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Avyce CP
ay 1992 High Current MOSFET Driver
Features Description
e FastFall TImes.........coineennn. 16ns at 10,000pF The HV40Q is a singie monolithic, non-inverting high current
driver dasigned to drive large capacitive locads at high slew
* No Supply Current In Quiescent State rates. The device is optimized for driving single or parailel
* PeakSource Curment .. ......coivenemennnnnnnnn 6A connected N-channel power MOSFETs with total gate
charge from 5nC to >1000nC. It features two output stages
* Peak Sink Current ...l 30A pinned out separately allowing independant control of the
+ High Frequency Operation ................. 300kHz MOSFET gate rise and fall times. The current sourcing out-
put stage is an NPN capable of 6A. An SCR provides over
A pp lications 30A of current sinking. The HV400 achieves rise and fail

*+ Switch Mode Power Supplles -
» DC/DC Convertars
* Motor Controllers

* Uninterruptible Power Supplles

Ordering Information

PART TEMPERATURE

NUMBER RANGE PACKAGE
HV400CP — — | —0°Ct0+75°C | 8 Pin Plastic Mini-DIP
HV400CB | 0°Cto+75°C | 8 Pin Plastic SOIC
HV400IP -40°C to +85°C | 8 Pin Plastic Mini-DIP
Hv40018 ~40°C to +85°C | 8 Pin Plastic SOIC
HV400MU/883* | -55°C to +125°C | 8 Pin CarDIP

| HvaooY +25°C DICE

)

Contact Harris for availability date.

Special features are included in this part to provide a simple,

times of S4ns and 168ns respectively driving a 10,000pF load.

high speed gate drive circuit for power MOSFETs. The
HV400 requires no quiescent supply current, however, the
input current is approximately 15mA while in the high state.
With the internal current steering diodes (pin 7) and an
external capacitor, both the timing and MOSFET gate power
come from the same pulse transformer; no special external
supply is required for high side switches. No high voitage
diode is required to charge the bootstrap capacitor.

The HV400 in combination with the MOSFET and pulse
transformer makes an isolated power switch building block
for applications such as high side switches, secondary side
regulation and synchronous rectification. The HV400 is aiso
suitable for driving IGBTs, MCTs, BJTs and small GTOs.

The HV400 is a type of buffer; it does not have input logic
level switching threshold voltages. This single stage design
achieves propagation delays of 20ns. The output NPN
begins to source current when the voltage on pin 2 is
approximately 2V more positive than the voltage at pin 8.

The output SCR switches on when the input pin 2 voitage is
1V more negative than the voitage at pins 3/6. Due to the
use of the SCR for current sinking, onca the output switches
low, the input must not go high again until all the intemal
SCR charge has dissipated, 0.5us - 1.5us later.

Pinout Schematic
HV400 (PLASTIC MINL-DIP AND SOIC) PIN 1
TOP VIEW l/T %
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Specifications HV400

Absolute Maximum Ratings

Voltage Between Pin1 and Pin 4/5
input Voltage Pin 7 (MAX) 0o vvevamarnmn e

Input Voitage Pin 7 (Min)

input Voitage Pin 2 10 PINA/S. . e

input Voltage Pin 2 to Pin 6

Maximum Clamp Current (Pin 4 PPN =

Maximum Junction Temperature. ... .....«--
Storage Temperature Range ........-- e

CAUTION: Stressas above those listed in “Absolute Maximum Ratings” may causé permanent damage 1o the device. This is a stress only rating and operaton

of the devics at these or any other conditions above those indicated in the cpera

35V

Thermal ResiStance. .. ....ooo vverevess 8; 8ic
93.85CW  31.5CW

=10} 1 - I

SOIC ot vvevieraamammmm s 157.1°C/W 42.8°C/W
Power Dissipation at Tx = 425%C . e 1.33W Mini-DIP
Power Dissipation at Ty = 4D80C . e 0.8w SOIC
Oparating Temperatura Range

HVAOOCP/CB. o v oveeevecenmeeemoe 0°C < T, < +70°C

HVAOOIP/IB oo cvvveanmennams e -40°C < Ty < +85°C

tional sections of this specification is not imphed.

