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ABSTRACT '

This thesis describe a designing of PWM ( Pulse Width Modulation ) to control dc servo
motor. PWM motor drive consist of pulse width modulator , IR 2110 ( PWM amplifiler driver ) , and
PWM amplifier. Operatipr; of, PWM motor drive when PWM generated puise width by comand the
signal from PWM will be send to IR 2110. IR 2110 is a high voltage high speed mos-gate power
device driver. DC servo motor can operting by switching four power mos-fets. Speed. and direction of

servo motor can control by positive signal and negative signal . In this thesis we simulated command

signal +5v to control speed and direction of servo motor.
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National
Semiconductor

LM139/LM239/LM339/LM139A/LM239A/LM339A/ |
LM2901/LM3302 Low Power Low Offset Voltage
Quad Comparators

! General Description -

The LM139 series consists of four independert precision M .Eliminates need for dual supplies,
‘voitage comparators with an offset.voltage specification.as = M. Allows sensing near.GND. .. .-

lo as 2 mV max for all four comparators. These were de-  m Compatible with all forms of logic

signed specifically to operate from a single power supply  w power drain suitable for battery operation
over a wide range of voltages. Operation from split power

supplies is also possible and the low power supply current

drain is independent of the magnitude of the power supply Features

voltage. These comparators also have a unique characteris- ® Wide single supply. voltage range of dual supplies

tic in‘that the input Common-mode- voitage-range-includes- .. --M139 sedes, . N 2 VoG to 36 Vo or

ground, even though operated from a single power supply LM139A series, LM2901 +1 Vpe.lo £18 Vpe

voltage. : LM3302 2 Vpg to 28 Vpg

Application areas include limit comparators, simple analog \ =1Vpgte 14 Vg

to digital converters; pulss, squarewave and time delay gen- ¥ Very low supply current drain (0.8 mA} — Independent

erators; wide range VCO: MOS clock timers; multivibrators of supply voltage

and high voltage digital logic gates. The LM139 series was. ® Low input biasing current _ . 25nA

designed to directly interface with TTL and CMOS. When  m Low input offset current +50A|
operated from both plus and minus power supplies, they will and offset voltage +3mVv’

directly interface with MOS logic— where the low power
drain of the LM339 is a distinct advantage over standard
comparators.

M -Input common-mode vol'tage range includes GND

" m. Differential input voltage range equal to the power
.. supply voltage "

Advantages f : 'fl Low output saturation voitage 250 mVat4 mA

m Qutput voltage compatible with TTL, DTL, ECL, MOS!

m High precision comparators EI anid CMOS logic systems

« m Reduced Vosg drift over tg:_'ppgramrg: '

Trew

Dual-in-Line Package
CND- - INPUT4*  INPUT 4= INPUT I+ INPUT ).

Schematic and Connection Diagrams 7 i ' .
) i“

QUTPUT I OUTIUTY

L ¢ 1 3w 1 " [ 3

&
==

HNrYT
outrur 1 1
NPyt O~

1 2 3 [ [} [ 1
QUTIIT? ouTrytT? v INPUT - INPUT 14 INPUT 2. INPUT 20
TOP ViEw TU/H/IS708-2

= = Order Number LM 1394, LM139AJ, LM239J, LM239AJ,

TUH/5706-1 LM339J, LM33%AJ, LM2901J or LM3302J

See NS Package Number J14A
Order Number LM339AM, LM333M or LM2901M
See NS Package Number M14A
Order Number LM339N, LM339AN,
LM2901N or LM3302N
Sea NS Package Number N14A
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Typical Performance Characteristics um130/1m238/1M339, LM139A/LM239A/L M339A; LM3302

Supply Current Input Current . Output Saturation Voltage:
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Application Hints

The LM139 series are high gain, wide bandwidth devices
which, like most comparators, can easily oscillate if the out-
put lead is inadvertently allowed to capacitively couple to ~
the inputs via stray capacitance: This shows up only during

v
b

The differential input voltage may be larger than V+ without
damaging the device. Protection shoutd be provided to pre-
vent the input voltages fronT going'negative more than ~0.3

- Vpg (at 25°C). An input clamp diode can be used as shown.4

the output voitage transition intervals as the comparator . ....in the applications section: - "~ .  vt. T~

changes states. Power supply bypassing is not required to

solve this problem: Standard PC board layout is helpful as it”
reduces stray input-output coupling. Reducing this input re- -~

sistors to < 10.k0 reduces the feedback signal-levels and-
finally, adding even a smal| amount (1 to 10 mV) of positive -
feadback (hysteresis) causes such a rapid transition that’
oscillations due to stray feedback are not possible. Simply” ™

socketing the IC and” attaching.resistors to the pins will ===

cause input-output oscillations during the small transition in- -~
tervals unless hysteresis is used. If the input signal is a
pulse waveform, with relatively fast rise and fall times, hys-
teresis is not required. -

All pins of any unused comparators should be grounded.
The bias network of-the LM139-series establishes a drain
current which is independent.of the magnitude of the power
supply voltage over the range of from 2 Vpg to 30 Voe-

It is usually unnecessary to use a bypass capagcitor across
the power supply line.

Typical Applications v+ = 50 yoc).

