October 1995, Rev A

EL214OC/2141C

Features

¢ Fully differential inputs, outputs,
and feedback

Differential input range *2.3V

* 150 MHz 3 dB bandwidth

® 800 V/us slew rate

¢ —55 dB distortion at 3 MHz

e —75 dB distortion at 100 kHz

® 15V supplies or + 6V single
supply

¢ 50 mA minimum output current

¢ Qutput swing (2009} load) to
within 1.5V of supplies
(14V pk-pk differential)

¢ Low power-11 mA typical supply
current

Applications

® Twisted pair driver

¢ Differential line driver
¢ VGA over twisted pair
¢ ADSL/HDSL driver

¢ Single ended to differential
amplification

* Transmission of analog signals in
a noisy environment

Ordering Information

Part No. Temp.Range Package Outline #

EL2140CN —40°C to +85°C 8-pin PDIP MDP0031

EL2140CS —40°Cto +85°C 8-pin SOIC MDP0027

EL2141CN —-40°Cto +85°C 8-pin PDIP MDP0031

EL2141CS —40°Cto +85'C 8-pin SOIC MDP0027

General Description

The EL2140C/2141C is a very high bandwidth amplifier whose
output is in differential form, and is thus primarily targeted for
applications such as driving twisted pair lines, or any applica-
tion where common mode injection is likely to occur. The input
signal can be in either single-ended or differential form, but the
output is always in differential form.

On the EL2141C, two feedback inputs provide the user with the
ability to set the device gain, (stable at minimum gain of two),
whereas the EL2140C comes with a fixed gain of two.

The output common mode level is set by the reference pin
(VREF), which has a —3 dB bandwidth of over 100 MHz. Gen-
erally, this pin is grounded, but it can be tied to any voltage
reference.

The transmission of ADSL/HDSL signals requires very low
distortion amplification, so this amplifier was designed with
this as a primary goal. The actual signal distortion levels de-
pend upon input and output signal amplitude, as well as the
output load impedance. (See distortion data inside.)

Both outputs (Voyt, VouTB) are short circuit protected to
withstand temporary overload condition.

Connection Diagrams

EL2140C EL2141C
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Absolute Maximum Ratings

—40°C to 85°C

VgE+0.8V (MIN) to Vo — 0.8V (MAX)

Supply Voltage (Vee-VEE) 0V-12.6V Recommended Operating Temperature
Maximum Output Current +60 mA Vin, VINB: VREF

Storage Temperature Range —65°C to +150°C ViN-ViNB

Operating Junction Temperaure +150°C

+5V

DC Electrical Characteristics

Vee = +5V, Vgg = —5V, Ta = 25°C, Viy = 0V, Ry, = 200, unless otherwise specified
Parameter Description Min | Typ | Max Units
Vsupply Supply Operating Range (Voeo-VEE) +3.0 | +£5.0 | 63 v
Ig Power Supply Current (No Load) 11 14 mA
Vos Input Referred Offset Voltage —25 10 40 mV
In Input Bias Current (Vin, VINB, VREF) —20 6 20 RA
Zin Differential Input Impedance 400 k0
VDIFE Differential Input Range 20 | *+23 v
Ay Voltage Gain (EL2140C) ViN = 2V pp.pk 1.95 1985 | 2.02 v/v
AvoL Open Loop Voltage Gain (EL2141C) 75 dB
Vem Input Common Mode Voltage Range (EL2140C) —2.6 +4.0 v
VouTt(200) Output Voltage Swing (20012 load, Voyr to Voyrg) (EL2141C) 134 | %36 v
Vour(100) Output Voltage Swing (1000 Load, Voyr to Voyurg) (EL2141C) | 29 | +3.1 v
Vn Input Referred Voltage Noise 36 nV/YHz
VREF Output Voltage Control Range (EL2140C) —2.5 +3.3 v
VREFOS Output Offset Relative to VRrp —60 —25 +60 mV
PSRR Power Supply Rejection Ratio 60 70 dB
IoyT(min) Minimum Output Current 50 60 mA
CMRR Input Common Mode Rejection Ratio (EL2140C) Vem = £ 2V 60 70 dB
Rour (Vour = Vours = 0V) Output Impedence 0.1 Q

