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Simple VHF Analog Switches

Simple JFET switches like those in Figure 1 will toggle at
rates to about 10 MHz and switch analog signals with
frequencies to above 100 MHz. They accomplish this by
resolving in the gate-driver design the contradictory
performance goals that even the best switching transistors
cannot meet.
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Figure 1. High-Frequency JFET Switching Circuits

To switch high-frequency signals, the JFET should have
low ON impedance, rds(on) or Rgn, and low input
capacitance, Cis. The switch's RC time constant is
established by these 2 parameters, and they also indicate
the bandwidth capability. JFETs have been developed that
come close to being ideal, but unfortunately the real-
world nature of semiconductor devices makes it
impossible to achieve optimum values of both parameters
in the same device. Low Ry calls for a physically large
JFET. On the other hand, the very low capacitance needed
for fast toggle rates implies small size.

At a casual glance, gate drive impedance does not appear
very important. However, the JFET device conflict
between Roy and Cis may be overcome by using the
proper gate driver. The drive circuit should have low
impedance when the JFET is turned OFF and high
impedance when the JFET is turned ON. The low-
impedance path is needed to prevent analog-signal feed-
through and the high impedance to minimize signal
attenuation through the driver while the JFET is
conducting. A well-designed driver can do both.

The relationships among JFET and driver characteristics
can be sorted out with the help of Figure 2, which shows a
typical series-pass switch and the equivalent circuits of
the JFET in its ON and OFF conditions. A JFET operates
best as a series-pass switch when the ON condition allows
Ron and shunt capacitance to be low, and series-pass
capacitance to be high. But in the OFF condition, it
should exhibit low series-pass capacitance and high
series-pass resistance (Rorr). The JFET will have these
characteristics when properly matched to the driver.
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C4s = drain-source capacitance

Ron = ON impedance
RorFg = OFF impedance

Figure 2. Series Pass Switch and JFET Equivalent
Circuits

Getting down to a low Ry When the gate is turned ON is
no problem. A JFET such as the 2N4391 has a maximum
RON of 30 ohms (see rds(on) in Table 1). However, the
parallel capacitance in the signal path can become fairly
high - about 15 pF when drain, source and gate have the
same potential (Vps = Vgs = 0). The simple answer to this
dilemma is to drive the gate with high AC impedance
when the switch is closed. The shunt capacitance will be
in series with high impedance. Virtually all of the signal
will then go through the JFET, the path of least resistance,
rather than through the gate-to-ground connection.

APPLICATION NOTE

Next problem; when the switch is OFF, high-frequency
attenuation is the name of the game. It is depended upon
to prevent the signal at the input from reaching the output.
The JFET channel is, for all practical purposes, an open
circuit because Roe of a quality JFET is over 10% ohms
although this decreases as frequency goes up. However,
capacitive feed-through is the most significant route
across the switch. From Figure 2c.

CFEEDTHROUGH = Cds + —————
ng o+ Cdg

Feed-through capacitance can be significant if the gate is
not operated at AC ground. Minimizing the right-hand
term by operating the gate at AC ground allows Cgs to
become the pacing factor. If the gate is grounded, Cgys will
be approximately 0.2 pF. In other words, the effective
Rorr of the switch depends directly on circuit design, not
the JFET.

Now to put these principles to work; the best high-
frequency switch is an N-channel JFET. Its gate should be
biased positive from a high-impedance source for turn-on
and biased negative through a low-impedance path for
turn-off. Driving the switch ON through an RF choke
sounds tempting, but it would be difficult to avoid
resonances and oscillation bursts during some switching
conditions. DC resistances could be increased to equal or
exceed Rs in parallel with Ry, but then the toggle rate
would be kept down by the very high drive impedance.

We prefer the circuits in Figure 1, which are fairly fast
and not tricky. When NPN transistor Q2 is in saturation,
Q1 is biased OFF through a low-impedance path. The
diode is slightly forward-biased and exhibits high
capacitance. When Q2 turns OFF, D1's cathode is driven
positive by R1. Now the diode is reverse-biased and
exhibits high impedance and low capacitance. The charge
that was stored on D1 discharges into the gate of Q1,
allowing the JFET to be turned ON. Because there is no
good discharge path available to the charge stored on Q1's
gate, the gate will "follow" any signal swing in the analog
input voltage. Adding R2 will ensure that the gate follows
the signal even during DC conditions. Remember,
however, that the R2/Csy time constant will effect
switching time and gate-source signal tracking.