Driving CMOS

Baslc Comparator’

TU/H/5706-3

-

AND Gate

- v‘
R
PRres 5 - -

9%

174 LMD

tsa-8-C

i =

TL/H/S708-8

- “tion. An output pull-up resistor. can be connected to.any

The output of the LM139 series is the uncommitted collector
“of ‘a grounded-emitter NPN output transistor. Many-coliec-
- tors can be tied together to provide an-output OR'ing func-

“ avallable-powsr supply Voltage within the permitted supply

__voitage range and there is no restriction on this vottage due

 to the magnitude of the voltage which is applied to the V+
terminal of the LM139A package. The output can glso be !
usad as a simple SPST switch to.ground (when a pull-up
resistor is not used). The amount of current.which the output
device can sink.is limited by, the drive available (which Is
independent of V+) and the 8.of this device. When the
maxdmum current fimit is. reached (approximately 16 maA),
the output transistor will come out of saturation and the out. :
put voltage will'rise' very rapidly. The output saturation voit-
age is limited-by the approximately 600 Rgat of the output
transistor. The low offset voitage of the output transistor (1
mV) allows-the output to clamp essentially to ground level
for small load currents. |

te AedeC

TUMH/5TO0-Y




Typical Applications v+ =15 vpc) (Continued)

One-Shot Multlvibrator
v

"
| — \ ——
1 jmb
ms ! '
RO o o
+
8.001 .F
[ -
}_m ne :
Bl-Stable Muttivibrator
Ve

V -

Ve

ul=

e

(24 -
W

TU/H/5708-11

TU/H/ST08-10

TL/H/ST08-12



Typical Ap;;lications (V+ =15 Vpc) (Continued)

ORing the Outputs

Large Fan-In AND Gate

v’

1A LM
AT
v——=

Vour

Vour=A-8-C:0 —

. ;
ALL_OIODES
N84

WwsTos-13 \ 1AL

Pulse Generator

3

TU/H/5706-15

* FOR LARGE RATIOS OF RI/R2,
= Dt CAN BE OMITTED,

TL/H/§7068-17



" Typicat Applications v+ =15vpg) (Continued)

Time Delay Generator

Ve O

INPUT GATING SIGNAL

e T

Non-(nverting Comparator with Hysteres!s
v

*Vage O=

TU/H/5708-18

TUH/E708~14

Inverting Comparator with Hysteresis
v

TL/H/5708-13



Typical Applications v+ =15 vpg) (Continued)

Squarewave Oscillator

I

= 180 kHe

TL/HIST08-16

Basic Comparator
v

TUH/ST08-21

Limit Comparator
v 12 Vo)

I,

Wngn ur O AAA ]

174 LR128

Havnn w2

Ves Lom O AAA et

TUH/5706-24

Comparing Input Voltages
of Opposite Polarity

4 LM12e

OQutput Strobing:

*Or open-coitector logic gate without pull-up resistor

Vo

TL/H/S708-20

TL/H/5T06-22

Crystal Controlled Osciltator

CAYSTAL
12109 kHz

TLh/5708-25



€Z2-9045/HNL

Typical Applications (v+=15vpc) (Continued)
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Typical Applications v+ =5 vpc) (Continued)
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Split-Supply Applications v+ = +15vpcandv—=—-15Vvpq)

MOS Clock Driver
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National
Semiconductor

LM741/LM741A/LM741C/LM741E Operational Amplifier

General Description

The LM741 series are general purpose operational ampliifi-
ars which feature improved performance over industry stan-
dards like the LM709. They are direct, plug-in replacements
for the 709C, LM201, MC1439 and 748 in most applications.

The amplifiers offer many features which make their appli-
cation nearly foolproof: overioad protection on the input and

output, no latch-up when the common mode range i8 @x-r
ceeded, as well as freedom from oscillations.

The LM741C/LM741E are identical to the LM741/LM741A
except that the LM741C/LM741E have their performance;
guaranteed over a 0°C to +70°C temperature range, m-‘
stead of ~55°C to +125°C.

Schematic and Connection Diagrams (top Views)
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Absolute Maximum Ratings

If Military/Aerospace specifiled devices are required, please contact the National Semlconductor Sales Office/
Distributors for avallability and specifications.

