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Use High-Voltage
Op Amps To Drive
Power MOSFET's

Meet the distortion and
stability requirements
using the proper
combination of op amps
and power MOSFETs

Although hlgh—voltage OP aMpPS can operate from :
supplies ranging from 100 up to 450 V, their output currents generally are :
limited to less than 200 mA. When the need arises to deliver several amperes
of current at high voltages, the designer must add some type of buffering for :
the op amps, such as external MOSFETs. Therefore, protecting the MOS- :
FETs while still meeting distortion and stability requirements must be a :
priority during design. :

The choice of which MOSFETS to employ is determined entirely by cur- :
rent, voltage, and power-dissipation requirements. There are no radical dif- :
ferences among the different MOSFETs regarding threshold voltages or
transconductance. :

In applications where distortion isn’t important, a simple circuit will suf- :
fice, such as one that ties each MOSFET base together and connects the :
bases to the op amp’s high-voltage output (#%g. 7). This connection will suffer :
from crossover distortion, but for de or applications below 1 kHz, it’s general- :
ly not a problem. Note that 100-0} gate resistors should always be placed
physically close to the gate pin. f

Toreduce crossover distortion, simply add a gate-source resistance, R,
This is possible because most high-voltage op amps employed in these apph- :
cations can handle significant currents, usually over 60 mA. The resistor, in :

effect, lets the driving op amp supply low values of :

load current until the drop across the resistor :

reaches the MOSFETs’ threshold voltage. Then,
there’s a smooth transition to the MOSFETSs supply- :
ing the dominant current. :

The R resistor should be as low in value as is :
practical. Choosing the right R, guarantees that :
the maximum required gate-drive voltage coincides :
with the driver op amp’s current limit. This helps °
ensure that the MOSFET gate will never be overdri- ¢
ven. For example, the Apex Microtechnology PA42 -
power opampis rated for a maximum output current :
of 60 mA, and it would be current limited at that :
value. A 10-V maximum gate drive requirement will :
result in a 160-Q resistor. ;

Transition of current to the output MOSFETSs
occurs at the MOSFET threshold voltage of about 3 -

V. With the 160-Q resistor, this occurs at a load cur- :
rent of 18 mA. As the resistor value increases, the
distortion reduction benefits become less signifi-

cant. Setting the driver op amp for the highest possi- :

l To huild a circuit in which distortion isn’) an issue, tie each MOSFET base together ble current results in the lowest distortion because -

and connecl that point to the output of the high-voliage op amp. To reduce tross- R(;s can be minimized.
over distortion, add a gate-source resistance, Rgg, 10 the circuil {as shown with Ta evaluate this technique’s performance, the -

dotted fines in the circuit).
ra

PA42 was selected to drive a pair of 3-A power MOS-
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This 175-V high-current ampiifier circuit was used to evaluate the performance of a distortion-re-
duction technigue. The PA42 drives the two power MOSFETS.
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The high-current amplifier circuit's output becomes much cleaner by adding a 160-{2 gate-source
ranistnr Tha firel nlat {2 it taken withnot tha ragizior: tha sacond (h) iz with tha ratizine insartad.

FETs from Supertex, Sunnyvale,
Calif. (Fig. 2). The improvement

© gained by addmg the 160-Q R, can
* be observed in a plot of the output
. voltages, with and without the resis-
© tor connected in the circuit (Figs. o
© and 3b).

To further quantify the effect of

: Rgq actual distortion measurements
. were taken. At 1 kHz, with a 10-V
: rmsoutputinto 330 2, distortion was
: 0.62% without R and 0.2% with it,
: The PA42 alone only accounts for
© 0.08% distortion at 1 kHz, so the add-
. ed MOSFETs still increase distor-
; tion. But 0.2% is low enough for
: many applications.

A 40-V pk-pk square wave was

 driven into a 330-0} resistive load to
. determine the effect on stability. A
. single cycle of overshoot with less
. than 30% of the total peak-to-peak
: amplitude was observed, which is in-
. dicative of a 30° phase margin, which
: is adequate.!?

QUASI-COMPLEMEN-
TARY OUTPUTS
Above 300 V, p-channel power

. MOSFETSs can be difficult to find. An
. alternative is to use a quasi-comple-
: mentary connection on the negative
- half of the n-channel MOSFET. In
- the circuit’s topology, the selection
. of R, will determine the maximum
. current flow through Q, (Fig. 4). R,
. is selected so that the voltage across
. R;, under these conditions, corre-
© sponds to the maximum gate driver
. required at Q,, which typically is
- around 10 V.

