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On/off buffer switches

analog or digital sig

Liviu Pascu, Kepco, Flushing, NY

Many applications require a

method of switching an analog
or a digital signal on or off under digi-
tal control. A “wish list” of specifica-
tions for such a switch might include
attenuation of less than 90 dB when the
switch isin its off-state, distortion of no
more than 0.002% when the switch is

nals

in its on-state, and the ability to
respond to an on or an off command in
10 psec or less. In addition, the circuit
should accommodate positive- or neg-
ative-going signals, and no turn-on or
turn-off overshoot should occur for
either signal polarity. The list might
also require that the circuit’s control
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Figure 1 This buffered switch can accommodate either analog or digital signals.
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input must accept digital signals from
most logic families and that the circuit’s
SNR should exceed 90 dB.

The circuit in Figure 1, comprising
IC,, alow-noise, high-speed, precision
Linear Technology LT1007 opera-
tional amplifier and IC,, a Maxim
MAX301 dual SPST, normally open
analog switch, fulfills these require-
ments. In the circuit, V  is the input
voltage, and V¢ and I, represent
operational amplifier IC s voltage and
current offsets of either polarity. 1.
represents the off-state leakage current
of either section of analog switch IC,.
In the buffer circuit, R=R,=R,, and
R,=R/2. Hence, AR=(R XR)/(R,+
R,)—R,

If all resistors were identical in value,
AR would equal zero. However, each
resistor exhibits its own tolerance error,
and the equation for AR expands to:

_ (R1(1+61)) X ((Rz)(1+ez))_

(R +e1)) + ((Rz)(l + ez))
(R4(1 +e4)),

where e, through e, are maximum tol-
erance errors of =1%. Worst-case val-
ues for AR occur when the tolerance
valuese, ande, for R, and R, are of the
same sign and e, for R, has the oppo-
site sign:
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Simplifying further, AR=*R]e]}=
+{(0.01)R} when you use 1%-tolerance
resistors for R, R,, and R,. The com-
bination of the resistors’ tolerances with
the operational amplifier’s internal
errors and leakage effects from switch-
esIC,, and IC,; determines the buffer’s
accuracy. When the circuit is on, both

C,, and IC, are open. The following
equation defines the circuit’s output
voltage:

VouTon) =

_ VIN _VOS _(IOS X AR) _
R;

(Iorr) X Ry

Simplifying further, you can calculate
Vouro as: Vg, =~ (V)
VI ) xRy xR

Most of today’s solid-state switches
present an I of less than 1 nA, and
you can selectan op amp for IC, whose
Vo is less than 50 pV and whose 1
is less than 50 nA. Thus, for the resis-
tor values in Figure 1, the maximum
error for the amplifier’s on-state is
approximately 80 wV, or 0.0008%,
when referred to a 10V nominal output.
You can determine the minimum
allowable value of the amplifier’s load
resistance by solving the following
equation;

R;
VSAT _&_1 '
Vourmax) R

Rioap >

where V. represents the op amp’s
maximum saturated output voltage—
usually, 13.5V for £15V power-supply

voltages. For example, using the resis-
tor values in Figure 1 and assuming a
maximum output voltage of 10V, you
can calculate a minimum allowable
load resistance of 3.3 k().

Also, 1., the current from IC,
should be less than the device’s speci-
fied maximum current output: 1=
(VOUTMAX) X[ Rz) +(U/ RLOAD)]'

Using these values, you can deter-
mine that I, . is 3.5 mA, which is less
current than most op amps as sources
deliver. When the amplifier is off,
switches IC,, and IC,, are closed. In
this state, the worst-case output occurs
for V, uax- 1C,'s offset errors are negli-
gible with respect to the full-scale input
voltage. Therefore, for the real case in
which the on-resistance of IC,, and
IC,, is much less than the load resist-
ance, the following equation defines

the circuit’s output voltage: V ;o=

—[(V|N><F22><RONXRON)/(K1+K2+K3
—K,)], where K =R XR,XR,, K,=
R XR,XR, K,= R ><R XRON, and
K =R, XR,XR For R,=R,=R

1 2

and RON<<R, "and Row<<R,, the
equation simplifies to: Vg o=
—[(V XRoy XRoI(RXR)].

