4.6
VEN Maximum Pin 8 EL2071C
All 0.7
V to Enable
Ip1s Minimum Pin 8 EL2071C AN 750
I to Disable
IeN Maximum Pin 8 EL2071C
Al 3
I to Enable ! 5
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Closed Loop AC Electrical Characteristics
Vs = 5V, Rp = 1.5k}, Ay = +20, Ry, = 10002 unless otherwise specified
Parameter Description Test Temp Min Typ Max Units
Conditions
FREQUENCY RESPONSE
SSBW —3 dB Bandwidth 25°C 100 150 MHz
(Vour <2.0Vpp) TaN 100 MEIZ
TMAX 70 MH:z
LSBW —3 dB Bandwidth 25°C, TmMIN 65 100 MH:
(Vour < 5.0 Vpp) TMAX 55 MH:z
GAIN FLATNESS
GFPL Peaking <25 MHz 25°C 0.0 0.1 iB
Vour < 20Vpp Toarys Tarax 01 iB
GFPH Peaking >25 MHz 25°C 0.0 0.2 dB
Vour <2.0Vep TN, TMAX 0.2 4B
GFR Rolloff <50 MHz 25°C 0.2 1.0 dB
Vour < 2.0 Vpp T o B
TMAX 13 dB
LPD Linear Phase Deviation <50 MHz 25°C, TMIN 0.2 1.0 °
Vour < 2.0 Vpp Tatax s .
TIME-DOMAIN RESPONSE
tr1 th Rise Time, Fall Time 2.0V Step 25°C, TmMIN 2.5 3.5
Tamax 5
tr, tfy Rise Time, Fall Time 5.0V Step 25°C, TMIN 5 7
TMAX 8 ns
tg Settling Time to 0.1% 2.0V Step All 10 15 ns
os Overshoot 2.0V Step All 0 10 %
SR Slew Rate 25°C, TMIN 800 1200 V/us
Tmax 700 V/ps
DISTORTIO
HD2 2nd Harmonic 2Vpp 25°C —45 —35 1 dBc
Distortion @20 MHz Trarn TMAX 35 | W : dBe
HD3 3rd Harmonic 2Vpp 25°C —60 -50 ;{Ew dBc
Distortion @20 MHz TrIN 50 W dBe
TMax —45 v | dBc
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150 MHz C’urrent Feedback Am.nlzfier

EL2071G/EL217 lC

Closed Loop AC Electrical Characteristics

Vs = 5V, Rf = 1.5k, Ay = +20, Ry, = 1002 unless otherwise specified — Contd.

Parameter Description Con;lt‘iei::ons Temp Min Typ Max l’if::l Units
EQUIVALENT INPUT NOISE
NF Noise Floor >100 kHz 25°C —158 —155 W' dBm (1 Hz)
TMIN —155 dBm (1 Hz)
TMAX —154 W__—] dBm (1 Hz)
INV Integrated Noise 25°C 35 50 v
100 kHz to 200 MHz TN 50 . W o wv
TMax 55 wv
DISABLE/ENABLE PERFORMANCE—EL2071C
TOFF Vour = 2 Vpp 20 MHz
Disable Time All 70 200 ns
to >40dB
ToN Enable Time All 40 100 ns
IS0 Off Isolation 20 MHz All 50 55 dB

Note 1: Measured from TyN to Tymax.

Note 2: PSRR is measured at Vg = 4.5V and Vg = 15.5V. Both supplies are changed simultaneously.
Note 3: Supply current when disabled is measured at the negative supply.
Note 4: Common-Mode Input Range for Rated Performance.
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Typical Performance Curves
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EL2071C/EL2171C

Typical Performance Curves — Contd.

Harmonic Distortion

2nd and 3rd 2-Tone 3rd Order
Intermodulation Intercept

INPUT VOLTAGE
0.1V/div

1 ns/div

Pulse Response Ay = +20

1 ns/div

INPUT VOLTAGE
0.1V/div

-% T T T T T ﬂu o
2 Vpp INTO 1000 e
a0 I 2 © \
8 A b N
S 5 T s N
3 z
£ 2ND 2
S -60 - 0
% 3RD /] &
a g
-70 g2
z
-80 2
100k ™ oM 100M 0 20 4
FREQUENCY (Hz)
Pulse Response Ay =

AIP/AY0 3OVLIOA LNHLNO

AIP/AP"0 3DOVLITOA LNdLNO

0 100

FREQUENCY (MHz)
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Typical Performance Curves — Contd.

Disabled Attenuation vs

Forward and Reverse Gain Time for Various
during Disable—EL2071C Output Levels—EL2071C
-20
LRLALLLL =
i " RPN
-0 L] g
~ r /" g ’_‘;:;:#J'
3 ~80 p— é - u—.—l#iv«"r“. g
z Vour-PP = Tl
3 » N I
- FWD § H
-100 REV +H
aiiim '
-120 [
100k ™ oM 100M 0 100 1000
FREQUENCY (Hz) TIME (ns)
Disable Response—EL2071C

OUTPUT VOLTAGE

10 ns/div
Time (ns)

Enable Response—EL2071C

OUTPUT VOLTAGE

10 ns/div
Time (ns)

3DVLTI0A 318VSIa

o !

39VLT0A 318VvSsia

o o
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EL2071C/EL2171C

Typical Performance Curves — Contd.

8-Lead SO 8-Lead Plastic DIP
Maximum Power Dissipation Maximum Power Dissipation
vs Ambient Temperature vs Ambient Temperature
50 50
Ty MAX = 150°C Ty MAX = 150°C
0)c = 45°C/W 0)c = 50°C/W
P ~
T Oy, = 175°C/W z W Oy = 95°C/W
z z
F | 8 |
= 30 23
a L INFINITE o L INFINITE
a HEAT SINK a HEAT SINK
5 20 t a 20 +
o \\ | o N |
FS |, FREE AIR FS FREE AIR
g 1w - NO HEAT g 1 NO HEAT
SINK SINK
g
0 l 0 1
=25 25 75 15 175 -5 25 5 125 5
TEMPERATURE (°C) TEMPERATURE (°C)
2071-10

Equivalent Circuit

Qg

DISABLE
o—e
8

p—-O0 OoUT

Q3

Riz2 & —0 IN-

V=0

>

2071-11

2071-13
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Burn-In Circuit

1.5kQ

AAA
VY

+V = #5V

207114

ALL PACKAGES USE THE SAME SCHEMATIC.

Applications Information

Theory of Operation

The EL2071/EL2171 have a unity gain buffer
from the non-inverting input to the inverting in-
put. The error signal of the EL2071/EL2171 is a
current flowing into (or out of) the inverting in-
put. A very small change in current flowing
through the inverting input will cause a large
change in the output voltage. This current ampli-
fication is called the transimpedance (Rpy,) of the
EL2071/EL2171 [Voyr = (Ror) * (—Im)l.
Since Rqy, is very large, the current flowing into
the inverting input in the steady-state (non-slew-
ing) condition 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 is approximately
ov.

2. The current into the inputs is approximately
0 mA.

Resistor Value Selection and
Optimization

The value of the feedback resistor (and an inter-
nal capacitor) sets the AC dynamics of the
EL2071/EL2171. The nominal value for the feed-
back resistor is 1.5 k), which is the value used
for production testing. This value guarantees
stability. For a given closed-loop gain the band-
width may be increased by decreasing the feed-
back resistor and, conversely, the bandwidth may
be decreased by increasing the feedback resistor.

Reducing the feedback resistor too much will re-
sult in overshoot and ringing, and eventually os-
cillations. Increasing the feedback resistor results
in a lower —3 dB frequency. Attenuation at high
frequency is limited by a zero in the closed-loop
transfer function which results from stray capaci-
tance between the inverting input and ground.
Consequently, it is very important to keep stray
capacitance to a minimum at the inverting input.

Capacitive Feedback

The EL2071/EL2171 rely on their feedback resis-
tor for proper compensation. A reduction of the
impedance of the feedback element results in less
stability, eventually resulting in oscillation.
Therefore, circuit implementations which have
capacitive feedback should not be used because of
the capacitor’s impedance reduction with fre-
quency. Similarly, oscillations can occur when us-
ing the technique of placing a capacitor in paral-
lel with the feedback resistor to compensate for
shunt capacitances from the inverting input to
ground.
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EL2071C/EL2171C

Applications Information — Contd.

Printed Circuit Layout

As with any high frequency device, good PCB
layout is necessary for optimum performance.
Ground plane construction is a requirement, as is
good power-supply bypassing close to the pack-
age. The inverting input is sensitive to stray ca-
pacitance, therefore connections at the inverting
input should be minimal, close to the package,
and constructed with as little coupling to the
ground plane as possible.

Capacitance at the output node will reduce stabil-
ity, eventually resulting in peaking, and finally
oscillation if the capacitance is large enough. The
design of the EL2071/EL2171 allow a larger ca-
pacitive load than comparable products, yet there
are occasions when a series resistor before the ca-
pacitance may be needed. Please refer to the
graphs to determine the proper resistor value
needed.

Disable/Enable Operation for EL2071C

The EL2071C has a disable/enable control input
at pin 8. The device is enabled and operates nor-
mally when pin 8 is left open or returned to
ground. When the voltage at pin 8 is brought to
within 0.4V of pin 7 (Vg+), the EL2071C is dis-
abled. The output becomes a high impedance, the
inverting input is no longer driven to the positive
input voltage, and the supply current is reduced
to less than 2.2. mA. There are internal resistors
which limit the current at pin 8 to a safe level
(~ %500 pA) if pin 8 is shorted to either supply.

Typically, analog and digital circuits should have
separate power supplies. This usually leads to

slight differences between the power supply volt-
ages. The EL2071C’s disable feature is dependent
on the voltage at pins 8 and 7. Therefore, to oper-
ate the disable feature of the EL2071C depend-
ably over temperature, it is recommended that
the logic circuitry which drives pin 8 of the
EL2071C operate from the same + 5V supply as
the EL2071C to avoid voltage differences be-
tween the digital and analog power supplies.
Since Vpig is temperature dependent, it is recom-
mended that 5V CMOS logic (with a Voy > 4.6V
sourcing > 750 pA over temperature) be used to
drive the disable pin of the EL2071C.

When disabled, (as well as in enabled mode), care
must be taken to prevent a differential voltage
between the + and — inputs greater than 5.0V.
For example, in the figure below, the EL2071C is
connected in a gain of +7 configuration and is
disabled while the analog bus is driven externally
to +5V. Pin 2 is consequently at +0.71V, and if
ViN is driven to —5V, then 5.71V appears be-
tween pins 3 and 2. Internally, this voltage ap-
pears across a forward biased Vgg in series with
a reverse biased Vg and is past the threshold for
zenering the reverse biased Vgg. In a typical ap-
plication, a 50f) or 75¢) terminating resistor from
pin 3 to ground will prevent pin 3 from approach-
ing —5V.

ANALOG
BUS

2071-15
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Applications Information — Contd.

Using the EL2071C as a Multiplexer

An interesting use of the enable feature is to com-
bine several amplifiers in parallel with their out-
puts in common. This combination then acts sim-
ilar to a MUX in front of an amplifier. A typical
circuit is shown. The series resistance at each out-
put helps to further increase isolation between
amplifiers.

When the EL2071C is disabled, the DC output
impedance is >100 k) in parallel with 2 pF ca-
pacitance.

To operate properly, the decoder that is used
must have a Vo > (Vg+) — 0.4V with Igyg =
750 pA, and should be connected to the same
power supply as the EL2071C.

RF q:
Rg
_A'A'A' Rs
= Vint
Rg
> Vet
R Rr & —E‘ s
A —2 7 R
rvvv - 6 S
= Vino 3 * A 8
Rs _E" DISABLE
- Ve
Vs+
¥ o 1
- 0 [o———mdi
1 D—]
2p
sp
—1* «p 1 OF 8 DECODER
-8 sp 74FCT138
—c ‘7’ g
=

SN8 90TVNVY

2071-16
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EL2071C/EL2171C

EL2071 Macromodel

* Revision A. March 1992
* Enhancements include PSRR, CMRR, and Slew Rate Limiting
* Connections: +input

* l —input

* | | + Vsupply

: [ ~Vsupply

* I i ‘ | output
* | l | | |
.subckt M2071 3 2 7 4 6

*

* Input Stage
.
€1100301.0
vis 109 OV

h2 912 vxx 1.0
r12112
111112 1nH
iinp 3 0 10pA
iinm 2 0 10nA
*

* Slew Rate Limiting
=

*h1 130 vis 1K

h1 13 0 vis 600

r2 13 14100

d1 14 0 dclamp

d2 0 14 dclamp

*

* High Frequency Pole
*

*€2 300 14 0 000166666666
€2 30014 00.001

133017 1.0pH

¢517 00.1pF

r5 17 0 500

* Transimpedance Stage
*

g10181701.0

rol 18 0 1Meg

cdp 18 0 0.88pF

*

* Output Stage
ql41819qgp
q271820qn
q371921qn
q442022qp
172162
82262
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EL2071C/EL2171C

150 MHz Current Feedback Amplifier

EL2071 Macromodel — Contd.

iosl 719 2.5mA

*

* Supply Current

*

ips 74 9mA
-

* Error Terms
-

ivos 0 23 3mA
vxx 23 0 0V
e4240301.0
e5250701.0
e6260401.0
r9 24 23 316
rl0 25 23 562
rll 26 23 562

*

* Models

L

.model qn npn (is = 5¢ — 15 bf = 500 tf =0.05nS)
.model qp pnp (is = 5e — 15 bf = 500 tf =0.05nS)
.model dclamp d(is=1e—30 ibv=1pAbv=3.5n=4)
.ends
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Features

® 200 MHz gain-bandwidth
product

¢ Unity-gain stable

¢ Ultra low video distortion =
0.01%/0.015° @ NTSC/PAL

¢ Conventional voltage-feedback
topology

* Low offset voltage = 200 uV

¢ Low bias current = 2 pA

® Low offset current = 0.1 nA

¢ Qutput current = 50 mA over
temperature

® Fast settling = 13 nst0 0.1%

® Low distortion = —60 dB HD2,
—70dB HD3 @ 20 MHz, 2 Vpp,
Ay = +1

Applications

* High resolution video

¢ Active filters/integrators

* High-speed signal processing
o ADC/DAC buffers

® Pulse/RF amplifiers

® Pin diode receivers

® Log amplifiers

¢ Photo multiplier amplifiers

¢ High speed sample-and-holds

Ordering Information

Part No. Temp. Range Package Outline #
EL2073CN  0°C to +75°C 8-Pin P-DIP MDP0031
EL2073CS _ 0°Cto +75°C 8-Lead SO MDP0027

General Description

The EL2073 is a precision voltage-feedback amplifier featuring
a 200 MHz gain-bandwidth product, fast settling time, excellent
differential gain and differential phase performance, and a mini-
mum of 50 mA output current drive over temperature.

