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High-Speed Operational Amplifier Layout Made Easy
Andy Hahn AAP Power Supplies

ABSTRACT

This application brief describes some general guidelines that can exploit the full performance
characteristics of a THS-Series high-speed operational amplifier. The guidelines assist
development engineers in quickly creating efficient board layouts for high-speed amplifiers.
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When Is a High-Speed Layout Necessary?
Effects that can safely be ignored at lower frequencies become significant when processing
signals with frequencies in the MHz range. The bandwidth for THS-Series high-speed
operational amplifiers extends to well over 50 MHz. At these high frequencies the effects caused
by electromagnetic waves must be taken into account when designing the printed-circuit board.
Careful attention must be given to such factors as component selection, grounding, power
supply bypassing, signal path layout, line termination, stray capacitance, and inductance. A PCB
design following some general guidelines can exploit the full performance characteristics of a
THS-Series high-speed operational amplifier. The following set of guidelines assists
development engineers in quickly creating efficient board layouts for high-speed amplifiers.

Guidelines for a Proper High-Speed Layout
• To achieve a good high-speed layout, a two-layer PCB is the minimum requirement. The

bottom plane should be a large continuous ground plane to provide a low impedance ground
path for return currents. In contrast, the supply voltage traces should be designed as  large
continuous planes next to the ground plane. This ensures a low Impedance for the supply
voltages due to the distributed capacitance formed.

• If several functional modules are combined on a single PCB, the PCB should be partitioned
into separate functional units. This is particularly important if analog and digital signals are
being processed on the same PCB. A common error is to incorrectly position the analog
circuit on the PCB and to route digital signal lines through the analog area of the board.
Each individual functional unit should have its own power supply, as shown in Figure 1. A
star-shaped distribution of the supply voltage to each stage through a choke leads to better
decoupling between these stages.

Choke
Supply Digital
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Signal

Return

Ground Plane

VCC

Figure 1. PCB With Proper Arrangement

• At high frequencies every component lead acts like an inductor. For high-speed designs it is
always best to keep this inductance as low as possible. Surface-mounted devices (SMD) are
ideal in meeting this requirement. SMD packages not only guarantee extremely low lead
inductance, they also take up very little space on the PCB. A smaller and more compact
layout simultaneously helps to keep the stray capacitance and inductance at low levels.
Leaded components and sockets are not recommended for use in high-speed designs.
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• In RF designs, low resistance values are required. This minimizes coupled interference
voltages and avoids attenuation of the signals due to low cutoff frequencies caused by the
low-pass formed by the signal trace and the stray capacitances. The feedback resistor
requires careful attention. For optimum frequency response, settling time and minimum
ringing recommended feedback resistor values are given in the related data sheets.

• The PCB design should preferably permit signal processing to take place along a line. This
means that the circuit input and output are kept well apart, providing the best possible
degree of decoupling within the circuit. The components located between input and output
should be placed along this line. Arranging components in such a way reduces signal
coupling between different stages of the signal processing. In general, the layout design
should be compact to ensure that all RF loops are small to decrease RF irradiation and
emission.

• The ideal supply voltage for an operational amplifier has a very low impedance. To achieve
this on the PCB, the whole supply trace must have low impedance by a width trace.
Additionally the supply voltage has to be stabilized by a bulk capacitor against rapid large
changes of the supply current. The maximum supply current is determined by the output
power of the amplifier. In most cases a 6.8-µF to 10-µF tantalum capacitor provides a good
value for the output power of the THS series. When selecting capacitors it is important to
ensure that they have a low equivalent series resistance (ESR) and a low equivalent series
inductance (ESL). It may be possible to share the bulk capacitor among several devices,
depending on the application. Figure 2 shows that at high frequencies the impedance of a
capacitor increases. Depending on the quality of the bulk capacitor and the trace length,
additional bypass capacitors are necessary to improve the impedance of the power supplies
at high frequencies. Placing a ceramic bypass capacitor, in the range of 10 nF to 100 nF
directly at the amplifier‘s supply pins bypasses RF currents and improves EMC
characteristics of the circuit. The designer should strive for distances of less than 0.1 inches
between the device supply pins and the ceramic capacitor. This additional ceramic capacitor
can be improved by using a multilayer PCB, since large power supply planes on such a PCB
act as capacitors themselves.
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Figure 2. Impedance Behavior of a Real Capacitor