(Note 5) .
) LM741A- LM741E. LM741 _LM741C
Supply Voltage *22v *22v’ 322V - +18V
Power Dissipation (Note 1) 500 mwW 500 mW 500 mW 500 mW.
Ditferential Input Voltage £30V +30V +30V- © :30V
Input Voitage (Note 2) %15V £15V 15V £15V
Output $hon Circuit Duration Continuous Continuous * Continuous. Conﬁn_ubus
Operating Temperature Range. -55'Cto +125°C 0°Cto +70°C —55*Cto +125'C. 0*Cto +70°C
Storage Temperature Range —65°Cto +150°C —65°Cto:+150°C ~65°Cto +150°C.  —65"Cto +150°C
Junction Temperature 150°C 100°C. .: -150°C 100°C
Soldering Information ’
N-Package (10 seconds) 260°C 260°C 260°C. 260°C
J- or H-Package (10 seconds) 300°C 300°C 300°C” 300°C
M-Package
Vapor Phase (60 seconds) 215°C 215°C 215°C 215°C
Infrared (15 seconds) 215°C 215°C . 215°C 215°C
See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other mamods of soldering
surface mount devices.
ESD Tolerance (Note 6) 400V 400V 400V 400V
Electrical Characteristics mote3)
Parameter ) Conditions - LM741A/LM741E LM741 LM741C Units
Min | Typ ;-Max- |- Min-| Typ-| Max-| Min | Typ | Max
‘nput Offset Voltage Ta.= 25°C.- .
Rs < 10k i 10 | 50 20 | 60 mv
Rs < 500 0.8 3.0 mv !
1
TamiN S Tp < TAMAX A 4
Rg < 500 4.0 mv
Rg £ 10k 6.0 7.5 mV
Average Input Offset I/ .
Voltage Drift N . rVI'C
Input Offset Voltage ='25C,Vg = £20V P
Adjustment Range i £15 15 mv
Input Offset Current Ta = 25°C . 3.0 30 20 | 200 20 | 200 nA
. TaMiN < TA S TAMAX 70 -85 | 500 Jl-300 | nA ”
Average Input Oftset _ 7 o | P 4 4 .
CurrentDrift 05 : nA/G
input Bias Current Ta = 25°C 30 | €0 80 | 500 80 ! s00| nA
TamiN < Ta < Tamax 0.210 1.5 0.8 nA
Input Resistance Ta=25°C,Vg = =20V | 1.0 | 6.0 03 | 20 03 | 20 MQ
Tamin € Ta < Tamax,
Ve = £ 20V- 0.5 - MQ
Input Voitage Range Ta = 25°C 12| £13 \
TaMIN S Ta < Tamax £12| =13 v
Large Signal Voltage Gain | Ty = 25°C,R_ 2> 2k
Vg = £20V,Vg = %15V | 50 V/mV
Vg = £15V,Vg = £10V 50 200 20 200 V/mV
TaMmIN € Ta < Tamax
RL 2 2k,
Vg = 220V,Vg = =15V | 32 V/mV
Vg = :15V,V0== 10V 25 15 v/mV
Vg = =5V,Vg = =2V 10 v/imV




Electrical Characteristics (ote 3) (Continued)

Parameter Conditions LM741A/LM741E LM741 - . LM741C. Unlts
. . Min | Typ | Max | Min | Typ | Max | Min | Typ | Max

Output Voltage Swing Vg = 20V b O
RL> 10kQ +16 . v
R 2 2kn £15 % N PO P P P PR
Vg = £15V . h
AL = 10kn S 121 £14 £12 } 14, VA
RLz 2k [ BRI I . o-e |10 ] 213 ). £10 }-£13.} - it V-

Output Short Circuit Ta=25C° |10 | 25 | 3snpees) 25 , hhest |t - EmAd

Current' TamnSTa<Tamax | 10 407 S H N 'Z." mA-

Common-Mode TAMIN-S TA < Tamax . - ' - I

Rejection Ratio . Re.S 10K Vom=£12V. b wun|. 70 ; 1290 |- 70- |- .90 Jevd8e
Rg £ 500, Vo = 12V 80.. 95 4 Tt v s -dB -

Supply Voltage Rejection | Tamin < Ta € TaMmAX: - | U b - N . L

Ratio Vg = £20Vto Vg = &5V £ N . | -
Rg < 500 |- 86| 96- |- T .. N I o}.s- dBH2-
Rg < 10k = 77 86 77 98 dB

Transient Response Ta = 25°C, Unity Gain ', :

Rise Time 7. 025 | 0.8 0.3 0.3 us
Overshoot .. 4 6.0 |. 20 | - S « )-8 - %
Bandwidth (Note 4) Ta = 25C 0.437 | 15 { - - O .Y b bl o] MHZ
Slew-Raté Ta = 25°C, Unity Gain 03 |07 |- F - |ras | ™1 o5 | vrus
Supply Current - | Ta=28c - T w 17| 2.8~ 17| 28 | maA

Power Consumption "' == | Ty’ =25°C = * PAA ) TRk y KR :
Vg= £20V go | 1s0( ' [- , - mw
Vg = £15V | 50 | 85 ‘50 | 85 | mw
LM741A Vs = £20V - b i
LI Ta = Tamin 165 [ 8 : i mw
) Ta = Tamax I 135 : mw-
LM741E T vs = £a0v- Ny €L S A .
Ta = TamiN 150 . i . 1L mw
Ta = Tamax 180 mw
LM741 Vg = £15V €
' Ta = TamN 80" | 100 ernh o mwe
Ta = TAMAX ; 45 | 75 mwW
Note 1: For tion at elevated o 3, these devices must be derated based on thermal resistance; and Ty max. (¥sted undec “Absoiute Maximum
Ratings). Ty = T + (8a Pol. & . 2o
Thermal Resistance Cardip () DIP (M) HOB (H) SO-8 (M)
834 Junction to Amblent) 100°C/W 100°C/W 170°CrwW 196°C/W
#ic {Juncion to Case) N/A na | esciw N/A

Note 2: For supply voltages less than £ 15V, the absolute maximum input voltage is equal to the supply voltage.

MNote 3: Unless otherwise spacified, these specifications apoly for Vg = =15V, ~35°C < Tp £ +125°C (LM741/LM741A). For the LMT41C/LM741E, these
specifications are limRad 10 0°C £ T4 € +70°C. .

Note 4: Calcutated value from: BW (MHz) = 0.35/Rise Timalus).
Note &: For military spacifications see RETS741X for LM741 and RETS741AX for LM741A,
Note 8: Human body model, 1.5 kX in serfes with 100 pF.
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HV Floating MOS-Gate Driver IC

(HEXFET is a trademark of Inre!rnational Rectifier)

~

by Steve Clemente and Ajit Dubhashi g ) .