DC Electrical Specifications  Vsypewy = 15V

' LIMITS
PARAMETERS SYMBOL CONDITIONS TEMPERATURE | MIN \ TYP \ MAX | UNITS
INPUT (PIN 2)

- Finput High Ditterential Voltage—{——Viw—— Nour=0V, loyrHi=10mA | +25°C 06 |17 |28 | V
(Pin2-Pin §) S ~ Full o5 T e ——v—
Input Low Differential Voltage Vi Vour = 12V, loyr LO =-3mA +25°C -1.1 0.9 -0.8 v
(Pin 2 - Pin /6) : Full 126 . 065 | V
input High Currert I Ve 1.2 = 30V, ! source =0 +25°C 15 18 20 mA

Full 15 22 mA
input High Current Peak e | sounce = 6A, 1ps pulse, +25°C 700 mA
Vi = 9V, Vour =0V
Input Low Current " Vpn 2 = -30V +25°C -80 -50 pA
- Full -120 A
SOURCE OUTPUT (PIN 8) o T
High Output Voltage Vou Vi = +V, loy = 150mA +25°C | 2 [Trze [ 184 v
o Full 12.0 135 |V
Peak Output Current lops Vin = 9V, 1us Pulse, +25°C 6" A
Vour = OV
Output Low Leakage lov Vour =0V, Vin =0V -425°C - 0 10 50 | - pA -
' Full 55 pA
SINK OUTPUT (PIN 3/6)
Low Output Vottage VoL Vi = OV, loyt = -150mA +25°C 0.8 0.89 1.0- v
Full 0.8 1.05 v
Peak Output Current lope | Vin = OV, Sus Pulse, ~~ +25°C --30 A
Vour = 4V - ~
Output High Leakage lom Vi = 15V +25°C 0 0.3 2 pA
Full 0 13,5 pA
DIODES D1 AND D7 (PIN7)
Forward Voltage Ve Ip = 100mMA +25°C 0.9 1.03
Futl 0.8
Reverse Leakage Current lg  {Vg=30V ) +25°C 0 a1
" . R T N T i B
Diode (Pin 7) Stored Charge Qrr Ip = 100mMA +25°C 8.5

NOTE. Limits are 100% tested at ~25°C; limits over the Toll (efperature range are guaranteed but not tested—




Specifications HV400

Pin Descriptions

SYMBOL

DESCRIPTION

DC INPUT PARAMETERS

Vin The differential voltage between the input (Pin 2) to the ocutput (Pin 8) raquired to sourca 10mA
ViL The differential voitage betwseen the input (Pin 2) to the output (Pins 3, 6) required to sink 3mA
" The current required to maintain the input (Pin 2) high with lgyr = 0A

hup The input (Pin 2) current for a given puised output current

he The current require to maintain the input (Pin 2) low

DC QUTPUT PARAMETERS

Vou The output (Pin 8) voltage with input (Pn2)=V+ .. . _ o

lope The puised peak source current form output (Pin 8)

lov The output (Pin 8) leakage current with the input (Pin 2) = Ground

Vou The output (Pins 3, 6) voitage with the input (Pin 2) = Ground

lops The puised peak sink current into output (Pins 3, 6)

lown The output (Pins 3, 6) leakage current with the input (Pin 2) = V+

Ve The forward voltage of diode D1 or D7

. _| The reversefgakage current of diode D1 or D7

" Qga = The time integral of the reverse current at tum off

) XC PARAIGETERS ?See Switching Time Specifications)

Ta The low to high transition of the cutput

Te The high to low transition of the output

Tor The output propagation delay from the input (Pin 2) rising edge

Tor The output propagation delay from the input (Pin 2) falling edge

Tor The minimum time required aftar an output high to low transiticn before the next input low to high transition




Specifications HvV400

Switching Time Specifications Vs =15V
LIMITS
PARAMETERS SYMBOL CONDITIONS TEMPERATURE MIN TYP MAX UNITS
Rise Time Tr See Switching Test Circuit Full 50 66 ns
Fall Time Te See Switching Test Circuit Full 15 24 ns
Detay Time (Lo to HI) Tor See Switching Test Circuit Full 20 25 ns
Delay Time (Hi to Lo) Toe Ses Switching Test Circuit Full 17 28 ns
Minimum Oft Time Tor See Switching Test Circuit Fult 900 1500 ns
NOTES:
1. Switching times are guararteed but not tested
2. Typical values are for +25°C
- Switching Diagram and Test Circuit
N g0 )
INPUT \
10% 10%
ov
Tor | Tm Tor ‘ T
Vout
90% Tor
OUTPUT 0%
10% 10% >
1NS14 r
2
T N E
GND -~ :
INPUT :
500 SOURCE :
(RISE & FALL TIMES <10ns) |
o o
{7 L S
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HV400

HV400 Switching Test Circuit

1 m

Parts List

R1 100, W Caroon Resistor

R2 Wire

AL 100K, 1/8W Carbon Resistor

C1 330ufF, 5QV Capacitor

C2 1uF, 5QV Capacitor

C, 0.01uF, 50V Chip Capacitor

D1 1N914 Dicds

J1, J2 PC Mount Banana Jack Johnson 108-0740-001

PULSE
ouT

J3, J4 PC Mount SMA Connector Johnson EFJ142
U1 Harris HV400 I.C.

