MOTOROLA

QN P LTSI RN

by AN1102/D

SEMICONDUC TO R 15—

APPLICATION NOTE

AN1102

Interfacing Power MOSFETs to Logic Devices

Prepared by Ken Berringer
Motorola Discrete Applications

POWER MOSFET DRIVE CHARACTERISTICS

Power MOSFETs are commonly used in switching applica-
tions due to their fast switching speeds and low static losses.
When driven with sufficient gate voltage, a power MOSFET will
turn an and have a very low on-resistance. It the gate voltage is
insufficient to bias the Power MOSFET fully on, or excessive
drain currents are applied, the power MOSFET will operate in
the saturation (pinch-off) region. In cther words, a certain gate
voltage will support only a limited amount of drain current.

Most of the current crop of fourth generation power
MOSFETs require 10 volts of gate drive to support their maxi-
mum continuous drain current. This means that 5 volt logic will
not provide enough voltage to drive a standard power
MOSFET. A new family of Logic Level power MOSFETs are
now availabile that can support their rated drain current with a
gate voltage of 5 volts. With the proper considerations, these
power MOSFETs may be easily interfaced to most logic fami-
lies.

Design of the MOSFET's gate drive is dependent on the
MOSFET's input capacitance, which is strongly affected by die
size. Therefore, selecting the correct device for the application
not only minimizes component cost, but it also optimizes
switching performance. Static, or DC, losses are determined
by the power MOSFET's on-resistance Rpg(on). which is a
function of junction temperature (T ), gate voltage (VGS), and
drain current (Ip). RDS(on) ' typically specified at Ip equal to
half the rated drain current, a Vg of 10 volts, and junction
temperatures of 25 and 100°C.

The power MOSFET s static losses can be easily calculated
in DC or pulsed applications. First, correct the rated RpS(on)
for your drain current and estimated operating temperature
with the help of the manuiacturers’ data sheet curves. Then
multiply this value times the RMS load current squared [Pgtatic
= rms2RDS(on)]. Youshould choose a power MOSFET witha
current rating (ID) and voltage rating (Vpgg) well above your
worst case load conditions. A good ruie of thumb is to select a
device with twice your worst case RMS drain current and a
voltage rating 25% above your worst case drain voltage.

in high frequency applications switching losses are aften
more significant than static losses. To minimize switching
losses you must decrease the switching times. When a power
MOSFET is used in switching applications, the gate cannotbe
modeled as a simple capacitor due to sizable displacement
currents in Crgg, the drain-to-gate capagcitor, brought on by
large swings in drain-to-gate voltage. As aresult, the total input
capacitance, Cigg. varies greatly over the power MOSFET's
operating range. Cigs can be piecewise modeled as a linear
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capacitorin order to find first order approximations of switching
times.

A better method of calculating switching times is to use gate
charge data from the manufacturers’ data sheet. Although a
power MOSFET is usually thought of as a voltage controlled
device, it can be accurately modeled as a charge controlled
device. The charge required for a power MOSFET to handle a
given current is relatively constant even though its
drain-to-gate capacitance (Crsg) varies drastically with
drain-to-gate voltage. The value of Crgg may increase 1000%

or more over the operating range.
%% VoD
IG
—_—
Vimas) 0—@-7—L_J :3 ]

Figure 1. Driving a Power MOSFET with a
Constant Current Source
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When a power MOSFET is driven by a current source as in
Figure 1, its gate voltage will be nearly piecewise linear as
shown in Figure 2. The three distinct regions are turn on delay
{tg to t1), rise time (t1 to t2), and excess charge time (t2 to 13).
At the end of the turn on delay (t1) the power MOSFET begins
to conduct but the drain current is still very smali. During the
tise time the power MOSFET actually turns on and the drain
voltage drops to almost zero. The resistive switching rige time
trige is actually measured as the time it takes for the drain
voltage to drop from 90% to 10% of its highest value. Itis called
rise time referring to the drain current rise time although the
voltage is what's usually measured. This time corresponds to
the time that Vg remains in the plateau region of Figure 2.
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Figure 2. Gate-to-Source Voltage versus Time for a
Current Source Turning On a Power MOSFET
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During the excess charge time (o to t3) RDS(on) continues to
decrease. This excess charge must be removed during the
turn off delay, so driving the gate to an unnecessarity high volt-
age will increase the total turn off time.