Introduction

The gate drive requirements for a power MOSFET or Gl
[GBT utilized as a high side switch (drain connected to y
the high voltage rail, as shown in Figure 1) driven in full
enhancement, i.e., lowest voltage drop across its
terminals, can be summarized as follows: 3 LR

1. Gate voltage must be 10-15V higher than the drain
voltage. Being a high side switch, such gate voltage would
have to be higher than the rail voltage, which is frequently
the highest voltage available in the system.

2. The gate voltage must be controllable from the logic,
which is normally referenced to ground. Thus, the control
signals have to be level-shifted to the source of the high o
side power-device;*which;-in most- applications, swings. --—-performance ~package. With-—the—addition ~of~-few
between the two rails.. components, the IR2110 provides very- fast switching
- _speeds (see Table II) and low power dissipation,and.can

3. The power absorbed by the gate drive circuitry should operate .on the_bootstrap. principle ot_with".a. floating
_not-significantly-affect the overall-efficiency: 7 “77= “TTpowersupply. Uséd in_the bootstrap. mode; the’ IRZIT0
=T, L E . driver canoperate in most applications fromr frequerncies

in_the tens of Hz up to hundreds of kHz.” ..o

Figure 1. Power MOSFET in high side configuration

With these constraints in mind, several techniques are
presently. uséd "fo perform thi§ function, “as shown.in - e
principle in-:Table :l. Each basic circuit can be 1.-The Block Diagram of the.lR21103=x . = .
.implemented.in a.wide variety of configurations. .- T\ v LT TR T
- - - - ..As.shown-in Figure 2, the-IR2110.comprises.a drive
International Rectifier’s IR2110 Gate Driver integrates circuit for a ground referenced power transistor; another
.most of the-functions-required to-drive-one-high side and -— for-a- high*side*one,-leve}*translatorfandrinpixblogic
one low side power MOSFET or IGBT in a compact, high circuitry.. ) - N
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Level shlfung & ground Teferenced signal cancbe ... h
- trickys Level shifter must sustain full-voltage,” switch_

fast with minimal propagation delays and low power
';—;4, e e LEVEL SreFTER o consumption.
hch 0910 1SCLATOR 1w S0 Opto isolators tend to be relatively expensive, limited
- - T T - in bandwidth and noise sensitive.
N Simple and cosl cffccuve but limited in many
- respects.
Operation over wide duty cycles requires complex
PULSE ” _ techniques. .
TRANSFORMER “Transformer size.increases sxgmﬁcamly as frequency j
et ——— - decreases. .. i onr R I

T e W W

o

Significant parasitics create Jess than 1dcnl operation
with_fast switching wayeforms.

PP YepTpRE s B

- -

XX Can~be-used -to-generatean “‘over- raxl" voltage * "~v =™
-controlled by a level shifter or to “pump’’ the gate'
when MOSFET s turned on.

____Inzgthefirst casc the problems-of a level shifter ‘have"
to be:tackled.
In the second-case turn on times tend to-betoo 1ong
for switching applications.
In either case, gate can be kept on for an indefinite
period of time. ’

N **‘“"lncfﬁucncm qn-the voltage-multiplication cxrcm;“*‘ e
- may require more than two stages of pumping. -

U

SHIFTER

Simple and inexpensive with some of the limitations
of the pulse transformer: duty cycle and on-time are
both constrained by the need to refresh the bootstrap
capacitor.

If the capacitor is charged from a high voltage rail,
power dissipation can be sxgmﬁcant

Requires level shifter, with its assocxa(cd difficuitiers.

CARRIER
DRIVE

s
P

Gives full gate control for an indefinite period of
time but is somewhat limited in switching
performance. This can be 1mprovcd with added
complexity

Typical switching times for
~different HEXFET -die sizes

(Vec = 15V, test circuit as in
Figure 9a, without gate network)

HEX-3 38ns 23ns
HEX-4 53ns - 34ns
HEX-5 78ns 54ns
HEX-6 ¢ 116ns 74ns
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1.1 Input logic ~ waveform is slower than the fall time. Tl\i§if€aftur¢ he
a significant appeal in the. great majbr_igy;{qf"jpowc

Both channels are controlled by TTL/CMOS conditioning circuits. With clamped ir_ldgc;;i'y_.gllgags,
compatible inputs with transition thresholds proportional slower turn-on reduces the peak reversquccovc‘ry’currex
to the logic supply Vpp (3 to 20V) and Schmitt trigger in the freewhecling diode with some increase ifrthe turr
buffers with hysteresis equal to 10% of Vpp to accept on losses. The full 2A;sinking capabili;y‘of‘thi:_t_btcxﬁ'poh
inputs with long rise time. on the other hand; gives good switching peyformance

turn-off, when most of the switching' losségioceur.