"

4.2 "
a
—2 HY400
y  QUT
HY4QQ AC TEST BQARD ;

. w —

L



HV400

Application Information

Circuit Operation

The HV400's operation is easily explained oy referring to the
schematic. The contral signal is appiied to pin 2. If the
control signal is about 2V above pin 8, the output NPN Q1
turns on charging the MOSFET gate from a capacitor
connected 1o pin 1. Resistor R4 helps keep the SCR off by
applying a reverse bias to the SCR ancde gate.

When the control input drops about 1V below pin 3/6, PNP
Q2 turns on which triggers the SCR by driving both the
anode and cathode gates. The SCR discharges the
MOSFET gate and when its current becomes less than
10mA, it turns off. Transistor Q2 conducts any gate leakage
currents, through resistors R1 and R2, once the SCR turns
off. Figure 7 shows the output characteristics before the

resistor R4 provides a path to remove Q1 base charge.
Resistor R3 provides the base current for Q2 to reduce the
turn off delay time. Resistors R1 and R2 reduce the SCR
recovery time. :

The two diodes connected to the diode input pin 7 provide
some operation flexibility. With pins 2 and 7 connected
together, diode D1 provides a path 1o recharge the storage
capacitor once the MOSFET gate is pulled high and, along
with diodes D2 and D3, keeps Q1 from going into hard
saturation which would increase delay times. Diode D7
would clamp the input near ground and provide a current
path if an input DC blocking capacitor is used.

Alternatively, pin 7 can be connected to' pin 6 so that the
SCR and NPN Q1 don't have to pass reverse current if the
autput “rings” above the supply or below ground. When high
performance diodes -are required, pin 7 can be left
disconnected and external dicdes substituted.

The diodes in series with pin 2 decouple the input from the
output during negative going transitions. The absence of
input current turns off Q1 and-dllows Q2 to trigger the SCR.
Diode D8 turns off Q2 once the SCR turns on pulling the out-
put low, otherwise Q2 would saturate and stow down circuit
operation. In addition, the diodes D2, D3 and D8 impraove
noise immunity by adding about 2.5V of input hysteresis.

‘The HVA400 is capable of large output currents but only for
brief duraticns due to power dissipation.

Circuit Board Layout

PC board layout is very important. Pins 3 and 6 should be
connected together as should pins 4 and 5. Otherwise the
internal interconnect impedance is doubled and only half of
the bond wires are used which would degrade the reiiability.

of the MOSFET and should be connected between pins 1

Any long PC traces (parasitic inductances) between the
MOSFET gate and pins 8 or 3/6 or between the source and

- . SCRturns-oa-and after it turns aoff. When the SCR turns on, _

__and_4/5 with. minimum.lead lengths and spacings. Likewise,

pins 4/5 snoulcd o zvoiced. Inductance between tne HV400
and the MOSFET limit the MOSFET switching time. If they
are too large. ine HV400 may operate grratically as
discussed below.

Cross Conduction Faults

It is possicle to have doth Q1 and the SCR on at the same
time resulting in very large cross conduction currants. The
SCR has larger current capacity so the output goes low and
the storage capacitor is discharged. The conditions that
cause cross cancuction and precautions are discussed
below.

Minimum Off Time

The SCR requires a racovery time before voltage can be
reapplied without it switching back on. Figure 13 shows how
this SCR recovery time, called “minimum off time” (Tor). is @

_tunction_of the lcad capacitance. If_the_input voltage goes

high before this recovery time- is-complete,—the-SCR-will
switch back on.

Note that reverse current flowing through the SCR, for
example due to load inductance ringing, extends the
minimum off time. Since the minimum off time is really
dependent upon how much stored charge remains in the
SCR when the anode (pin &/8) is taken positive, it may vary
for different applications. Figure 13 indirectly shows that the
minimum off time increases with larger currents. It also
increases at elevated temperatures as shown in Figure 14.
Excessive ringing increases the minimum off time since the
stored charge doesn't begin to dissipate until the current
drops below 10mA for the last time. Rising anode voltage
acts on the internal SCR capacitance to generate its own
triggering current. The excess stored charge increéases this
capacitance. Faster risg times and/or higher vottages also-—|
increase the amount of internal trigger current from the inter-
nal capacitance so appiications with larger dV/ct require
longer minimum oft times.

