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FEATURES

10GHz Gain-Bandwidth Product

85dB SFDR at 100MHz, 2Vp.p

1.1nV/yHz Input Noise Density

Channel Separation 95dB at 100MHz
Input Range Includes Ground

External Resistors Set Gain (Min 1V/V)
3300V/ps Differential Slew Rate

52mA Supply Current (Per Amplifier)
2.7V 10 5.25V Supply Voltage Range

Fully Differential Input and Output
Adjustable Output Common Mode Voltage
Low Power Shutdown

Small 20-Lead 4mm x 3mm x 0.75mm LQFN Package

APPLICATIONS

Broadband 1/Q Amplifiers

Dual Differential ADC Driver
High-Speed Data-Acquisition Cards
Automated Test Equipment

Time Domain Reflectometry
Communications Receivers

Duul 10GHz GBW,
1.1nV/VHz Differentiul
Amplifier/ADC Driver

DESCRIPTION

The LTC®6419 is a dual very high speed, low distortion,
differential amplifier. Its input common mode range in-
cludes ground, so that a ground-referenced single-ended
or differential input signal can be DC-coupled, level-shifted,
and converted to drive an ADC differentially.

The gain and feedback resistors are external, so that the
exact gain and frequency response can be tailored to each
application. For example, the amplifier could be externally
compensated in a no-overshoot configuration, which is
desired in certain time-domain applications.

The LTC6419 is stable in a differential gain of 1. This al-
lows for low output noise in applications where gain is not
desired. Each amplifier draws 52mA of supply currentand
has an independent shutdown pin which reduces current
consumption to 100pA per amplifier.

The LTC6419 is available in a compact 4mm x 3mm
20-pin LQFN package and operates overa—40°Cto 125°C
temperature range.

ALY, LT, LTC, LTM, Linear Technology and the Linear logo are registered trademarks of Analog
Devices, Inc. All other trademarks are the property of their respective owners.

TYPICAL APPLICATION

DC-Coupled Interface from a Ground-Referenced Single-Ended

Input to an LTC2175-14 ADC
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LTC 6419
ABSOLUTE MAXIMUM RATINGS PIN CONFIGURATION

(Note 1)
Total Supply Voltage (V*A = V"), (VB = V") ............ 5.5V e
Input Current (+INA, —INA, +INB, —INB, = E; § Z:I’
Vocma, Vocms, SHDNA, SHDNB) (Note 2)............ +10mA o 9 o
Output Current (Note 13) ..oeereeeccre 50mAgums b Y Y e
Output Short-Gircuit Duration E .
(NOTE 3) oo Thermally Limited i e s N
Temperature Range (Notes 4, 5) SRR L3> 1L _1 CEV
LTCBATON oo —-40°C to 85°C SHONB LA 1 11,1 SV
LTCOAOH ... ~40°C to0 125°C w8 5> v v (] ve
Maximum Junction Temperature ........c.cc.cucu....... 150°C e[5> == = i ours
Storage Temperature Range .................. ~65°C to 150°C (71 fsl o] fd
Maximum Reflow (Package Body) Temperature.....260°C s 3 2@
LQFN PACKAGE
20-:LEAD° 4mm:>< 3mm x O.7§mrg2:
Tymax = 150°C, 8y = 44°C/W, 0,¢ = 12°C/W
EXPOSED PADS (PIN 21) CONNECTED TO V-

OR DEB InFOBmﬂTlon http://www.linear.com/product/LTC64194#orderinfo

PACKAGE** MSL
PART NUMBER PART MARKING* | FINISH CODE PAD FINISH TYPE RATING TEMPERATURE RANGE
LTC6419IV#PBF 6419 -40°C to 85°C
ed Au (RoHS) LQFN 3
LTC6419HV#PBF 6419 -40°C to 125°C
* Consult Marketing for parts specified with wider operating temperature ranges. » Recommended PCB Assembly and Manufacturing Procedures:
Pad or ball finish code is per IPG/JEDEGC J-STD-609. *The temperature grade is www.linear.com/umodule/pchassembly

identified by a label on the shipping container.
e Terminal Finish Part Marking: www.linear.com/leadfree

Parts ending with PBF are RoHS and WEEE compliant. **The LTC6419 is a laminate package with the same dimensions as a standard 4mm x 3mm x 0.75mm
QFN package.

* Package and Tray Drawings: www.linear.com/packaging
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LTC6419
GLGCTRKHL CHﬂﬂﬂCTGﬁISTICS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. V* = V*A = V*B =5V, V™ = 0V, Vg = Viem = Vocma = Vocms = 1.25V,
VSHDNA =_Vs|.|[)|_\||; = open. Vs is defined as (V+ - V_). VOUTCM is defined as (V+0UT + V—OUT)/Z- V|c|v| is defined as (V+IN + V_|N)/2.
Vourpiee is defined as (V, oyt - V-gur)-

