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SNOA468C–June 2006–Revised May 2013

AN-1461 LMH6321 (PSOP and TO-263) Single Open Loop
High-Speed Buffer Evaluation Boards

1 General Description

The LMH6321MR-EVAL (for the 8-pin PSOP type package) and the LMH6321TS-EVAL (for the 7-pin
TO263 type package) evaluation boards are designed to aid in the characterization of Texas Instruments
high speed high current buffers. Use the evaluation boards as a guide for high frequency layout and as a
tool to aid in device testing and characterization. Both boards have identical circuit configurations and are
designed for either inverting or non-inverting gain.

The evaluation board schematic is shown in Figure 1. The schematic shows some of the components with
the recommended values. Use all surface-mount components.

All trademarks are the property of their respective owners.
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Figure 1. Eval Board Schematic
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2 Connection Diagrams

Figure 2. 8-Pin PSOP Figure 3. 7-Pin TO263

Figure 4. Power Supply Connection Diagram

3 Basic Operation

These boards are a very straight forward design that allows for the evaluation of the LMH6321 in a closed-
loop configuration with an op amp. Figure 1 shows the schematic for both boards. The input signals are
brought into the boards via two SMA connectors to either the inverting or non-inverting inputs. No jumpers
or modification of the boards is necessary to use one or the other configurations. The resistors RIN and RT

are used to set the input termination resistance to the op amp for non-inverting and inverting operation,
respectively. The non-inverting gain is set by Equation 1:

NON-INVERTING GAIN: 1 + RF/(RG + RT) (1)

The inverting gain is given in Equation 2:
INVERTING GAIN: RF/RG (2)

4 The Op Amp

The boards were tested using the LM8261 in a 5-pin SOT23 for OPA1 (pre-assembled boards come
equipped with this part), but any single op amp may be used that has the same pin out. In addition, pads
for an 8-pin SOIC package are on the opposite side of the board (standard pin out for a single op amp), to
increase flexibility in choosing the op amp.
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5 Terminating The Board

The output of the buffer travels through a series resistance, and then leaves the board through an SMA
connector. ROUT, matches transmission lines or isolates the output from capacitive loads. The SMA board
output traces are optimized for connection to a coaxial cable of 50 Ω impedance. That is, the board output
traces have a characteristic impedance of 50 Ω, therefore, R4 can also be used to back-match the output
cable. However, by changing R4, other output impedances can be matched, but keep in mind that by using
other termination impedances, for example, 75 Ω, the results will be noticeably different, especially for
high frequency response. Even with optimal layout, board parasitics play a large part in high frequency
performance, and different termination resistors will change the frequency of the dominant parasitic poles
and zeros. To suppress transmission line reflections, it is absolutely necessary to have the impedance at
the load end of the connected cable matched to the cable impedance. Also, it should be noted that having
the output series resistor matched to the cable impedance will give an additional 6 dB of attenuation. If
this attenuation is not acceptable, the circuit can be configured in a gain of 2 to compensate.

The value of R4 for terminating a 50 Ω line, or lines, is not 50 Ω. R4 is in series with the effective output
impedance of the buffer/driver, RDR, which is typically 5 Ω. Therefore, the value of R4 necessary to match
the characteristic line impedance, ZO, should be:

R4 = ZO – (N)(RDR) (3)

Where N is the number of driven transmission lines.

5.1 When is Termination Needed?

Sometimes you can get away with treating a signal line as a simple trace. However, a trace becomes a
transmission line at:

LENGTH ≥ tr/6 x tpr (4)

where,
tr is the rise time of a signal pulse (5)

and,
tpr is the signal propagation rate (6)

Typical tpr is about 150 ps/inch on a board of FR-4 material.

This formula tells us that the line length beyond which a trace must be treated as a transmission line is a
function of rise time and the propagation rate of the signal across the board (a function of board material).
When in doubt, always treat the line as a transmission line.

6 Output Current Selection

The maximum output current (ISC) is continuously adjustable between 10 mA and 300 mA, by
programming a current (IEXT) into the CL pin from 25 μA to 750 µA. This is done by connecting a resistor
between the CL pin and a DC source (VCL). This current is given by:

IEXT = VCL/REXT (7)

for the GND pin equal to zero volts. In the more general case, where VGND is different from zero volts (a
single supply is used), then Equation 5 becomes:

IEXT = (VCL - VGND)/REXT (8)

The relationship between IEXT and ISC is:
ISC = 400 IEXT (9)

Combining equations Equation 4 and Equation 7, you can write output current in terms of the external
resistor, REXT, and programming voltage, VCL.

REXT = 400 VCL/ISC (10)

(If the VCL pin is left open, the output short circuit current defaults to about 700 mA. At elevated
temperatures this current will decrease).

As an example, an IEXT of 25 µA or 750 µA will give an ISC of 10 mA or 300 mA, respectively.
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As indicated in Figure 1, a 10 kΩ resistor (R3) is recommended (though a wide range of resistance values
are possible). In this case, the output current can be adjusted directly with VCL over a range of +0.25 V ≤
VCL ≤ +7.5 V , corresponding to 10 mA and 300 mA, respectively.