As a rule, the maximum eurrent

. through Q, should not exceed 10% of
. the current in Q,. For the best band-
- width performance R, should be
. kept low, with a value typically
* around 100 0.

When implementing the gquasi-

* complementary connection with
. Class A/B biasing, R,; is selected so
: that @, is never on under quiescent
. conditions. The voltage drop across
"R
- should be sufficiently below the
. threshold of Q.. Then Q, would be in
" the off condition, even at tempersa-
. ture extremes.

¢ under quiescent conditions

CLASS A/B BIASING
Supplying an actual threshold

? voltage for the power MOSFETs, as
" would be done far traditional Class
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A/B biasing, requires care-
ful design to prevent ther-

" gates will often “absorb” -
much of this threshold.

mal runaway. A common
mistake is to rely on diodes
or & bipolar transistor’s V¢
multiptier to provide biasing
for cutput devices that con-
duct some current along
with temperature compen-
sation. Simple diodes or bi-
pelar transistors cannot
properly compensate MOS-
FET gate-voltage tempera-
ture coefficients (TCs).
Thermal runaway oc-
curs when the bias source’s
TC and the power MOS-
FETs' V. threshold don’t
match. Power MOSFETs
have a positive TC of drain
current versus Vg at their

Vet
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Using a V .. multiplieris
the only way to supply tem-
perature-cornpensated bias-
ing when the output devices

‘must be turned on. The
same MOSFET, MOSFET

L/
type, or geometry for the

Vs multiplier that's used
for output devices should be
employed. The V. multipli-
er circuit can be built with

Rgl.

Rg

complementary-type out-
puts (Fig. 5a) or quasi-com-
plementary-type outputs
(Fig. 5b). The distribution of
current through the MOS-
FET and the parallel resis-
tor divider is important be-
" cause it will affect the TC.
The TC will increase as more

E]na

threshold, which means
drain current will increase

‘current is allowed to flow in

with temperature.

This increased tempera-
ture further increases the
current. Most power MOSFETs :
eventually have a negative TC of
drain current versus gate voltage, :
but it occurs at very high currents. :
This condition most often results in :
destruction in linear circuit applica- :
tions.

The biasing needed to reduce :
crossover distortion can be simpli-

4 By using a quasi-complementary circuit, the value of R; can be kept
as low as possible—around 100 1 is reasonable.

fied by not turning on the output de- :
vices. With no bias and the typical :
: MOSFET threshold of 3V, it takes a :
6-V swing to transition through the :

crossover region.

Any amount of bias will reduce :
: crossover distortion. A simple diode- :
connected MOSFET (gate connected :
to drain) between the output device :

the divider.

The Vo multiplier re-
quires a source of biasing
current that could simply come from
a pair of resistors or current sources.
A stable TC of this current will sim-
plify the design process, because the
. current’s TC also affects the Vi
multiplier's ultimate TC.

In addition, if a single current
source is used without a current re-
turn, that current must flow in the

A I @
ﬁ L O¢Le
Doy, g
Ci+
0 °
Rl ~
< Y i E’
[: Dt
+

fa)

U

5

A basic Vg, muitiplier circuil can be built with either complamentary-type outputs (a) or quasi-complementary-type outputs (b). The distribution of current
through the MOSFET and the paralle! resislor divider affects the temperature costficient.
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driver op amp's output circuit. The :
output can be connected to either -
side of the Vo multiplier. However, -
if a single current source supplies
the multiplier without a return path, :
the op amp must be connected oppo-
site from the current source to pro- :

vide a return path.

The design of a V;, multiplier :
can only be arrived at empirically by :
experimenting on an actual working :
amplifier. It’s essential that the cho-
sen power output devices be curveé- :

the output MOSFETs. This becomes -
© protection circuitry may not be need-
- ed. However, many applications

less critical over narrower tempera-
ture ranges.

Setting the output stage current |
as low as possible helps reduce out-
put-stage transconductance and sen-
sitivity to biasing, and is therefore :
. easier to compensate. An actual ex- :
ample of Class A/B biasing is de- :
scribed later in the performance :
evaluation of several high-speed : MOSFET source resistor (Fig. I,
D again).

MOSFET drive circuit examples.