The EL2073 is unity-gain stable with a —3 dB bandwidth of
400 MHz. It has a very low 200 nV of input offset voltage, only
2 pA of input bias current, and a fully symmetrical differential
input. Like all voltage-feedback operational amplifiers, the
EL2073 allows the use of reactive or non-linear components in
the feedback loop. This combination of speed and versatility
makes the EL2073 the ideal choice for all op-amp applications
requiring high speed and precision, including active filters, inte-
grators, sample-and-holds, and log amps. The low distortion,
high output current, and fast settling makes the EL2073 an
ideal amplifier for signal-processing and digitizing systems.

Elantec products and facilities comply with MIL-1-45208A, and
other applicable quality specifications. For information on
Elantec’s processing, see Elantec document, QRA-1: Elantec’s
Processing, Monolithic Integrated Circuits.

Connection Diagram

DIP and SO Package
Ne [1] e B
iN-[Z] [7] v+
N+ 3] 6] our
v-[4] [5]ne

2073-1
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EL2073C

EL2073C

200 MH: Unity-Gain Stable Operatwnal Ampii Fier 1 -
—

Absolute Maximum Ratings (t, = 25°c)

Supply Voltage (Vs) +7V Lead Temperature
Output Current Output is short-circuit protect- DIP Package 300°C
ed to ground, however, maxi- (Soldering: <5 seconds —CN
mum reliability is obtained if <10 seconds —J)
IoyT does not exceed 70 mA. SO Package
Common-Mode Input +Vg Vapor Phase (60 seconds) 215°C
Differential Input Voltage 5V Infrared (15 seconds) 220°C
Junction Temperature 175°C

Thermal Resistance 054 = 95°C/W P-DIP
GJA = 175°C/W SO-8

0°C to +75°C

Storage Temperature —60°C to +150°C

Operating Temperature Note: See EL2071/EL2171 for Thermal Impedance curves.

Important Note: -
AnwmhﬂummeaﬁmmmmTheTmLwamlmmdimthnmdﬁadm ,‘ﬁmﬂy
performed during production and Quality inspection. Elantec performs most electrical tests using modern high-speed '
equipment, specifically the LTX77 Series system. Uﬂmmmmmemethngw'rg*

Test Procedure
I 100% production tested and QA sample tested per QA test plan QCX0002.
I 100%ptoducﬁontestedat'l‘A-25“CandQAsamp&emwdatTA‘=25“C
Tamax and Ty per QA test plan QCX0002.
-m QA sample tested per DA test plan QCX0002. , ‘
v Pummugumwed(butummd)bynmgnmcmmnam
v Parameter is typical value at T4 = 25°C for information purposes only.

Open Loop DC Electrical Characteristics

Vg = x5V, Ry, = 100}, unless otherwise specified

Parameter Description Conrl:i::ons Temp Min | Typ | Max
Vos Input Offset Voltage Vem = 0V 25°C 0.2 1.5
Tmin, Tmax 3
TCVos Average Offset (Note 1) All s
Voltage Drift
Ig Input Bias Current Vem = 0V All 2 6 . HA
Ios Input Offset Current Vem = 0V 25°C 0.1 1 'I . RA
Tmin: Tmax 2 1 pA
PSRR ; Z;:Zli:‘g’zo (Note 2) All 60 | 80 un | 4B
MR :
CMRR ;:J’::‘n‘;: I;:SZ (Note 3) Al 65 | 90 n |
Ig Supply Current—Quiescent | No Load 25°C 21 23 . I ‘ mA
TmiN: TMax | 25 m mA
Ryn (diff) Ry (Differential) Open-Loop 25°C 15 v kQ
Cn (diff) Cin (Differential) Open-Loop 25°C 1 N pF
RN (cm) RN (Common-Mode) 25°C 1 v MQ
Cin (cm) Cin (Common-Mode) 25°C 1 v pF
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EL2073C
200 MHz Unity-Gain Stable Operational Amplifier
|
Open Loop DC Electrical Characteristics
Vs = $5V, Ry, = 100, unless otherwise specified — Contd.

Parameter Description Co:;::om Temp Min | Typ | Max | Test Level | Units
Rour Output Resistance 25°C 20 v mS
CMIR Common-Mode Input 25°C +3 +3.5 w v

Range Twmin, Tmax | £25 v \Y%
Iout Output Current All 50 70 n mA
Vout Output Voltage Swing No Load All +3.5 +4 b ¢4 v
VourT 100 Output Voltage Swing 10092 All +3 +3.6 I \"
Vour 50 Output Voltage Swing 509 All +25| 34 I v
Avor 100 Open-Loop Gain 1000 25°C 500 | 1000 1 VIV
Tam Tmax | 400 m VIV
Avor 50 Open-Loop Gain 509 25°C 400 | 800 - VIV
Twmin, Tmax | 300 B VIV
eN@ > 1 MHz | Noise Voltage 1-100 MHz 25°C 23 v | av/Hz
iN@ > 100 kHz | Noise Current 100k-100 MHz 25°C 3.2 pA/VHz
Closed Loop AC Electrical Characteristics
Vs = 5V, Ay = +1,Rf = 00, R, = 1001 unless otherwise specified
Parameter Description Test Temp Min | Typ | Max | TestLevel | Units
Conditions
SSBW —3 dB Bandwidth Ay = +1 25°C 150 300 V MH:z
(Vour = 04Vpp) Ay = -1 25°C 200 MH:
Ay = +2 25°C 150 200 - MH:z
Tmin, TMax | 125 . MHz
Ay = +5 25°C 40 v MH:z
Ay = +10 25°C 20 v MH:z
GBWP Gain-Bandwidth Product | Ay = +10 25°C 200 v MH:z
LSBWa —3 dB Bandwidth Vour = 2 Vpp Al s as o —
(Note 4)
LSBWb —3 dB Bandwidth Vour = 5 Vpp Al " 6 w My
(Note 4)
GFPL Peaking (<50 MHz) Vour = 0.4 Vpp 25°C 0 0.5 I dB
TMmiN, TMAX 0.5 v dB
GFPH Peaking (>50 MHz) Vour = 0.4 Vpp 25°C 1 3 I dB
TMmin, TMAX 3 v dB
GFR Rolloff (<100 MHz) Vour = 0.4 Vpp 25°C 0.1 0.5 I dB
TNy TMAX 0.5 v dB
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EL2073C

EL2073C |
200 MHz Unity-Gain Stable Operational Amplifier

Closed Loop AC Electrical Characteristics

Vg = +5V,Ay = +1,Rf = 00, Ry, = 1000 unless otherwise specified — Contd.

Note 5: All distortion measurements are made with Voyr = 2 Vpp, Ry, = 100Q.

Note 6: Video performance measured at Ay = +1 with 2 times normal video level across Ry, = 100Q. This corresponds to standard
video levels across a back-terminated 50Q load, i.e., 0-100 IRE, 40IREpp giving a 1 Vpp video signal across the 500 load.
For other values of Ry, see curves.

Parameter Description TP:St Temp Min | Typ | Max | Test Level | Units
Conditions
LPD Linear Phase Deviation Vourt = 0.4 Vpp All 1 18 v o
(<100 MHz)
PM Phase Margin Ay = +1 25°C 60 v °
trl, tfl Rise Time, Fall Time 0.4V Step, Ay = +2 25°C 2 v ns
tr2, tf2 Rise Time, Fall Time 5V Step, Ay = +2 25°C 15 v ns
i 0.1 2V
tsl Settling to 0.1% Step 25°C 13 v s
(Ay = —1)
i X 2V
ts2 Settling to 0.01% Step 25°C 25 v s
(Ay = —1)
oS Overshoot 2V Step 25°C 5 v %
SR Slew Rate 2V Step All 175 250 v V/pus
DISTORTION (Note 5)
HD2a 2nd Harmonic Distortion @10 MHz, Ay = +2 25°C =65 [ —55 w dBc
HD2b 2nd Harmonic Distortion @ 20 MHz, Ay = +1 25°C —60 | —50 v dBc
HD2c 2nd Harmonic Distortion @ 20 MHz, Ay = +2 25°C —55 | —50 m dBc
TwmiN TMAX —45 w o dBc
HD3a 3rd Harmonic Distortion @ 10 MHz, Ay = +2 25°C —72 | —60 v dBc
HD3b 3rd Harmonic Distortion @ 20 MHz, Ay = +1 25°C —70 [ —55 v dBc
HD3c 3rd Harmonic Distortion @ 20 MHz, Ay = +2 25°C —70 [ —60 nm dBc
TMIN: TMAX —60 IV dBc
VIDEO PERFORMANCE (Note 6)
aG Differential Gain NTSC 25°C 0.01 | 0.05 m %oop
dP Differential Phase NTSC 25°C 0.015 | 0.05 ni °pp
dG Differential Gain 30 MHz 25°C 0.1 v % pp
dpP Differential Phase 30 MHz 25°C 0.1 v °pp
VBW +0.1 dB Bandwidth Flatness 25°C 25 50 I MH:z
Note 1: Measured from TpiN, TMAX-
Note 2: £ Vee = +4.5V to 5.5V.
Note 3: £Vjy = 2.5V, Voyr = 0V
. . . Slew Rate
Note 4: Large-signal bandwidth calculated using LSBW = —————,
27 VpEAK
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Typical Performance Curves (t, = 25°c)
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EL2073C

EL2073C

200 MH: Unity-Gain Stable Operational Amplifier
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Settling Time vs

Vo) PO I R T
Li088a-LO0p Uraln

100
R_= 1000
Vrep = 2V
g0 | STEP :
% |
0.01% P
4
40
P 0.1%
— 7
20
ft
0
-1 =3 =5 -7 -3 -1

CLOSED-LOOP GAIN (V/V)

Supply Current
vs Temperature

21
20
19
18
=75 =25 25 75 125
AMBIENT TEMPERATURE (°C)
AvyoL, PSRR, and CMRR
vs Temperature
CMRR
90
PSRR
80
[~
70
AvoL
60
-75 =25 25 75 125
AMBIENT TEMPERATURE (°C)
2073-3

1-142
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EL2073C

EL2073C

200 MHz Unity»Gain Stable Operational Amphﬁer

Equivalent Circuit
VS+

Hay)

VBIAS

VALu W
/IR
»—7- L—M——«

ouT

‘&.[[
.

VBIAS

AAA
\AAS
A

\A A4
L
1

5L__|

Burn-In Circuit

2073-7

2073-8

All Packages Use The Same Schematic
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200 MHz Unity-Gain Stable

EL2073C

Operational Amplifier

Applications Information

Product Description

The EL2073 is a wideband monolithic operation-
al amplifier built on a high-speed complementary
bipolar process. The EL2073 uses a classical volt-
age-feedback topology which allows it to be used
in a variety of applications where current-feed-
back amplifiers are not appropriate because of re-
strictions placed upon the feedback element used
with the amplifier. The conventional topology of
the EL2073 allows, for example, a capacitor to be
placed in the feedback path, making it an excel-
lent choice for applications such as active filters,
sample-and-holds, or integrators. Similarly, be-
cause of the ability to use diodes in the feedback
network, the EL2073 is an excellent choice for
applications such as log amplifiers.

The EL2073 also has excellent DC specifications:
200 pV, Vos, 2 pA Ig, 0.1 pA Igg, and 90 dB of
CMRR. These specifications allow the EL2073 to
be used in DC-sensitive applications such as dif-
ference amplifiers. Furthermore, the current
noise of the EL2073 is only 3.2 pA/yHz, making
it an excellent choice for high-sensitivity trans-
impedance amplifier configurations.

Gain-Bandwidth Product

The EL2073 has a gain-bandwidth product of
200 MHz. For gains greater than 4, its closed-
loop —3 dB bandwidth is approximately equal to
the gain-bandwidth product divided by the noise
gain of the circuit. For gains less than 4, higher-
order poles in the amplifier’s transfer function
contribute to even higher closed loop band-
widths. For example, the EL2073 has a —3 dB
bandwidth of 400 MHz at a gain of + 1, dropping
to 200 MHz at a gain of +2. It is important to
note that the EL2073 has been designed so that
this “extra” bandwidth in low-gain applications
does not come at the expense of stability. As seen
in the typical performance curves, the EL2073 in
a gain of + 1 only exhibits 1 dB of peaking with a
10012 load.

Video Performance

An industry-standard method of measuring the
video distortion of a component such as the
EL2073 is to measure the amount of differential
gain (dG) and differential phase (dP) that it in-
troduces. To make these measurements, a

0.286 Vpp (40 IRE) signal is applied to the device
with 0V DC offset (0 IRE) at either 3.58 MHz for
NTSC, 443 MHz for PAL, or 30 MHz for
HDTV. A second measurement is then made at
0.714V DC offset (100 IRE). Differential gain is a
measure of the change in amplitude of the sine
wave, and is measured in percent. Differential
phase is a measure of the change in phase, and is
measured in degrees.