SYMBOL | PARAMETER CONDITIONS MIN TYP  MAX | UNITS
Vospiee | Differential Offset Voltage (Input Referred) Vg =3V +300 +1000 pv
Vg =3V ° +1200 nv
Vg =5V +300 £1100 nv
Vg =5V ° +1400 pv
AVospire | Differential Offset Voltage Drift (Input Referred) Vg =3V o 2 uv/°c
AT Vg =5V ° 2 uv/°c
Ig Input Bias Current (Note 6) Vg =3V e | 140 -62 0 HA
Vg =5V ®| 160 70 0 HA
los Input Offset Current (Note 6) Vg =3V o +2 +10 HA
Vg =5V ° +2 +10 HA
Rin Input Resistance Common Mode 165 kQ
Differential Mode 860 Q
Cin Input Capacitance Differential Mode 0.5 pF
€n Differential Input Noise Voltage Density f=1MHz, Not Including R/Rg Noise 1.1 nV/yHz
in Input Noise Current Density f = 1MHz, Not Including R/Rg Noise 8.8 pAHz
envocm | Common Mode Noise Voltage Density f=10MHz 12 nV/Hz
VicvRr Input Signal Common Mode Range Vg =3V ) 0 15 v
(Note 7) Vg =5V ° 0 35 v
CMRRI | Input Common Mode Rejection Ratio Vg =3V, Vigm from 0V to 1.5V ®| 75 90 aB
(Note 8) | (Input Referred) AVigm/AVospire Vg =5V, Vg from 0V to 3.5V ®| 75 90 aB
CMRRIO | Output Common Mode Rejection Ratio (Input Vg =3V, Voo from 0.5V to 1.5V ®| 55 80 dB
(Note 8) | Referred) AVoem/AVospirr Vg =5V, Vggm from 0.5V to 3.5V ® 60 85 aB
PSRR Differential Power Supply Rejection (AVs/AVospire) | Vs = 2.7V t0 5.25V ®| 60 85 aB
(Note 9)
PSRRCM | Output Common Mode Power Supply Rejection Vg =2.7V105.25V ®| 55 70 dB
(Note 9) | (AVs/AVosem)
Vg Supply Voltage Range (Note 10) e 27 5.25 v
Geom Common Mode Gain (AVourtem/AVocm) Vg =3V, Voo from 0.5V to 1.5V ® 1 VIV
Vg =5V, Vggm from 0.5V to 3.5V ® 1 VNV
AGgm Common Mode Gain Error, 100 x (Ggy — 1) Vg =3V, Vggm from 0.5V to 1.5V o +0.1 +0.3 %
Vg =5V, Vggm from 0.5V to 3.5V ® +0.1 +0.3 %
BAL Output Balance AVoutpire = 2V
(AVoutem/ AVouTpirr) Single-Ended Input ° -65 -50 aB
Differential Input ) -70 -50 aB
Vosecm | Common Mode Offset Voltage (Voutem — Vocwm) Vg =3V o +1 +5 mV
Vg =5V ° +1 +6 mV
AVoscm | Common Mode Offset Voltage Drift ° 4 uv/°c
AT
Voutemr | Output Signal Common Mode Range Vg =3V e 05 15 v
(Note 7) | (Voltage Range for the Vocma/Vogws Pins) Vg =5V ®| 05 35 v
Rinvocm | Input Resistance, Vooma/Vocwms Pins e 30 40 50 KQ
Vocum Self-Biased Voltage at the Voema/Vocws Pins Vs =3V, Vocma = Vocwis = Open 0.85 V
Vs =5V, Vooma = Vocus = Open e 09 1.25 1.6 v
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LTC 6419

GLGCTR'C“L CHﬂBﬂCTGﬁISTICS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. V* = V*A = V*B =5V, V™ = 0V, Vg = Viem = Vocma = Vocms = 1.25V,

VSHDNA = VSHDNB = open. Vs is defined as (V+ - V_). VOUTCM is defined as (V+0UT + V—OUT)/Z- V|c|v| is defined as (V+IN + V_|N)/2.

Vourpirr is defined as (V.our - V-our)-

SYMBOL | PARAMETER CONDITIONS MIN TYP  MAX | UNITS
Vout Output Voltage, High, Either Output Pin Vg=3V,I =0 ®| 185 2 v
Vg =3V, I =-20mA o 138 1.95 v
Vg=5V,1 =0 ®| 385 4 v
Vg =5V, I =-20mA ®| 38 3.95 v
Output Voltage, Low, Either Output Pin Vg=3V,5V; 1 =0 ) 0.06 0.15 v
Vg =3V, 5V; I =20mA ° 0.2 0.4 v
Isc Output Short-Circuit Current, Either Output Pin Vg =3V ®| 150 +70 mA
(Note 11) Vg =5V ®| /0 +95 mA
AvoL Large-Signal Open Loop Voltage Gain 65 dB
Is Supply Current (Per Amplifier) 52 56 mA
o 58 mA
IsroN Supply Current in Shutdown (Per Amplifier) Vsrona = Vsaong < 0.6V ) 100 500 HA
Rspoy | SHDNA/SHDNB Pull-Up Resistor Vsrona = Vsaong = 0V to 0.5V ®| 115 150 185 KQ
ViL SHDNA/SHDNB Input Logic Low [ 0.6 v
Viy SHDNA/SHDNB Input Logic High e 14 V
ton Turn-On Time 160 ns
torr Turn-Off Time 80 ns
SR Slew Rate Differential Output, Voutpire = 4Vp-p 3300 Vs
+OUTA/+QUTB Rising (-OUTA/-OUTB Falling) 1720 Vs
+OUTA/+OUTB Falling (-OUTA/-OUTB Rising) 1580 Vs
GBW Gain-Bandwidth Product Ri = 25Q, R = 10k, frest = 100MHz 9.5 10 GHz
o 8 GHz
348 -3dB Frequency R = Rp = 1509, Ry gap = 400Q, Cf = 1.3pF 1.4 GHz
fo.1dB Frequency for 0.1dB Flatness Ri = Rp = 1509, Ry pap = 400Q , Cr = 1.3pF 320 MHz
FPBW Full Power Bandwidth Voutpier = 2Vp-p 550 MHz
Channel Separation (Note 12) f=100MHz 95 dB
HD2 25MHz Distortion Differential Input, Voutpirr = 2Vp-p,
HD3 Ri = Rp = 1509, R gap = 400Q
2nd Harmonic -82 dBc
3rd Harmonic -106 dBe
100MHz Distortion Differential Input, Voutpirr = 2Vp-p,
Ri =Rg=150Q, Ry gap = 400Q
2nd Harmonic -85 dBc
3rd Harmonic -85 dBc
HD2 25MHz Distortion Single-Ended Input, Voytpier = 2Vp-p,
HD3 Ri = Rp = 1509, R gap = 400Q
2nd Harmonic -96 dBc
3rd Harmonic -105 dBc
100MHz Distortion Single-Ended Input, Voytpier = 2Vp-p,
Ri = Rp =150, R gap = 400Q
2nd Harmonic -83 dBc
3rd Harmonic -85 dBc
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LTC 6419

