LM H6321 (PSOP and National Semiconductor

Application Note 1461

TO-263) Single Open Loop  November2006
High Speed Buffer

Evaluation Boards

General Description characterization. Both boards have identical circuit configu-
rations and are designed for either inverting or non-inverting
The LMH6321MR-EVAL (for the 8-Pin PSOP type package)  gain.

and the LMH6321TS-EVAL (for the 7-Pin TO263 type pack-
age) evaluation boards are designed to aid in the characteri-
zation of National Semiconductor’s high speed high current
buffers. Use the evaluation boards as a guide for high fre-
quency layout and as a tool to aid in device testing and

The evaluation board schematic is shown in Figure 1. The
schematic shows some of the components with the recom-
mended values. Use all surface-mount components.
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FIGURE 1. Eval Board Schematic
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Connection Diagrams
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FIGURE 2. Power Supply Connection Diagram

Basic Operation

These boards are a very straight forward design that allows
for the evaluation of the LMH6321 in a closed-loop configu-
ration 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 Ry and R 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 the following equation:

NON-INVERTING GAIN: 1 + Re/(Rg + Ry) (1)
The inverting gain is given by:
INVERTING GAIN: Ri/Rg (@)

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 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.

Terminating The Board

The output of the buffer travels through a series resistance,
and then leaves the board through an SMA connector.

Rout, Mmatches transmission lines or isolates the output from
capacitive loads. The SMA board output traces are optimized
for connection to a coaxial cable of 50Q impedance. That is,
the board output traces have a characteristic impedance of
50Q, thus R, can also be used to back-match the output ca-
ble. However, by changing R,, other output impedances can
be matched, but keep in mind that by using other termination
impedances, e.g., 75Q, 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 neces-
sary 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 config-
ured in a gain of 2 to compensate.

The value of R, for terminating a 50Q line, or lines, is not
50Q. R, is in series with the effective output impedance of the
buffer/driver, Rpg, which is typically 5Q. Thus the value of
R, necessary to match the characteristic line impedance,
Z., should be

|:‘4 = Zo - (N)(RDR) (3)
Where N is the number of driven transmission lines.

www.national.com




When is Termination Needed?

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

LENGTH 2 t/6 x t,, (4)
where
t, is the rise time of a signal pulse
and
t, is the signal propagation rate
Typical t,, 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.

Output Current Selection

The maximum output current (lg¢) is continuously adjustable
between 10 mA and 300 mA, by programming a current
(Iex7) into the C, pin from 25 pA to 750 pA. This is done by
connecting a resistor between the C, pin and a DC source
(Vgp)- This current is given by

lext = Veo/Rexr (5)
for the GND pin equal to zero volts. In the more general case,
where Vg, is different from zero volts (i.e., a single supply is
used), then (5) becomes

lext = (Vor - Vano)/Rexr (6)
(see Figure 4)
The relationship between Iy and Ig¢ is

lgc = 400 lgyr @)

Combining equations (5) and (7), we can write output current
in terms of the external resistor, Rgyy, and programming volt-
age, Vg,.

Rext =400 Vg /lgc (8)

(If the V_ pin is left open, the output short circuit current will
default to about 700 mA. At elevated temperatures this cur-
rent will decrease).

As an example, an Igyy of 25 pA or 750 pA will give an Igg of
10 mA or 300 mA, respectively.

As indicated in Figure 1, a 10 kQ resistor (R;) is recommend-
ed (though a wide range of resistance values are possible).
In this case the output current can be adjusted directly with
V¢ over arange of +0.25V <V < +7.5V, corresponding to
10 mA and 300 mA, respectively.

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 Vg (~0.7V) or greater, or
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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 cir-
cuit, and C,_is the other input. This amplifier has a large
open loop gain, which forces C;, and GND to be at the
same potential. Thus any error in the GND pin voltage will
force the same voltage at the C, pin, which will cause an
error in the calculated current limit value, Figure 3. How-
ever, Figure 4 shows a way to resolve this. An op amp,
configured as a buffered voltage source, can be used to
drive the GND pin to %2 of V+ when R, = R,. 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.
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FIGURE 4.
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2. A few degrees before the thermal shutdown temperature
(~160to 165C) is reached the part is starting to shutdown
and the error flag will show an oscillation. This does not
affect the proper functioning of the thermal shutdown.
Typical oscillation frequency is 700 to 900 kHz.

3. Keep parasitic capacitance to a minimum at the C; 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
Ck, should they prove necessary.