For signal transmission and distribution, a back-
terminated cable (75() in series at the drive end,
and 75{) to ground at the receiving end) is pre-
ferred since the impedance match at both ends
will absorb any reflections. However, when dou-
ble termination is used, the received signal is
halved; therefore a gain of 2 configuration is typi-
cally used to compensate for the attenuation.

The EL2073 has been designed to be among the
best video amplifiers in the marketplace today. It
has been thoroughly characterized for video per-
formance in the topology described above, and
the results have been included as minimum dG
and dP specifications and as typical performance
curves. In a gain of + 2, driving 150}, with stan-
dard video test levels at the input, the EL2073
exhibits dG and dP of only 0.01% and 0.015° at
NTSC and PAL. Because dG and dP vary with
different DC offsets, the superior video perform-
ance of the EL2073 has been characterized over
the entire DC offset range from —0.714V to
+0.714V. For more information, refer to the
curves of dG and dP vs DC Input Offset.

The excellent output drive capability of the
EL2073 allows it to drive up to 4 back-terminated
loads with excellent video performance. With 4
150 loads, dG and dP are only 0.15% and 0.08°
at NTSC and PAL. For more information, refer
to the curves for Video Performance vs Number
of 1500 Loads.

Output Drive Capability

The EL2073 has been optimized to drive 500 and
75Q loads. It can easily drive 6 Vpp into a 50§)
load. This high output drive capability makes the
EL2073 an ideal choice for RF, IF and video ap-
plications. Furthermore, the current drive of the
EL2073 remains a minimum of 50 mA at low
temperatures. The EL2073 is current-limited at
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EL2073C

EL2073C

200 MHz Unity-Gain Stable Operational Amplifier

Applications Information

the output, allowing it to withstand momentary
shorts to ground. However, power dissipation
with the output shorted can be in excess of the
power-dissipation capabilities of the package.

Capacitive Loads

Although the EL2073 has been optimized to
drive resistive loads as low as 50f), capacitive
loads will decrease the amplifier’s phase margin
which may result in peaking, overshoot, and pos-
sible oscillation. For optimum AC performance,
capacitive loads should be reduced as much as
possible or isolated via a series output resistor.
Coax lines can be driven, as long as they are ter-
minated with their characteristic impedance.
When properly terminated, the capacitance of co-
axial cable will not add to the capacitive load
seen by the amplifier. Capacitive loads greater
than 10 pF should be buffered with a series resis-
tor (Rs) to isolate the load capacitance from the
amplifier output. A curve of recommended Rs vs
Cload has been included for reference. Values of
Rs were chosen to maximize resulting bandwidth
without peaking.

Printed-Circuit Layout

As with any high-frequency device, good PCB
layout is necessary for optimum performance.
Ground-plane construction is highly recommend-
ed, as is good power supply bypassing. A 1 uF-
10 uF tantalum capacitor is recommended in par-
allel with a 0.01 pF ceramic capacitor. All lead
lengths should be as short as possible, and all by-
pass capacitors should be as close to the device
pins as possible. Parasitic capacitances should be
kept to an absolute minimum at both inputs and
at the output. Resistor values should be kept un-
der 100042 to 20002 because of the RC time con-
stants associated with the parasitic capacitance.
Metal-film and carbon resistors are both accept-
able, use of wire-wound resistors is not recom-
mended because of parasitic inductance. Similar-
ly, capacitors should be low-inductance for best
performance. If possible, solder the EL2073 di-
rectly to the PC board without a socket. Even
high quality sockets add parasitic capacitance
and inductance which can potentially degrade
performance. Because of the degradation of AC
performance due to parasitics, the use of surface-
mount components (resistors, capacitors, etc.) is
also recommended.
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200 MHz Unity-Gain Stable Operational Ampl

EL2073C

EL2073 Macromodel

*

* Connections: +input

* I ~input

* + Vsupply

* —Vsupply
* ‘ output
*

.Subckt M2073 327 46

*

*Input Stage
*

ie 37 4 1mA

ré 36 37 125

r7 38 37 125

rcl 7 30 200

rec2 7 39 200

ql 30 3 36 qn

q2 39 2 38 gna
ediff 33 0 39 30 1
rdiff 33 0 1Meg

*

* Compensation Section
*

ga 0 34 33 0 2m

rh 34 0 500K

ch 34 0 1.2pF

rc 34 40 400

cc 40 0 0.3pF

*

* Poles

*

ep 41 0 400 1
rpa 41 42 75
cpa 42 0 0.5pF
rpb 42 43 50
cpb 43 0 0.5pF
*

* Qutput Stage
*

iosl 7 50 3.0mA
i0s2 51 4 3.0mA
q3 4 43 50 qp
q4 7 43 51 qn
q5 7 50 52 qn
q6 4 51 53 qp
rosl 52 6 2
ros2 6 53 2

*

Power Supply Current

*

ips 7 4 11.4mA

*

Models

*

.model gqna npn(is=800e—18 bf=170 tf=0.2ns)
.model gn npn(is=810e—18 bf=200 tf=0.2ns)

.model gqp pnp(is=800e—18 bf=200 tf=0.2ns)
.ends
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EL2073 Macromodel — Contd.
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Features

® 400 MHz gain-bandwidth
product

® Gain-of-2 stable

® Ultra low video distortion =
0.01%/0.015° @ NTSC/PAL

¢ Conventional voltage-feedback
topology

* Low offset voltage = 200 uV

* Low bias current = 2 pA

® Low offset current = 0.1 A

® Qutput current = 50 mA over
temperature

¢ Fast settling = 13ns t0 0.1%

¢ Low distortion = —55 dB HD2,
—70dB HD3 @ 20 MHz, 2 Vpp,
Ay = +2

Applications

¢ High resolution video

o Active filters/integrators

¢ High-speed signal processing
¢ ADC/DAC buffers

¢ Pulse/RF amplifiers

¢ Pin diode receivers

¢ Log amplifiers

¢ Photo multiplier amplifiers

¢ High speed sample-and-holds

Ordering Information

Part No. Temp. Range Package  Outline #
EL2074CN  0°Cto +75°C 8-Pin P-DIP _ MDP0031
EL2074CS  0°Cto +75°C 8-Lead SO MDP0027

General Description

The EL2074 is a precision voltage-feedback amplifier featuring
a 400 MHz gain-bandwidth product, fast settling time, excellent
differential gain and differential phase performance, and a mini-
mum of 50 mA output current drive over temperature.

The EL2074 is gain-of-2 stable with a —3 dB bandwidth of
400 MHz at Ay = +2. It has a very low 200 uV of input offset
voltage, only 2 nA of input bias current, and a fully symmetri-
cal differential input. Like all voltage-feedback operational am-
plifiers, the EL2074 allows the use of reactive or non-linear
components in the feedback loop. This combination of speed
and versatility makes the EL2074 the ideal choice for all op-
amp applications at a noise gain of 2 or greater requiring high
speed and precision, including active filters, integrators, sam-
ple-and-holds, and log amps. The low distortion, high output
current, and fast settling makes the EL2074 an ideal amplifier
for signal-processing and digitizing systems.

Elantec products and facilities comply with MIL-1-45208A, and
other applicable quality specifications. For information on
Elantec’s processing, see Elantec document, QRA-1: Elantec’s
Processing, Monolithic Integrated Circuits.

Connection Diagram

DIP and SO Package
we [T ~7 [E]ne

IN-[2] (7] v+
in+ ] [§]our

v-[4] [S]Ne

2074-1
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EL2074C

EL2074C

400 MHz GBWP Gain-of-2 Stable Opemtionat Amplifie e
-

Absolute Maximum Ratings (r, = 25°0)

Supply Voltage (Vs) +7V Lead Temperature
Output Current Output is short-circuit protect- DIP Package 300°C
ed to ground, however, maxi- (Soldering: <5 seconds —CN
mum reliability is obtained if <10 seconds —J)
IoyuT does not exceed 70 mA. SO Package
Common-Mode Input +Vg Vapor Phase (60 seconds) 215°C
Differential Input Voltage 5V I‘.lfr ared (15 seconds) 220°C
Thermal Resistance 674 = 95°C/W P-DIP Junction Temperature 175°C
634 = 175°C/W SO-8 Storage Temperature —60°C to +150°C
Operating Temperature 0°C to +75°C Note: See EL2071/EL2171 for Thermal Impedance curves.
Important Note:

mwmmmmmammmmmmemmmmmm
performed during production and Quality inspeetion. Elantec performs most electrical tests using modern hi speed au
WW%LMNWWWMMMMWWMWW&T

Test Level Test Procedure

100% production tested and QA sample tested per QA test plan QCX0002.
100% production testedat Ty = B‘deQAaampletemdatTA =25°C,
Taeax and Ty 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 at T = 25°C for information purposes only.

<2F m~

Open Loop DC Electrical Characteristics

Vg = 15V, Ry = 1001, unless otherwise specified

Parameter Description Cor;l:;i;ons Temp Min | Typ | Max T?st Level » Units
Vos Input Offset Voltage Vem = 0V 25°C 0.2 1.5 1 1 mVv
Tvn Tmax 3 m | mv
TCVos ézle::gg: l())tfif;-stet: (Note 1) All 8 v pv/eC
Ig Input Bias Current VeMm = 0V All 2 6 I RA
Ios Input Offset Current Vem = 0V 25°C 0.1 1 ! \' . MA
Tmin, TMAX 2 ‘ m HA
N
CMRR ::::"u‘:; B;:gz (Note 3) All 65 90 - x: . dB
Is Supply Current—Quiescent | No Load 25°C 21 23 1 mA
TymiN TMAX 25 m mA
RN (diff) RN (Differential) Open-Loop 25°C 15 V k)
Cin (diff) Cin (Differential) Open-Loop 25°C 1 v pF
RN (cm) RN (Common-Mode) 25°C 1 v MQ
Cin (cm) CiN (Common-Mode) 25°C 1 v pF
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400 MHz GBWP Gain-of-2 Stable Operational Amplifier

Open Loop DC Electrical Characteristics

Vs = 15V, Ry, = 1004, unless otherwise specified — Contd.

Parameter Description Cor;rd‘;::ons Temp Min | Typ | Max | Test Level | Units
Rouyr Output Resistance 25°C 20 v m{)
CMIR Common-Mode Input 25°C +3 | £3.5 v \Y

Range Ty Tmax | £2.5 v v
Iout Output Current All 50 70 I mA
Vourt Output Voltage Swing No Load All +35| +4 u v
Vour 100 Output Voltage Swing 1000 All +3 | 3.6 " v
Vour 50 Output Voltage Swing 500 All +25 | +34 o v
Ayor 100 Open-Loop Gain 1000 25°C 500 | 1000 \ VIV
Ty Tmax | 400 m /v
Avor 50 Open-Loop Gain 500 25°C 400 | 800 I VIV
TmiN, Tmax | 300 h | A
eN@ > 1 MHz | Noise Voltage 1-100 MHz 25°C 2.3 v nV/VHz
iN@ > 100 kHz | Noise Current 100k—100 MHz 25°C 32 N pA/NHz
Closed Loop AC Electrical Characteristics
Vg = t5V,Ay = +2,Rf = Rg = 25000, Cf = 3pF, R = 100Q unless otherwise specified
Parameter Description Test Temp Min | Typ | Max | TestLevel | Units
Conditions .
SSBW —3 dB Bandwidth Ay = -1 25°C 400 e MH:z
(Vour = 0-4Vpp) Ay = +2 25°C 250 | 400 ‘m MHz
TmiN, TmMax | 250 A MHz
Ay = +5 25°C 100 v MH:z
Ay = +10 25°C 40 v MH:z
GBWP Gain-Bandwidth Product | Ay = +10 25°C 400 v MHz
LSBWa —3 dB Bandwidth Vour = 2 Vpp Al " 6 e MHz
(Note 4)
LSBWb —3 dB Bandwidth Vour = 5 Vpp Al 1 25 S -
(Note 4)
GFPL Peaking (<50 MHz) Vour = 0.4 Vpp 25°C 0 1 m dB
TmiN, TMAX 1 v | aB
GFPH Peaking (> 50 MHz) Vout = 0.4 Vpp 25°C 0 2 414 dB
TMmIN: TMAX 2 v dB
GFR Rolloff (<100 MHz) Vour = 0.4 Vpp 25°C 0.1 0.5 m dB
TMmIN, TMAX 0.5 v dB
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EL2074C

‘GBWP Gain-of-2 Stable Operational Amplifier

Closed Loop AC Electrical Characteristics

Vs = %5V, Ay = +2,Rf = Rg = 250Q, Cf = 3pF, Ry, = 100() unless otherwise specified — Contd.