Unlike bipolar transistors, power MOSFETs are majority
carrier devices. Without minority injection, power MOSFETs
can be turned off just as easily as they are turned on. For
identical gate drive currents, rise time will equal fall time. The
trn off waveform for a constant gate current will be a mirror
image of Figure 2. Note that the turn off delay does not equal
turn on delay, it instead corresponds to the turn on excess
charge time.

Since the gate current in Figure 2 is constant and equal to
the charge per unittime, the horizontal axis can be labeled time
orcharge. Gate charge data is usually measured using a 1 mA
current source which means it will provide 1 nC (nano-
Coloumb) of charge in 1 us. Manufacturers’ data sheets usu-
ally include a gate charge chart of Vgg vs Qg with Qg iabeled
innC asin Figure 3. ltis important to note thatthe value of Vgg
during rise time, aise called the plateau voltage, increases with
ID and therefore so does the turn on delay. Also, the amount of
charge needed for rise time will vary with the drain supply
valtage. This is usually indicated on the gate charge chart by
multiple lines for the excess charge region labeled with the
corresponding Vps.

To determine the switching times using a current source to
drive a Power MOSFET, find the charge required for each
region using the gate charge chart, Figure 3, and then use the
simple equation:

t=QgllG. (1)

Firstfind the charge required during the turn on delay regicn,
Od(on)- by drawing a line down from the first inflection point to
the horizontal axis of Figure 3. This is the gate charge for the
rated or tested |p. If your actual drain currentis different than
the rated current you may improve accuracy by linearly scaling
Qdfon)- Now calculate the turn on delay using Equation 1. Next
find the gate charge required for rise time (Qyige) from the gate
charge char as the distance between the first inflection point
and the intersection of the plateau with the line for your
expected VDs. A typical value is sometimes listed as Qgg-
This value may be used to calculate both rise and fall times.
Next find the intersection point of your maximum Vg and the
line cerresponding to your Vps. This is the total gate charge
Qg(total)- To find the charge required for turn off delay Qd(ofn)
(and turn on excess charge), subtract Qq(on) and Qrise from
Ggtotal)- A maximum total gate charge Qg(max) is often
specified to facilitate worst case design, however this figure
sometimes includes a substantial guard-band.

When driving a power MOSFET with a voltage source with a
series resistance (Thevenin source), the calculations are a
little more complex, During the rise and fall times Vag is rela-
tively constant since all the gate current is used to charge the
gate-to-drain capacitor. By Ohm's law, I is therefore also
constant and the gate charge chart can be used with Equation
1 to find rise and fall times. During turn on the voltage across
the series resistance is the effective source voltage (usually
the supply vcitage) minus the gate-to-source plateau voitage,
VGsP. During turn off the voltage across the resistor is the
plateau voltage minus the effective sink voltage (usuaily
ground). Rise and fall times will therefore typicallybe different.
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Using this information with Equation 1, we can obtain equa-
tions for rise and fall time.

oo = Qg QgdRetiion) @)
%7 I T VSOURCE-VGSP
and fall time: G R
tra = —2 _ Ogd Refl(OFF) @)
IG VGSP-VSINK

VGSP is the Power MOSFET's gate-to-scurce plateau voit-
age, Ysource is the gate driver's effective source voltage,
Vsink is the gate driver's effective sink voltage, and Reff is the
gate driver's effective resistance (output resistance). During
turn off Vgink may be near zero vaits or even a negative voit-
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Figure 3. Gate Charge Chart for the MTP3055E

During the turn on and turn off delays gate current is not
constant and gate charge data cannot be used {o determine
switching speeds. The series resistance and the gate capaci-
tance form a simple RC network; however, the capacitance
varies greatly over the operating range. To find the switching
times you must determine the capacitance for each region
from a capacitance chart like Figure 4. During the turn on delay
VDS is near its maximum value, Y(3g is near zero, and the
input capacitance is low. Find the vaiue of Cjgg in the capaci-
tance curve for your maximum value of Vpg and use this
capacitance, Point A in Figure 4, to calculate the turn an deiay.
You can use Equation 4 to approximate the turn on delay time.