The minimum cff time must be considered for all occur-
rences of SCR current. For example, in a half bridge switch
mode power supply, there are two MQSFET's connected 1o
the transformer primary. Assume that the high side MOSFET
switch is off. When the low side MOSFET switch is turned -
on, the HV40Q criving the high side MOSFET will have to
sink gate current from Cgy and will have to source gate
current when the low side MQSFET switches back off. Both
of these current puises will try to flow through pin 3/6 since
the pin 8 output is turmed oft. Sourcing current from pins 36
through the SCR is possible, the pin 3/6 voltage becoming
negative with respect to pins 4/5 (See Figure 8). But a better
practice would be to connect a Schottky diode between pins
4/5 (anode) and 3/6 (cathode) so reverse current does not
flow through the SCR. :

-—The- bootstrap capacitor shouid hold at least: 10x-the charge

False SCR Triggering
The SCR- may—be—triggereebinadvenenn%mn output-may

the output NPN (allowing it to saturate). Whenaver pin 6 is

__more positive than pin 2 by 1V, the SCR is triggered on. Alsg,

- the- HV400-shouid be- as-clese to-the-M ible. - = i i ivi
- : OSFET as possible overshoot fhe input die to inductive loading: or-over-driving—————




HV400

-acidly, greater than 0.5V/nS, the SCR be capable of dissipating the energy stored in the
= issues are resolved by minimizing the transformer. The load may be connected to either the power
. .nserting sufficient resistancs, usually MOSFET drain or source.
=en gin 8 and the load.

. V.
3 geoing input voltage can result in N

- apout 2.5us. If the output can not keep
-zut, the stored charge of diode D4 is
Jase of Q2. This excess charge in Q2 e
_ssipate. Otherwise, when pin 3/6 goes "g
2 on and trigger the SCR. An extarnal
tin 2, as shown in Figure 1, will prevent
1 into the base of Q2 but that will also
oitage by the forward voltage of that o

= HVv400 MOSFET

A . FIGURE 1. UNIPOLAR DRIVE
> connected to pin 7 are provided for

-2y not be suitable for large cuments. A dicde is added in series with pins 2 and 7. to allow the |
irt of the integrated circuit, they are transformer secondary to go negative. The charge storage-of—
zrate at high current densities, and have the pin 7 diode may cause the turn off delay time to be too
s. Figure 15 shows that their forward long. Alternatively, pin 7 could be left disconnected and a
2de above 100mA. In addition, Figure 16 second external diode connected between the transformer
-zcovery charge as a function of forward  (anode) and pin 1 (cathode). In some applications the diode
.ct of this charge, the applied reverse in series with pin 2 may be unnecessary but the -35V input
:uency is the additional power dissipation to output or ground maximum rating should be observed.
=or stored charge caicuiations, use the
:nt within J00ns of the application of
zition to the extra power dissipation, the
3 diodes may extend the switching delay

Sometimes the volt-second balance is achieved by a push-
pull drive on the pulse transformer primary. This is especially
useful if there are two secondary windings driving two
HV400's out of phase such as in a half-bridge configuration

- : Other times it is more convenient to achieve volt-second
balance by using capacitors to block DC in the primary and
. to drive the MOSFET is the product of secondary windings as shown in Figure 2. The pin 7 diodes™
:imes the gate supply voltage (maximum  provide a path for discharging the secondary side DC block-
gin 1, 2 or 7) times the frequency. ing capacitor. Both capacitors, Cyy and Cg, shouild be at
MIOSFET gate resistance is negligible, least 10 times the equivalent MOSFET gate capacitance.
-ated within the HV400. If resistors are
HV400 and the MOSFET, then some of
cated in the resistors, the percentage
2 ratio of resistors to HV400 output

‘n Calculations

The HV400 can be used as a current booster for low side
switches by connecting directly to the PWM output. The
circuit would be similar to the switching time test circuit.

It is worth restating that some consideration (and experimen-
tation) should be given to the choice of external components,
i.e. resistors, capacitors and diodes, to optimize
performance in a given application.