EN 3129557 0005139 509 W
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EL2140C/2141C

AC Electrical Characteristics

Vee = +5V, VEg = —5V, Ta = 25°C, Viy = OV, RLoap = 200, unless otherwise specified

Parameter Description Min | Typ Max Units
BW(—3dB) —3 dB Bandwidth (EL2140C and EL2141C @ gain of 2) 150 MHz
SR Differential Slewrate 800 V/us
Tstl Settling Time to 1% 15 ns
GBW Gain Bandwidth Product 400 MHz
VrerBw(—3 dB) Vger —3 dB Bandwidth 130 MHz
VREFSR VREF Slewrate 100 V/ps
THDf1 Distortion at 100 kHz (Note 1) -75 dB
dP Differential Phase @ 3.58 MHz 0.16 °
dG Differential Gain @ 3.58 MHz 0.24 %

Pin Description

Note 1: Distortion measurement quoted for Voyr-VouTs = 12V pk-pk, RLoap = 200{}, Vgain

8.

EL214(I))(13n NI;)L21410 Pin Name Function
1 2 Vin Non-inverting Input
3 ViNB Inverting Input (EL2140C only)
1 FBP Non-inverting Feedback Input. Resistor R1 must be Connected from this Pin to Voyr-
(EL2141C only)
4 FBN Inverting Feedback Input. Resistor R3 must be Connected from this pin to Voyrs.
(EL2141C only)
4 3 VREF Output Common-mode Control. The Common-mode Voltage of Voyr and Voyrp will
Follow the Voltage on this Pin, Note that on the EL2141, this pin is alsc the Viyg pin.
5 5 VouTB Inverting Qutput
6 6 Vee Positive Supply
7 7 VEE Negative Supply
8 8 Vourt Non-inverting Output

B 3129557 0005140 220 WA
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Typical Performance Curves
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Typical Performance Curves — Contd.

EL2140C/2141C

EL2141 Qutput Signal and Common

FREQUENCY (Hz)

. . {

EL2140 Small Signal Response (Note 1)

values shown.

EE 3129557 0005lu42 073 M

EL2140 CMRR vs Frequency Mode Signal vs Frequency
o l
A 7
+80 N -10 i
+70 N ~20 L Your ~ Youte L4 y
g +60 T -30
+50 7 -0
g +40 M 5 -so
o @ /
+30 ~B0 . !
+20 N -70 ol TRAY
ouT QUTB
2
L LI
[l
10K 100K M 10M 100M 10K 100K ™ 10M 100M
FREQUENCY (Hz) FREQUENCY (Hz)
21409
EL2140 Vrer Frequency Response
+1
Q
N
-1
g \
= -3
2 \
3 -4 \
-5 \
-6
1™ 10M 100M

2140-11

2140-12

2140-10

Note 1: Photo shows voltages on a 100§} transmission line terminated at both ends, so voltages at Vour, VouTs are twice the
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Applications Information

EL2141C
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R1 + R2 + R3
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Choice of feedback resistor

There is little to be gained from choosing resistor
R2 values below 400Q2 and, in fact, it would only
result in increased power dissipation and signal
distortion. Above 400(), the bandwidth response
will develop some peaking (for a gain of two), but
substantially higher resistor R2 values may be
used for higher voltage gains, such as up to 2 kQ
at a gain of eight before peaking will develop. R1
and R3 are selected as needed to set the voltage
gain, and while R1 = R3 is suggested, the gain
equation above holds for any values (see distor-
tion for further suggestions).

Capacitance considerations

As with many high bandwidth amplifiers, the
EL2140C/2141C prefer not to drive highly capac-
itive loads. It is best if the capacitance on Voyr
and Voyrg is kept below 10 pF if the user does
not want gain peaking to develop.