Each channel can be controlled independently from the Lt B S
other and the gate drive follows the ifiput command within The source of the lower device ih"sé';{: temi pole
the limits of the propagation delay. In those applications independently brought’ out tofp_in532;~ Q,ﬁa’.ﬁgﬁdi’mc
where a deadtime is required to prevent conduction connection can be made to the "sqxii’cé;pftft'z_p‘i&ﬂérfgc_yic
overlap in the power devices, the input commands have for the return of the gate drive currentZT héirelevance ¢
(0 be suitably spaced by the controlling logic. Section 4.3 this will be seen iti Layout Guidelines, Section 35
shows a simple way to perform this function with few - e P
passive components. ) An undervoltage lockout prevents either channel fro.

operating if Vec is below the specified value (8.6/8.2V

The propagation delay between input command and Any pulse that is present at the input when the UV locko’
gate drive output is approximately the same for both is released is forwarded to the appropriate channel.
channels at turn-on (120ns) as well as turn-off (95ns) with . R,

a temperature dependence characterized in the data sheet. 1.3 High side channel v o v o lidin B

The shutdown function is internally latched by a {ogic | This channel has been built into an:*isolation. tut
signal and activates the turn off of both power devices. The (Figure 3) capable of floating from + 500V to -5V wi
first input command after the removal of the shutdown signal respect to powc.n;_grc')u_nd (COM ~on’pin 2)+The:

clears the latch and activates its channel. This latched “floats’’ at thepotent‘xal.".b't}fpmfzﬁa%(ws)‘,-‘;‘,whi%h
shutdown lends itself to a simple implementation of a cycle- established by the xb]ta'g’e’}bbl{ggj'ﬁo"ﬁi_gf.i;ﬂ{ﬁ'}%}yp;gai

by-cycle current control, as exemplified in Section 4.3. this pin is connected to'the source.of the hightside devic
as shown in Figure 2 and swinigswitl it beteen:the-y

The signals from the input logic are coupled to the rails. If an isolated supply is connected between. this 1
individual channels through high noise immunity level and Vs (pin 6), the high”side’ chafnel*willswifch t
translators. This allows the ground reference of the logic output (HO pin 7) between the positive of this-supply a
supply (Vss on pin 13) to swing by £5V with respect to its ground in accordance with the input- command,

the power ground (COM on pin 2). This feature is of great AR S

help in coping with the less than ideal ground layout of One significarit feature of MOS-gated devices-issth

a typical power co’nditioning circuit. As a further measure capacitive input characteristic, i.c., the-fact-that they ¢
of noise immunity, a pulse-width discriminator screens turned on by supplying a charge to tﬁq:g'atejather-th

" out pulses that are shorter than.50ns.or s0: .- -~ a continuous ,curq;m;l{ithgjxigti‘sidécha’xiﬁ?&ﬁisﬁdrivi
one such device, the isolatqd‘,stupplgﬁgapigcfrcpgaccd

1.2 Low Side Channel : a capacitor, as'shown ih‘FiéﬁT&%ﬂfé’é’gﬁifﬁﬁ(@ft

L .. ... - nhighsideMOSEETIS provideby hShOQLiiap canac
_ The.otitput stage i implémeritéd With two' N-Channel _ - which is charged'bs he'sVEsupplytimusiEtighoats
MOSFET; ifi totem pole configuration (source-follower. ‘"dio:dbzgﬁ;iﬁgg%czwht;{_g;_ 5

ol

as a current source . and - common: source- for -current - _that.Yé,'-_q}yigg;"ng
5M

sinking), driven front thqinpixf*i:iréuits:'Each-MOSFET e aoét_applimt}qm fSiﬂpc_e;_;'c‘@?fpa. 1Sl

can sink or source gate-currefits 0f;2A ~Because of the a'!ggyolta'ge'sbfﬁyccj_ﬁé‘poﬁgfﬁf:bﬁspm (e

totem pole arrangement, the rise time of the gate - ¢ smallr-- SRR R S
- oot —— . z : + ‘f‘,ﬁ’""‘f— bl

nmgrene e —— S 3 ,-&E.y‘;%‘:"":‘ 2
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“Thé High Voltage dissipationcan be calculated by the” ™ Vg level. Keep'in mind that in actual application Vs is
following-formula: - . z = e~ ..swinging during.the Tevel_shifting event.. ™" "~

ST T

ey e . A

- %e —— " - J.
R v B i v Y Pt 7 DT g on, g - S

oo dyNamiCsa,. somme

2 pemsgepyridz StaliC oo =

P

- = -sns o 2t
-.rrt»-..PD(HV)vaf ‘HV:', LK d:~+:;\(\./,80n-§-V,Boff);th:,£:m:' o~

~>The low vollagé dissipation ¢an be calculatéd by the =
iomag TormA S ke,
bt et ,fﬂ?.“,‘;‘:?ﬂ,‘ktv:-q;m;";iﬁ:ry‘_ N foer ow »;.-.‘A"?E-;’qﬁ:ﬂ‘gl"

DY) = WbiasIdiof ¥, 2: Vs Qg 1o Voias*Qomios ! =

3 iz
- -
RN

with-HV the high voltage bus voltage, I K the Jeakage
current of Vg 1o ground, d the duty cycle of the high
side switch, Qp the pulsed charge of high voltage level
" shifter, Vgon the average voltage of Vg during the turn-
on pulse, VBoff the average voltage of Vg during the
turn-off pulse and f the switching frequency of thehigh
side channel. The level shifting losses are usually much
larger than the leakage losses such that the static term
can be neglected for most applications. Fig. 17 shows
-the_total_high_voltage . dissipation_as..a . function_of.
switching frequency at various fixed Vg voltage level.
Notethat the-graph only shows the high-voltage power
dissipation'per set.or reseteventat the particular.fixed

ik d AEEgtatic By 5 o7 i1 dynamic sz e

with Vbias the low voltage bias voltage assuming VDD

= VC¢ = VBS, IQtot the total quiescent current, Qg
the delivered gate tharge-per driven MOSFET1-the ~
switching frequency and Qgmos the switching losses
associated with the internal CMOS circuitry. The
quiescent losses are ‘usually much smaller than the
dynamic losses such that the static term can be
neglected. Fig. 18-shows the total low voltage power
dissipation_as 4 futiction of sWitching _frequercy_at _
various load conditions. The switching losses
associated with internal circuitry (Qcmos) are shown in
the graph for the case of “0 pf” loading -condition.
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Functional Description

The IR2110 is a monolithic high voltage, high speed .
two channel power MOSFET or IGBT driver. Refer to:
the section on Functional Block Diagram for the internal
partitioning of the various circuit” blocks. The driver
translates logic input signals.into corresponding “in-
phase” low impedance outputs. The low side channel
output (LO) is referenced to a fixed rail (VcC) and the
high side channel output (HO) is referenced to a floating
rail (VBg) with offset capability up to 500V.