With a well-defined load (and :

generally a resistive one}, additional

could be subjected to load variations
or shorts, which require some type of
current limiting on the buffer tran-
sistors. Simple current limiting is the
easiest available option, in which a
small-signal bipolar transistor
senses the voltage drop across the

Activation oceurs at 0.7 V 20%,
Some additional variation

traced over temperature.
That’s because MOSFET

may occur, depending on

data sheets don’t supply in-
formation in enough detail
to allow a prediction of low-
current gate threshold be-
havior over temperature.
The ratio of the R,-R, di-

vider in the example circuit s>

is adjusted to provide the de-
sired quiescent current
(Fig. 5, again). In any real-
world implementation, trim-
ming must be used to set the
output quiescent current.
The output current will in-
crease as the ratio of R,/R,
increases, which is done by

raising R, or lowering R,.
The distribution of current

which current-limit transis-
tor is chosen. The diode in
the collector circuit is need-
ed to avoid forward-biasing
the collector-base junction
of the current-limit transis-
tor on the side that is not de-
livering current. Otherwise,
premature clipping of the
output voltage swing would
occur. Though Figure 1
shows two current-sense re-
sistors, they could be com-
bined into a single resis-
tance.

Load line limiting,
which provides a better
match of current limit than

between the divider and the 6 Load-line limiting can be handled using R, as a voltage divider. For
positive outpul swings, R, acts as the ground leg of the divider. For

swings opposite the rail supplying current, the divider's ground leg

consists of the series combination of R, and either R, or ;.

MOSFET should then be op-
timized to achieve a zerc or
negative TC of current in

what safe-operating area
(SOA) limitations permit,
can be implemented using a
voitage divider circuit (Fig.

{a)
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7 Twao high-speed circuits, one full complementary (a) and one quasi complemenmtary {b), are based on the PA8S wideband high-voltage op amp. The two cir-
cuits show identical distortion numbers, but the oulput voliage swing of the quasi-complementary circuit was limited to 240 V pk-pk under idenlical condi-
tions, The slew rate was also slower: 430 versus 360 V/,.3.

(g |
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6). For positive output swings, R -
acts as the divider's ground leg, at-
tenuating the current-limiting signal -
from the current-sense resistor as .
the output moves closer to the posi-
tive rail (as voltage stress across the !
power device decreases, more cur- :

R,and either R, or R,.

more than 0.7-V base drive.

The load-line-limit circuit allows :
a higher current limit when the out- :
put current’s polarity corresponds to :
that of the voltage supply rail. The :
opposite-side current limit decreases :
and the divider action of resistors R :
and R, or R, plus R, must not permit :
the limiter on the rail opposite the :
rail supplying current to develop :

Two high-speed circuits, one full -
complementary and one quasi com-
plementary, were constructed based -
on the PA85 wideband high-voltage -
op amp (Figs. 7a and 76). The full- -
complementary circuit, with a gain :
. of 20, provided the following perfor- :
rent is allowed). For swings that are : mance (THD at £275-V pk-pk out- °
opposite the rail supplying cu¥rent, : put, 330-8 load):
the divider’s ground leg comprises °
the series combination of resistors :

oAt 50 kHz, THD is 0.35%;
eat 20 kHz, 0.17%:

eat 10 kHz, 0.1%:;

sand at 1 kHz, 0.035%.
eSjew rate is 430 V/us.
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The square-wave performance of two circuits, the full complemenlary (fop) and the quasi-comple-
mentary (hotiom), shows, by the lack of avershool, adequate phase margin,

to 240 V pk-pk under identical condi-
tions. The slew rate on the quasicom-
plementary circuit was also slower,
at360 V/us.

The same circuit was reconfi-
gured for Class A/B biasing.
Through an iterative process, a Vs
multiplier using a Supertex VN0545

- and a 1.5k R, was designed. The
* multiplier requires a 3mA current
. that comes from two 30-k resistors,
. each connected to a supply rail in the
. test circuit (rather than actual cur-
- rent sources). Resistor R, is a 1.5-k(}
. potentiometer, which is adjusted to
performance '
shows adequate phase margin in ei- :
ther the complementary or quasi- :
complementary circuit (Fig. 8). The -
quasi-complementary circuit exhibit- |
ed identical distortion numbers, but :
. the output voltage swing was limited :
- temperature range,

provide a current of 2.0 mA in the
output devices.

With the PA85 as a driver ampli-
fier, distortion was under 0.05% atall
frequencies below 30 kHz. This de-
sign successfully compensates the
output stage over a -25° to +85°C

Finally, a note on boost for im-

- proved voltage swing: The output
© voltage swing from a ecircuit that
© uses MOSFETs as followers is inher-
. ently limited by the gate-voltage re-
. quirement. A simple way to improve
. the output swing is to better satu-
© rate the MOSFETs. This is done by
- running the driver op amp from pow-
: ersupplies with voltage levels 5to 10
© V greater than the output devices'
- drain voltages. [
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