Parameter Description Cor:l:i::ons Temp Min | Typ | Max | Test Level | Units
Linear Phase Deviation A" =04V
LPD (<100 MI;:) our PP All 1| 18 v o
PM Phase Margin Ay = +2 25°C 50 v °
trl, tfl Rise Time, Fall Time 0.4V Step, Ay = +2 25°C 1.8 N ns
tr2, tf2 Rise Time, Fall Time 5V Step, Ay = +2 25°C 8 o v ns
tsl ?::Itlizng _u:)o.1% 2V Step 25C 13 :‘ v e
ts2 (S;::h:g _tc;)0.0l% 2V Step 25°C 25 ~ V ns
oS Overshoot 2V Step 25°C 5 W—; %
SR Slew Rate 2V Step All 275 | 400 v V/ps
DISTORTION (Note 5)
HD2a 2nd Harmonic Distortion @ 10 MHz, Ay = +2 25°C —65 | —55 v dBc
HD2c 2nd Harmonic Distortion @ 20 MHz, Ay = +2 25°C —55 | —45 I dBc
Tmin: Tmax —45 w dBc
HD3a 3rd Harmonic Distortion @ 10 MHz, Ay = +2 25°C —-72 | —60 1w dBc
HD3c 3rd Harmonic Distortion @ 20 MHz, Ay = +2 25°C —70 | —60 I dBc
| T Tmax ~60 v dBc
VIDEO PERFORMANCE (Note 6) - -
dG Differential Gain NTSC 25°C 0.01 | 0.05 - m %o pp
dpP Differential Phase NTSC 25°C 0.015 { 0.05 I °pp
dG Differential Gain 30 MH:z 25°C 0.1 v %o pp
dP Differential Phase 30 MHz 25°C 0.1 v °op
VBW +0.1 dB Bandwidth Flatness 25°C 25 50 I MH:z

Note 3: £ Viy

Note 1: Measured from TpiN, TMAX-
Note 2: £Vce = 4.5V to 5.5V.
= iZ.SV, VOUT = 0V

Note 4: Large-signal bandwidth calculated using LSBW =

Slew Rate

27 VpEAK

Note 5: All distortion measurements are made with Vour = 2 Vpp, Ry, = 1000.

Note 6: Video performance measured at Ay = +2 with 2 times normal video level across Ry, = 100). This corresponds to standard
video levels across a back-terminated 50(2 load, i.e., 0-100 IRE, 40IREpp giving a 1 Vpp video signal across the 50Q load.
For other values of Rp, see curves.

1-162



Typical Performance Curves (1, = 25°c)

Non-Inverting
Frequency Response
& 1
5 2 aym 2
B ofoan
N .
3 prase | L] A\, o
i - :
; -90 ;
-4
E a -180
< _g|Yo ™04V e
= R = 1008 [ aymer
ot -360
1 10 100 500
FREQUENCY (MHz)
Open Loop Gain
and Phase
70 GAIN |
PHAS! N
~ 50 0
g A Y
z N ~
3 % N -90 g‘:
3 10 M - 180 3
z A N
a
& 1 -270
-30 -360
10k 100k 1M 10M  100M 500M
FREQUENCY (Hz)
PSRR, CMRR, and Closed-Loop
Ro vs Frequency
100
CHRR 100 §F
80 PSRR N, n
@ dio <
2 o AN / 2
g W J/ ~
3 voe
o 40 1 §
3
o i ¥ Ho1r 2
20 |-Ro (Ay = +2) i
| 0.01 §
NEiinsi
10k 100k 1M 10M 100M 500M

FREQUENCY (Hz)

MAGNITUDE (NORMALIZED) (dB)

OUTPUT VOLTAGE SWING (V")

DISTORTION (dBc)

Inverting Frequency Response

4
T
2 ~._,-~/'"
A= -10-Av= -8 14 0
o |GAN |
PHASE] TN M s
-2 H
4 90
-4 LA
Yo ?O;V‘:f ARl AVAY 0
LY P \J
1 10 100 500
FREQUENCY (MHz)
Output Voltage Swing
vs Frequency
10
L1
8 b
\ = 500
\
. \
) N
o Ay = +2
1 10 100 500
FREQUENCY (MHz)
2nd and 3rd Harmonic
Distortion vs Frequency
Ay =42 M1
40 1R = 1000 T
Vo = 2Vpp T
-50
-60 [
/
70 /
_s0 |H02 H
wo3| [ |14
1 10 100

FREQUENCY (MHz)

PHASE (°)

MAGNITUDE (NORMALIZED) (dB)

NOISE VOLTAGE (nV/VHz')

INTERCEPT POINT (dBm)

Frequency Response
for Various Ry s

| I
) l‘l_}°|°|;\-|m
1l
o [GAN
|PHASE Sk 0 s
-2 w
] o 2
I P R = 1000
R, = 2500 [T -180
Vo = 0.4V,
slomow] T T
1 10 100 500270
FREQUENCY (MHz)
Equivalent Input Noise
10 10
s 0 8
] s |2
A 2
N R} <
4 NP Current Noise 3.2pa/VHT 4 &
NN L] =
1] g
E}
2 Voltoge Noise 2.3 av/VHT| 2 ]
LT g
L,
1 1
100 1k 10k 100k 1M 10M
FREQUENCY (Hz)
2-Tone, 3rd Order
Intermodulation Intercept
50 T
T TT
Pout
40 n j - 100 4
280 4
30 h -4
20
N
10
0
0 20 40 60 80 100
FREQUENCY (MHz)
2074-2

1-153

ovL0ETH



Typical Performance Curves (Ta = 25°C unless otherwise specified) — Contd.
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Typical Performance Curves (r, = 25°c)— Contd.
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EL2074C

Equivalent Circuit

VS+
s s
VBIAS b3 b2
IN+ IN- 1
[
VBIAS :E :E T
vsS-

Burn-In Circuit

2074-8

All Packages Use The Same Schematic

2074-7
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Applications Information

Product Description

The EL2074 is a wideband monolithic operation-
al amplifier built on a high-speed complementary
bipolar process. The EL2074 uses a classical volt-
age-feedback topology which allows it to be used
in a variety of applications requiring a noise gain
22 where current-feedback amplifiers are not ap-
propriate because of restrictions placed upon the
feedback element used with the amplifier. The
conventional topology of the EL2074 allows, for
example, a capacitor to be placed in the feedback
path, making it an excellent choice for applica-
tions such as active filters, sample-and-holds, or
integrators. Similarly, because of the ability to
use diodes in the feedback network, the EL2074
is an excellent choice for applications such as log
amplifiers.

The EL2074 also has excellent DC specifications:
200 pV, Vgs, 2 pA Ig, 0.1 pA Igs, and 90 dB of
CMRR. These specifications allow the EL2074 to
be used in DC-sensitive applications such as dif-
ference amplifiers. Furthermore, the current
noise of the EL2074 is only 3.2 pA/VHz, making
it an excellent choice for high-sensitivity trans-
impedance amplifier configurations.

Gain-Bandwidth Product

The EL2074 has a gain-bandwidth product of
400 MHz. For gains greater than 8, its closed-
loop — 3 dB bandwidth is approximately equal to
the gain-bandwidth product divided by the noise
gain of the circuit. For gains less than 8, higher-
order poles in the amplifier’s transfer function
contribute to even higher closed loop band-
widths. For example, the EL2074 has a —3 dB
bandwidth of 400 MHz at a gain of + 2, dropping
to 200 MHz at a gain of +4. It is important to
note that the EL2074 has been designed so that
this “extra” bandwidth in low-gain applications
does not come at the expense of stability. As seen
in the typical performance curves, the EL2074 in
a gain of + 2 only exhibits 1 dB of peaking with a
1002 load.

Parasitic Capacitances and Stability
When used in positive-gain configurations, the
EL2074 can be quite sensitive to parasitic capaci-
tances at the inverting input, especially with val-
ues =250 for the gain resistor. The problem
stems from the feedback and gain resistance in
conjunction with the approximately 3pF of
board-related parasitic capacitance from the in-
verting input to ground. Assuming a gain-of-2
configuration with Rf=Rg=2501), a feedback
pole occurs at 424 MHz, which is equivalent to a
zero in the forward path at the same frequency.
This zero reduces stability by reducing the effec-
tive phase-margin from about 50° to about 30°.

A common solution to this problem is to add an
additional capacitor from the inverting input to
the output. This capacitor, in conjunction with
the parasitic capacitance, maintains a constant
voltage-divider between the output and the in-
verting input. This technique is used for AC test-
ing of the EL2074. A 3pF capacitor is placed in
parallel with the feedback resistor for all AC
tests. When this capacitor is used, it is also possi-
ble to increase the resistance values of the feed-
back and gain resistors without loss of stability,
resulting in less loading of the EL2074 from the
feedback network.

Video Performance

An industry-standard method of measuring the
video distortion of a component such as the
EL2074 is to measure the amount of differential
gain (dG) and differential phase (dP) that it in-
troduces. To make these measurements, a
0.286 Vpp (40 IRE) signal is applied to the device
with OV DC offset (0 IRE) at either 3.58 MHz for
NTSC, 443 MHz for PAL, or 30 MHz for
HDTYV. A second measurement is then made at
0.714V DC offset (100 IRE). Differential gain is a
measure of the change in amplitude of the sine
wave, and is measured in percent. Differential
phase is a measure of the change in phase, and is
measured in degrees.
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EL2074C

EL2074C

400 MHz GBWP Gain-of-2 Stable Qﬁamtional Amlifier

Applications Information — Contd.

For signal transmission and distribution, a back-
terminated cable (752 in series at the drive end,
and 75 to ground at the receiving end) is pre-
ferred since the impedance match at both ends
will absorb any reflections. However, when dou-
ble termination is used, the received signal is
halved; therefore a gain of 2 configuration is typi-
cally used to compensate for the attenuation.

The EL2074 has been designed to be among the
best video amplifiers in the marketplace today. It
has been thoroughly characterized for video per-
formance in the topology described above, and
the results have been included as minimum dG
and dP specifications and as typical performance
curves. In a gain of + 2, driving 150(), with stan-
dard video test levels at the input, the EL2074
exhibits dG and dP of only 0.01% and 0.015° at
NTSC and PAL. Because dG and dP vary with
different DC offsets, the superior video perform-
ance of the EL2074 has been characterized over
the entire DC offset range from —0.714V to
+0.714V. For more information, refer to the
curves of dG and dP vs DC Input Offset.

The excellent output drive capability of the
EL2074 allows it to drive up to 4 back-terminated
loads with excellent video performance. With 4
1501} loads, dG and dP are only 0.15% and 0.08°
at NTSC and PAL. For more information, refer
to the curves for Video Performance vs Number
of 15042 Loads.

Output Drive Capability

The EL2074 has been optimized to drive 5002 and
75Q loads. It can easily drive 6 Vpp into a 50
load. This high output drive capability makes the
EL2074 an ideal choice for RF, IF and video ap-
plications. Furthermore, the current drive of the
EL2074 remains a minimum of 50 mA at low
temperatures. The EL2074 is current-limited at
the output, allowing it to withstand momentary
shorts to ground. However, power dissipation
with the output shorted can be in excess of the
power-dissipation capabilities of the package.

Capacitive Loads

Although the EL2074 has been optimized to
drive resistive loads as low as 50(), capacitive
loads will decrease the amplifier’s phase margin
which may result in peaking, overshoot, and pos-
sible oscillation. For optimum AC performance,
capacitive loads should be reduced as much as
possible or isolated via a series output resistor.
Coax lines can be driven, as long as they are ter-
minated with their characteristic impedance.
When properly terminated, the capacitance of co-
axial cable will not add to the capacitive load
seen by the amplifier. Capacitive loads greater
than 10 pF should be buffered with a series resis-
tor (Rs) to isolate the load capacitance from the
amplifier output. A curve of recommended Rs vs
Cload has been included for reference. Values of
Rs were chosen to maximize resulting bandwidth
without peaking.

Printed-Circuit Layout

As with any high-frequency device, good PCB
layout is necessary for optimum performance.
Ground-plane construction is highly recommend-
ed, as is good power supply bypassing. A 1 pF-
10 uF tantalum capacitor is recommended in par-
allel with a 0.01 uF ceramic capacitor. All lead
lengths should be as short as possible, and all by-
pass capacitors should be as close to the device
pins as possible. Parasitic capacitances should be
kept to an absolute minimum at both inputs and
at the output. Resistor values should be kept un-
der 100092 to 2000() because of the RC time con-
stants associated with the parasitic capacitance.
Metal-film and carbon resistors are both accept-
able, use of wire-wound resistors is not recom-
mended because of parasitic inductance. Similar-
ly, capacitors should be low-inductance for best
performance. If possible, solder the EL2074 di-
rectly to the PC board without a socket. Even
high quality sockets add parasitic capacitance
and inductance which can potentially degrade
performance. Because of the degradation of AC
performance due to parasitics, the use of surface-
mount components (resistors, capacitors, etc.) is
also recommended.
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EL2074 Macromodel

*

* Connections: +input

* -input

* +Vsupply

* —Vsupply
* output
. ]
.subckt M2074 321748

*

*Input Stage
*

ie 37
ré 36
r7 38
rel 7
re2 7
ql 30
q2 39
ediff
rdiff

4 1m

37 125

37 125

30 200

39 200

3 36 gn

2 38 gna
33039 30 1
33 0 1 Meg

*

* Compensation Section
*

ga 0 34 33 0 2m

rh 34 0 500K

ch 34 0 0.8 pF

rc 34 40 50

cc 40 0 0.05 pF

*

* Poles

*

ep 41 0 40 0 1
rpa 41 42 150
cpa 42 0 0.5 pF
rpb 42 43 50
cpb 43 0 0.5 pF
*

* OQutput Stage
*

iosl 7 50 3.0 mA
i0s2 51 4 3.0 mA
q3 4 43 50 qp

q4 7 43 51 gn

q5 7 50 52 gn

q6 4 51 53 gp
rosl 52 6 2

ros2 6 53 2

*

Power Supply Current

*

ips 7 4 11.4 mA

*

Models

*

.model gna npn(is=800e—18 bf=170 tf=0.2 ns)
.model gn npn(is=810e—18 bf=200 tf=0.2 ns)

.model gp pnp(is=800e—18 bf=200 t£=0.2 ns)
.ends
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EL2074 Macromodel — Contd.
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Features
¢ 2 GHz gain-bandwidth product
o Cnin_af 10 atahla

* Conventional voltage-feedback
topology

* Low offset voltage = 200 uV

* Low bias current = 2 pA

® Low offset current = 0.1 pA

® Qutput current = 50 mA over
temperature

¢ Fast settling = 13 ns to 0.1%

Applications

¢ Active filters/integrators

* High-speed signal processing
¢ ADC/DAC buffers

® Pulse/RF amplifiers

® Pin diode receivers

® Log amplifiers

¢ Photo multiplier amplifiers

* High speed sample-and-holds

Ordering Information

Part No. Temp.Range Package Outline #
EL2075CN_ 0°Cto +75°C 8-Pin P-DIP _ MDP0031
EL2075CS _ 0°Cto +75°C 8-Lead SO MDP0027

General Description

The EL2075 is a precision voltage-feedback amplifier featuring
a 2 GHz gain-bandwidth product, fast settling time, excellent
differential gain and differential phase performance, and a mini-
mum of 50 mA output current drive over temperature.