GLGCTBKHL CHHBHCTEBISTICS The e denotes the specifications which apply over the full operating

temperature range, otherwise specifications are at Ty = 25°C. V* = V*A = V*B =5V, V™ = 0V, Vg = Viem = Vocma = Vocms = 1.25V,
VSHDNA = VSHDNB = open. Vs is defined as (V+ - V_). VOUTCM is defined as (V+0UT + V—OUT)/Z- V|c|v| is defined as (V+IN + V_|N)/2.

Voutpirr is defined as (V,qur — V-gur)-

SYMBOL | PARAMETER CONDITIONS MIN TYP  MAX | UNITS
IMD3 3rd Order IMD at 25MHz Voutoirs = 1Vp-p per Tone, R = Rp = 1509, -103 dBc
1 =24.9MHz, 2 = 25.1MHz RLoap = 400
3rd Order IMD at 100MHz Voutpier = 1Vp-p per Tone, R; = R = 150Q, -87 dBc
1 =99.9MHz, 2 = 100.1MHz RLoap = 400
3rd Order IMD at 140MHz Voutpier = 1Vp-p per Tone, R; = Rg = 150Q, =77 dBe
f1 =139.9MHz, f2 = 140.1MHz RLoap = 400
ts Settling Time Voutpier = 2Vp-p Step, R; = R = 1509,
RLoap = 400Q
1% Settling 1.9 ns

Note 1: Stresses beyond those listed under Absolute Maximum Ratings
may cause permanent damage to the device. Exposure to any Absolute
Maximum Rating condition for extended periods may affect device
reliability and lifetime.

Note 2: Input pins (+INA, —INA, +INB, —INB, Vocma, Vocms, SHDNA,
SHDNB) are protected by steering diodes to either supply. If the inputs
should exceed either supply voltage, the input current should be limited
to less than 10mA. In addition, the inputs (+INA/~INA or +INB/~INB) are
protected by a pair of back-to-back diodes. If the differential input voltage
exceeds 1.4V, the input current should be limited to less than 10mA.
Note 3: A heat sink may be required to keep the junction temperature below
the absolute maximum rating when the output is shorted indefinitely.

Note 4: The LTC6419I is guaranteed functional over the temperature
range of —40°C to 85°C. The LTC6419H is guaranteed functional over the
temperature range of -40°C to 125°C.

Note 5: The LTC6419I is guaranteed to meet specified performance

from —40°C to 85°C. The LTC6419H is guaranteed to meet specified
performance from —40°C to 125°C.

Note 6: Input bias current is defined as the average of the input currents
flowing into the inputs (-INA/+INA or —INB/+INB). Input offset current is
defined as the difference between the input currents (lpg = Ig* = Ig7).
Note 7: Input common mode range is tested by testing at both Vg = 1.25V
and at the Electrical Characteristics table limits to verify that the differential
offset (Vospirr) and the common mode offset (Vosgn) have not deviated by
more than +1mV and £2mV respectively from the Vigy = 1.25V case.

The voltage range for the output common mode range is tested by
applying a voltage on the Vg pin and testing at both Vg = 1.25V and
at the Electrical Characteristics table limits to verify that the common
mode offset (Vgscwm) has not deviated by more than +6mV from the
Voowm = 1.25V case.

Note 8: Input CMRR is defined as the ratio of the change in the input
common mode voltage at the pins (+INA/~INA or +INB/-INB) to the
change in differential input referred offset voltage. Output CMRR is defined
as the ratio of the change in the voltage at the Vogma or Voo pins to the
change in differential input referred offset voltage. This specification is
strongly dependent on feedback ratio matching between the two outputs
and their respective inputs and it is difficult to measure actual amplifier
performance (See Effects of Resistor Pair Mismatch in the Applications
Information section of this data sheet). For a better indicator of actual
amplifier performance independent of feedback component matching,
refer to the PSRR specification.

Note 9: Differential power supply rejection (PSRR) is defined as the ratio
of the change in supply voltage to the change in differential input referred
offset voltage. Common mode power supply rejection (PSRRCM) is
defined as the ratio of the change in supply voltage to the change in the
output common mode offset voltage.