Don't expect just any diode to work well; D1's
capacitance is critical and should match that of the JFET
(Cp1 = Cqu). One good way of making sure that the JFET
and the diode are well mated is to use the same type of
JFET for both. The gate lead is one electrode of the diode
and the drain and source leads are simply tied together to
form the other electrode. The circuit in Figure 1b was
optimized in this way.
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Excellent high-frequency series switches can be made
with 2N4091, 2N4092 and 2N4093 JFETs. RC time
constants are short because of their low rds(on) and
capacitance, and leakage is low. The 2N4391, 2N4392
and 2N4393 series is even better, having only 100 pA
leakage and lower Cjs. Even though' the 2N4416 is
classed as an RF amplifier, it is also listed in Table (1) to
illustrate that many of our other JFETs can solve special
switching problems. This one does well in circuits

APPLICATION NOTE

requiring very low capacitance and leakage. Although the
Ron Of an RF transistor is not specified, it can be
estimated as rds(on) = 0.85/Yfs, which is typically 170
ohm for the 2N4416.
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TABLE |. JFETs for High-Frequency Analog Signal Switching

APPLICATION NOTE

BVGss Crss
TYPE OR Igss Ciss OR Yds(on) ton toff
NO. BVpgo (MAX) (MAX) Cpgo (MAX) (MAX) (MAX)
(MAX) (MAX)
2N4091 40V 0.2nA 16 pF 5 pF 3002 25 ns 40 ns
2N4092 40V 0.2nA 16 pF 5pF 502 35 ns 60 ns
2N4093 40V 0.2nA 16 pF b5pF 802 60 ns 80 ns
2N4391 40V 0.1 nA 14pF 35pF 300 15 ns 20 ns
2N4392 40V 0.1 nA 14pF 35pF 602 15 ns 35 ns
2N4393 40V 0.1 nA 14pF 3.5pF 10022 15 ns 50 ns
2N4416 30V 0.1 nA 4 pF 0.8 pF 1700*
2N4416A 35V 0.1 nA 4 pF 08pF 170Q*

*This value is not specified in RF amplifier JFETs; 170 is typical

Author: Mike Turner, Feb 1977, FET Brief 1

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY PRODUCTS

HEREIN TO IMPROVE RELIABILITY, FUNCTION, OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY LIABILITY ARISING OUT OF THE
APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEY ANY LICENSE UNDER ITS
PATENT RIGHTS, NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY
FAIRCHILD’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS
WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR CORPORATION.

As used herein:

1. Life support devices or systems are devices or systems which, (a) are intended for surgical implant into the body, or (b) support or
sustain life, or (c) whose failure to perform when properly used in accordance with instructions for use provided in the labeling, can be
reasonably expected to result in significant injury to the user.

2. Acritical component is any component of 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.

© 2014 Fairchild Semiconductor Corporation

Rev. 1.0 « 6/25/15

www.fairchildsemi.com



ON Semiconductor and J are trademarks of Semiconductor Components Industries, LLC dba ON Semiconductor or its subsidiaries in the United States and/or other countries.
ON Semiconductor owns the rights to a number of patents, trademarks, copyrights, trade secrets, and other intellectual property. A listing of ON Semiconductor’s product/patent
coverage may be accessed at www.onsemi.com/site/pdf/Patent-Marking.pdf. ON Semiconductor reserves the right to make changes without further notice to any products herein.
ON Semiconductor makes no warranty, representation or guarantee regarding the suitability of its products for any particular purpose, nor does ON Semiconductor assume any liability
arising out of the application or use of any product or circuit, and specifically disclaims any and all liability, including without limitation special, consequential or incidental damages.
Buyer is responsible for its products and applications using ON Semiconductor products, including compliance with all laws, regulations and safety requirements or standards,
regardless of any support or applications information provided by ON Semiconductor. “Typical” parameters which may be provided in ON Semiconductor data sheets and/or
specifications can and do vary in different applications and actual performance may vary over time. All operating parameters, including “Typicals” must be validated for each customer
application by customer’s technical experts. ON Semiconductor does not convey any license under its patent rights nor the rights of others. ON Semiconductor products are not
designed, intended, or authorized for use as a critical component in life support systems or any FDA Class 3 medical devices or medical devices with a same or similar classification
in a foreign jurisdiction or any devices intended for implantation in the human body. Should Buyer purchase or use ON Semiconductor products for any such unintended or unauthorized
application, Buyer shall indemnify and hold ON Semiconductor and its officers, employees, subsidiaries, affiliates, and distributors harmless against all claims, costs, damages, and
expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if such
claim alleges that ON Semiconductor was negligent regarding the design or manufacture of the part. ON Semiconductor is an Equal Opportunity/Affirmative Action Employer. This
literature is subject to all applicable copyright laws and is not for resale in any manner.

PUBLICATION ORDERING INFORMATION

LITERATURE FULFILLMENT: N. American Technical Support: 800-282-9855 Toll Free  ON Semiconductor Website: www.onsemi.com
Literature Distribution Center for ON Semiconductor USA/Canada
19521 E. 32nd Pkwy, Aurora, Colorado 80011 USA Europe, Middle East and Africa Technical Support: Order Literature: http://www.onsemi.com/orderlit
Phone: 303-675-2175 or 800-344-3860 Toll Free USA/Canada Phone: 421 33 790 2910 " . X
Fax: 303-675-2176 or 800-344-3867 Toll Free USA/Canada Japan Customer Focus Center For additional information, please contact your local
Email: orderlit@onsemi.com Phone: 81-3-5817-1050 Sales Representative

© Semiconductor Components Industries, LLC www.onsemi.com


 http://www.onsemi.com/
www.onsemi.com/site/pdf/Patent-Marking.pdf