The logic circuit provides the control pulses for the
two output channels corresponding to the logic inputs
as indicated by the Input/Output Timing Diagram in
Fig. 1. The HO and LO outputs are in phase with the
HIN and LIN logic inputs. The two outputs will turn off
when the SD input switches high and the outputs will
remain off even after the SD input returns to low until
the next rising edge of the respective inputs. In the case
when VcG is below the undervoltage trip point the UV
detect circuit will send a shutdown signal to disable both
channels. Also a separate UV detect block is used to
disable the high side channel when Vgg is below its
own undervoltage trip point. The logic inputs use
Schmitt trigger circuits with a hysteretic band of
0.1-Vpp to provide high noise immunity and can accept
inputs with slow rise time. The logic circuit is referenced
to its own logic supply to allow the use of a lower supply
voltage than the output operating supply voltage. A high
noise immunity VDp/VCC level-shifting circuit is used
to translate logic signal to the output drivers. With a
+5V rated offset capability between the logic ground
(Vgs) and power ground (COM), the logic -circuit is
unaffected by the noise coupling generated by the
switching action of the output drivers.

Propagation delay for the two channels are matched
using the low side delay circuit to simplify the timing
requirements of the control pulses. The turn-on delay
is matched at 120ns for the low side channel (Lton) and
the high side channel (Hton) with Vg at 0V since the
high side turn-on command is usually executed when
Vg is at or-near OV-The turp-off-delay-is_matched at
94ns for the low side channel (Ltgff) and the high side
channel (Htoff) with VS at 500V since-the high side turn-
off command is usually executed after the high side
power MOSFET is “‘on” and Vg is at or near the high
voltage rail. e .

Both channels use identical low cross-conduction
- iCtemnole output connected-transistors.-The-output
driver consisis of twp N-channel MOSFETs with peak
current capability above ZA and on resistance of less
than 3 ohms (Fig. 10). One output MOSFET is
connected as a source follower.and the other in
common source configuration. Bécause of the totem
pole arrangement the rise time is slower than the fall
time driving capacitive load. For a typical 3300pt load
the rise and fall times are 50ns and 33ns respectively. -

For the high side channel, parrow “On” and ~'Off”
pulses triggered respectively by the rising and the

IR2110

translator is turned on for only the duration of the short
“On" or “Off” pulses with each set orreset event; power
dissipation is minimized. False.triggering of the RS latch
from fast dvidt transients on the-Vg node is effectively
differentiated from normal pull-down pulses through a
pulse discriminator circuit such that the high side
channel is essentially immune to any magnitude of dv/dt
value. Also the high voltage level shifting circuit is
designed to function normally even when the Vs node
swings more than.4V below the COM pin. This condition
can often occur during the recirculation period of the
output free-wheeling diode.

Application Guidelines
(Also see Application Note AN-G78A for details)

The IR2110 is typically used to drive two high voltage
N-channe! power MOSFETs or IGBTs configured in half-
bridge, dual-forward or other topologies. The fixed rail
referenced output is used to drive a low side connected
power MOSFET. The floating output channel is used
to drive a power MOSFET in the high side configuration
that requires an over-rail gate drive. Refer to the section
on Typical Applications for the various circuit topologies
where the IR2110 is applicable.

Typically, the floating supply is derived from the fixed
supply using a bootstrap technique as shown in the
section on Typical Connection. The charging diode must
have a voltage withstand capability higher than the peak
HV bus voltage. To minimize power dissipation a fast
recovery diode is recommended. The value of the
bootstrap capacitor depends on the switching
frequency, duty cycle and gate charge requirement of
the power MOSFET. The voltage across the capacitor
should not be allowed to drop below the under-voltage
lockout threshold, otherwise protective shutdown will
occur, A 0.1 uF capacitor is usually suitable for
applications switching above '§ KHz.

Supply bypass capacitors between VCC and COM
and between Vpp and Vgg are required to supply the
transient-current needed for switching the -capacitive
loads. -These-capacitors;-together with-the-reservoir—
capacitor across Vg and Vg, must be-connected close
to the device. A 0.1 pF ceramic disk capacitor in paraliet -
with a 1 4F tantalum capacitor is recommended for \(CC