Note 10: Supply voltage range is guaranteed by power supply rejection
ratio test.

Note 11: Extended operation with the output shorted may cause the
junction temperature to exceed the 150°C limit.

Note 12: Channel separation (the inverse of crosstalk) is measured by
driving a signal into one input, while terminating the other input. Channel
separation is the ratio of the resulting output signal at the driven channel
to the channel that is not driven.

Note 13: The LTC6419 is capable of producing peak output currents in
excess of 50mA. Current density limitations within the IC require the
continuous RMS current supplied by the output (sourcing or sinking)
over the operating lifetime of the part be limited to under 50mA (Absolute
Maximum). Proper heat sinking may be required to keep the junction
temperature below the absolute maximum rating.
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LTC 6419

TYPICAL PERFORMANCE CHARACTERISTICS

Differential Input Offset Voltage
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LTC 6419

TYPICAL PERFORMANCE CHARACTERISTICS

Differential Output Voltage Noise
vs Frequency

Input Noise Density vs Frequency

Differential Output Impedance
vs Frequency
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LTC 6419

TYPICAL PERFORMANCE CHARACTERISTICS

Frequency Response vs Closed

Frequency Response vs Load
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TYPICAL PERFORMANCE CHARACTERISTICS
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-INA, +INA, -INB, +INB (Pins 1, 20, 6, 7): Differential
Input Pins of Channels A and B Respectively.

+FBA, -FBA, +FBB, -FBB (Pins 2, 19, 5, 8): Feedback
Pins. These pins are located adjacent to the input pins on
the package pinout, however they are internally connected
to the output pins. They can be easily used for feedback
components connections.

SHDNA, SHDNB (Pins 3, 4): When these pins are float-
ing or directly tied to V*, the respective amplifier is in
the normal (active) operational mode. When these pins
are connected to V-, the respective amplifier is disabled
and draws approximately 100pA of supply current. Each
amplifier has an independent SHDN pin.

Vocma, Vocme (Pins 18, 9): Output Common Mode Ref-
erence Voltage. The voltage on this pin sets the output

common mode voltage level for the respective amplifier. If
left floating, an internal resistor divider develops a default
voltage of 1.25V with a 5V supply.

+0UTA, -0UTA, +0UTB, -0UTB (Pins 16, 17, 11, 10):
Differential Output Pins of Channels A and B Respectively.
V+A, V*B (Pins 15, 12): Positive Power Supply Pins. Each
amplifier has an independent VV* supply. However, since
both amplifiers share a common substrate, they must
share the same V= supply.

V- (Pins 13, 14, 21): Negative Power Supply Pins. All
pins, as well as the exposed pads, must be connected to
same voltage.

Exposed Pad (Pin 21): Tie all four bottom pads to V-. If
split supplies are used, DO NOT tie the pads to ground.

Ionl 7ol
B ey —FBA
[—— i
-INA VA +OUTA
[2] +
+FBA Vocma = VA _E 5]
- VFA
Gl ’ i
SHDNA v
[4] VB v-—13]
SHDNB v
Vocms — Ve FEZ:I
[s] + V'B
+FBB
v 200k ]
1 11
E LB Vocws +0UTB
50k
v
INB —FBB v ~0UTB
E - Iil Iil OCMB E 6419 BD

6419fa
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Functional Description

The LTC6419isasmall outline, wideband, high speed, low
noise, and low distortion fully-differential dual amplifier
with accurate output phase balancing. The amplifier is opti-
mized to drive low voltage, single-supply, differential input
analog-to-digital converters (ADCs). The LTC6419 input
commonmode rangeincludes ground, which makesitideal
to DC-couple and convert ground-referenced, single-ended
signals into differential signals that are referenced to the
user-supplied output common mode voltage. This is ideal
fordriving these differential ADCs. The balanced differential
nature of the amplifier also provides even-order harmonic
distortion cancellation, and low susceptibility to common
mode noise (like power supply noise). The LTC6419 can
operate with a single-ended input and differential output,
or with a differential input and differential output.

The outputs of the LTC6419 are capable of swinging from
close-to-ground to 1V below V*. They can source or sink
up to approximately 70mA of current. Load capacitances
should be decoupled with at least 10Q of series resistance
from each output.

Input Pin Protection

The LTC6419 input stage is protected against differential
input voltages which exceed 1.4V by two pairs of series
diodes connected back to back between +INA and —INA
and between +INB and —INB. Moreover, the input pins,
as well as Vocma, Vocws, SHDNA and SHDNB pins, have
clamping diodes to either power supply. If these pins are
driven to voltages which exceed either supply, the current
should be limited to 10mA to prevent damage to the IC.

SHDN Pins

The SHDNA/SHDNB pins are CMOS logic inputs with a
150k internal pull-up resistor. If the pin is driven low, the
LTC6419 powers down. If the pin is left unconnected or
driven high, the part is in normal active operation. Some
care should be taken to control leakage currents at this
pin to prevent inadvertently putting the LTC6419 into
shutdown. The turn-on and turn-off time between the
shutdown and active states is typically less than 200ns.
Keep in mind that each channel of the amplifier has its
own independent SHDN pin.