Layout Considerations

Printed circuit board layout and supply bypassing play major
roles in determining high frequency performance. When de-
signing you own board use these evaluation boards as a
guide and follow these steps to optimize high frequency per-
formance:

1.  Use a ground plane

2. Include large (10 pF tantalum) bypass capacitors (Cg
and Cg in Figure 1) from both supplies to ground.

3. Asneartothe device as practicable, use 0.1 nF ceramic
capacitors (C,, C,, C,, Cs) from both supplies to ground.
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.

5.6. Minimize all trace lengths to reduce series inductance
Use terminated transmission lines for long signal traces.

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

The capacitor between both supplies (C,,) is recommended
for best 2nd 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.

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 con-
dition. 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 kQ pull-up resistor (R, in Figure 1) is recommend-
ed, but larger resistors may be used. The larger the resistor
the lower will be the voltage at this pin under thermal shut-
down. Table 1 shows some typical values of Vg for 10 kQ
and 100 kQ. If the error flag function is not used, the EF pin
should be tied to ground.

TABLE 1. Vi vs. R, Figure 1

R, @ V+=5V @ V+=15V
10kQ 0.24V 0.55V
100 kQ 0.036V 0.072V
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Board Layout
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Notes

THE CONTENTS OF THIS DOCUMENT ARE PROVIDED IN CONNECTION WITH NATIONAL SEMICONDUCTOR CORPORATION
(“NATIONAL”) PRODUCTS. NATIONAL MAKES NO REPRESENTATIONS OR WARRANTIES WITH RESPECT TO THE ACCURACY
OR COMPLETENESS OF THE CONTENTS OF THIS PUBLICATION AND RESERVES THE RIGHT TO MAKE CHANGES TO
SPECIFICATIONS AND PRODUCT DESCRIPTIONS AT ANY TIME WITHOUT NOTICE. NO LICENSE, WHETHER EXPRESS,
IMPLIED, ARISING BY ESTOPPEL OR OTHERWISE, TO ANY INTELLECTUAL PROPERTY RIGHTS IS GRANTED BY THIS
DOCUMENT.

TESTING AND OTHER QUALITY CONTROLS ARE USED TO THE EXTENT NATIONAL DEEMS NECESSARY TO SUPPORT
NATIONAL'S PRODUCT WARRANTY. EXCEPT WHERE MANDATED BY GOVERNMENT REQUIREMENTS, TESTING OF ALL
PARAMETERS OF EACH PRODUCT IS NOT NECESSARILY PERFORMED. NATIONAL ASSUMES NO LIABILITY FOR
APPLICATIONS ASSISTANCE OR BUYER PRODUCT DESIGN. BUYERS ARE RESPONSIBLE FOR THEIR PRODUCTS AND
APPLICATIONS USING NATIONAL COMPONENTS. PRIOR TO USING OR DISTRIBUTING ANY PRODUCTS THAT INCLUDE
NATIONAL COMPONENTS, BUYERS SHOULD PROVIDE ADEQUATE DESIGN, TESTING AND OPERATING SAFEGUARDS.
EXCEPT AS PROVIDED IN NATIONAL’S TERMS AND CONDITIONS OF SALE FOR SUCH PRODUCTS, NATIONAL ASSUMES NO
LIABILITY WHATSOEVER, AND NATIONAL DISCLAIMS ANY EXPRESS OR IMPLIED WARRANTY RELATING TO THE SALE
AND/OR USE OF NATIONAL PRODUCTS INCLUDING LIABILITY OR WARRANTIES RELATING TO FITNESS FOR A PARTICULAR
PURPOSE, MERCHANTABILITY, OR INFRINGEMENT OF ANY PATENT, COPYRIGHT OR OTHER INTELLECTUAL PROPERTY
RIGHT.

LIFE SUPPORT POLICY

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR
SYSTEMS WITHOUT THE EXPRESS PRIOR WRITTEN APPROVAL OF THE CHIEF EXECUTIVE OFFICER AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

Life support devices or systems are devices which (a) are intended for surgical implant into the body, or (b) support or sustain life and
whose failure to perform when properly used in accordance with instructions for use provided in the labeling can be reasonably expected
to result in a significant injury to the user. A critical component is any component in a life support device or system whose failure to perform
can be reasonably expected to cause the failure of the life support device or system or to affect its safety or effectiveness.

National Semiconductor and the National Semiconductor logo are registered trademarks of National Semiconductor Corporation. All other
brand or product names may be trademarks or registered trademarks of their respective holders.
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