SN75372
AL MOSFET DRIVER

D3004, JULY 1988

® Dual Circuits Capable of Driving High-
Capacitance Loads at High Speeds

Output Supply Voltage Range Up to 24 V
Low Standby Power Dissipation

description

The SN75372 is a dual NAND gate interface
circuit designed to drive power MOSFETs from
TTL inputs. It provides high current and voltage
levels necessary to drive large capacitive loads
at high speeds. The device operates from a
Veet of 5V and 8 Voc2 of up to 24 V.

The SN75372 is characterized for operation from
0°C to 70°C.
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1This symbal is in accordance with ANSI/IEEE Std 91-1984 and

|IEC Publication 617-12.
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SN75372
DUAL MOSFET DRIVER

absolute maximum ratings over operating free-air temperature range {(unless otherwise noted)

Supply voltage range of Vec1 (seeNote 1) . .. .. ... ... o -06Vto?7V
Supply voltage range of VCC2 - - - - oo ot -0.56Vto25V
INPULt VOIAgE . . . . . . e e 55V
Peak output current {tyy < 10 ms, duty cycle < 50%)}: Sink....................... 500 mA

Source . . ... 500 mA
Continuous total power dissipation . .. .. ........... ... ... ..... See Dissipation Rating Table
Operating free-air temperature range, TA . . . . . . v vttt e it e e e 0°C to 70°C
Storage temperature rANGE . . .. ... it e e e —-65°C to 150°C
Lead temperature 1,6 mm {1/16 inch) from case for 10seconds. .. .. ................. 260°C

NOTE 1: Voltage velues are with respect to network ground terminal,

DISSIPATION RATING TABLE

PACKAGE Ta = 286°C DERATING FACTOR Ta = 70°C
POWER RATING ABOVE Tp = 26°C POWER RATING
D 725 mwW 5.8 mW/°C 464 mW
P 1000 mW 8.0 mW/°C 640 mW

recommended operating conditions

MIN NOM MAX | UNIT
Supply voltage, VG 4.75 5 625
Supply voltage, Voc2 4.75 20 24
High-level input voltage, V|H 2
Low-level input voltage, V| 08
High-level output current, lgy -10 mA
Low-level output current, IgL 40 mA
Operating free-air temperature, TA 0 70

Texas Q‘
INSTRUMENTS

4-40 POST OFFICE BOX 855303 « DALLAS, TEXAB 75288



SN75372
DUAL MOSFET DRIVER

electrical characteristics over recommended ranges of VC 1. VCC2. and operating free-air temperature
{unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYpP! MAX uNIT
ViK Input clamp voltage Iy = —12mA -1.5 v
VOH High-level output voltage ViL = 08V, lon = ~50 A Vega-13 Veea 08 Vv
ViL = 0.8V, IoH = - 10mA Veez-2.5 Vogz-1.8
Vi =2V, oL = 10 mA 0.15 0.3
VoL Low-level output voltage Vg2 = 16V 1024V, Vg =2V, v
loL = 40 mA 025 05

Output clamp diod
VE P P diode Vi =0, If = 20 mA 150 v
forward voltage

Input current at maximum

W . Vi =558V 1 mA

input voltage
. . Any A 40

H High-level input current Ay £ V=24V 70 #A

e Low-levet input current ::z 2 V=04V :; :;2 mA

lecTH) Supply current from Ve, 2 4 mA
both outputs high Veer = 6.25 v, Veegz = 24V,

- Supply current from Ve, All inputs at O V, No load 05 mA
both outputs high

lccL Supply current from Ve, 16 24 mA
both outputs low Veer = .25 v, Veez = 24 Y,

lec2iL) Supply current from VcCg, All inputs at 5 V, No Joad 7 13 mA
both outputs low

lccas) Supply current from Vg, Veer = 0. Veez = 24 Y, 0.5 mA
standby condition All inputs at 6 V, No toad

TAll typical values are at Voey = 5V, Vog2 = 20V, and Tp = 25°C.

switching characteristics, Vccq1 = 5V, Vgc2 = 20V, Ta = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
tpLH Dslay time, low-to-high-leve! output 20 5 ns
1 Delay time, high-to-low-leve! output 10 20 ns
pHL 2eray Tme. e ove outer CL = 390 pF,
tyeH Transition time, low-to-high-level output fm < 100 20 30 ns
tTHL Transition time, high-to-low-level output SD ;i e 1 20 30 ns

ee
tpLH Propagation delay time, low-to-high-level output o 10 40 65 ns
tpHL Propagation delay time, high-to-low-level output 10 30 50 ns

{ip
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SN75372
DUAL MOSFET DRIVER