General Amplifier Applications

In Figure 1, the gain to Voytpier from Viyp and Viyw is
given by:

R
Voutoirr = Vsoutr = Vour zﬁf *(Vinp =Vinm) (1)

Note from Equation (1), the differential output voltage
(Vyout = V—ouT) is completely independent of input and
output common mode voltages, or the voltage at the
common mode pin. This makes the LTC6419 ideally
suited for pre-amplification, level shifting and conversion
of single-ended signals to differential output signals for
driving differential input ADCs.

R

AN R

— V_out

VVV 6419 FO1 Viout

Figure 1. Circuit for Common Mode Range

Output Common Mode and Vg Pin

The output common mode voltage is defined as the aver-
age of the two outputs:

Viour +Voour
Voutem =Vocm ==

As the equation shows, the output common mode voltage
is independent of the input common mode voltage, and
is instead determined by the voltage on the Vo pin, by
means of an internal common mode feedback loop.

If the Voom pin is left open, an internal resistor divider
develops a default voltage of 1.25V with a 5V supply. The
Vogm pin can be overdriven to another voltage if desired.
For example, when driving an ADC, if the ADC makes a
reference available for setting the common mode voltage, it
can be directly tied to the Ve pin, as long as the ADC is

6419fa
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capable of driving the 40k input resistance presented by the
Vocm pin. The Electrical Characteristics table specifies the
valid range that can be applied to the Vocm pin (VoutemR)-

Input Common Mode Voltage Range

The LTC6419’s input common mode voltage (Vicm) is
defined as the average of the two input pins, V,y and
V_y. The valid range that can be used for Vg has been
specified in the Electrical Characteristics table (VigmR)-
However, due to external resistive divider action of the
gain and feedback resistors, the effective range of signals
that can be processed is even wider. The input common
mode range at the op amp inputs depends on the circuit
configuration (gain), Vogmand Vg (referto Figure 1). For
fully differential input applications, where Viyp = =Vinw,
the common mode input is approximately:
_ Vo Vo R

Viem —Tzvocm o ——+Vom®

| Re
R, +Rf

R, +R¢

With single-ended inputs, there is an input signal com-
ponent to the input common mode voltage. Applying
only Viyp (setting Viym to zero), the input common mode
voltage is approximately:

Vo + Vo R
Vigw == > M= Voeu * A +IRF + (2)
R V, R
Voo B Ve, B
M R4R-" 2 R +R

This means that if, for example, the input signal (Viyp)
is a sine, an attenuated version of that sine signal also
appears at the op amp inputs.

Input Impedance and Loading Effects

The low frequency input impedance looking into the Viyp
or Viym input of Figure 1 depends on how the inputs are
driven. For fully differential input sources (Vinp = =Vinm),
the input impedance seen at either input is simply:

Rinp = Rinm = Ry

For single-ended inputs, because of the signal imbalance
at the input, the input impedance actually increases over
the balanced differential case. Theinputimpedance looking
into either input is:
R
Rinp =Rinm = 1—IRF

2 R +R

Inputsignal sources with non-zero outputimpedances can
also cause feedbackimbalance between the pair of feedback
networks. For the best performance, it is recommended
that the input source output impedance be compensated.
If input impedance matching is required by the source, a
termination resistor Ry should be chosen (see Figure 2)
such that:

_ Rim *Rs

R, =
" Rim —Rs

According to Figure 2, the input impedance looking into
the differentialamp (Ryym) reflects the single-ended source
case, given above. Also, R2 is chosen as:

RT .RS

RT +RS

R2=Rr|[Rs =

1 R Re

— s

Rt CHOSEN SO THAT R || Rinm = Rs
R2 CHOSEN TO BALANCE R || Rg

6419 F02

Figure 2. Optimal Compensation for Signal Source Impedance

Effects of Resistor Pair Mismatch

Figure 3 shows a circuit diagram which takes into consid-
eration that real world resistors will not match perfectly.

6419fa
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Assuming infinite open loop gain, the differential output
relationship is given by the equation:

Rr
Voutoire = Viout = Voout = Vinoirr ‘ﬁl+

AB AB

V o__V o7
M Bave O™ Bave

where Rr is the average of Ry, and Rpo, and Ry is the
average of Rj4, and Ryp.

v
6419 F03 +ouT

Figure 3. Real-World Application with Feedback
Resistor Pair Mismatch

Bavg is defined as the average feedback factor from the
outputs to their respective inputs:

1 R R
2 \Ri+Re1 R +Re

AB is defined as the difference in the feedback factors:
AB= Rp __ Ry

- Rip +Rr2 Ry +Rgy

Here, Vom and Viypier are defined as the average and
the difference of the two input voltages Viyp and Viyw,
respectively:

_ Vine + Vium

Vom 5

Vinoirr = Vine = Vinm

When the feedback ratios mismatch (AB), common mode
to differential conversion occurs. Setting the differential
input to zero (Vnpier = 0), the degree of common mode
to differential conversion is given by the equation:

VOUTDIFF = V+0UT - V—OUT z(VCIVI - VOCM )e BAVG

In general, the degree of feedback pair mismatch is a
source of common mode to differential conversion of
both signals and noise. Using 0.1% resistors or better
will mitigate most problems and will provide about 54dB
worst case of common mode rejection. A low impedance
ground plane should be used as a reference for both the
input signal source and the Vg pin.

There may be concern on how feedback factor mismatch
affects distortion. Feedback factor mismatch from using
1% resistors or better, has a negligible effect on distortion.
However, in single supply level shifting applications where
there is a voltage difference between the input common
mode voltage and the output common mode voltage,
resistor mismatch can make the apparent voltage offset
of the amplifier appear worse than specified.