1d(ON) = Reff(ON) Ciss(MIN) In [ ——V—S%—‘E——] @)
VSOURCE-VGsP
During the turn off delay Vg will be low and Cigg will have a
larger value. Find the value of Cigg corresponding to minimum
Vpg and maximum Vgg, Point B on the capacitance chart.
Then use Equation 5 to approximate turn off delay time.

VG(MAX)-VSINK
VGSP-YSINK

WY(OFF) = Reff(OFF) Ciss(MAX) ln[
{3)
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VG(max) is the initial gate voltage prior to turn off (usuaily
the supply voltage), Reff(off) s the effective series resistance
during turn off, and Vgink is the effective sink voitage. If Vgink is
at ground, then the Vgink terms will drop out of Equation 5.
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Figure 4. Capacitance Chart for the MTP3055E

Note that the gate charge chart and capacitance curves are
related. The slope of the line in the gate charge chartis in volts
per nano-Coloumb. A Farad of capacitance is equal to a
Coloumb per valt.

l{coulomb/sec) = C dV/dt(Farad-voits/sec).

From this equation, you find that

Farad = coulomb/volt.

Therefore, the reciprocal of the slope is the input capaci-
tance in nano-Farads (1000 pF). However, you should use
both charts. The gate charge chart is most useful when the
input capacitance varies and the gate current is constant {rise
and fall imes). The capacitance curve is most useful when the
input capacitance is constant and the gate current varies
{delay times).

DIRECT INTERFACE TO STANDARD
POWER MOSFETs

Standard power MOSFETs can be interfaced directly with
standard CMOS devices, such as the MC14000 family. This
family uses complementary N and P channel FETs for the
output stage. Although standard outputs are rated at 210 mA
and buffer outputs are rated at +45 mA, saturation currents for
short circuit conditions are much higher. While a CMOS gate
should not be short circuited for long periods of time, it may be
safely operated in the saturation region when switching large
capacitive loads. A 14049UB inverter buffer can typically
source 30 mA and sink 120 mA using a 12 volt supply. If the

+121015V +20V

50 Q2 PULSE
GENERATOR

%sm

Figure 5. Standard CMOS Interface Circuit

output current is not limited, the CMOS gate’s output will act
like a current source. If the output current is limited to less than
the saturation currents, the CMOS gate's output will act like a
voltage source with a finite output resistance. The MC14000
series family will operate from 3 to 18 voits. The common 12 or
15 volt Vpp supply will drive Power MOSFETs nicely.

The 14048UB can be connected directly to a standard
power MOSFET such as the MTP3055E as in Figure 5. The
MTP3055E is a rugged 12 amp, 60 volt power MOSFET thatis
very popular in the industry. The gate drive current is not lim-
ited by a series resistor and therefore the gate drive current will
be equal to the 14049’s output saturation currents of +30/-120
mA. Using the gate charge data with Equation 1, we can pre-
dict the following switching times.

tg(ON) = 2 nC/30 mA = 67 nsec
trjse = 4 nC/30 mA = 133 nsec
l4(OFF) = 6 nC/120 MA = 50 nsec

tfalt = 4 nC/120 mA = 33 nsec

The switching times were measured using the circuit in
Figure 5. The actual scope waveforms are shown in Figure 6,
and the measured switching times are shown in Table 1.

Table 1. Switching Times for Standard CMOS Devices
Driving an MTP3055E
ip =6 Amps One gate used unless noted

Vece | RG | tdjon) | trise | td(off) | Yail
Driver (Volts) () {ns) {ns) (ns) {ns)
4049UB 12 0 50 150 €0 50
40490UB 12 220 60 300 200 150
4049UB 12 470 100 400 400 300
4049UB 15 #] 40 100 70 40
40498 15 220 50 200 280 120
4049UB 18 470 75 330 500 420
40508 12 0 50 150 60 50
40508 12 220 60 300 200 150
40508 12 470 100 400 400 aco
4069U8 12 0 100 30 340 250
4069U8 12 220 115 500 380 370
406908 12 470 150 680 530 580
4065UB x2 12 0 70 280 170 130

The calculated values were fairly accurate for first crder
approximations considering that the speeds are high enough
that circuit parasitics can affect performance. The saturation
currents of the "4049 vary from device to device and with the
supply voltage Vpp and junction temperature. Driving directly
from the logic IC will provide the quickestrise and fall times, but
these times will vary greatty.