The EL2075 is gain-of-10 stable with a —3 dB bandwidth of 400
MHz at Ay = +10. It has a very low 200 pV of input offset
voltage, only 2 pA of input bias current, and a fully symmetri-
cal differential input. Like all voltage-feedback operational am-
plifiers, the EL2075 allows the use of reactive or non-linear
components in the feedback loop. This combination of speed
and versatility makes the EL2075 the ideal choice for all op-
amp applications at a gain of 10 or greater requiring high speed
and precision, including active filters, integrators, sample-and-
holds, and log amps. The low distortion, high output current,
and fast settling makes the EL2075 an ideal amplifier for sig-
nal-processing and digitizing systems.

Elantec products and facilities comply with MIL-1-45208A, and
other applicable quality specifications. For information on
Elantec’s processing, see Elantec document, QRA-1: Elantec’s
Processing, Monolithic Integrated Circuits.

Connection Diagram

DIP and SO Package
ne [1] ~ (8] ne
iN-[Z] [7]v+
N+ 3] 6] our
v-[4] [5]ne

2075-1
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Absolute Maximum Ratings (1, = 25°c)
Supply Voltage (Vg) 7V Lead Temperature
Output Current Output is short-circuit protect- DIP Package 300°C
ed to ground, however, maxi- (Soldering: <5 seconds —CN
mum reiiabiiity is obtained if <10 seconds —J)
IouTt does not exceed 70 mA. SO Package
Common-Mode Input +Vs Vapor Phase (60 seconds) 215°C
Differential Input Voltage 5V If’ﬁ' ared (15 seconds) 220:C
Thermal Resistance 654 = 95°C/W P-DIP Junction Temperature 17 5°c
954 = 175°C/W SO-8 Storage Temperature —60°C to +150°C
Operating Temperature 0°C to +75°C Note: See EL2071/EL2171 for Thermal Impedance curves.

Tm Procndm
100% production mud md QA aamplc md por‘QA test plan QCXWG&
e tested

Open Loop DC Electrical Characteristics

Vg = 15V, Rp = 1009, unless otherwise specified

Parameter Description Con;rd‘:::ons Temp Min | Typ | Max
Vos Input Offset Voltage Vem = 0V 25°C 0.2 1
TmiNy TMAX 2.5
TCVos Average Offset (Note 1) All 8
Voltage Drift
Ig Input Bias Current Vem = 0V All 2 6
Ios Input Offset Current Vem = 0V 25°C 0.1 1
TMmIN: TMAX 2
P | Reion i e i 8 | =
CMRR ;:::;Zx; 1::3: (Note 3) Al o | o n 4B
Is Supply Current—Quiescent | No Load 25°C 21 23 P mA
TmIN: TMAX 25 m mA
Ry (diff) RN (Differential) Open-Loop 25°C 15 v kQ
Cin (diff) Cin (Differential) Open-Loop 25°C 1 ¥ pF
RN (cm) RN (Common-Mode) 25°C 1 v MQ
Cin (cm) Cin (Common-Mode) 25°C 1 v pF
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Open Loop DC Electrical Characteristics

Vg = 15V, Ry = 1000, unless otherwise specified — Contd.

Parameter Description Cox;rdei:;ons Temp Min | Typ
Rour Output Resistance 25°C 50 mQ
CMIR Common-Mode Input 25°C +3 | £35 v
Range Ty Tmax | 25 v
Iour Output Current All 50 70 mA
Vout Output Voltage Swing No Load All +3.5 t4 v
Vour 100 Output Voltage Swing 10092 All +3 | 3.6 v
Vour 50 Output Voltage Swing 5090 All +2.5| 34 v
Avor 100 Open-Loop Gain 1000 25°C 1000 | 2800 v/v
Ty Tvax | 800 v/vV
AvoL 50 Open-Loop Gain 500 25°C 800 | 2300 VIV
TNy Tmax | 600 /v
eN@ > 1 MHz | Noise Voltage 1-100 MHz 25°C 2.3 nV/VHz
iN@ > 100 kHz | Noise Current 100k-100 MHz 25°C 3.2 pA/VHz
Closed Loop AC Electrical Characteristics
Vg = 15V, Ay = +20, Rf = 1500Q, Ry, = 100Q unless otherwise specified
Parameter Description Test Temp | Min | Typ Units
Conditions
SSBW —3 dB Bandwidth Ay = +10 25°C 400 : MH:z
(Vour = 0.4Vpp) Ay = +20 25°C 150 | 200 Txx MH:
Tapn, Tmax | 125 v MHz
Ay = +50 25°C 40 v MHz
GBWP Gain-Bandwidth Product | Ay = +100 25°C 2.0 ,V;‘_; GHz
LSBWa —3 dB Bandwidth Vourt = 2 Vpp Al o | 128 ‘ o Mz
(Note 4) -
LSBWb —3 dB Bandwidth Vour = 5 Vpp Al " s W MHz
(Note 4) o
GFPL Peaking (<50 MHz) Vour = 0.4 Vpp 25°C 0 0.5 m dB
TwmIN» TMAX 0.5 v dB
GFPH Peaking (> 50 MHz) Vour = 0.4 Vpp 25°C 0 1 1t dB
TmiN: TMax 1 N dB
GFR Rolloff (<100 MHz) Vour = 0.4 Vpp 25°C 0.1 0.5 dB
Ty TMAX 0.5 dB
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EL2075C

Closed Loop AC Electrical Characteristics

Vs = 15V, Ay = +20, Rf = 15009, Ry, = 100 unless otherwise specified — Contd.

Parameter Description Co r:l:'i.‘;::cns Temp Min
LPD Linear Phase Deviation Vour = 0.4 Vpp All
(<100 MHz)
PM Phase Margin Ay = +10 25°C
trl, tfl Rise Time, Fall Time 0.4V Step, Ay = +10 25°C
tr2, tf2 Rise Time, Fall Time 5V Step, Ay = +10 25°C
tsl Settling to 0.1% 2V Step 25°C
(Ay = —20)
ts2 Settling to 0.01% 2V Step 25°C
(Ay = —20)
(o} Overshoot 2V Step, Ay = +10 25°C
SR Slew Rate 2V Step, Ay = +10 All 500
DISTORTION (Note 5)
HD2 2nd Harmonic Distortion | @ 20 MHz, Ay = +20 25°C —40
TmIN: TMax
HD3 3rd Harmonic Distortion | @ 20 MHz, Ay = +20 25°C —65
TmiN: Tmax

Note 1: Measured from TyiN, TMaAX:
Note 2: +Vge = +4.5V to 5.5V.

Note 3: *Viy

Note 4: Large-signal bandwidth calculated using LEBW =

= iZ.SV, vOUT =0V

Slew Rate

27 VpEAK

Note 5: All distortion measurements are made with Voyr = 2 Vpp, R, = 1000.




Typical Performance Curves (1, = 25°0)

Non-Inverting
Frequency Response Inverting Frequency Response
4
s | g e
) ) T
3 Ay = 430 1 I
-~ 2 Ay = 10— = 0
8 N A 8 A=
S e gl R R
2 PHAS N 1) w - M
g 0 ¢
g, : i 8 |
o g
8 A N 90 ] InJ
2 Ay.x +20—X] - 2
g Py z ¢
< Vo = 0.4V, H -180 < Vo = 0.4V,
= I w= 10087 || \[] = " R = 1004
1 10 100 500 1 10 100 500
FREQUENCY (MHz) FREQUENCY (MHz)
Open Loop Gain Output Voltage Swing
and Phase vs Frequency
80 90 10
oAm - [N
! N £ R e
R T h 0 PO
z N ~ § R = 500
I 40 -%0 o
o ™ - w
§ N 2 = \
S 2 \N(-180 F 3 4
& .
S o -270 g 2 N
3 Ay = +1 T~
-10 -360 0
10k 100k 1M 10M  100M 500M 1 10 100 500
FREQUENCY (Hz) FREQUENCY (MHz)
PSRR, CMRR, and Closed-Loop 2nd and 3rd Harmonic
Ro Frequency Distortion vs Frequency
T o o[NP 2l
PSRR ! R = 1000 y
80 | CMRR ~ Vo = 2V,
2 Al < 3 -0 A Ho2
N y £ 3
« 0 o > Yy
3 A 1 g & -s0
v 40 & E‘ 4
I3 8 - L
& Ro (Ay=+10),4 01 & 2 -s0f /
20 ©
. =70
, 0.01 —— ey
10k 100k 1M 10M  100M 500M 1 10 100
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EL2075G

EL2075

2 GHz GBWP Gain-of-10 Stable Operational Amplifier
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Typical Performance Curves (r, = 25°C unless otherwise specified) — Contd.
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OUTPUT VOLTAGE (30 mV/div)

Small Signal Transient Response

TIME (Ins/div)

2075-4

Typical Performance Curves (r, = 25°c) — Contd.
Large Signal Transient Response
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EL2075C

EL2075C

2 GHz GBWP Gain-of-10 Stuble OﬁemnonwampMier

Equivalent Circuit

vs+
‘b <>
VBIAS 3 S
IN+ IN- ¢ out
4
VBIAS > >
BIA :: :: T

vs-
2075-6

Burn-In Circuit

75

2075-7

All Packages Use The Same Schematic
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able Operational Amplifier

Applications Information

Product Description

The EL2075 is a wideband monolithic operation-
al amplifier built on a high-speed complementary
bipolar process. The EL2075 uses a classical volt-
age-feedback topology which allows it to be used
in a variety of applications requiring a noise gain
2 10 where current-feedback amplifiers are not
appropriate because of restrictions placed upon
the feedback element used with the amplifier.
The conventional topology of the EL2075 allows,
for example, a capacitor to be placed in the feed-
back path, making it an excellent choice for ap-
plications such as active filters, sample-and-
holds, or integrators. Similarly, because of the
ability to use diodes in the feedback network, the
EL2075 is an excellent choice for applications
such as log amplifiers.

The EL2075 also has excellent DC specifications:
200 pV, Vos, 2 pA I, 0.1 pA Igs, and 90 dB of
CMRR. These specifications allow the EL2075 to
be used in DC-sensitive applications such as dif-
ference amplifiers. Furthermore, the current
noise of the EL2075 is only 3.2 pA/VHz, making
it an excellent choice for high-sensitivity trans-
impedance amplifier configurations.

Gain-Bandwidth Product

The EL2075 has a gain-bandwidth product of
2 GHz. For gains greater than 40, its closed-loop
—3 dB bandwidth is approximately equal to the
gain-bandwidth product divided by the noise
gain of the circuit. For gains less than 40, higher-
order poles in the amplifier’s transfer function
contribute to even higher closed loop band-
widths. For example, the EL2075 has a —3 dB
bandwidth of 400 MHz at a gain of + 10, drop-
ping to 200 MHz at a gain of +20. It is impor-
tant to note that the EL2075 has been designed
so that this “extra” bandwidth in low-gain appli-
cations does not come at the expense of stability.
As seen in the typical performance curves, the
EL2075 in a gain of + 10 only exhibits 1.5 dB of
peaking with a 100(2 load.

Output Drive Capability

The EL2075 has been optimized to drive 50§} and
750 loads. It can easily drive 6 Vpp into a 50()
load. This high output drive capability makes the
EL2075 an ideal choice for RF and IF applica-
tions. Furthermore, the current drive of the
EL2075 remains a minimum of 50 mA at low

temperatures. The EL2075 is current-limited at
the output, allowing it to withstand momentary
shorts to ground. However, power dissipation
with the output shorted can be in excess of the
power-dissipation capabilities of the package.

Capacitive Loads

Although the EL2075 has been optimized to
drive resistive loads as low as 50, capacitive
loads will decrease the amplifier’s phase margin
which may result in peaking, overshoot, and pos-
sible oscillation. For optimum AC performance,
capacitive loads should be reduced as much as
possible or isolated via a series output resistor.
Coax lines can be driven, as long as they are ter-
minated with their characteristic impedance.
When properly terminated, the capacitance of co-
axial cable will not add to the capacitive load
seen by the amplifier. Capacitive loads greater
than 10 pF should be buffered with a series resis-
tor (Rs) to isolate the load capacitance from the
amplifier output. A curve of recommended Rs vs
Cload has been included for reference. Values of
Rs were chosen to maximize resulting bandwidth
without additionl peaking.