Many of today’s analog switches pres-
ent a maximum 20() on-resistance, and,
using the resistor values in Figure 1 and
an input voltage of 10V, you can calcu-
late that output voltage to be approxi-
mately 200 wV, or 0.002%, when
referred to a 10V nominal output.
Amplifier IC s slew rate limits the cir-
cuit’s dynamic behavior, because analog
switch IC, generally switches in much
less than 1 psec. Using an operational
amplifier with a slew rate of 1.5V/usec
yields a circuit-response time of 10 usec.

For applications that require unipo-
lar outputs when the amplifier is in its

Single switch serves dual duty
In small, microprocessor-based system

Steve Hageman, Windsor, CA

Traditional control-system de-
signs use separate switches to
control power and various system func-
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tions, but adding a few components to
a small, microprocessor-based system
can combine a control function with

off-state, you can add a known output-
offset voltage by connecting resistor R,
between the buffer’s output and the
power-supply voltage of the same
polarity as the desired offset voltage.
Note that IC’s output must be able to
sink current. Adding resistor R, does-
n't affect the circuit’s output voltage in
its on-state because the closed-loop
gain lowers the amplifier'’s output
impedance.

To analyze the circuit’s offset output
voltage, assume that IC,, and IC, pre-
sent an on-resistance that’s much less
than R ., R, and R,. The following
equations define the circuit’s positive
and negative offset-output voltages,

Vouros) and ~Vourosy respectively:
R
VouT(os) = [+|Vs| X ( P?N H +
5
[Vl x| 0 | S |
R; R;

R
—VouT(os) = [_|Vs| X [}SN)]_
5

RON RON
[|vm| (B e ]

To make the offset voltage less
dependent on the input signal, calcu-
late the maximum value for R, as:

L Vs Ry R,
10 VIN Ron

Using the resistor values in Figure 1,
solving this equation produces a min-
imum reliable offset voltage of 2 mV,
the value of R, must be 150 k(2 or less.
The maximum current-sinking ability
of IC, determines the minimum value
of R,.

Rg<—

the system’s on/off switch. For example,
you can design a system to display rel-
ative humidity and temperature (Ref-
erence 1). Thissmall, battery-powered
system requires a microprocessor-con-
trolled on/off power switch, which you
implement with a pushbutton, and a
function switch to change the display
from degrees Celsius to degrees Fah-



designideas

ON/OFF AND MODE -

PUSHBUTTON SWITCH

o
Nol NC
o_ O
R3
100
s, ‘
SPDT MOMENTARY
CONTACT =

IC,
VOLTAGE REGULATOR
Q LP2931AZ 5v
TP0610T N VR 5 0o
* INP ouT s
tT_ c
3 COM 4+ e
IlO WF > o
Q, = iE Jrow
2N7000 = =
CS
) 0.1 uF
1 e MICRO- =
= PROCESSOR
5V = 1/0 LINE v
- AO op BO |—
R, ---—AL Bl f—
10k —--—A2 B2 —
Mopg TO MICROPROCESSOR
INTERRUPT INPUT ‘=--——A3 IC, B3[—
—--—— A4 B4 [—
CZ
IO-luF ---——A5 B5 —
= B6 [—
N— —

Figure 1 A single pushbutton switch can control power and select among operating modes in a simple microprocessor-

based system.

renheit, which you implement as a tog-
gle switch. From ease-of-use and total-
cost perspectives, combining these two
functions in a single switch makes
sense.