In addition, on the EL2141C, the two feedback
nodes FBP and FBN should be laid out so as to
minimize stray capacitance, else an additional
pole will potentially develop in the response with
possible gain peaking.

This Material Copyrighted By Its Respective Manufacturer
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(common mode)

The amount of capacitance tolerated on any of
these nodes in an actual application will also be
dependent on the gain setting and the resistor
values in the feedback network.

Distortion considerations

The harmonics that these amplifiers will poten-
tially produce are the 2nd, 3rd, 5th, and 6th.
Their amplitude is application dependent. All
other harmonics should be negligible by compari-
son. Each should be considered separately:

H2 The second harmonic arises from the input
stage, and the lower the applied differential sig-
nal amplitude, the lower the magnitude of the
second harmonic. For practical considerations of
required output signal and input noise levels, the
user will end up choosing a circuit gain. Refer-
ring to Figure 1, it is best if the voltage at the
negative feedback node tracks the Vrgpp node,
and the voltage at the positive feedback node
tracks the Vi node respectively. This would the-
oretically require that R1 + R2 = R3, although
the lowest distortion is found at about R3 = R1
+ (0.7*R2). With this arrangement, the second
harmonic should be suppressed well below the
value of the third harmonic.

)
-
[ ]
o
'S
)
a
~
[
k.
[N
e
@]




EL2140C/2141C

Applications Information — Contd.
H3 The third harmenic should be the dominant
harmonic and is primarily affected by output
load current which, of course, is unavoidable.
However, this should encourage the user not to
waste current in the gain setting resistors, and to
use values that consume only a small proportion
of the load current, so long as peaking does not
occur. The more load current, the worse the dis-
tortion, but depending on the frequency, it may
be possible to reduce the amplifier gain so that
there is more internal gain left to cancel out any
distortion.

Typical Applications Circuits

R1
A

AAA
\AA2

R3

H5 The fifth harmonic should always be below
the third, and will not become significant until
heavy load currents are drawn. Generally, it
should respond to the same efforts applied to re-
ducing the third harmonic.

H6 The sixth harmonic should not be a problem
and is the result of poor power supply decou-
pling. While 100 nF chip capacitors may be suffi-
cient for some applications, it would be insuffi-
cient for driving full signal swings into a twisted
pair line at 100 kHz. Under these conditions, the
addition of 4.7 pF tantalum capacitors would
cure the problem.

TWISTED PAIR

2t40-15

Figure 1. Typical Twisted Pair Application
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Figure 2. Dual Coaxial Cable Driver
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Figure 3. Single Supply Twisted Pair Driver
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EL2140C/2141C
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Figure 4. Differential Line Driver with Equalization

R1 + R2 + R3

DC Gain = T (See Figure 5)
R1 + (R2//R4) + R3 .
HF Gain = ERZ//R4; (See Figure 5)
GAIN 4
HF
DC
|l 1 »
fl fl FREQUENCY
° ° 2140-19
Figure 5
1
where f, = ———
2 C1 RZ
df, = 1
R YT
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TWISTED PAIR

EL2140

Figure 6. Dual Signal Transmission Circuit
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Soldering Packages to PC Boards

DIP Packages

Wave soldering is recommended for DIP pack-
ages. Solder plated boards are recommended.
Rosin mildly activated (RMA) flux is needed.
Wave soldering using a dual wave system at
250°C £ 10°C for two seconds per wave is prefer-
able. Thorough cleaning of boards after soldering
is required.

Hand soldering, Elantec’s DIP packages will
survive a peak temperature of 300°C (at leads) for
a maximum period of 10 seconds.

Surface Mount Packages
Wave soldering and vapor phase or infrared (IR)
reflow can be used for soldering surface mount
packages to PC boards. Solder plated boards are
recommended for wave soldering and vapor
phase or IR reflow methods.