Printed-Circuit Layout

As with any high-frequency device, good PCB
layout is necessary for optimum performance.
Ground-plane construction is highly recommend-
ed, as is good power supply bypassing. A 1 uF-
10 pF tantalum capacitor is recommended in par-
allel with a 0.01 wF ceramic capacitor. All lead
lengths should be as short as possible, and all by-
pass capacitors should be as close to the device
pins as possible. Parasitic capacitances should be
kept to an absolute minimum at both inputs and
at the output. Resistor values should be kept un-
der 1000 to 200012 because of the RC time con-
stants associated with the parasitic capacitance.
Metal-film and carbon resistors are both accept-
able, use of wire-wound resistors is not recom-
mended because of parasitic inductance. Similar-
ly, capacitors should be low-inductance for best
performance. If possible, solder the EL2075 di-
rectly to the PC board without a socket. Even
high quality sockets add parasitic capacitance
and inductance which can potentially degrade
performance. Because of the degradation of AC
performance due to parasitics, the use of surface-
mount components (resistors, capacitors, etc.) is
also recommended.
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EL2075C

EL2075C

' 2 GHz GBWP Gain-of-10 Stable Operational A,

EL2075 Macromodel

*

* Connections: +input

* l -input

* | +Vsupply

* —Vsupply
* output
* |
.subckt M2075 327 4 686

*

*Input Stage
*

ie 37 4 1 mA

ré 36 37 15

r7 38 37 15

recl 7 30 200

re2 7 39 200

ql 30 3 36 qn

q2 39 2 38 gna
ediff 33 0 39 30 1
rdiff 33 0 1 Meg

*

* Compensation Section
*

ga 0 34 33 0 2m

rh 34 0 500K

ch 34 0 0.4 pF

rc 34 40 50

ce 40 0 0.05 pF

*

* Poles

5

ep 41 040 0 1
rpa 41 42 250
cpa 42 0 0.8 pF
rpb 42 43 50
cpb 43 0 0.5 pF
%*

* Output Stage
*

iosl 7 50 3.0 mA
1052 51 4 3.0 mA
q3 4 43 50 qp

q4 7 43 51 qgn

q5 7 50 52 qn

q6 4 51 53 gp
rosl 52 6 2

ros2 6 53 2

*

* Power Supply Current
*

ips 7 4 11.4 mA
*

* Models

*

.model gna npn(is=800e—18 bf=170 tf=0.2 ns)
.model gn npn(is=810e—18 bf=200 tf=0.2 ns)
.model gqp pnp(is=800e—18 bf=200 tf=0.2 ns)
.ends
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EL2120C

October 1993 Rev D

Features

¢ Excellent differential gain and
phase on *5V to +15V supplies

e 100 MHz —3 dB bandwidth from
gains of +1to 10

® 700 V/us slew rate

¢ 0.1 dB flatness to 20 MHz

e Output disable in 50 ns - remains
high impedance even when
driven with large slew rates

® Single + 5V supply operation

® AC characteristics are lot and
temperature stable

® Available in small SO-8 package

Applications

® Video gain block

® Residue amplifier

® Multiplexer

® Current to voltage converter

® Coax cable driver with gain of 2
o ADC driver

Ordering Information

Part No. Temp.Range Package Outline #
EL2120CN 0°Cto +75°C  8-Pin P-DIP MDP0031
EL2120CS 0°Cto +75°C  8-Lead SO MDP0027

Connection Diagrams

P-DIP
Ne O ~ [5] DISABLE
IN- 2] 7] v+
N+ 3] 5] out
v- 3 af
2120-1
SO
ne T U 1 Dican e
c 1] [7] DISABLE
IN- 2] E v+
N+ 3] %] out
v- @ 7] Ne
Top View

General Description

The EL2120C is a wideband current feedback amplifier opti-
mized for video performance. Its 0.01% differential gain and
0.03 degree differential phase performance when at 5V sup-
plies exceeds the performance of other amplifiers running on
+ 15V supplies. Operating on 8 to * 15V supplies reduces dis-
tortions to 0.01% and 0.01 degrees and below. The EL2120C can
operate with supplies as low as +2.5V or a single + 5V supply.

Being a current feedback design, bandwidth is a relatively con-
stant 100 MHz over the =1 to +10 gain range. The EL2120C
has been optimized for flat gain over frequency and all charac-
teristics are maintained at positive unity gain. Because the in-
put slew rate is similar to the 700 V/us output slew rate the
part makes an excellent high-speed buffer.

The EL2120C has a superior output disable function. Time to
enable or disable is 50 ns and does not change markedly with
temperature. Furthermore, in disable mode the output does not
draw excessive currents when driven with 1000 V/us slew rates.
The output appears as a 3 pF load when disabled.

Simplified Schematic

V+ O

DISABLE

IN- O
out

IN+ O

2120-21
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0021 T

Absolute Maximum Ratings (r, = 25°c)

Voltage between V+ and V— 33v

Vi ontagc at + lN

—IN, Vour (V=) - 05Vto(V+) + 0.5V
Voltage between
+IN and — IN 15V

Voltage at /Disable
Current into +IN,

(V+) = 10Vto (V+) + 0.5V

—IN, and /Disable t5mA
Output Current +50 mA
Internal Power Dissipation See Curves

Operating Ambient
Temperature Range
Operating Junction Temperature
P-DIP or SO
Storage Temperature Range
Lead Temperature
P-DIP Package
(Soldering, <10 Seconds)
SO Package
(Vapor Phase, <60 Seconds)
(Infrared, <15 Seconds)

150°C

—65°C to + 150°C

300°C

215°C
220°C

Important Note:
mwummmmmmmwmmmmmmmm

guaranteed (but ) by Design a
anm»na mmmmm

Open Loop DC Electrical Characteristics

Vs = £5V; Ry, = 15000, T4 = 25°C unless otherwise specified

Parameter Description Temp Min Typ Max | I‘!f"", lj Units
Vos Input Offset Voltage Full 4 20 o mV

Vg = t15V Full 2 25 1 mV
AVps/AT Input Offset Drift Full 20 v uv/ec
I+ + Vin Input Bias Current Full 5 15 RA
Ig- — VN Input Bias Current Full 10 40 HA
CMRR Common-Mode Rejection Full 50 55 4B

(Note 1)
—ICMR —Input Current Common-Mode

20

Rejection (Note 1) Full 8 RAIV
PSRR Power Supply Rejection Full 65 80 II 4B

(Note 2)
+IPSR + Input Current Power Supply o

Rejection (Note 2) 25°C 0.03 v _ RA/V
—IPSR —Input Current Power Supply

Full .

Rejection (Note 2) u 06 3 B HAIV
RoL Transimpedance Full 70 140 un kQ
AvoL Voltage Gain Full 58 66 I dB
+RiN + Vin Input Impedance 25°C 2 v MQ
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EL2120C

EL2120C
100 MH:z Current Feedback Amplifier
-

Open Loop DC Electrical Characteristics — Contd.
Vg = *5V; Ry = 1508}, Tp = 25°C unless otherwise specified

Parameter Description Temp Min Typ Max
Vin + VN Range Full +3.0 +3.5
Vo Output Voltage Swing Full +3.0 +3.5
hort-Circui
Isc Output Short-Circuit 25°C 100
Current
Io,p1s Output Current, Disabled Full 5 50
VDIS,ON Disable Pin Voltage for
’ Full V+)-1
Output Enabled v ( )
VDIS,OFF Disable Pin Voltage for L
4 Full +) —
Output Disabled v V+) — 4 n . v
IpIs,ON Disable Pin Current for .
’ Full
Output Enabled u 5 B | »aA
Ip1s,0FF Disable Pin Current for o
’ Full 1.0 1
Output Disabled u | ma
Ig Supply Current (Vg = +15V) Full 17 20 - mA

Note 1: The input is moved from —3V to +3V.
Note 2: The supplies are moved from *5V to +15V.

Closed Loop AC Electrical Characteristics
Vg = +15V; Ay = +2 (Rp = Rg = 2700); R, = 1500; C;, = 7 pF; Ciy— = 2 pF; Ty = 25°C

Test
Parameter Description Min T Max Units
P yp Level
SR Slew Rate; Voyrt from —3V to +3V
Measured at —2V and +2V
Vg = 15V 750 v V/ps
Vg = #5V 550 v V/ps
ts Settling Time to 0.25% of a
0 to +10V Swing; Ay = +1 with
Rp = 2700, Rg = 0, and Ry, = 4000 50 v ns
BW Bandwidth -3dB 95 v MHz
+1dB 50 v MHz
+0.1dB 16 v MHz
BW@2,5V Bandwidth at —3dB 75 v MH:z
Vg = 12.5V +1dB 35 v MHz
+0.1dB 11 v MHz
Peaking 0.5 v dB
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EL2120C

100 MHz Current Feedback Amplifier

Closed Loop AC Electrical Characteristics — Contd.
Vs = $15V; Ay = +2 (Rp = Rg = 270Q); Ry = 150Q;Cp = 7 pF;Cin— = 2 pF; T4 = 25°C

Frequency Response vs Rp Frequency Response vs Gain

Ay=+2, (Rg=Rc) |1 T TTTT R =2700
10 R 1s0n S !R§‘2°°Q 4R = 1500
9|V =£15V Re=2408" 3|Vg=#15v
Y @ Ay =+1 or +2
; / : il
= 7 z 1 =
) g 2
z 6 - 0 z
3 s fr = 27944 zZ - Ll 3
= Re =3000 17711 : Ay =+5T71 X =
4 Re = 3300 g -2 Ay +105
3 -3
2 -4 l
™ 10M 100M ™ 10M 100M
FREQUENCY (Hz) FREQUENCY (Hz)
2120-4 2120-5

™ . ~ s__as e o s _ Tm Tl 24
Parameter Description Min Typ Max Level Units
dG Differential Gain; DC Offset
from —0.7V through + 0.7V, AC
Amplitude 286 mVp-p J
Vg = 115V, f = 3.58 MHz <0.01 v %
Vs = 15V, f = 30 MHz 0.1 v %
Vg = +5V,f = 3.58 MHz 0.01 V. %
dé Differential Phase; DC Offset L
from —0.7V through +0.7V, AC o
Amplitude 286 mVp-p o
Vg = £15V,f = 3.58 MHz 0.01 N °
Vg = $15V,f = 30 MHz 0.1 N °
Vg = x5V, f = 3.58 MHz 0.06 v °
Typical Performance Curves
AC Test Circuit
D csnubbor
— (approx. 33pF) | Optional
Rinout Rynubber snubber
npu u
Input (approx. 680) network
(optional, OUTPUT
approx. 470Q) _
< -l G-
:’LRG | (stray)
- - 2120-3

Frequency Response vs Load

] [ RI=1500,C =27 pF
1R =1500,C = 15pF

R =500,C_ =27pF

| __R =500,C =15 pF;

N W e N O O

o mmn sser ]
| R =1500,C =5 pF 4

™ 10M 100M

FREQUENCY (Hz)
2120-6
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EL2120C

100 MHz Current Feedback Amplzfier

3 dB BANDWIDTH (MHz)
(0.1dB BANDWIDTH (MHz))

3 dBl BANDWIDTH (MHz)
(0.1 dB BANDWIDTH (MHz))

s 11
il =27004
6.3 e A
6.2
@ 6.1
R
6.0 j———
z R = 3000\ ]
S 59
© Re = 3300
58 ay=+2 i
5.7 % = RFs o
=1500
5.6
Vs=#15Y 1|
™ 10M 100M
FREQUENCY (Hz)
-3 dB Bandwidth, 0.1 dB Bandwidth,
and Peaking vs Temperature
at Vg £15V
N - 0.1dB BANDWIDTH
(14)110 ]
\\ 1.6
(12)100 P
——— N
N 1.2
(10)90 L]
-3 dB BANDWIDTH —
0.8
(8)80 =
= ®I-pEakING
0.4
()70 [v=22
Rg =Re = 2700
0
0 30 60 90 120 150
DIE TEMPERATURE (°C)
-3 dB Bandwidth,
0.1 dB Bandwidth, and
0) Peaking vs Supply Voltage
0)100 1.0
o 7348 BANDWIOTH L 4]
»r
(18)04 AT 10s
81 g ,/ L AN
(16)88 0.1dB BANDWIDTH= | o
85 / F
(14)82 —# 7] 0.4
70 - PEAKING
12)76 0.2
( )73 IWEPY;
=R. =2700
(10)70 ’ Ro =k 0

Gain Flatness vs Rp

3 6 9 12 15

£ SUPPLY VOLTAGE (V)

PEAKING (dB)

PEAKING (dB)

Typical Performance Curves — Contd.

6.7
6.6
6.5
6.4
6.3
6.2
6.1
6.0
5.9

GAIN (dB)

(14)110

(12)100

(10)90

(8)s0

3 dB BANDWIDTH (MHz)
(0.1dB BANDWIDTH (MHz))

(6)70

~
e
v 4
< 3
x
o 2
o
S 1
W
z
3 0
3 -
o
W -2
z 2
= -3
s -4
w
a

Gain Flatness vs CiN—

L [
G = 6571
Cn-=4 pF—=
Cnm = 2]
L
o
™ 10M 100M

—3 dB Bandwidth, 0.1 dB Bandwidth,

FREQUENCY (Hz)

and Peaking vs Temperature
at Vg +5V

0.1dB BANDWIDTH

[ 1] T]

N

— =3 dB BANDWIDTH

‘<'

TR pEAKING TSN

Ay =+2

R = Re = 2700

1.6

0.8

0.4

0
0 30 60 90 120 150
DIE TEMPERATURE (°C)

Deviati

on From Linear

Phase vs Frequency

Tdotay =3.63 nsec

Ay

Rc

M-.&'J-r

T

=270
15V ||

100K

™ 10M 100M
FREQUENCY (Hz)

PEAKING (dB)

2120-7
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DIFFERENTIAL GAIN (%) DIFFERENTIAL GAIN (%)

DIFFERENTIAL GAIN (%) or
DIFFERENTIAL PHASE (°)

Differential Gain vs
DO Innut Offaat

2 Input Oflset

o 2 358 MEz
Ay=+23—F
Rg =Rp = 2700
R_=1500
0.1

P

Vg = £5V 4
0.01
A 4
1 y 4 I |
i ]
1B 1
o.oovzo 1.2 -0.40 0.4081.21.620
0 £1.2, - .4 0.8 1.2 1.6 2.
DC INPUT VOLTAGE (V)
Differential Gain vs
DC Input Offset
at 30 MHz
1.0
Vg =25V
Vg = £9V-
s
L1 1
0.1
F V=215V Vs=£15V o
1 [
0.01
Ay =425
R =R =2700
000y L1205 |
-20  -12 -0.40 0408121620
20 61208

DC INPUT VOLTAGE (V)

Differential Gain and Phase
vs Supply Voltage
1o Y DC from 0 to +0.7V)

N

el z

1

I
B ———
A0@ 3.58MHz 3

_ﬁ_-..
e

14

o
o

Ay =+2
+—
Re =Re = 2700
| R=r1spe

S 7 9 1 13 15
4 SUPPLY VOLTAGE (V)

Typical Performance Curves — Contd.