PARAMETER MEASUREMENT INFORMATION

210 ns—i—Pj [¢—b— 510 ns
b3 - 3v
5V 20V |' 90% 90% l
-—— npUT | P16V 1.5vi
INPUT erc1 Vcczﬁ‘ | \ ) |
| | 10%F 4———o05 w——p| 10% oV
PULSE 1 . | I
GENERATOR |—e D —tpHL b
{See Note A) 1 OUTPUT ' | W—tpLn9|
| cL LA | | W
L GND T (See Note B) = rHL ot | Vou
24V I - Veez-3V lDLH—h—D: R recz-3 Vv
il |
TEST CIRCUIT outeUY !
2V
————VoL

VOLTAGE WAVEFORMS

NOTES: A. The pulse generator has the following characteristics: PRR = 1 MHz, Zgyp = 50 11
8. C includes probe and jig capacitance.

FIGURE 1. SWITCHING TIMES, EACH DRIVER

TYPICAL CHARACTERISTICS

HIGH-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
vs Vs
QUTPUT CURRENT OUTPUT CURRENT
vce2 T 0.5 T
Veer =6V Veer1 =5V

>| vee2 = 20V > Vgez = 20V
é Vecz-05 Vi =08V éo.‘z -Vi= 2V P
s 0 Hﬂm ‘ s Ta = 70% 4/

veez-1. o r >
§ l Ta Z?xnc | 503
g Hrp = 70°c| £ /f 0oc

vecz-1.6 Ht [} A=
®
-
£ Veea-20 X -;
: LT Ny 2
= Ta = 0°C Ny
T I Lo
o Vccz-25 o
> >

vcea-3.0 0

-0.01 -0.1 -1 -10 -100 0 20 40 60 80 100
IoH — High-Level Output Current—mA loL —Low-Level Output Current—mA
FIGURE 2 FIGURE 3

)
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SN75372
DUAL MOSFET DRIVER

TYPICAL CHARACTERISTICS

POWER DISSIPATION (BOTH DRIVERS)
A4

POST OFFICE BOX 656303 « DALLAS, TEXAS 75285

VOLTAGE TRANSFER CHARACTERISTICS FREQUENCY
24 . 1200 —T T T 7
Veecr1 =5V Veer =5V !
vVeez = 20V Vgcez = 20V !
20 No load 1000 - INPUT: 3 V Square wave 7
> Ta = 25°C 50% duty cycle) / /
I 2 Ta = 26°C / y
16 € 8OO 1+ 4
\ ] ] ] CL = 800 pF—_ |/ A 1T
S g o /
é 1 CL = 2000 pFHHN Q /
- ) | 1
<] a CL = 4000 pF{ %
| 8 | 400 A
o iy x | W
> //’ /:/’
< s
4 200 o ]
-
CL = 400 pF
0 o bE=—== Allowable in P b only
0 0.5 1 1.5 2 25 10 20 40 100 200 400 1000
Vi—Input Voltage—V f—Frequency —kHz
FIGURE 4 FIGURE 5
PROPAGATION DELAY TIME, PROPAGATION DELAY TIME,
LOW-TO-HIGH-LEVEL OUTPUT HIGH-TO-LOW-LEVEL OUTPUT
vs vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
200 200 T T
Vec1 =5V
180 CL = 4000 pF 180 -Vgce2 = 20 V
. : Rp = 100
2 180 ® 180 |
|§ i Vee1 =5V E z See Figure 1 Ci = 4000 pf
:.3140 FVecz = 20V 5:140
s 35 Rp = 100 ® g
‘So1zo~s e 1 88 120
-E 6o Figure CL = 2000 pF g _g
€8s 100 K 100 CL - 2090 pF
g% 80 [ €2 g T
£ CL - 1000 pF g 3 C - 10(110 oF
| & 60 =1 T2 eo =
T3 CL = 200 pF— - 2 £ CL = 200 pF
g3 40 -\-' Q ; 39‘1’ of EF o= e CL = 390 pF
20 — 20 3 —
0 CL - 50‘pF o CL = 50 pF
0 10 20 30 40 50 60 70 80 0 10 20 30 40 B0 60 70 80
Ta—Free-Air Tomperature — °C Ta—Free-Air Temperature — °C
FIGURE 6 FIGURE 7
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SN75372
DUAL MOSFET DRIVER

tpLH —Propagation Delay Time,

tpLH— Propagation Delay Time,

Low-to-High-Level OQutput—ns

Low-to-High-Level Output—ns
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TYPICAL CHARACTERISTICS

PROPAGATION DELAY TIME,
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Vs
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FRp = 10 Q

| Ta = 26°C
See Figure 1
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NOTE: For Rp = O, operation with CL > 2000 pF violates absolute maximum current rating.
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SN75372
DUAL MOSFET DRIVER