• The most important signal trace design guideline concerns the length of the signal trace,
which should be as short and as straight as possible. If the signal trace has to be
significantly angled this should be done in a rounded fashion, or at least in 45° steps to
ensure that the trace impedance remains constant. A ground plane takes care that every
signal trace has its signal return path nearby. If signal traces run parallel due to shortage of
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space, a gap of at least three times the signal trace width should be maintained. Better
decoupling is provided if a grounding trace is routed between two signal traces.

• If shortage of space means that a signal trace has to switch between two layers of the PCB a
connection, or via, must be used. At high frequencies, this via adds additional impedance
into the signal trace. Accordingly, the number of vias should be kept to a minimum.

• The ground path of the input signal provides a potential for noise injection into the signal
because the signal is typically referenced to ground. If the ground path is used by more than
one signal they might interfere with each other. In Figure 3, the same ground trace is used
by the input and the output signal. A high output current (IL ) leads to a voltage drop of ∆V on
the line impedance. In accordance with Ohm’s Law, this increases proportionally to the load
current. The voltage drop is an additional input signal for the amplifier, and with a high gain,
the voltage drop can lead to positive feedback, causing the amplifier circuit to oscillate.
Accordingly, it is advisable for circuit parts at high currents not to share signal traces with
other parts. They should rather meet at a single point.
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Figure 3. Sharing of Ground Lines

• All connection traces on the PCB less then 2 inches can be considered as a lumped
capacitive load. Stripline techniques should be used for longer distances of the connections.
These traces should be designed with characteristic impedances as required by the
application. The graph in Figure 4 shows the trace and PCB dimensions for different
impedances and stripline techniques. Mismatching at the impedance transitions can lead to
reflections with high signal levels. These reflections are added to the original signal, either
making it erroneous or even erasing it entirely. The impedance for a cable (50 Ω for coaxial)
is in general much lower than the impedance of a stripline on the PCB. The use of higher
impedances for signal distribution on the PCB will improve signal quality.
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Figure 4. Trace Width on Standard PCB’s

• If a 6-dB signal reduction is acceptable for signal distribution, a transmission line can be
made reflection free by adding a series resistor to the amplifier output and a terminating load
resistor at the end of the transmission line at the destination device input. This is shown in
Figure 5 with different values for the termination resistors. Output and series resistor
together, also input and shunt resistor together, must be equal to the characteristic line
impedance. The series resistor isolates capacitive loads from the amplifier output. Capacitive
loading directly on the amplifier output will decrease the device’s phase margin leading to
high frequency ringing or oscillations. Therefore, it is recommended that a resistor be placed
in series with the output of the amplifier. If the attenuation loss of the double termination is
unacceptable, a termination at one end only might be the solution with the involved restricted
signal quality.
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Figure 5. Correct Termination

• The amplifier output and inputs are sensitive to stray capacitance and inductance. The
components connected at these pins should be placed as close as possible to the amplifier
in order to keep the connecting signal traces short to reduce stray capacitances and
inductances. Further reduction in stray capacitance is possible by removing the ground
plane below these pins and the connected signal traces. This should be done in any case at
the inverting input pin because this pin is most sensitive to stray capacitance. If the amplifier
is used in inverting mode, stray capacitance has a minimized effect, because this pin is
biased by a fixed potential.

• High-speed amplifiers with high output capacity are fitted with a special PowerPAD  on the
bottom of the SMD package to improve heat sinking, as illustrated in application brief
SLMA004 and Figure 6. In this package a special contact pad is directly connected internally
to the die. The PowerPAD  contact surface should be connected to the PCB’s ground plane
in order to further improve the heat sinking. Thus the PCB design should include a small
copper area fitted between the pads of the amplifier package. This copper area should be
suitably connected to the ground plane (through several vias). This provides an enlarged
surface which improves the dissipation of heat to the ambient environment.

Thermal Pad Area
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Figure 6. PowerPAD   Improves Heat Sinking

PowerPAD is a trademark of Texas Instruments.
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