The apparent input referred offset induced by feedback
factor mismatch is derived from Equation (3):

Vospirr(apparenT) = (Vom — Vocwm) © AB

Using the LTC6419 in a single 5V supply application with
0.1% resistors, the input common mode grounded, and
the Ve pin biased at 1.25V, the worst case mismatch
can induce 1.25mV of apparent offset voltage.

Noise and Noise Figure

The LTC6419’s differential input referred voltage and cur-
rentnoise densities are 1.1nV/y/Hzand 8.8pA/y/Hz, respec-
tively. In addition to the noise generated by the amplifier,
the surrounding feedback resistors also contribute noise.
A simplified noise model is shown in Figure 4. The output
noise generated by both the amplifier and the feedback
components is given by the equation:

2
[em-(n%)} +2¢(iy *Re ) +
I
2
\z’tenm'%) +2°enRF2
|

€ho =

6419fa
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- 6419 F04

Figure 4. Simplified Noise Model

If the circuits surrounding the amplifier are well balanced,
common mode noise (epyocm) Of the amplifier does not
appearinthe differential output noise equation given above.
A plot of this equation and a plot of the noise generated
by the feedback components for the LTC6419 are shown
in Figure 5.

The LTC6419’s input referred voltage noise contributes
the equivalent noise of a 752 resistor. When the feedback
network is comprised of resistors whose values are larger
than this, the output noise is resistor noise and amplifier
current noise dominant. For feedback networks consist-
ing of resistors with values smaller than 75€, the output
noise is voltage noise dominant (see Figure 5).

Lower resistor values always result in lower noise at the
penalty of increased distortion due to increased loading

1000

~ 100 TOTAL (AMPLIFIER AND

VA
M
m
o
@
=3
(]
=
=
2
o
)

=

NOISE DENSITY (
\ N1

\

0.1

10 100 1000 10000
Ri=Rr () 6419 F05
Figure 5. LTC6419 Output Noise vs Noise
Contributed by Feedback Network Alone

by the feedback network on the output. Higher resistor
values will result in higher output noise, but typically im-
proved distortion due to less loading on the output. For
this reason, when LTC6419 is configured in a differential
gain of 1, using feedback resistors of at least 150Q is
recommended.

To calculate noise figure (NF), a source resistance and the
noise it generates should also come into consideration.
Figure 6 shows a noise model for the amplifier which
includes the source resistance (Rg). To generalize the
calculation, a termination resistor (Rt) is included and its
noise contribution is taken into account.

Now, the total output noise power (excluding the noise
contribution of Rg) is calculated as:

2
e, 2= e e T+ —F || +20(i, *Re )P+
(RT”RS)
AN
2
2¢ ean'L +208pf +
(RT”RS)
AN

2
: &(&J
™R | Ry +(2RI ||RS)

6419 F06

Figure 6. A More General Noise Model Including
Source and Termination Resistors
6419fa
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Meanwhile, the output noise power due to noise of Rgis  Figure 7 specifies the measured total output noise (eno),

given by:

2
s [ R IR
0 (97| 07 R | R+ (2R IRy

Finally, noise figure can be obtained as:

2
eno
NF=10log| 1+—1°—
€ho (RS)
1.3pF
|
11
150Q
b
Q—eo—
——
150Q
AAA
\A A
1.3pF
|
11
1pF
|
11
100Q 200Q
VW NN—9
Q —
——
100Q 200Q
VAVAV AVAVAV
1pF
|
11
0.4pF
|
11
100Q 500Q
VWV A p
Q—eo—
——
100Q 5002
VAVAV AVAVAV
0.4pF

excluding the noise contribution of source resistance, and
noise figure (NF) of LTC6419 configured at closed loop
gains (Ay = Re/R)) of 1V, 2V/V and 5V/V. The circuits in
the left column use termination resistors and transform-
ers to match to the 50Q source resistance, while the
circuits in the right column do not have such matching.
For simplicity, DC-blocking and bypass capacitors have
not been shown in the circuits, as they do not affect the
noise results.

1.3pF
|
M
150Q 150Q
b
Q —_—
8no = 4.70nV/Hz 8no = 5.88nV/\Hz
NF = 14.41dB NF = 17.59dB
e
150Q
AAA
\A A4
1.3pF
|
M
1pF
|
M
100Q 200Q
)
Q —
8no = 5.77nVAHz 8no = 9.76nV/\Hz
NF =10.43dB NF = 16.66dB
—
200Q
AAA
\A A4
1pF
|
M
0.8pF
|
M
250Q
1
Q —
8no = 11.69nV//Hz 8no = 14.23nV/Hz
NF = 8.81dB NF = 13.56dB
D
250Q
AvAvA' 6419 FO7
0.8pF
|

Figure 7. LTC6419 Measured Output Noise and Noise Figure at Different Closed Loop Gains with and without Source Impedance Matching
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GBW vs f_3d8