_ bypass. A 0.1 pF ceramic disk capacitor is_usually

adequate for the logic supply. e e
The outputs of the IR2110 are designed to deliver gate
drives- for-fast-switching-speed-even-for-high-current~
power _MOSFETs with reiatively high gate charge
requirement. The, typical switching.speed foc varous
stafidard power MOSFET $iZe5 i5 shioWa i Fig. 2070
minimize inductance in the gate drive loop, each
MOSFET should have its own dedicated connection
going to Pin 2 and 5 of the 1R2110 for the return of the
gate drive signal. For smaller power MOSFETs a series
gate resistor for-each.output is recommended 10 limit
switching speed. Thevalue of the gate resistor depends
on_ EMI requirement, switching losses and_the

falling edge of HIN aresgenerated by~ the=putse™—wmaximur altowable:dv/dt: : 3 -

generator. The respective :pulses_are used-to_drive ____

separate high voltage DMOS level translators that set
nr resat 2 RS latch operating ©ff the floating rail. Level
sisifting ®f the ground referenced HIN 3ignai is thus
accompiished by transposing the signal references to

_+ _The total power dissipation of the IR2110ris a function

of HV bus voltage, Vcc-and Vpp-voltages:-switching-

* frequency, daty cycler delivered gate drivescharge;and’
operating iunction temperature, The total dissipatio™

can be divideg into lwo categeries: High voliage anc

th2 tioating rail. Because each high voltage DMOS level - = -fow voltage switching sme————i—— ; 3

— e -
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The.jiiput, commands for; the:high side channcl-have
».be1évelshifted, from:theilevelof COM10 ‘whatever

oteritial the tgBb™" is floating at, whichcan be:as high
s 500V:.- As shown in Figure:2,the’on/off.commands

v - 2 om . By . smalmeTy BTALAIT T T e e
re 1ransmitted:n the form oF’garrgypulStSﬁtf-!hcnsmg
L e s s s [ el S ¥ P
nd falling edgesof the inputcommand - Theyarelatched
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v A set/reserflipflop Tererenced tihe flgaring potential:
"he use;0fL ulses.greatly reduces the’ B’oii:"cf dissipation
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T _t_xe;ppl;g..qg'scrimgqapr differentiates ‘the set/reset
,ulses from -fast dv/dt transients appéaring on the Vg
.ode so that switching rates @s high as 50V/ns in the
sower devices-will notzadversely afféct the operation of
ne IR2110.

This channel has its own undervoltage iockout which
siocks the gate drive if the voliage between Vs (pin 6)
1nd Vg (pin 3);-i.e., the voltage across the upper totem
sole, is.below itsJimits (8.7/8.3¥) . The operation.of the
IV lockout differs, from the one on V¢c in one detail:
he first pulse-afrer the UV lockout has released the
-hanne! changes the.state of-the output..

Thé high voltage level translator circuit is designed 1o
function properly even when the Vs node swings 5V
below._the COM _pinz-This can_occur due 1o the forward
recovery_of -the-lower -power-diode or_to the Ldi/dt
induced voltage transient. g

2. Application Guidelines . ...

As shown in Figure 2, the bootstrap diode and
rc::\pacilor are the only external components strictly
required for operation in-a standard PWM application.
Local decoupling capacitors on the Ve (and digital)
supply are useful in practice to compensate for the
inductance of the supply lines.

2.1 The Bootstrap components

The voltage.seen by the bootstrap capacitor is the Vee
supply only. lis capacitance is determined by the
following constraints:

a) Gate charge required (see also Ref. 1). After the turn-

on charge has been delivered to the gate, the voltage

across the bootstrap capacitor should be significantly

higher than the minimum required for fuli enhancement

(10V). Assuming, for the sake of illustration, a drop of

. 1.5V on the charging path of the bootstrap capacitor and
assuming a voltage drop due to the internal leakage of
half the excess gate voltage, we have the following
constraint:

2 Qg
Vee - 1.5 - 10)

Cgoot >

In some unusual operating conditions, like transient
overioads, the voltage drop across the lower power
transistor can be significantly higher than the 1.5V used
in the example.

b) Longest conduction time. The voliage on the gate of
the power MOSFET at the end of the longest conduction

—extent. ] ) _ « .

- »

time must be sufficient to keep it in full enhancement.
The steady-state current drawn from Cpopr 15 equal to.
the .quiescent-currentof the high side channel (1gas).
Assiiming the initial voltage calculated from theprevious,

expression -this.constraint translates into4he following:
0 — * -
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¢) Shortest conduction time. Stray impedances in-the
charging path_limit the rate of charge of the bootstrap
capacitor. Thus the capacitance should be low enough
that the chafge delivered to the gate plus the charge lost
due 10 the quiescent current is totally replenished in the
shortest conduction time for the lower power device.
Conversely, a minimum conduction time may have to be
maintained to insure that the bootstrap capacitor is fully
charged. o

— -

d) Undervoliage lockout. If “thé voltage across the
bootstrap capacitor falls below'the undervoliage lockout
threshold (8:3V).the power device is turned off and is kept
off until the ¢apacitor discharges to‘approximately 3:5V.
- Below this'voltage the ¢apacitor would .not have enough
charge to enhance the power device to any significant

The value of 0.1 pF shown in Figures 6, 7 and 8 is
adequate for a large die operated as jow as SkHz with

..a.duty. cycle close to, 100 percent.

The bootstrap diode must be able.to block the full
voltage seen in the specific circuit; in the circuits of
Figures 6, 7.and 8 this occurs when the top device is on
and is about equal-to the voliage across the power rail.
The current rating of the diode is the product of gate
charge times switching frequency. For an IRF450
HEXFET power MOSFET operating at 100kHz it is
approximately 12mA. The high temperature reverse
leakage characteristic of this diode can be an important
parameter in those applications where the capacitor has
10 hold the charge for a prolonged period of time. For
the same reason, it is important that this diode be ultra-
fast recovery to reduce the amount of charge that is fed
back from the bootstrap capacitor into the supply.