INPUT NOISE VOLTAGE or
CURRENT (nV/v/Hz or pA/vHz)

DIFFERENTIAL PHASE (°)

DIFFERENTIAL PHASE (°)

Differential Phase vs
DC Input Offeet

at 3.58 MHz
=

Rg = Re = 27005

R = 1500+

Vg =25V ~
0.1 Vg = 29V

L

L4+H11

w

- n L1y
[

— o 4
T

o.00t L1 11
-2. =-1..
20,6208

DC INPUT VOLTAGE (V)

Differential Phase vs
DC Input Offset
] oat 30 MHz

Vg = 25V.

-0.40 0408121620

—] Vg =19 V4

y A

A\ 7 1\

0.1

71

-
—

V=215V

Vg =215V

A,v=02 ¥

R =Re =2700

=1500
0.001 f

20 5,

DC INPUT VOLTAGE (V)

Input Noise Voltage

and Current
1000

-0.40 04081.21.6 20

100

I T T

10 100 1K 10K
FREQUENCY (Hz)

100K
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EL2120C

EL2120C

100 MHz Current Feedback Ampltfier .
"

Typical Performance Curves — Contd.

Undistorted Output

Swing vs Frequency Slew Rate vs Temperature

30 1000
a 27|\ [ 1 N
8 =£15V,R = 1KQ A Vg = £15V
[ 24 *LLIIIII: 800 }
S~ Ay=+2[ [Tl < - -
0 21[Rg=R-=2700 8 = ! 7
S g [R=ts00lll Il 3 Vs = 29V — ™~
5z " T X 600 S
22 s el Z et —
i Vsz*.‘ Y'..ir‘f’."‘.‘ N w Vs = 5V —
&5 12 [vg=49V,R = 1500 M g 400
OE g lve=15v,R = 1500 & |
23 STEOVR = 1300 & 1
~ 6 I 1T " 200 AV =+2
< = = N =
o 2 Vg =42.5V,R =150 N | R = Re = 2700

0 l NN o R =1500 |

100K ™ 10M 100M 0 30 60 90 120 150
FREQUENCY (Hz) TEMPERATURE (°C)
2120-9
Small-Signal Transient Response Large-Signal Transient Response

Ay = +2, Rp = Rg = 2709, 2120-10 Ay = +2,Rp = Rg = 2700, 2120-11
Ry, = 150Q Ry, = 1509, Vg = 15V
Settling Time vs Swing Long Term Settling Error
10
Ay=+1 ] ~ AV = %10V
8 Re =270Q / ® 0.20 Ay =+1
=400Q =
s ° \R/L=t15v | ] 015 fp =2700
2 4SC & o0.10 R =4000
< ¢ =20pF Vi & A\ -
g 2 o 0.05 Vs = £15V
s ’ P—
S 0 10 1%~ = g o |
%]
70 0.25%
5 -, AN i E -0.05 —
£ \ h o Va
5 -4 < -0.10
5 \ E /
-6 N 3 -0.15
a
-8 \‘ 4 -0.20
-10
0 10 20 30 40 50 0 20 40 60 80 100
SETTLING TIME (nsec) TIME (usec)

2120-12
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EL2120C

100 MHz Current Feedback Amplifier

=
=
34
e
[
S
a

Typical Performance Curves — Contd.

Enable Response for Disable Response for
a Family of Inputs a Family of Inputs
/DIS
I —
10V/CM
Output — N <«— Output
1v/CM wv/cm

/DIS
Input —
10V/CM

Ay = +2, Ry = 1500, 212013
VV - +5 L Ay = +2, Ry = 1509, 2120-14
s Vg = #5V

8-Pin Plastic DIP

Supply Current vs Maximum Power Dissipation

Supply Voltage vs Ambient Temperature
20 1500 7 T

18 Timax = 150°C

- (-]
16 (—H 1200 8j, =103°/W

N

N

©
1=
o

-4
(=3
o

SUPPLY CURRENT (mA)
S
POWER DISSIPATION (mW)

w
(=
o

3 6 9 12 15 =25 0 25 50 75 100
+ SUPPLY VOLTAGE AMBIENT TEMPERATURE (°C)

8-Lead SO
Maximum Power Dissipation
vs Ambient Temperature

1500 T. =150°C
jmax
— = o
5 1200 8, = 175°/W
E
3
2 900
L. 4
Q-
a
2 600
a N
& \
3 300
a.
0

=25 0 25 50 75 100

AMBIENT TEMPERATURE (°C)
2120-15
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Applications Information

The EL2120C represents the third generation of
current-feedback amplifier design. It is designed
to provide good high-frequency performance over
wide supply voitage, iload impedance, gain, tem-
perature, and manufacturing lot variations. It is
a well-behaved amplifier in spite of its 100 MHz
bandwidth, but a few precautions should be tak-
en to obtain maximum performance.

The power supply pins must be well bypassed.
0.01 uF ceramic capacitors are adequate, but lead
length should be kept below Y,” and a ground
plane is recommended. Bypassing with 4.7 uF
tantalum capacitors can improve settling charac-
teristics, and smaller capacitors in parallel will
not be needed. The lead length of sockets general-
ly deteriorates the amplifier’s frequency response
by exaggerating peaking and increasing ringing
in response to transients. Short sockets cause lit-
tle degradation.

Load capacitance also increases ringing and
peaking. Capacitance greater than 35 pF should
be isolated with a series resistor. Capacitance at
the Vin— terminal has a similar effect, and
should be kept below 5 pF. Often, the inductance
of the leads of a load capacitance will be self-reso-
nant at frequencies from 40 MHz to 200 MHz
and can cause oscillations. A resonant load can be
de-Q’ed with a small series or parallel resistor. A
“snubber” can sometimes be used to reduce reso-
nances. This is a resistor and capacitor in series
connected from output to ground. Values of 68()
and 33 pF are typical. Increasing the feedback
resistor can also improve frequency flatness.

The Vin+ pin can oscillate in the 200 MHz to
500 MHz realm if presented with a resonant or
inductive source impedance. A series 27} to 68Q)
resistor right on the Vyy+ pin will suppress such
oscillations without affecting frequency response.

—2 dR handwidth invaresaly nrongrtional ¢o
o GO DanGwiain is inverséiy proporuona: o

the value of feedback resistor Rg. The EL2120C
will tolerate values as low as 180} for a maxi-
mum bandwidth of about 140 MHz, but peaking
will increase and tolerance to stray capacitance
will reduce. At gains greater than 5, —3 dB band-
width begins to reduce, and a smaller Rg can be
used to maximize frequency response.

The greatest frequency response flatness (to
0.1 dB, for instance) occurs with R = 300() to
3301). Even the moderate peaking caused by low-
er values of Ry will cause the gain to peak out of
the 0.1 dB window, and higher values of Ry will
cause an overcompensated response where the
gain falls below the 0.1 dB level. Parasitic capaci-
tances will generally degrade the frequency flat-
ness.

The EL2120C should not output a continuous
current above 50 mA, as stated in the ABSO-
LUTE MAXIMUM RATINGS table. The out-
put current limit is set to 120 mA at a die temper-
ature of 25°C and reduces to 85 mA at a die tem-
perature of 150°C. This large current is needed to
slew load capacitance and drive low impedance
loads with low distortion but cannot be support-
ed continuously. Furthermore, package dissipa-
tion capabilities cannot be met under short-cir-
cuit conditions. Current limit should not occur
longer than a few seconds.

The output disable function of the EL2120C is
optimized for video performance. While in dis-
able mode, the feedthrough of the circuit can be
modeled as a 0.2 pF capacitor from Vyn+ to the
output. No more than 5V can be placed be-
tween Vin+ and Vyn— in disable mode, but this
is compatible with common video signal levels.
In disabled state the output can withstand about
1000 V/pus slew rate signals impressed on it with-
out the output transistors turning on.

The /Disable pin logic level is referred to V+.
With * 5V supplies, a CMOS or TTL driver with
pull-up resistor will suffice. 15V supplies re-
quire a +14/+11V drive span, or +15/+10V
nominally. Open-collector TTL with a tapped
pull-up resistor can provide these spans. The im-
pedance of the divider should be 1k or less for
optimum enable/disable speed.

The EL2120C enables in 50 ns or less. When Vi
= 0, only a small switching glitch occurs at the
output. When Vjp is some other value, the out-
put overshoots by about 0.7V when settling
toward its new enabled value.
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EL2120C
100 MHz Current Feedback Amplifier

Applications Information — Contd.
When the EL2120C disables, it turns off very rapidly for inputs of *1V or less, and the output sags
more slowly for inputs larger than this. For inputs as large as *2.5V the output current can be
absorbed by another EL2120C simultaneously enabled. Under th

erly completed in 50 ns or less.

ana ~men A4l e
1C5C CULIULLIUILLD,

~Lad 2311 L
bwtu,luu; Wiii1 OC prop-

The greater thermal resistance of the SO-8 package requires that the EL2120C be operated from 10V
supplies or less to maintain the 150°C maximum die temperature over the commercial temperature
range. The P-DIP package allows the full +16.5V supply operation.

Typical Applications Circuit—A High Quality Two-Input Multiplexer

Ch 1-to-Ch 1 Taolati

of Dual EL2120C Multiplexer

Dual EL2120C Multiplexer

0
INPUT A ] 20
~
3
~ 40 -
F Y
3 60
cMos
& 2 A
80 //
——> ouTPUT
INPUT = 100 -
SELECT P
v ™ 10M 100M
FREQUENCY (Hz)
INPUT B 2120-17

2120-16

Dual EL2120C Multiplexer Switching
Channels: Uncorrelated Sinewave
Switched to a Family of DC Levels

Input — A A
Select
5V/CM

Multiplexed —
Output
v/Cm

2120-18

Dual EL2120C Multiplexer Switching
Channels: a Family of DC Levels
Switched to an Uncorrelated Sinewave
Input —

Select
5V/CM

Multiplexed —
utput
1v/Cm

2120-19
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EL2120C ,,
100 MHz Current Feedback Ar

]
The EL2120C Macromodel

This macromodel has been developed to assist the user in simulating the EL2120C with surrounding
circuitry. It was developed for the PSPICE simulator (copywritten by the Microsim corporation), and
may need to be rearranged for other simulators, particularly the H operator. It approximates frequency
response and small-signal transients as well, although the effects of load capacitance does not show.
This model is slightly more complicated than the models used for low-frequency op-amps, but is much
more accurate for AC.

The model does not simulate these characteristics accurately:
noise non-linearities
slew rate limitations temperature effects
settling time manufacturing variations
input or output resonances CMRR and PSRR

* Revision A. March 1992
* Enhancements include PSRR, CMRR, and Slew Rate Limiting

* Connections: +input

* | —input

* | i + Vsupply

: [ — Vsupply

* | | | | output

’ [

.subckt M2120 3 2 7 4 6

*

* Input Stage *

* ql41819 gp
el1100301.0 q271820gn
vis 10 9 OV q371921qn
h2912vxx 1.0 q442022qp
r121125 72164
111112 20nH 82264

iinp 3 0 10pA iosl 7 19 2.5mA
iinm 2 0 5pA ios2 20 4 2.5mA
r12 30 2Meg *

* * Supply

* Slew Rate Limiting *

* ips 74 10mA
h1 13 0 vis 600 *

r2 1314 1K * Error Terms
d1 14 0 dclamp *

s2 0 14 dclamp ivos 0 23 5SmA
* vxx 230 0V

* High Frequency Pole e4240601.0
* e5250701.0
€2 300 14 0 0.00166666666 e6260401.0
153017 1pH r9 24 23 562
c517 0 0.5pF r10 25 23 10K
r517 0 600

rll 26 23 10K
*

* Models

* Transimpedance Stage
*

g10181701.0

rol 18 0 140K

cdp 18 0 7.9pF

*

* Output Stage

*

.model qn npn (is= 5e — 15 bf =500 tf=0.1nS)
.model qp pnp (is=5e— 15 bf =500 tf =0.1nS)
.model dclamp d(is=1e—30 ibv=0.02bv=4n =4)
.ends
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The EL2120C Macromodel — Contd.

los2

1
13 r2 14 30 13 17 18 |A)
L rwen Slg 11 2% al
ol vis| 02 _L“ ) _L N
9 d2 di 5 b 36 l Srol
- — 4 cdp q2
H1 L thH. T T
23
h2 T § r?; 24
F - rl:; ivos YW ot —> 6
0
r10 25
WA S
a -
ri 26
AAA u
YW o6t > 4
o B
0
e
EL2120 Macromodel

vout

2120-20
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EL2130C

February 1991 Rev B

EL2130C ,

85 MHz Current Feedback Amplifier

Features

e —3 dB bandwidth = 85 MHz,
Ay =1

e —3 dB bandwidth = 75 MHz,
Ay = 2

e NTSC/PAL dG < 0.03%,dP <
0.1°

® 50 mA output current

® Drives 2.5V into 100} load

¢ Low voltage noise = 4 nV//Hz
e Current mode feedback

® Low cost

Applications

® Video amplifier

¢ Video distribution amplifier
® Residue amplifiers in ADC

¢ Current to voltage converter
® Coaxial cable driver

Ordering Information

Part No. Temp. Range Pkg. Outline*

EL2130CN 0°C to +75°C 8-Pin P-DIP MDP0031

EL2130CS 0°Cto +75°C 8-Lead SO MDP0027

General Description

The EL2130 is a wideband current mode feedback amplifier op-
timized for gains between —10 and +10 while operating on
+ 5V power supplies. Built using Elantec’s Complementary Bi-
polar process, this device exhibits —3 dB bandwidths in excess
of 85 MHz at unity gain and 75 MHz at a gain of two. The
EL2130 is capable of output currents in excess of 50 mA giving
it the ability to drive either double or single terminated 50}
coaxial cables.