Gain-bandwidth product (GBW)and-3dBfrequency (f_3qg)
have been both specified in the Electrical Characteristics
table astwo different metrics forthe speed of the LTC6419.
GBW is obtained by measuring the gain of the amplifier
at a specific frequency (frest) and calculate gain © frggr.
To measure gain, the feedback factor (i.e. p = R/(R; +
Rr)) is chosen sufficiently small so that the feedback loop
does not limit the available gain of the LTC6419 at fggr,
ensuring that the measured gain is the open loop gain of
the amplifier. As long as this condition is met, GBW is a
parameter that depends only on the internal design and
compensation of the amplifier and is a suitable metric to
specify the inherent speed capability of the amplifier.

f_3qg, On the other hand, is a parameter of more practi-
cal interest in different applications and is by definition
the frequency at which the gain is 3dB lower than its low
frequency value. The value of f_3qg depends on the speed
of the amplifier as well as the feedback factor. Since the
LTC6419 is designed to be stable in a differential signal
gain of 1 (where R; = Rr or B = 1/2), the maximum f_34g
is obtained and measured in this gain setting, as reported
in the Electrical Characteristics table.

In most amplifiers, the open loop gain response exhibits a
conventional single-pole roll-off for most of the frequen-
cies before crossover frequency and the GBW and f_34p
numbers are close to each other. However, the LTC6419is
intentionally compensated in such a way that its GBW is
significantly larger than its f_gqg. This means that at lower
frequencies (where the input signal frequencies typically
lie, e.9. 100MHz) the amplifier’s gainand thus the feedback
loop gain is larger. This has the important advantage of
further linearizing the amplifier and improving distortion
at those frequencies.

Looking at the Frequency Response vs Closed Loop Gain
graph in the Typical Performance Characteristics section
of this data sheet, one sees that for a closed loop gain
(Ay) of 1 (where R; = Rp = 150Q), f_34g is about 1.4GHz.
However, for Ay = 400 (where R, = 25Q and Rr = 10kQ),
the gain at 100MHz is close to 40dB = 100V/V, implying
a GBW value of 10GHz.

Feedback Capacitors

When the LTC6419 is configured in low differential gains,
itis often advantageous to utilize a feedback capacitor (Cg)
in parallel with each feedback resistor (Rg). The use of Cg
implements a pole-zero pair (in which the zero frequency
is usually smaller than the pole frequency) and adds posi-
tive phase to the feedback loop gain around the amplifier.
Therefore, if properly chosen, the addition of G boosts
the phase margin and improves the stability response of
the feedback loop. For example, with R; = Rp = 1500, it is
recommended for most general applications to use Cr =
1.3pF across each Rg. This value has been selected to
maximize f_sqg for the LTC6419 while keeping the peaking
of the closed loop gain versus frequency response under
a reasonable level (<1dB). It also results in the highest
frequency for 0.1dB gain flatness (fp.14g)-

However, othervalues of Cgcanalso be utilized and tailored
to other specific applications. In general, a larger value
for Cg reduces the peaking (overshoot) of the amplifier in
both frequency and time domains, but also decreases the
closed loop bandwidth (f_3qg). For example, while for a
closed loop gain (Ay) of 5, Cg = 0.8pF results in maximum
f_sqg (as previously shown in the Frequency Response vs
Closed Loop Gain graph of this data sheet), if Cg = 1.2pF
is used, the amplifier exhibits no overshoot in the time
domain whichis desirable in certain applications. Both the
circuits discussed in this section have been shown in the
Typical Applications section of this data sheet.

Board Layout and Bypass Capacitors

For single supply applications, it is recommended that
high quality 0.1pF||1000pF ceramic bypass capacitors be
placed directly between each V* pin and its closest V™ pin
with short connections. The V™ pins (including the Exposed
Pads) should be tied directly to a low impedance ground
plane with minimal routing.

For dual (split) power supplies, it is recommended that
additional high quality 0.1pF||1000pF ceramic capacitors be
used to bypass V* pins to ground and V= pins to ground,
again with minimal routing.

For driving heavy differential loads (<200Q2), additional
bypass capacitance may be needed for optimal perfor-

6419fa
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mance. Keep in mind that small geometry (e.g., 0603)
surface mount ceramic capacitors have a much higher
self-resonant frequency than do leaded capacitors, and
perform best in high speed applications.

To prevent degradation in stability response, it is highly
recommended that any stray capacitance at the input pins,
+INA/~INA and +INB/-INB, be kept to an absolute mini-
mum by keeping printed circuit connections as short as
possible. This becomes especially true when the feedback
resistor network uses resistor values greater than 500Q
in circuits with Ry = RE.

At the output, always keep in mind the differential nature
of the LTC6419, because it is critical that the load imped-
ances seen by both outputs of each channel (stray or
intended), be as balanced and symmetric as possible. This
will help preserve the balanced operation of the LTC6419
that minimizes the generation of even-order harmonics
and maximizes the rejection of common mode signals
and noise.

The Vogma and Vocme pins should be bypassed to the
ground plane with a high quality ceramic capacitor of at
least 0.01pF. This will prevent common mode signals and
noise on these pins from being inadvertently converted to
differential signals and noise by impedance mismatches
both externally and internally to the IC.

Driving ADCs

The LTC6419’s ground-referenced input, differential
output and adjustable output common mode voltage
make it ideal for interfacing to differential input ADCs.
These ADCs are typically supplied from a single-supply

voltage and have an optimal common mode input range
near mid-supply. The LTC6419 interfaces to these ADCs
by providing single-ended to differential conversion and
common mode level shifting.

