{" TEXAS
INSTRUMENTS

Driving Capacitance With
the THS4001

Application

Brief

April 1999 Mixed-Signal Products

SLOA015



IMPORTANT NOTICE

Texas Instruments and its subsidiaries (TI) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

TI warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are utilized to the extent
Tl deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE (“CRITICAL
APPLICATIONS”). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF TIPRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER'S RISK.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance or customer product design. Tl 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 of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
party’s products or services does not constitute TI's approval, warranty or endorsement thereof.

Copyright [0 1999, Texas Instruments Incorporated



AW N R
@)
=4
o

1 TestCircuits ...................
2 R2 and Rise Time vs Capacitance

Contents

Driving Capacitance with the THS4001



SLOAO015



Driving Capacitance With the THS4001

James Karki

ABSTRACT
Operational amplifiers (op amps) are often used to drive devices that have significant
input capacitance such as analog-to-digital converters, cables, MOSFETs, filter
networks, etc. The effect of the capacitance is extra phase shift in the loop gain of the
amplifier. This phase shift erodes the phase margin of the amplifier and may lead to
instability. At high frequency, even a very small capacitance is detrimental.

This paper reports a simple method for restoring amplifier stability while driving capacitive
loads with the THS4001.

1 Introduction

2 Test

A typical technigue used to compensate for output capacitance is to isolate it with
a resistor. The question is, how much resistance to use.

This report outlines the test setup and resistor values required to stabilize the
THS4001 while driving various load capacitors. Refer to application report Effect
of Parasitic Capacitance in Op Amp Circuits, literature number SLOA013, for an
in-depth presentation of the effects of output capacitance on circuit operation and
compensation methods.

Figure 1 shows the test circuits that determine the minimum value of isolation
resistance required for stable operation.

Gain=1 Gain=2
\
THS4001 THS4001
R2 } R2

Figure 1. Test Circuits

The input signal is a square pulse with rise time and fall time of 10 ns, and the
amplitude adjusted for £2 V on the output of the op amp. The amplifier's power
supply voltage is varied between £5 V and £15 V. The signal source is a LeCroy
model 9210 pulse generator with the 9211 variable edge output module. The
output signal is probed using a Tektronix P6217 4 GHz probe with input load of
0.4 pF and 100 kQ. The signal is then displayed on a Tektronix TDS 794D
oscilloscope.



Data

3 Data

The test circuit is built using the THS4001 EVM, #SLOP119. The load capacitor
is soldered across the terminal pins of output connector, J2, on the solder side
of the EVM. The circuit power is applied, the input signal is applied, and resistor
(R2) adjusted until a square pulse with less than 2% overshoot and undershoot
is obtained.

Figure 2 shows the graphs of the required resistor values and the rise/fall time
variations with the resistor and output capacitance for gain = 1 and gain = 2.
Graph A is a plot of resistor (R2) vs capacitance (C), and graph B is a plot of the
rise/fall time vs capacitance (C) (with R2). Graph A is plotted with log-log scales
to show the log relationship of resistor (R2) to capacitor (C). Rise/fall time is the
average of the rise time and the fall time.
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Figure 2. R2 and Rise Time vs Capacitance
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Summary

4 Summary

In general with Vcc = £5 V, slightly higher resistor values are required and the
rise/fall time is longer.

Evaluating the data for the unity gain circuit and solving for a straight-line
approximation, a formula for estimating the required resistor value for load

1
capacitance above about 10 pF is found to be: R = 7o X 450, where Cis the in
pF.

With gain = 2, the required resistor value is approximately 20 Q to 30 Q across
the range of load capacitance tested, except at the extremes.

Optimum performance is obtained from the THS4001 with Vo = £15 V. The
output is much more distorted while driving capacitance greater than 200 pF with
Vcce = +5 V than with Voo = #15 V.

The data presented here is to help in estimating component values. The exact
value of circuit components needs to be verified by the user during testing.
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