APPLICATIONS INFORMATION
driving power MOSFETs

The drive requirements of power MOSFETs are much lower than comparable bipolar power transistors.
The input impedance of a FET consists of a reverse biased PN junction that can be described as a large
capacitance in parallel with a very high resistance. For this reason, the commonly used open-coliector driver
with a pull-up resistor is not satisfactory for high-speed applications. In Figure 12(a), an IRF151 power
MOSFET switching an inductive load is driven by an open-collector transistor driver with a 470-Q pull-up
resistor. The input capacitance (Cjgg) specification for an IRF151 is 4000 pF maximum. The resulting long
turn-on time due to the combination of Cigg and the pull-up resistor is shown in Figure 12(b}.
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FIGURE 12. POWER MOSFET DRIVE USING SN75447
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SN75372
DUAL MOSFET DRIVER

APPLICATIONS INFORMATION

A faster, more efficient drive circuit uses an active pull-up as well as an active pull-down output
configuration, referred to as a totem-pole output. The SN75372 driver provides the high speed, totem-

pole drive desired in an application of this type, see Figure 13(a). The resulting faster switching speeds
are shown in Figure 13(b}.

a8 v
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@ lis) k)
3¢ 7 Do_l S 3
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{ TLCSE5P . IRF161 ¢
3 6} (s} % SN76372 3
= s 1
21 [im !
3 Z % o5 1 15 2 25 3
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f‘E_:'::—J\ Time —us

b
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FIGURE 13. POWER MOSFET DRIVE USING SN75372

Power MOSFET drivers must be capable of supplying high peak currents to achieve fast switching speeds
as shown by the equation

| _vC
pk = —
tr

where C is the capacitive load, and t, is the desired rise time. V is the voltage that the capacitance is
charged to. In the circuit shown in Figure 13(a}, V is found by the equation

V = VOH - VoL

Peak current required to maintain a rise time of 100 ns in the circuit of Figure 13{a) is

_ (3-014(10-9)

{
PK 100(10-9)

= 120 mA

Circuit capacitance can be ignored because it is very small compared to the input capacitance of the IRF151.
With a Vcc of 6 V, and assuming worst-cast conditions, the gate drive voltage is 3 V.

For applications in which the full voltage of VC2 must be supplied to the MOSFET gate, the SN75374
QUAD MOSFET driver should be used.

Texas {!f
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SN75372
DUAL MOSFET DRIVER

THERMAL INFORMATION

power dissipation precautions

Significant power may be dissipated in the SN75372 driver when charging and discharging high-capacitance
loads over a wide voltage range at high frequencies. Figure 5 shows the power dissipated in a typical
SN75372 as a function of load capacitance and frequency. Average power dissipated by this driver is
derived from the equation

PT(AV) = PDC(AV) + PC(AV) + PS(AV)

where PDC(AV) is the steady-state power dissipation with the output high or low, PC(AYV) is the power
leve! during charging or discharging of the load capacitance, and Pg(Av) is the power dissipation during
switching between the low and high levels. None of these include energy transferred to the load and all
are averaged over a full cycle.

The power components per driver channel are

PHtH +PLtL HL—H— -t

Pociav) = T

l i
f——ty—>

PLHILH + PHLtHL M- |
PSAV) = ————— T - 1 ———

T
FIGURE 14. OUTPUT VOLTAGE WAVEFORM

2 i

Pciav) = C Ve f |
|

|

where the times are as defined in Figure 14.

PL. PH. PLH. and PHy_ are the respective instantaneous levels of power dissipation, C is the load capacitance.
V¢ is the voltage across the load capacitance during the charge cycle shown by the equation

Vc = VOH - VoL

Pg(av) may be ignored for power calculations at low frequencies.

TeExas Qf
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SN75372
DUAL MOSFET DRIVER

THERMAL INFORMATION

In the following power calculation, both channels are operating under identical conditions:

VOH = 19.2 Vand VgL = 0.16 V with Vg1 =5V, Veg2 = 20V, Ve = 19.05 V, C = 1000 pF,
and the duty cycle = 60%. At 0.5 MHz, Pg(Av) is negligible and can be ignored. When the output voltage
is high, Icc2 is negligible and can be ignored.

On a per-channel basis using data sheet values

2 mA

POCIAV) = [45 v»( . ) +120 V) (O%A)] 0.6) + [(5 V)(‘Gz'“A) +(20V) (%”(0.4)

PDC(AV = 47 mW per channel
Power during the charging time of the load capacitance is

PC(AV) = {1000 pF) (19.05 V)2 (0.6 MHz) = 182 mW par channel
Total power for each driver is

PT(AV) = 47 mW + 182 mW = 229 mW
and total package power is

PT(AV) = (229) (2) = 458 mW.
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