Figure 1 shows a circuit for this ap-
plication. Initially, Q,, a P-channel
MOSFET, is off because R, holds Q,’s
gate-to-source voltage at OV. No input
reaches voltage regulator IC,, and,
thus, the system’s microprocessor, IC,,
also remains off. When the operator
presses the normally closed momen-
tary-contact pushbutton switch, S,
current flows through R, and R, to
ground, developing sufficient gate-to-
source voltage to turn on Q, and apply
power to voltage regulator IC, and the

microprocessor. Capacitor C, de-
bounces the switch contact and
ensures that Q, remains on long
enough to start the microprocessor,
regardless of how quickly the user press-
es and releases the switch. In addition,
as its final task, the start-up firmware
initializes the system’s LCD, thus rein-
forcing the operator’s tendency to hold
the power switch in its on position long
enough to ensure full start-up.
Immediately after the microprocessor
powers up, it begins executing its
firmware and turns on Q,, an N-chan-
nel MOSFET, by delivering a logic one
of more than 3V to Q,'s gate. In turn,
Q, keeps Q, switched on, and the sys-
tem runs under software control. If the

Isolated-FET pulse driver reduces
Size, power consumption

José M Espi, Rafael Garcia-Gil, and Jaime Castelld,
Electronic Engineering Department, University of Valencia, Spain

Three-phase controlled rectifiers

and inverters, matrix cyclocon-
verters, and cascaded power stages typ-
ically comprise large numbers of power
transistors, each with its own driver cir-
cuit. The circuit in Figure 1 drives a
capacitive-input power device, such as
aMOSFET oran IGBT (insulated-gate
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bipolar transistor) with pulses of all
duty cycles at frequencies of 1 to 200
kHz. A single transformer provides gal-
vanic isolation, and the circuit con-
sumes little power from its 15V pri-
mary-side power supply. Tested satis-
factorily using several MOSFETs and
IGBTs with input capacitances as high

operator again presses the on/off but-
ton, Q, remains on, and the micro-
processor continues to run but pulls its
mode line high. The mode line drives
an interrupt input pin, and the software
can use the interrupt as a toggling func-
tion or to access a wraparound, multi-
ple-choice menu. After a suitable pre-
programmed time interval, the micro-
processor system turns itself off by plac-
ing alogic zero on Q,’s gate. In turn, Q,
switches off Q, to remove power from
the system.

REFERENCE

™ Hageman, Steve, “Relative humid-
ity/temperature meter,” www.analog
home.com/projects/dewpointer.html.

as 5 nk, the driver can accommodate
higher current power transistors by
resizing the driver’s transistors and cou-
pling transformer and a few passive
components.

Transistors Q, and Q, transmit puls-
es of approximately 1-usec duration
through coupling transformer T, to
transistors Q, and Q,, which respec-
tively charge and discharge power tran-
sistor Qs gate-source input capaci-
tance. The charging pulse that Q, pro-
duces begins on the rising edge of the
drive-control signal, and the discharge
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Figure 1 The isolated pulse driver transmits all duty cycles and consumes energy only during the gate charge and dis-

charge processes.

pulse that Q, produces begins on the
falling edge of the control signal. Dif-
ferentiator circuits comprising C, R,,
a portion of potentiometer P, C,, R,,
and the remaining portion of P, set the
durations of the charge and discharge
pulses. If necessary, adjusting P 's set-
ting alters the balance of the positive
and negative charge and discharge volt-
ages that Q,'s gate receives.
Transistors Q, and Q,, respectively,
transmit pulses to charge or discharge
Qs input capacitance and then
switch off, producing a high impedance
across Q,'s input capacitance so that
Q,s gate voltage doesn’t change,
except for discharging slowly due to
small leakage currents. Thus, the driv-
er circuit consumes power only during

the short intervals of the gate-to-source
charge and discharge processes.
When transistors Q, through Q,
switch off, resistor and diode pairs R,, D,
R, and D, form a path for transformer
T,s demagnetization current. Al-
though they're reverse-biased most of
the time, diodes D, and D form a peak-
amplitude discriminator, configured as a
logical-OR circuit, to ensure that gate
voltages at Q, and Q, always equal or
exceed the voltage at the positive ter-
minal of Q,'s gate-to-source capacitance.
Resistors R, and R, limit charge and
discharge rates for Q,'s gate-to-source
capacitance and can vary depending on
Q,’s drive characteristics. Transformer
T, comprises a Philips RM5/I core of
3E5 ferrite material with a center-