Exhibiting a Differential Gain of 0.03% and a Differential
Phase of 0.1° at NTSC and PAL frequencies. The EL2130 is an
excellent low cost solution to most video applications.

In addition, the EL2130 exhibits very low gain peaking, typical-
ly below 0.1 dB to frequencies in excess of 40 MHz as well as 50
ns settling time to 0.2% making it an excellent choice for driv-
ing flash A/D converters.

The device is available in the plastic 8-lead narrow-body small
outline (SO) and the 8-pin mini DIP packages, and operates
over the temperature range of 0°C to + 75°C.

Connection Diagram

Mini DIP and SO
Ne[T] 8 NC
IN-[Z] v+
N+ [3] }‘B out
v-[4] [5 INC

2130-1
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Absolute Maximum Ratings (t, = 25c)

Vs Supply Voltage

Vin Input Voltage

AVin Differential Input Voltage

Pp Maximum Power Dissipation
IIN Input Current

Iop Output Short Circuit Duration
Ta Operating Temperature Range:

t6V Ty Operating Junction Temperature

Vg Tst  Storage Temperature
6V Lead Temperature
See Curves DIP Package
+10mA (soldering, <10 seconds)
<5 sec SO Package
0°C to +75°C Vapor Phase (60 seconds)
Infrared (15 seconds)

Parameter Description Condition Temp Min | Typ | Max
Vos Input Offset Voltage 25°C 2.0 10
TwmIN, TmMAX 15
AVos/AT Offset Voltage Drift 7
+IIN + Input Current 25°C 5.5 15
Twmin, TMAX 25
-Imn + Input Current 25°C 10 40
TMmIN: TMAX 50
+ RN + Input Resistance 25°C 1.0 2.0
CIN + Input Capacitance 25°C 1.0
CMRR gz;:cn:ic:; 1::1:2 VeMm = 2.5V 25°C 50 60
—ICMR Input Current Common | Veym = 12.5V 25°C 5 10
Mode Rejection Taan, TMIN 20
PSRR Power Supply Rejection | £4.5V < Vg < £6V 25°C 60 70
Ratio
+IPSR + Input Current Power 4.5V < Vg < 16V 25°C 0.1 0.5
Supply Rejection Toon, TaaN 1.0
—IPSR —Input Current Power +4.5V < Vg < 16V 25°C 0.5 5.0
Supply Rejection TN, TMIN 8.0

150°C
—65°C to +150°C

300°C

215°C
220°C

1-185
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EL2130C

Open Loop DC Electrical Characteristics

Vg = +5V; Ry, = o, unless otherwise specified — Contd.

Parameter Description Condition Temp Min | Typ
RoL Transimpedance Vour = 2.5V, 25°C 80 145
Ry, = 10002 TmiN, TMaAX 70

AvyoL Open Loop DC Vour = 2.5V, 25°C 60 66
Voltage Gain Ry, = 1000 T TMax 56

Vo Output Voltage Swing Ry, = 10002 25°C 3 3.5

Iout Output Current 25°C 30 50

Rourt Output Resistance 25°C 5

Is Quiescent Supply Current Full 17

Isc Short Circuit Current 25°C 85

Closed Loop AC Electrical Characteristics

Vg = t5V,Ay = +2,Rp = Rg = 8200, Ry = 100Q, T4 = 25°C

Parameter Description Condition Min Typ
SR Slew Rate (Note 1) Vo=5Vpp 625
tr Rise Time Vo = 200 mV 4.6
tf Fall Time Vo = 200 mV 4.6
tpd Prop Delay Vo = 200 mV 4.0
SSBW 3 dB Bandwidth Vo = 100 mV 75
dG NTSC/PAL Diff Gain 0.03
dP NTSC/PAL Diff Phase 0.10
GFPL Gain Flatness f < 40 MHz 0.08

Note 1: Slew rate is measured with Vo = 5V, between —1.25V and +1.25V and +1.25V and —1.25V.

Units
V/us
ns
ns
ns
MH:z
%
deg ()
dB
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Typical Performance Curves
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EL2130C

Typical Performance Curves — Contd.

Supply Current + Input Bias Current
vs Temperature vs Temperature
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85 MHz Current Feedback Amplifier
L]

Typical Performance Curves — Contd.
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EL2130C

EL2130C

85 MHz Current Feedback Amplifier

Typical Performance Curves — Contd.
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Applications Information

Power Supply Bypassing

The EL2130 will exhibit ringing or oscillation if
the power supply leads are not adequately by-
passed. 0.1 pF ceramic disc capacitors are sug-
gested for both supply pins at a distance no
greater than 1, inch from the device. Surface
mounting chip capacitors are strongly recom-
mended.

Lead Dress

A ground plane to which decoupling capacitors
and gain setting resistors are terminated will
eliminate overshoot and ringing. However, the
ground plane should not extend to the vicinity of
both the non-inverting and inverting inputs (pins
3 and 2) which would add capacitance to these
nodes, and lead lengths from these pins should be
made as short as possible.

2130-10

Use of sockets, particularly for the SO package,
should be avoided if possible. Sockets add para-
sitic inductance and capacitance which will result
in peaking and overshoot.

Video Characteristics and Applications
Frequency domain testing is performed at Elan-
tec using a computer controlled HP model 8656B
Signal Generator and an HP Model 4195A Net-
work/Spectrum Analyzer. The DUT test board is
built using microwave/strip line techniques, and
solid coaxial cables route the stimulus to the
DUT socket. Signals are routed to and from the
DUT test fixture using subminiature coaxial ca-
ble.

Differential Gain and Phase are tested at a noise
gain of 2 with 100Q) load. Gain and Phase mea-
surements are made with a DC input reference
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Applications Information — Contd.
voltage at 0V and compared to those made at Vet

equal to 0.7V at frequencies extending to
30 MHz.

The EL2130 is capable of driving 100f) to a mini-
mum of 2.5V peak which means that it can natu-
rally drive double terminated (500) coaxial ca-
bles.

Equivalent Circuit

V+ O

Ry SR, SR

9,

q,] a
a, —g
Qg
IN+
Q2
w

——O ouT

Capacitive Loads

As can be seen from the Bode plot, the EL2130
will peak into capacitive loads greater than 20 pf.
In many applications such as flash A/D’s, capaci-
tive loading is unavoidable. In these cases, the
use of a snubber network consisting of a 1000
resistor in series with 47 pF capacitor from the
output to ground is recommended.

AC Test Circuit

V- O *

OIN-

2130-12

2130-11
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EL2160C

November 1993 Rev A

EL2160C

- 130 MHz Current Feedback Amplifier

Features
¢ 130 MHz 3 dB bandwidth
(Ay = +2)
¢ 180 MHz 3 dB bandwidth
(Ay = +1)
® 0.01% differential gain,
Ry, = 5000
® 0.01° differential phase,
RL = 5000
* Low supply current, 8.5 mA
® Wide supply range, +2V to £ 15V
® 80 mA output current (peak)
® Low cost
® 1500 V/us slew rate

® Input common mode range to
within 1.5V of supplies

® 35 ns settling time to 0.1%

Applications

® Video amplifiers

® Cable drivers

* RGB amplifiers

® Test equipment amplifiers

¢ Current to voltage converter

Ordering Information

Part No.

Outline #
EL2160CN —40°C to +85°C 8-Pin P-DIP MDP0031

Temp. Range  Package

EL2160CS —40°Cto +85°C 8-Pin SOIC MDP0027

General Description

The EL2160C is a current feedback operational amplifier with
—3 dB bandwidth of 130 MHz at a gain of + 2. Built using the
Elantec proprietary monolithic complementary bipolar process,
this amplifer uses current mode feedback to achieve more band-
width at a given gain than a conventional voltage feedback op-
erational amplifier.

The EL2160C is designed to drive a double terminated 75() coax
cable to video levels. Differential gain and phase are excellent
when driving both loads of 5000 (<0.01%/<0.01°) and double
terminated 752 cables (0.025%/0.1°).

The amplifier can operate on any supply voltage from 4V
(£2V) to 33V (£16.5V), yet consume only 8.5 mA at any sup-
ply voltage. Using industry standard pinouts, the EL2160C is
available in 8-pin P-DIP and 8-pin SO packages. For dual and
quad applications, please see the EL2260C/EL2460C datasheet.

Elantec’s facilities comply with MIL-I1-45208A and offer appli-
cable quality specifications. For information on Elantec’s mili-
tary processing, see the Elantec document, QRA-2: Elantec’s
Military Processing—Monolithic Products.

Connection Diagram

EL2160C SO, P-DIP
Packages

ne [0
-IN[Z]
+IN 3]
e

[B] NC
7] vs+
%] out
5] NC

2060-1

Top View
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Absolute Maximum Ratings (t, = 25°¢)

Voltage between Vgt and Vg~

Voltage between +IN and —IN

Current into +IN or —IN

Internal Power Dissipation

Operating Ambient Temperature Range

Operating Junction Temperature
Plastic Packages

+33v
6V

10 mA

See Curves

—40°C to +85°C

150°C

Output Current

Storage Temperature Range
Lead Temperature

DIP Package

(Soldering, <10 seconds)

SO Package

Vapor Phase (60 seconds)

Infrared (15 seconds)

Open Loop DC Electrical Characteristics

Vg = 115V, Ry, = 1500, Tp = 25°C unless otherwise specified

Limits
Parameter Description Conditions Temp
Min | Typ
Vos Input Offset Voltage Vg = 15V, £15V 25°C 2
TCVos Average Offset Voltage
10
Drift (Note 1) Full
+IIN + Input Current Vg = %5V, 115V 25°C 0.5
-In —Input Current Vg = 15V, 15V 25°C 5
CMRR Con.xmon Mode Rejection Vs = 15V, £15V 25°C 50 55
Ratio (Note 2)
—ICMR —Input Current Common | Vg = %5V, 15V 25°C 0.2
Mode Rejection (Note 2) i
PSRR Power Supply Rejection o
5 95
Ratio (Note 3) 35°c 7
—IPSR — Input Current Power 25°C 0.2

Supply Rejection (Note 3)

50 mA

—65°C to +150°C

300°C

215°C
220°C

Units

mV

uv/°C

BA/V
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EL2160C

Open Loop DC Electrical Characteristics — Contd.

Vg = 115V, Ry = 150Q, T4 = 25°C unless otherwise specified

Limits
Parameter Description Conditions | Temp
Min Typ
RoL Transimpedance Vg = 15V o
(Note 4) Ry, = 40002 25°C 500 2000
Vg = 15V o
Ry = 1500 25°C | 500 | 1800
+RIN + Input Resistance 25°C 15 3.0
+CIn + Input Capacitance 25°C 2.5
CMIR Common Mode Input Range Vs = 115V 25°C +13.5
Vg = 15V 25°C +3.5
Vo Output Voltage Swing Ry, = 400Q,
° + 3
Vs = £15V 25°C 12 | +135
Ry = 1509, o
vs=t1sv | € £12
Rp = 1500, .
Vs = £5V 25°C | £30 [ %37
Isc Output Short Circuit Vg = 15V, o
Current (Note 4) Vg = 15V 25°c 60 100
Is Supply Current Vg = £15V 25°C 8.5
Vg = 5V 25°C 6.4
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Closed Loop AC Electrical Characteristics

Vs = 115V, Ay = +2,Rp = 5600, Ry, = 1500, T4 = 25°C unless otherwise noted

Limits
Parameter Description Conditions Units
Min Typ
BW -3 dB Bandwidth Vg = £15V,Ay = +2 130 MHz
(Note 8) Vs = $15V,Ay = +1 180 MHz
Vs = £5V,Ay = +2 100 MH:z
Vg = £5V,Ay = +1 110 MHz
SR Slew Rate R = 4000 1000 1500 V/us
(Notes 6, 8) Rp = 1KQ, Rg = 1100 1500 V/us
Ry, = 4000 L
tr tf Rise Time, Vour = $500mV 27 ns
Fall Time, (Note 8) ’
tod Propagation Delay
(Note 8) 3.2 ns
os Overshoot (Note 8) Vour = £500mV 0 %
ty 0.1% Settling Time | Voyr = +10V 3s ns
(Note 8) Ay = —-1,RL = 1K
dG Differential Gain Ry = 1500 0.025 %
(Notes 7, 8) Ry = 5000 0.006 %
dP Differential Phase Rp, = 1500 0.1 deg (°)
(Notes 7, 8) Ry = 5000 0.005 deg )

Note 1: Measured from TpN to Tmax-

Note 2: Vo = 113V for Vg = £15V and Ty = 25°C
Vem = 13V for Vg = £5Vand Ty = 25°C
Note 3: The supplies are moved from +2.5V to +15V.

Note 4: Voyr = 7V for Vg = 115V, and Voyr = 12V for Vg = 15V.

Note 5: A heat sink is required to keep junction temperature below absolute maximum when an output is shorted.
Note 6: Slew Rate is with Voyr from +10V to —10V and measured at the 25% and 75% points.

Note 7: DC offset from —0.714V through +0.714V, AC amplitude 286 mVp p, f = 3.58 MHz.

Note 8: All AC tests are performed on a “warmed up” part, except for Slew Rate, which is pulse tested.
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EL2160C

Typical Performance Curves
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130 MHz Current Fee

Typical Performance Curves — Contd.
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EL2160C

Typical Performance Curves — Contd.
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