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Figure 3.30. The input current
of a FET amplifier is gate
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several mechanisms: Even in MOSFETs
the silicon dioxide gate mmsulation is not
perfect, leading to leakage currents in the
picoampere range. In JFETs the gate “in-
sulation” is reallv a back-biased diode junc-
tion, with the same imponty and junction
leakage current mechanisms as ordinary
diodes. Furthermore, JFETS (n-channel in
particular) suffer from an additional effect
known as “impact-1onization” gate current,
which can reach astounding levels. Finally,
both JFETs and MOSFETs have dynamic
gate current, caused by ac signals dniving
the gale capacitance; this can cause Miller
cffect, just as with brpolar transistors.

In most cases gale input currents are
neghgible 1n comparison with BJT base
currents. However, there are situalions
in which a FET may actually have higher
imput current! Let’s look at the numbers.

Gate leakage

The low-frequency input impedance of a
FET amphfier (or follower) is limited by
gate leakage. JFET data sheets usually
specify a breakdown voltage, BVipgg, de-
fined as the voltage from gate to channel

leakage, which doubles every

wa  1zeec  10°C,

{source and drain connecled together) at
which the gate current reaches | uA. For
smaller applied gate-channel voltages, the
gate leakage current. Jip 55, again measured
with the source and drain connected to-
gether, 1§ considerably smaller, dropping
quickly to the picoampere range for gate-
drain voltages well below breakdown,
With MOSFET: vou must never allow the
gate nsulatnon 10 break down; instead,
gate leakage is specified as some maximum
leakage current at a specified gate-channel
voltage. Integrated circuit amplificrs with
FETs (e.g.. FET op-amps) use the mislead-
ing term “input bias current,” fg, to spec-
ify input leakage current; it’s usually in the
picoamper: range.

The good news 15 that these leakage cur-
rents are in the picoampere range at room
temperature. The bad news 15 that they in-
crease rapidly (in fact, exponentially) with
temperature, roughly doubling every 10°C,
By contrast, BJT base currents aren’t leak-
age, and in fact tend to decrease slightly
with increasing temperature. The compar-
ison 15 shown graphically in Figure 3.30,
a plot of inpul current versus lempera-
ture for several IC amphfiers (op-amps).
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The FET-input op-amps have the lowest
imput currents aif room temperature (and
below), but their input current nises rapdly
with temperature, crossing over the curves
for amplifiers with carefully designed BIT
input stages like the LMI11 and LTI012.
These BIT op-amps, along with “premi-
um” low-input-current JFET op-amps like
the OPALLl and ADS549, are fairly expen-
sive, However, we also included everyday
“jellvbean™ op-amps like the bipolar 358
and JFET LF411 in the figure to give an
idea of inpul currents you can expect with
inexpensive (less than a dollar) op-amps.

[1 JFET impact-lonization current

In addition to conventional gate leakage ef-
ects, n-channel JFETs suffer from rather
large gate lcakage currents when operated
with substantial Vpg and Ip (the gate leak-
age specified on data sheets 15 measured
under the unrealistic conditions Vps =
Ip =0, Figure 3.31 shows what happens.,
The gate leakage current remains near the
I755 value until you reach a critical drain-
gate voltage, at which point 1t rises pre-
cipitously. This extra "impact-ionization™
current 15 proportional to drain current,
and it rises exponentially with voltage and
temperature. The onset of this current oc-
curs at drain-gate voltages of about 25% of
BViegs, and it can reach gate currents of
a microamp or more. Ubviously a “high-
impedance buffer™ with a microamp of in-
put current is worthless. That's what you
would get 1if you used a 2N4368A as a fol-
lower, runnimng |lmA of drain current from
a 40 volt supply.

This extra gate leakage current afflicts
primarily ri-channel JFETs, and it occurs
al higher values of drain-gate voltage.
Some cures are to {a) operate at low drain-
gate wvoltage, either with a low-voltage
drain supply or with a cascode, (b) use a
p-channel JFET, where the effect 15 much
smaller, or {c) usc a MOSFET. The most

important thing 15 to be aware of the effect
50 that it doesn't catch you by surprise.
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Figure 3.31. JFET gate leakage increascs
disastrously ar higher drain-gate voltages and
15 proporiional 1o drain current.

[] Dynamic gale current

Gate leakage is a dc effect. Whatever 15
driving the gale must also supply an ac
current, because of gate capacitance. Con-
sider a common-source amplifier.  Just
as with bipolar transistors, you can have
the simple effect of input capacitance to
ground (called Cy,), and you can have
the capacitance-multiplving Miller effect
{which acts on the feedback capacitance
Crys). There are two reasons why capaci-
tive effects arc more serious in FETs than
in bipolar transistors: First, vou use FETs
{rather than BJTs) because vou wanl very
low input current; thus the capacitive cur-
rents loom relatively larger for the same
capacitance. Second, FETs often have
considerably larger capacitance than equiv-
alent bipolar transistors.

To appreciate the effect of capacitance,
consider a FET amplifier intended for a
signal source of 100k source impedance.