7 Cautionary Notes
1. As mentioned, if dual supplies are used, then the GND pin can be connected to a hard ground via a

jumper wire (this is the way assembled boards are shipped). Although the LMH6321 will most often be
used with dual supplies, it can be used with a single supply. In this case the GND pin must be set to a
voltage of one VBE (~0.7 V) or greater, or more commonly, mid rail, by a stiff, low impedance source.
This precludes the use of a resistive voltage divider. The reason for this is because, when the error
flag turns on, a ground current flows out of the GND pin and if a resistive voltage divider were used,
this current would produce a voltage drop that would lift the GND pin, thus causing error in the output
current. This is because the GND pin is one of the inputs to the error amplifier in the Current Limit
circuit, and CL is the other input. This amplifier has a large open loop gain, which forces CL and GND to
be at the same potential. Therefore, any error in the GND pin voltage will force the same voltage at the
CL pin, which will cause an error in the calculated current limit value. An op amp, configured as a
buffered voltage source, can be used to drive the GND pin to 1/2 of V+ when R1 = R2. The high open
loop gain of the op amp forces a very low impedance at the GND pin, which ensures that this pin will
be held stiffly at the voltage chosen. The boards come equipped with a circuit that does this. The pin
out is standard for an 8 pin single op amp. An LM321 is used on pre-assembled boards, as shown in
Figure 1

Figure 5.

Figure 6.

2. A few degrees before the thermal shutdown temperature ( ~160 to 165°C) is reached the part is
starting to shutdown and the error flag will show an oscillation. This does not affect the proper
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functioning of the thermal shutdown. Typical oscillation frequency is 700 to 900 kHz.

3. Keep parasitic capacitance to a minimum at the CL and GND pins, as they are the input and output of
an on-chip amplifier configured as a buffer.

4. Adding a buffer inside any op amp feedback loop will add another pole (phase lag) to the response. If
the unity gain crossing of op amp is near the gain-bandwidth of the buffer the over-all phase lag of the
circuit will consume most, if not all of the available phase margin, and oscillation will occur. For this
reason it is important that the buffer has a GBW significantly larger than that of the op amp, so that
loop performance will be determined solely by the op amp. With most general purpose, precision, and
low power op amps, the bandwidth of the LMH6321 is so great that the op amp totally controls the loop
stability. If however, a wideband op amp is used, the phase margin and open loop frequency response
can be altered by the additional pole(s) contributed by the buffer and this should be taken into
consideration. The buffer phase shift is algebraically summed with the op amp phase shift, and may
cause a stable op amp loop to become marginally stable (large overshoot, ringing), depending on the
relative positions of the op amp and buffer poles. In the application shown in Figure 1, the LM8261 op
amp (OPA1) has a GBW of 15 MHz, while the −3d B bandwidth of the LMH6321 is greater than 100
MHz, giving sufficient loop phase margin. Optional pads have been added to the EVAL boards to allow
for the addition of compensating capacitors CC and CF, should they prove necessary.

8 Layout Considerations

The printed circuit board (PCB) layout and supply bypassing play major roles in determining high
frequency performance. When designing you own board use these evaluation boards as a guide and
follow these steps to optimize high frequency performance:

1. Use a ground plane

2. Include large (10 μF tantalum) bypass capacitors (C6 and C8 in Figure 1) from both supplies to ground.

3. Use 0.1 nF ceramic capacitors (C1, C2, C4, C5) from both supplies to ground as near to the device as
practicable. Try to position these less than 0.1 inch from power pins.

4. Remove the ground and power planes from under the input and output pins.

5. Minimize all trace lengths to reduce series inductance

6. Use terminated transmission lines for long signal traces.

The op amp and the buffer are powered from different supply pins, allowing for a low voltage op amp to be
used even when the buffer is being powered with the full ±15 V it is capable of.

The capacitor between both supplies (C10) is recommended for best second harmonic distortion
performance. The optional zener diode (ZD) between both supplies protects the device from reverse
polarity supply connections, under the condition these supplies have the current limit on.

9 Error Flag Operation

The LMH6321 provides an open collector output at the EF pin that produces a low voltage (Flag transistor
ON) when the thermal shutdown protection is engaged, due to a fault condition. Under normal operation,
the Error Flag pin is pulled to V+ by an external resistor. When a fault occurs that causes the die
temperature to rise to about 165°C, the EF pin goes low, but then returns to V+ when the fault disappears.
This voltage change can be used as a diagnostic signal to alert a microprocessor of a system fault
condition. If this function is used, a 10 kΩ pull-up resistor (R2 in Figure 1) is recommended, but larger
resistors can be used. The larger the resistor the lower will be the voltage at this pin under thermal
shutdown. Table 1 shows some typical values of VEF for 10 kΩ and 100 kΩ. If the error flag function is not
used, the EF pin should be tied to ground.

Table 1. VF vs. R2 Figure 1

R2 @ V+ = 5V @ V+ = 15V

10 kΩ 0.24V 0.55V

100 kΩ 0.036V 0.072V
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10 Board Layout

Figure 7. 7-Pin TO263 Top Layer
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Figure 8. Bottom Layer
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Figure 9. 8-Pin PSOP Top Layer
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Figure 10. Bottom Layer
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESD48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI’s terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI’s terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent TI deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

TI assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

Reproduction of significant portions of TI information in TI data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. TI is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
TI is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify TI and its representatives against any damages arising out of the use
of any TI components in safety-critical applications.

In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI’s goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class III (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those TI components which TI has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, TI will not be responsible for any failure to meet ISO/TS16949.

Products Applications

Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive

Amplifiers amplifier.ti.com Communications and Telecom www.ti.com/communications

Data Converters dataconverter.ti.com Computers and Peripherals www.ti.com/computers

DLP® Products www.dlp.com Consumer Electronics www.ti.com/consumer-apps

DSP dsp.ti.com Energy and Lighting www.ti.com/energy

Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial

Interface interface.ti.com Medical www.ti.com/medical

Logic logic.ti.com Security www.ti.com/security

Power Mgmt power.ti.com Space, Avionics and Defense www.ti.com/space-avionics-defense

Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video

RFID www.ti-rfid.com

OMAP Applications Processors www.ti.com/omap TI E2E Community e2e.ti.com

Wireless Connectivity www.ti.com/wirelessconnectivity
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