Wave Soldering: Adhesive is used to hold com-
ponents on the boards during wave soldering.
Place components on the board and cure adhesive

before wave soldering. Rosin mildly activated
(RMA) flux or organic flux is needed. Wave sol-
dering using a dual wave system at 250°C +10°C
for a maximum of two seconds per wave is prefer-
able. Thorough cleaning of boards after soldering
is required.

Reflow Soldering: Screen solder paste on
board and attach components to board. Solder
paste with RMA flux is recommended. Bake
boards at 65°C-90°C for 15 minutes. Preheat
boards to within 60°C—~70°C of the solder temper-
ature. To reflow solder paste with vapor phase
method, the solder paste temperature must be
maintained at or above 200°C for at least 30 sec-
onds. The components temperature can not ex-
ceed 215°C. For the IR reflow method, the solder
paste temperature must be maintained at or
above 200°C for at least 30 seconds. The compo-
nents temperature can not exceed 220°C. The
temperature/time ramp-up during vapor phase
or IR reflow shall be no greater than 2°C/sec.

Hand soldering, Elantec’s surface mount pack-
ages will survive a peak temperature of 260°C (at
leads) for a maximum period of 10 seconds.
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PACKAGE OUTLINES

Rev. B

»

MDP0016 Rev. B
CerDIP Package
Lead Finish (Coml)—Tin Plate or Hot Solder DIP
Lead Finish (Mil)—Hot Solder DIP

D?::nl::;s Min Max Min Max Min Max Min Max
A 0.140 0.160 0.140 0.160 0.140 0.160 0.140 0.160
A 0.115 0.055 0.020 0.050 0.015 0.060 0.020 0.050
B 0.016 0.023 0.016 0.021 0.014 0.026 0.016 0.021
B, 0.050 0.065 0.050 0.060 0.038 0.068 0.050 0.060
C 0.008 0.012 0.008 0.012 0.008 0.018 0.008 0.012

0.375 0.395 0.760 0.785 0.940 0.960 1040.925 1.060
E 0.245 0.265 0.220 0.291 0.220 0.310 0.2780 0.298
E; 0.300 0.320 0.300 0.320 0.290 0.320 0.300 0.320
E, 0.340 0.390 0.340 0.390 0.360 0.410 0.340 0.390
e 0.090 0.110 0.090 0.110 0.090 0.110 0.090 0.110
e 0.020 0,055 0.078 0,098 0.068 0.098 0.078 0,098
L 0.125 0.150 0.125 0.150 0.125 0.150 0.130 0.150

8-Lead 14-Lead 18-Lead 20-Lead

B 3129557 0005558 094
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NOTE 1 -D-
D

HAAA —(

_3_ -t

i
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~ o.oﬂ PLANE ___l L I__
Ar

REV. C

Note 1: These dimensions do not include mold flash or protrusions. Mold flash protrusion shall not exceed .006” on any side.
Note 2: SO-8, S0-14, 50-16 packages are narrow body (0.150").

Note 3: Dimensions and tolerancing per ANSI Y14.5M-1982,

Note 4: Flat area of lead foot.

Note 5: SOL-24T2 (thermal package) has 2 fused leads on each side of package.

Note 6: SOL-20T (thermal package) has 4 fused leads on each side of package.

Note 7: SOL-28T contains a thermal metal slug.

SHINT'TLNO AOVIDVd

=z
S
m =

MDP0027 Rev. C
Package Outline—SOIC
Lead Finish—Solder Plate
Lead Count
Symbol SOL-28 SOL-20 SOL-16 S0-16 SO-14 S0-8 SOL-24

Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max
A 0.096 | 0.104 | 0.096 | 0.104 | 0.096 | 0.104 | 0.061 0.068 | 0.061 0.068 | 0,061 0.068 | 0.096 | 0.104
Ay 0.004 | 0.011 0.004 | 0.011 0.004 | 0.011 0.004 | 0.010 | 0,004 | 0.010 | 0.004 | 0.010 | 0.004 | 0.011
B 0.014 | 0.019 | 0.014 | 0.019 0.014 | 0.019 0.014 | 0.019 0.014 | 0,019 | 0.014 | 0.019 0.014 | 0.019
[o] 0.009 0.012 | 0.009 | 0.012 0.009 | 0.012 0.008 | 0.010 | 0.008 | 0.010 | 0.008 | 0.010 | 0.009 | 0.012
D 0.696 | 0.712 0.498 | 0.510 | 0.397 0.430 | 0.386 | 0.394 | 0.337 0.344 | 0.189 | 0.196 | 0.598 | 0.614
E 0.291 0.299 0.291 | 0.299 0.291 0.299 0,150 | 0,157 0.150 | 0.157 | 0.150 | 0.157 0.291 0.299

D

0.050 BSC 0.050 BSC 0.050 BSC 0.050 BSC 0.050 BSC 0.050 BSC 0.050 BSC

0.398 | 0414 | 0.398 | 0414 | 0.398 | 0.414 | 0.230 | 0.244 | 0.230 | 0.244 | 0.230 | 0.244 | 0.398 | 0.414

0.010 | 0.016 | 0.010 | 0.016 | 0.010 | 0.016 | 0.010 | 0.016 | 0.010 | 0.016 | 0.016 | 0.016 | 0.010 | 0.016

ce |

0.016 | 0.024 | 0.016 | 0.024 | 0.016 | 0.024 | 0.016 | 0.024 | 0.016 | 0.024 | 0.016 | 0.024 | 0.016 | 0.024

Bl 3129557 0005559 Te0o WA
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0.165-0.185

(4.19-4.70)
0.045+0.055

T14=140) |

PACKAGE OUTLINES

0.820

0.980-1.03
{24.89-26.16)

1.07=1.17
(27.16-29.72)

—

-

o
B

n

0.095-0.115

241-2.92)
0.170-0.180

(#.32-457)
0.327-0.335

(8.31-8.51)

SEATING
PLANE

0.146=0.156
(3.71-3.95) 0.390-0.410
{9.906-10.414) lr
1
0.100=0.120
_ (2540-3048) o258
f (6.05-6.55)
0.569-0.609
(14451547
- -
L]
0.012-0.025 __I L_ 0.030-0.040
(0:30-0.64) [0.76-1.02)
0.062-0.072
(157-183)
REV. A

MDP0028 Rev. A
5-Lead TO-220
Lead Finish—Solder Plate

B 3129557 0005560 742 IA
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~ Package Outlines

INDEX
AREA

D £
G
A
BASE PLANE __, j_LA
SEATING — ~\ (- ! e
PLANE L ¢
;]
By = REV. A
MDP0031 Rev. A
Plastic Package
Lead Finish—Hot Solder DIP
Dﬁ:':lz:::ls Min Max Min Max Min Max Min Max Min Max
Ay 0.020 0.040 0.020 0.040 0.020 0.040 0.020 0.040 0.020 0,040
A 0.125 0.145 0.125 0.145 0.125 0.145 0.125 0.145 0.125 0.145
B 0.016 0.020 0.016 0.020 0.016 0.020 0.016 0.020 0.015 0.021
B, 0.050 0.070 0,050 0.070 0.050 0.070 0.050 0.070 0.050 0.070
c 0.008 0.012 0.008 0.012 0.008 0.012 0.008 0.012 0.008 0.012
0.350 0.385 0.745 0.755 0.745 0.755 0.875 0.905 0.925 1.045
E 0.295 0.320 0.295 0.320 0.295 0.320 0.295 0.320 0.295 0.320
E, 0.245 0.255 0.245 0.255 0.245 0.255 0.245 0.255 0.245 0.255
e 0.100 Typ 0.100 Typ 0.100 Typ 0.100 Typ 0.100 Typ
ea 0.300 Ref 0.300 Ref 0.300 Ref 0.300 Ref 0.300 Ref
L 0.115 0.135 0.115 0.135 0.115 0.135 0.115 0.135 0.115 0.135
N 8 14 16 18 20

Note: Package outline exclusive of any mold flashes. Mold flash protrusion shall not exceed 0.006” on any side.
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