By adding a resistor between the CMOS buffer’s output and
the gate of the pawer MOSFET in Figure 5 we can control
switching times by limiting gate drive current. However, in-
creasing the gate resistor also increases the power MOS-
FET's susceptibility to noise and accidental dv/dt turn on. A
rapid change in the power MOSFET s drain voitage will cause
a voltage to appear on the gate, which may be sufficient to turn
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Figure 6. Scope Waveforms for an MC14049
Driving an MTP3055E

it on. Keeping the driver impedance low will minimize or elimi-
nate this phenomenon.

To find the switching times using a gate resistor, use Equa-
tions 2 and 3 to find rise and fall times. Then use Equations 4
and 5 to find the delay times. Here Reff(on/off) equals the gate
resistor, Hg, plus the CMOS butfer's output resistance, Ry,
The approximate output resistance of the '404% is 200 Q for

turn on and 50 Q for turn off. Let Vggauree equal Vpp and Viink
equal zerc. Switching times for several gate resistors are sum-
marized in Table 1.

The UB in the MC14049UB stands for “un-buffered". This
means that it consists of a single complementary inverter. The
additional gate in Figure 5 is used to ensure the power MOS-
FET driver is itself driven to Vp p. The input voltage will greatly
affect saturation currents and therefore switching times. The
MC 140508 is a “buffered” non-inverting buffer and consists of
two cascaded inverters. It therefore does not invert the signal,
and is less susceptible to soft drive conditions. The diodes en
the input in Figure 5 clamp the input voltage to ground and
VDD Excessive voltage applied to a CMOS input may dam-
age it's internal static protection diodes. Voltage in excess of
the supply voltage, VDD, applied to the output of a CMOS
device may cause it to latch-up and destroy itseif. Remember

e,
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to decouple the logic device, as it is drawing substantial cur-
rents.

Open collector TTL gates can also be usedto drive standard
power MOSFETs. However, most opan collecter output stages
were designed for 5 volt operation. Low power Schottky (LS)
gates such as the 74LS05 typicaily have a collector-emitter
breakdown voltage of 10 to 15 volts. This makes them unsuit-
able for aperation using a 12 or 15 volt supply. They can be
operated from an 8 to 10 volt supply or with an 8 to 10 volt zener
clamp on the output; however, long-term reliability of the logic
device will suffer.

The 74LS26 was designed to interface to 15 volt logic and
has a tested CE breakdown greater than 15 volts. This Quad
NAND gate can be used to drive a power MOSFET with a
single pull-up resistor, as in Figure 7. Using a 1.5KQ pull-up
with a 12 volt supply will limit the steady state sink current to 8
mA. This is necessary to guarantee the 'LS26’s rated output
low voltage Vo of 0.5 volts. Using a smaller puil-up resistor
would increase the VoL of the 'LS26, and consequently
increase the drain-to-source leakage current of the power
MOSFET in the off state.

During turn on, current is supplied by the pull-up resistor.
During turn off the 'LS26 must sink both the gate current and
the pull-up resistor current. The pull-down transistor of an LS
autput will typically sink about 30 mA. Turn on times can be
caiculated using Equations 2 and 4 with Reﬁ(on)=ﬂp and
Vsource=Vp. where Rp is the pull-up resistor and Vp is the
pull-up’s supply voitage. Turn off times can be calculated using
Equations 3 and 5 with Reff(off)=Hp and Vsink=Vp-|sinkRp
(Vsink may be negative). The equations for Heﬁ(off) and Vgink
are the Thevenin equivalent of an ideal constant current
source working against a pull-up resistor. The Vgink equation
is only valid when the pull-down transistor may be approxi-
mated as a current source. During the turn off delay and fall
times, the pull-down transistor provides a nearly constant sink
current, since the pull-down transistor’s collector-emitter volt-
age exceeds it's VCE(sat) and the base drive current is rela-
tively constant.