~er sources of power dissipation to
;15 the power in R3 which is the product
“2nt and voltage (with no output current)
Second is the product of the pin 7 diode STy
- is dependent upon the forward current, —€
.ce reverse voltage times the frequency. Cin
zailable from figures 3 and 16 in this . o
T1

c2uits

.gneda tc interface a pulse transformer to
“~ers must be scme means to balance
-second procduct over a cycle. The
* .0 Figure 1 lets the core magnetization
"2 crimary anc seccndary voltages. The
“mary sice limits inis voltage and must  FIGURE 2. SIPCLAR DORIVE WITH DC BLOCKING CAPACITOR

HV400
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Typical Performance CUrves T, = +25°C Uniess Otherwisa Specified (Cantinued)

-
-
-1"
37
3
—
+10Q o
— ’ b
5. Py
az 1 -
z +
- ) S NS | 3N S B =l B " .
0  2me aun 2o o0 M SN BN 0 40 SUR 4 p—p—
-
-+ .
- +10 -
s
[y
2 V-
Qo <+
Q -
-
-

50ns/div

FIGURES. LOWTO HIGH TRANSIENT RESPONSE WAVEFORMS
(Cy = 10nF)

3
TV

—
4
T

+10 <+
b o L ol
2s : *
£ \WE:
P P . UL B
o W
o \ L od
D,-.. -
== \ pe
32 =T} P
3 o = + PN Ot
SOns/div
FIGURE 11. HIGH TO LOW TRANSIENT RESPONSE WAVEFORMS
(C = 10nF) e
1.3
”
‘n
1.2
T 7
=
2 o
=
= /
£ 10 /
3 \ v/
= |
z a9
=
a.8
0.7
1 10 100

CAPACITIVE LOAD (nF)

FIGURE 13. MINIMUM OFF TIME (Tgg) vs C_ AT +25°C

500
-
£
ue
3 100
-
-
-
<
.
C 4
us
@
= FALL TIME
10 —b
_—-—-—‘—-12v
ee——— —
5 T 20V — 15V, T
10 100

N ] ]
FIGURE 10. RISE & FALL TIMES vs C(V+ = 12V, 15V, 20V)

70

60 /

50

w | A /
|

30

e
20 | OB

- 1 - S S —
10 Te T

[}

RISE, FALL & DELAY TIME (ns)

r
- Tor

-490 -20 [} +25 +55 +85
TEMPERATURE (°C)

FIGURE 12. RISE, FALL & DELAY TIMES vs TEMPERATURE

w 2.0 ! 1;
=
i Tor (T°C)
"5 Tor (+ZS°C) /
21s >
=
Z K
= N
Q
w
N 1.0
P
= |
S u/
=

Q.5

-53 o] +25 +50 +100 +150

JUNCTION TEMPERATURE (°C)

FIGURE 14. NORMALIZED MINIMUM CFF TIME (Tog) vs TEMPER-
ATURE (C, = 10nF)




HV400

Typical Performance Curves
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- +25°C Unless Otherwise Specified (Continued)
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Metallization Topology

DIE DIMENSIONS: GLASSIVATION:
66.9 x 71.65 x 19 mils Type: Silcx
(1700 x 1820 x 483um) Thickness: 12kA = 2kA
. Type: Nitride
METALLIZATION: Thickness: 3.5kA £ 2.5kA
Typa: Aluminum
Thickness: 16kA £ 2kA TRANSISTOR COUNT: 3
SUBSTRATE POTENTIAL (POWERED UP): PROCESS: HFSB Linear Dielectric Isolation
Unbiased

Metallization Mask Layout

V+ (1)

INPUT (2)

SINK QUTPUT (3)

GROUND (4)

Hv400Y

o W o
[S ] [Sh=]
Ca T a
35 a5
0 o ©w o
o o
= pA

(7) DIODES

(6) SINK OUTPUT

(5) GROUND

NOTE: Pin Numbers Correspond to Mini-DIP and SOIC Packages Only.




HV400

Packaging
8 PIN PLASTIC MINIDIP

008
| 015 o
016 __H i — 15
e ||
870+ « ADD .03 INCHES TG O
FOR SOLDER DIPPED LEADS
8 PIN PLASTIC SOIC
I R — 8 LD ONLY ~ EECTOR PN
58 8,8
1 ! ol I
075
.079

0138 PEEY
o182 '——T‘f—’_""_‘_“‘{"’"‘ o // N
) [l . 061 ! .
- s inn o San iy SR S \ . ]

PLANE SEE DETAIL A

PARTING UINZ /—@
.06
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Harris Semiconductor products are sold by descriptian only. Harris Semiconductor resarves tha right to make changes in circuit design and/or specifications at
any time without notica. Accordingly, tha reader is cautioned to verify that data sheets ars currsnt befora placing orders. Information fumished by Harmis is
believed to be accurate and reliabis. However, no responsibility is assumed by Harris or its subsidiaries for its usa; nor for any infringements of patsnts or other
rights of third parties which may resutt from its use. No licenss is granted by implication or otherwisa undar any patent or patent rights of Harris or jts subsidianies.
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