Figure 2 A top view of the isolated
gate driver’s prototype version shows
that an isolation barrier interrupts the
ground plane beneath transformer T,
(upper right center).
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Figure 3 The top trace shows the driver-control voltage,

and the bottom trace shows the gate-source voltage of an
APT40GF120JRD IGBT, Q,, at 20 kHz. You can use poten-
tiometer P, to adjust the 9.1 and 20.7V high and low gate-to-

source levels, respectively.
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Figure 4 The top trace shows the driven transistor’'s gate-to-
source voltage, and the bottom trace shows its collector-emit-
ter voltage, which a probe attenuates. The transistor’s load
comprises a resistor that connects to a power supply.
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tapped, 20-turn primary winding and a
12-turn secondary winding, both fabri-
cated from 0.2-mm-diameter, 0.008-in,
AWG #32 magnet wire.

When transistor Q, switches on, it
induces a positive voltage in T.’s sec-
ondary winding that switches on P-
channel MOSFET Q, and drives Q,’s
internal body diode into conduction to
begin charging Qs gate-to-source
capacitance. Q.'s on-channel resist-
ance primarily determines the charging
rate. Charging ends either when the
pulse terminates or when Q,’s gate-to-
source voltage approximates T,'s sec-
ondary voltage minus Q.s gate-
threshold voltage.

Next, Q, switches off, allowing the
charging current to decay to zero and
the capacitance to reach its maximum
positive charge. When Q, switches off,
transformer T.'s magnetizing current
resets through R, and D,. The voltage
at T,’s secondary winding goes slightly
negative to balance the core’s volt-sec-
ond characteristic, which forward-bias-

es Q,'s body diode without current, and
Q,’s body diode blocks the discharge of
Q,’s gate-to-source voltage.

The negative voltage you apply to
Q,’s gate cannot switch on Q, because
diode D.'s forward-voltage drop sets
Q,’s gate voltage higher than the volt-
age at Qs gate. Thus, Q,'s input capac-
itance remains charged, and the reset
path presents high impedance to this
capacitance. When Q, switches on, the
negative voltage that appears on T,’s
secondary turns on Q, and starts the
discharge process, which ends when
Q,’s source-to-gate voltage equals its
threshold level or when the pulse ter-
minates. Then, Q, turns off, and Q,'s
gate-to-source capacitance reaches its
minimum negative voltage. When Q,
turns off, T,’s magnetizing current
resets through D, and R,, Q,’s body
diode conducts, and Q,'s body diode
blocks Qs gate-to-source voltage.
Diode D, applies a high voltage to Q,’s
and Q,’s gates to ensure that the reset
voltage at T,'s secondary doesn’t drive

Q, into conduction. Thus, all transis-
tors remain off, and Q,'s gate-to-source
capacitance remains discharged.
When Q, next switches on, the se-
quence repeats.

Figure 2 shows the driver prototype
compared with a €1 coin and a power
transistor. The transistor, an Ad-
vanced Power Technology APT40GF-
120JRD, combines an IGBT and a
FRED (fast-recovery epitaxial diode)
that operates at a maximum of 1200V
and 60A with a gate-to-source capaci-
tance of 4 nk. The transistor comes in
a JEDEC SOT-227 package measuring
approximately 1.5X1 in. (38Xx25
mm). Figures 3 and 4 show experi-
mental waveforms for the circuit of Fig-
ure 1 todrive IGBT Q, at 20 kHz. The
turn-on delay is approximately 600
nsec, and the total current consump-
tion is 22 mA for a power consumption
of 0.33W. When driving transistors that
present a lower gate-to-source capaci-
tance, the circuit’s turn-on delay and
power consumption both decrease.
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