The 'LS26 with a 1.5KQ pull-up was used to drive a
MTP3055E as in Figure 7. Oscilloscope waveforms are shown
in Figure 8, and the switching times are summarized in Table 2.

This configuration provides minimum rise and fall times;
however, fall times will vary greatly, since the 'LS26's sink
current will vary with temperature and from device to device. A
series gate resistor can be used to slow and control turn off.
Switching times can again be calculated using Equations 2
through 5. For large gate resistors you may use the following
approximatiens: Heff(cn)=Fip+Hg, Vscurce:Vp, Reﬁ(oﬂ):ﬁg,
and Vgink=0.5 volts. Switching times for several gate resistors
are summarized in Table 2.

Table 2. Switching Times for the 74L526

Driving an MTP3055E
Ip =6 Amps Only one gate used
Ve Ra Rp | td(on) | trise | td(off) | tan
{Volts) o)) ) (ns) (ns) (ns) (ns)

12 0 1500 200 850 240 175
15 0 1800 200 750 300 175

12 1500 1500 450 2000 1300 | 1450
12 3000 3000 930 3900 2500 | 2900
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Figure 7. Low Power Schottky Interface Circuit

DIRECT INTERFACE TO LOGIC LEVEL
POWER MOSFETs

Logic level Power MOSFETs are designed to be easily inter-
faced to 5 volt logic devices. They have a larger transconduc-
tance and a lower threshold voltage than their conventional
counterparts. More importantly, RpS(on) is specified at
Vgs=5 volts. Unfortunately most 5 volt logic families do not
have 5 volt high output (V(OH) capability. Fast Schottky (FAST}
and Low power Schottky (LS} logic have a minimum rated
VoH of 2.7 volts. This means thata pull-up resistor to 5 volts is
required to drive Logic Level Power MOSFETs. High speed
CMOS (HC) has a VOH rating of 4.95 volts, and therefore does
not need a pull-up resistor.

Figure 9 shows the output stages of HC and LS logic de-
vices. The HC output stage in Figure 9a is identical to the
standard CMOS output stage, except that the complementary
MOSFETs have been optimized for 5 volt operation. Most HC
cdevices are buffered by additional compiementary stages. The
LS output stage in Figure 9b uses a totem pole output. The
pull-down transistor is biased on by about 500 uA and has a
current gain of about 60. This means it can sink a maximum of
30 mA. The 110 Q resistor limits the pull-up transistor’s sink
current to about 30 mA when the output is shorted.

Figure 10 shows how to interface HC, LS, and FAST logicto
Logic Level Power MOSFETs. Note the input termination and
protection circuitry. This is necessary to drive the logic devices
with a pulse generator. Itis bestto drive the Logic Level Power
MOSFET driver with a device from the same logic family.
When connecting an HC (or any CMOS) device to a off board
connectar, the diodes should be used for ESD protection.

Figure 11 shows the switching waveforms for the three logic
families driving a Logic Level Power MOSFET using the
circuits in Figure 10. The measured switching times are in
Table 3.

VDS

V&s

Table 3. Switching Times for Logic Devices Driving a

Vps Logic Level MTP3055EL
Ip = 6 Amps unless noted. One gate used unless noted.

Rp | td(on) | trise | td(off) | trail
TURN-OFF Driver (s)] {ns) (ns) | (ns) | (ns) | Comment

- 6.8 Wavef ‘ 74LS26 74HC04 25 120 85 75

igure 8. Scope Waveforms for a 2
Driving an MTP3055E 741504 | 560 45 450 | 120 130
T Ve = 5 Volts, Vp = 12 Volts, Rp = 1.5KQ 74F04 | 220 | 15 | 170 | 18 21
( . 74HCO4 10 65 30 30 2 gates

74HC04 10 125 35 45 12A 50°C

I
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Figure 8. Logic OQutput Stages

A 74HCO04 hex inverter can be connected directly to a Logic
Level Power MOSFET. The switching times can be calculated
the same way as the CMOS inverter buffer. The "HC04 will
source and sink about 50 mA with a 5 voit supply.