The sampling process of ADCs creates a transient that is
caused by the switching in of the ADC sampling capaci-
tor. This momentarily shorts the output of the amplifier
as charge is transferred between amplifier and sampling
capacitor. The amplifier must recover and settle from this
load transient before the acquisition period has ended, for
a valid representation of the input signal. The LTC6419
will settle quickly from these periodic load impulses. The
RC network between the outputs of the driver and the
inputs of the ADC decouples the sampling transient of
the ADC (see Figure 8). The capacitance serves to provide
the bulk of the charge during the sampling process, while
the two resistors at the outputs of the LTC6419 are used
to dampen and attenuate any charge injected by the ADC.
The RC filter gives the additional benefit of band limiting
broadband output noise. Generally, longer time constants
improve SNR at the expense of settling time. The resistors
in the decoupling network should be at least 10Q. These
resistors also serve to decouple the LTC6419 outputs
from load capacitance. Too large of a resistor will leave
insufficient settling time. Too small of a resistor will not
properly dampenthe load transient of the sampling process,
prolonging the time required for settling. In 16-bitapplica-
tions, this will typically require a minimum of eleven RC
time constants. For lowest distortion, choose capacitors
with low dielectric absorption (such as a COG multilayer
ceramic capacitor).
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Figure 8. Driving an ADC
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Figure 9. LTC6419 Demo Board Schematic
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LTC 6419

APPLICATIONS INFORMATION
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Figure 10. LTC6419 Demo Board Layout
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LTC 6419

TYPICAL APPLICATIONS

1/Q Demodulator Post-Amplifier with DG-Coupling and Level Shifting
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Single-Ended to Differential Conversion Using LTC6419 and 50MHz Lowpass Filter (Only One Channel Shown)
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LTC 6419

PACKAGE DESCRIPTION
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However, no responsibility is assumed for its use. Linear Technology Corporation makes no representa-
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LTC 6419
TYPICAL APPLICATIONS

LTC6419 Externally Compensated for Maximum Gain Flatness and for No-Overshoot Time-Domain Response

1.3pF :
i Gain 0.1dB Flatness
Al i il
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0.1pF Voom = 1.25V —] 1/2 LTC6419 100 41F =0
| S AAA _,,M,_| = -01 T~
PORT 2 Y + = PORT 4
500 750 1500 I_ 500 © 92
— -04
i 2
150Q 07
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Al
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E : {1 WA h —»wx,—' |— ggéNNEu _ \V/ \V
! Ssoo | 0.1uF Voo =1.25V — 1/2 LTC6419 100 O1F g
H H I e + — —«Nv—' |— CHANNEL 2 S A A
0.4Vpp ||'| 1 vy ! 50Q 500
i :__ __IN_: 49.9Q = 6419 TAD4. / \ //
— N +0UT
= = 250
1
1.2pF 2ns/DIV
PART NUMBER DESCRIPTION COMMENTS
LTC6409 10GHz GBW, 1.1nV+/Hz Differential Amplifier/ADC Driver 88dB SFDR at 100MHz, Is = 52mA, 5V Supply, AC- or

DC-Coupled Inputs

LTC6400-8/LTC6400-14/
LTC6400-20/LTC6400-26

1.8GHz Low Noise, Low Distortion, Differential ADC Drivers

—71dBc IM3 at 240MHz 1Vp_p per Tone, I = 90mA,
Ay = 8dB/14dB/20dB/26dB

LTC6401-8/LTC6401-14/
LTC6401-20/LTC6401-26

1.3GHz Low Noise, Low Distortion, Differential ADC Drivers

—74dBc IM3 at 140MHz 1Vp_p per Tone, Ig = 50mA,
Ay = 8dB/14dB/20dB/26dB

LTC6420-20

Dual 1.8GHz Low Noise, Low Distortion, Differential ADC Drivers

Dual Version of the LTC6400-20, Ay = 20dB

LTC6421-20

Dual 1.3GHz Low Noise, Low Distortion, Differential ADC Drivers

Dual Version of the LTC6401-20, Ay = 20dB

LTC6406/LTC6405

3GHz/2.7GHz Low Noise, Rail-to-Rail Input Differential Amplifier/
Driver

~70dBc/-65dBc Distortion at 50MHz, Is = 18mA, 1.6nV/y/Hz
Noise, 3V/5V Supply

LTC6430-15/LTC6430-20

15dB/20dB Gain Block IF Amplifier—Differential

0IP3 = 50dBm at 240MHz, 20MHz to 1700MHz Bandwidth,
3.3dB/2.6dB NF

LTC6417 1.6GHz Low Noise High Linearity Differential Buffer/ADC Driver | OIP3 = 41dBm at 300MHz; Can Drive 50Q Differential Output

LTC6416 2GHz Low Noise, Differential 16-Bit ADC Buffer —72.5dBc IM3 at 300MHz 1Vp.p per Tone, 150mW on 3.6V
Supply

LTC2209 16-Bit, 160Msps ADC 100dB SFDR, Vpp = 3.3V, Vg = 1.25V

LTC2262-14 14-Bit, 150Msps Ultralow Power 1.8V ADC 88dB SFDR, 149mW, Vpp = 1.8V, Vg = 0.9V

LTC2268-14/LTC2175-14/
LTM9011-14

Dual/Quad/Qctal 14-Bit, 125Msps Ultralow Power 1.8V ADCs

88dB SFDR, 140mW per Channel, Vpp = 1.8V, Vgy = 0.9V

6419fa
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