The HC family has an operating supply range of 2 to 6 volts.
AnHC device will drive the Logic Level Power MOSFETs gate
towithin 50 mV of Vpp. However, ifthe Vpp supply falls below
5 volts the switching times and Rgs(on) will increase dramati-
cally. A 10% reduction in Vpp (to 4.5 volts) will increase the
rise time by about 50% and fall time roughly 15%. Rpgon) wilt
increase from 10 to 100% or more depending on the drain
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current and junction temperature. If low voltage cperation is a
real possibility you should choose the Logic Level Power
MOSFET and heatsink te handle this worst case condition.
Examine the curves for “On-region Characteristics”, “RDS(on)
versus Ip”, and “Rpg(on) versus Temperature™ in the manu-
facturers’ data sheet. You may need to use a device with 2
current rating much larger than your expected [cad current to
attain the desired ﬂDS(on) under low supply conditions.
Manufactures are now deveioping 4 voit logic level power
MOSFETs with Rpg(on) rated at 4 volts. These devices may
be easily interfaced to HC logic devices and operated down to
4 volts. However, the lower threshold voitage makes them
more susceptible to noise and increases leakage currents.

The 74L804 in Figure 10 must have a pull-up resistor to
5 volts. Aminimum pull-up resistor of 560 Q will guarantee the
logic device's output low voltage, Vo, of 0.5 volts. During turn
on, gate drive current is supplied by the puli-up resistor and the
'LS04's internal pull-up transistor. During turn off the 'LS04
must sink both the gate drive current and the pull-up resistor
current. A larger Ry will increase turn on time and decrease
turn off time. A smaller Rp would increase the Vo of the
'LS04, increasing the power MOSFET's leakage current. The
lower threshold voltage of logic level power MOSFETs makes
the VoL rating critical. The threshold voitage of a power
MOSFET decreases as temperature increases. Therefore,
the VoL of the logic device must be less than the logic ievel
power MOSFET's threshold voltage VG s(th) at its maximum
expected junction temperature. For this reason 4 voit logic
level power MOSFETs may be incompatible with TTL logic
devices.

Switching times can again be estimated by using the
Thevenin equivalents of the drive circuit with Equations 2
through 5. During turn on delay, current is supplied by the
Darlington pull-up transistor of the 74LS04, and the external
pull-up resistor. The Darlington is in saturation with a VCE(sat)
of about 1.5 Volts. The 74LS04's output current is then limited
by the internal 110 Q resistor. To calculate turn on delay time,
you may use Equation 4 with Vgource = Voo [1 .SRpI(Rp -
11003)] and Refi(on) = Rpl[110 Q. During rise time nearly all the
current is supplied by the pull-up resistor, since VGgp is usu-
ally above the Vo of the 'LS04. You may therefore use Equa-
tion 2 with Vgoyree = VCC and Reff(on) = Rp to estimate rise
time.

During turn off the pull-down transistor must sink both the
gate current and the pull-up resistor current, just like the open
collector 74L526 in Figure 7. To calculate turn off times, use
Vsink =VCC - IsinkRp and Reff(off) = Rg with Equations 3and
5. The pull-down transistor's maximum sink current, lgink, is
typically about 30 mA.

The 74LS family’s specified supply voltage (Vo) range is
from 4.75 to 5.25 voits. The rise time will vary greatly with
supply voltage while the fall time only varies by about 5%. The
rise time will vary from about +80% to —40% for Vo equals
4.75 and 5.25 volts respectively. This is due to supply voltage
affecting both the pull-up resistor current and the pull-up tran-
sistor current. Since the operating supply range of LS is less
than that of HC logic, RDS(on} il not vary as much, but must
be considered.

The FAST logic family can source and sink much more
currentthan the LS family. The 74F04 can source about 50 mA
and sink about 200 mA. A minimum pull-up resistor of 220 Q
will guarantee the logic device's output low voltage Vo of

AN1102
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Figure 10. Logic Level Power MOSFET
Interface Circuits

0.5 volts. A larger Rp will increase tum on time and decrease
turn offtime. The switching times canbe calculated asinthe LS
family. The 74F04 uses an internal 35 Q resistor to limit the
pull-up Darlington's output current, instead of the 110 Q resis-
tor. The same supply voltage considerations for LS family also
apply to the FAST family.

A series gate resistor may be used with any of the circuits in
Figure 10 to siow and control switching times. The switching
times for large gate resistors (greater than 200  for HC, SKQ
for LS, and 2K for FAST) can be estimated using Reff{on/off)
= Rqg with the Equations 2 through 5. When switching loads
even slightly inductive, the inductive kick-back during turn off
may cause the drain voltage to rise above the load supply.
Slowing down the turn off with a gate resistor will reduce this
voltage. If this voltage is large enough and sufficient energy is
present it may destroy the Power MOSFET. A new family of
rugged Power MOSFETs can handle considerable energy un-
der these conditions. You may also want to choose a large Rg
value in order to reduce Electromagnetic Interference (EMI).
When driving alamp, you may wantto use a very large resistor
to limit in-rush current. Long-term reliability of the logic device
will also be improved by using a gate resistor and/or a larger
pull-up resistor. The gate resistor dissipates most the gate
drive power losses, instead of the logic device, reducing stress
on the logic output devices. A larger puil-up resistor limits the
steady state on current in the pull-down transistors, thereby
decreasing their power dissipation. However, using a large
gate resistar will aiso increase the power MOSFET's suscepti-
bility to noise and dv/dt turn on.

Logic gates on the same chip may be paralleled to increase
switching speeds. The output current capability will increase in
proportion to the number of gates used. if no gate resistor is
used, the switching times will decrease in proportion 1o the
number of gates used. If a gate resistor is used it may be safely
decreased, in proportion to the number of gates, to decrease
switchingtimes. Paralleling logic gates will nctchange the total
logic package power dissipation, since the output current in-
creases and switching times decrease. When many gates are
used, switching times may decrease to the point where they
are limited by the stray inductance in the lead and in the
lay-out. Logic gates on different chips or from different families
should not be paraileled because the different propagation
delays may cause excessive shoot-through currents which
might damage the logic devices.

Spare gates left over from a digital circuit may be used to
drive a Logic Level power MOSFET. However, the large cur-
rents being used by the driver may cause large amounts of
noise on the supply rail. This noise may cause data errers in
the other gates on the same IC. Limiting the current with a large
gate resistor and carefully decoupling the iogic device will
reduce the power supply noise. Also the driving logic device
must be greunded at same point as the source of the power
MQSFET to avoid ground shift problems caused by the large
drain currents. If separate logic and analog grounds are used
they should be connected only at the source of the power
MOSFET.

Pay close attention to the power supply scheme. The gate of
a power MOSFET should never be left floating with voltage
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applied to the drain. When this happens the power MOSFET
may turn on and destroy itself if the current is not limited. If
separate supplies are used for the load and the logic IC, the
logic supply should be powered up first and powered down
last. If this is not possible, consider what happens to the logic
device output when power is removed. The pull-up resistors in
the LS and FAST circuits of Figure 10 will pull the power
MOSFET's gate dewn to Vo when it is low, turning the power
MOSFET off. The HC inverter's output, however, will be in a
high impedance state when the logic supply voltage is low,
allowing the power MOSFET’s gate to float. Alarge resistor to
the logic supply voltage or ground, or using a small signal
diode to clamp the output to below the logic supply voltage, will
solve this problem. Low logic supply voltage may also cause
power MOSFET failure due to insufficient gate drive. When a
power MOSFET fails the drain voltage will usually appear atit’s
gate, which may take out the entire logic circuit. A gate resistor
will also limit the current under this power MOSFET failure
condition.

INTERFACING TO A MICROPROCESSOR

Microprocessors can be easily interfaced to a Power
MOSFET. Any of the circuits in Figure 10 can be used as a
buffer between a microprocessor port and a Logic Level power
MOSFET. If you want to use a standard power MOSFET, you
will have to use the 'L.528 circuit in Figure 7 or a level shifter.
The MC14504B hex level shifter can be used to interface HC,
LS, or FAST to standard CMOS. This level shifter can be used
to drive the Power MOSFET directly or with a buffer like the
MC14049UB in Figure 5 to decrease switching times. The
MC14504B has selectable TTL/CMOS level inputs and stan-
dard CMOS outputs. It can source and sink a maximum of
about 20 mA using a 12 volt supply.

Be very careful when using bus drivers and latches which
have fri-state outputs, like the 74L5240-74HC240 and
74L8373-74HC373, to drive a power MOSFET. The LS
tri-state devices require a pull-up resistor to drive the power
MOQOSFET to 5 volts, and will therefore leave the power
MQOSFET on when the outputs are disabled. The HC devices
with tri-state outputs will let the gate float when the outputs are
disabled, possibly damaging the power MOSFET. Tri-state
devices can be used provided the output enable pin is tied true,
low for negative logic enable inputs. HC tri-state devices do not
require a pull-up resistor to drive a logic levei power MOSFET,
and may therefore be used with a pull-down resistor to ground.
Note that tri-state outputs should never be pulled above the
supply rail or below ground.

When simplicity is important, a single chip microcomputer
like the 68HC11 can be used to drive a power MOSFET di-
rectly. This microcomputer may be used to perform functions
like Pulse Width Modulation, complex motor speed control,
and controlling multiple power MOSFETs for bridge applica-
tions. When the microcomputer is used in the single chip
mode, any one of the 8 pins ot parallel output port B can be
used to drive a Logic Level power MOSFET. A large gate
series resistor should be used to minimize power dissipation
and noise on the chip. This means that switching times will be
fairly slow. This arrangement also exposes the microproces-
sor to possible harm from power MOSFET failure. Although all
the outputs of port B will be reset to zero on a Power-On Reset
(POR}. a pull down to ground shouid be used to ensure the
power MOSFET will be off during power down. In some appli-
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cations it may be necessary to initialize the power MOSFET
gate drive via software before power is suppiied to the power
MOSFET.

Port B may aiso be used in a strobed mode by using the
STRB signal from the control port D. The STRB signa!l will go
high after the data on port B is valid and may be usedtolatch or
enable a logic device driving a power MOSFET. This mode
may be useful when exact synchronization is desired between
the microprocessor controlled devices.

Wwhen used in the extended memory mode, ports B and C
are used for address and data busses. The 68HC24 port re-
placement unit will replace port B in a software transparent
fashion. Thus, a system can be developed using the 68HC11
with a 68HC24 and external memory, while the final product
will use only the 68HC11.

CONCLUSION

We have seen that standard Power MOSFETs can be inter-
faced directly to standard CMOS logic with very good perform-
ance, about 50 ns rise and fall times for the MC14049UB
driving a 12 Amp power MOSFET. Standard Power MOSFETs
may also be interfaced ta 5 volt logic using a special interface
device such as the 74L.5S26 open collector NAND gate or the
MC 145048 hex level shifter. The 74LS26 driving a 12 Amp
standard Power MOSFET gives turn on times of about 1 ps
and fastturn off times of less than 200 ng. Switching times may
be easily estimated using four simple equations and a series
resistor may be selected to give the desired rise and fall times.

Logic Level Power MOSFETS can be driven directly with HC
iogic, and by LS logic with the addition of a pull-up resistor.
Switching speeds using an HC device are very fast, less than
150 ns per gate when driving a 12 Amp power MOSFET. Using
an LS device, turn on speed is good, about 0.5 ps, and turn off
speed is excellent, less than 150 ns. Again, switching speeds
may be easily estimated and a series resistor may be selected
to give the desired performance.

Logic power supply variations are the mostimportant aspect
affecting Logic Level Power MOSFET performance. Power
supply sequencing and under-voitage protection is necessary
to ensure system integrity. Circuit lay-out and power supply
decoupling are also important at high speeds.

Finally a Logic Level Power MOSFET may be interfaced
directly to a dedicated microprocessor output part whenmicro-
processor control is desired.
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