2.2 Power dissipation

The total losses in the IR2110 driver result from a
number of factors that can be grouped under ‘‘high
voltage" and ‘‘low voltage,” “static’’ and ‘‘dynamic.”’

a) Low voltage static losses (Ppavyq) are due 1o the
quiescent currents from the three Jow voltage supplies,
Voo, Ve and Vss. In a typical 13V application these
losses amount to approximately 3.5mW at 23°C, going
1o SmW at 125°C".

i . .
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b) Low voltage dynamic losses {Ppgyyw) On the Vec
supply- are due to two different components:

bi) Chargc transfer to and from thc gate of the power
devices, i.e.,

PG=2V'QG’f

For two large IRF450 HEXFETs Operated at 100kHz
with Vo = 15V, we have:

Pg =215 120 - 107 - 100 - 10’ = 0.36W
The factor 2 in the formula is valid in the assumption
that two devices are being driven, one per channel.
If Vs s generated with a bootstrap capacitor/diode,
this power is supplied from Vcc. The use of gate
resistors reduces the amount of gate drive power that
is dissipated inside the IR2110 by the ratio of the
respective resistances.. The internal resistances are
approximately 6 Ohms, sourcing or sinking, so that,
if the gate resistor is 10 Ohms, only 6/16 of Pg is
dissipated within the IR2110. These losses are not
temperature dependent.

b2) Dynamic losses associated with the switching of
the internal CMOS circuitry. They can be
approximated with the following formula:

Pemos = Vee.© Qemos - f

with Qcnos approximately equal to 16nC, largely
independent from temperature. In a typical 100kHz
application these losses would amount to 24mW.

¢) High voltage static losses (Ppgy)q).are mainly due to
the leakage currents in the level shifting stage. They are
dependent on the voltage applied on the Vg pin and they
are proportional to the duty cycle, since they only occur.

when the high side power device is_ on: If Vs were kept: .
contmuously at 400V they would' typlcally be 0.06mW at’

25°C, going to 2. 25mW at 125°C These losses would be .
virtually zero-if Vg-is- groundcd as m 2 push-pull or
similar topology

e -

- e - -

d) High voltagc swltchmglosscs(Pm,})w) ‘comprise two
terms, one due to the level shifting circuit (Figure 2) and
one diié "G the charging_ and. dxschargmg “of_the
capacitance of the high side p-well (Cy 553 in-Figure 3).

d1) Whenever the high side flip-flop is reset, a
command to turn-off the high side device (i.e., to.set
the flip-flop) causes a current to flow through the
level-shifting.circuit. This charge comes from-the high
voltage bus through thc power device and the
bootstrap’ capacitor. If ‘the hlgh side flip-flop is-set
and the low side power device is ‘on; a command to

___..resel it causes a-current to-flow-from- Vcc._-lhrough rerm

the diode. Thus; for a half-bridge opcratmg from a
raxl voltagc VR, thc combmcd power “dissipation is:

. x

-

\

“;-‘*."'3*""""‘3:‘:‘.“
with Qp the charge absorbed by the Icvcl shlftqr. and
f the switching frequency of the high “side channel
Qp is approximately 5nC at Vi = 50V, ;going to
10nC as the rail voltage increases to 500V. In A typlcal
400V, 100k Hz application these losses would amount
to 0.375W. This includes the charging anddj
of Cg.sup-- There.is. a.third possxble ~,sou‘ »
when the hxgh sxdc ﬂxp -flop is bcm A
power device is. bcmg turned on) ¢
power device is off. In this.case the.c s from
the high voltage bus,. through the: dcwcccapacxtances
and leakages or through the load: The; power
dissipation is somewhat higher than’ what would be
calculated from- the-above expression;. ,*e3i~

.....

In a push-pull or other topology where. Vs (pin.S) is
grounded, both level shifting charges are supplied from
Ve with signiﬁcantly lower losses. ~~w +vmim

b A oL

d2) In a hlgh-sxdc/low-sxdc power® cxrcuxt thc wcll
capacitance C,.qyp is charged and dxschargcd every
time Vs swings between Vp and COM. Charging
current is supplied by thie high voltagc fail,through
the power device:and: thcxcpx. resistal gcqi}.:ExScharge
occurs through’ thclowc&dcvxccand:th bepiresistan

The losses -incurred-in= chargmg}or“d&:lfargmgza
capacitor- thraiigh iai rcs:sfor-a:e’cgua]f? foEQV/2,
regardless of the value of resxstance”Hochcr’much
of these losses.occur outside the bridge: ngcr, since
the epi resistance is negligible compared to thie internal
resistance of the power devices during their switching
transitions. Assuming a charge value of 9nC-at 450V
and an operating frequency of 100kHz, the fotal losses
caused by the charging and dlschargmg of- this
capacuancc amount 'to: .

B

Q-- V-f=910°-

e

450

.......

output capacitance oFthe lowcripoyv rgd Vi
vl o 0N ~¢-:~»~i~:~"~$;-:ﬂ”j" "‘“r-”&rl :
If Vg 13grounded the capacxtor is ghargcd
voltagéand these losscs woquiﬂ be™ zerom@* ;‘m

zres e v

Ch.eup (like Cd ,ub) is a-reverse bmsed junctlorr and its
capacitance is a strong. furction.of.. voltagc E‘ox:dhxs
reason, rather than giving- the- valuc m tcrms“of
capacitance, three charge values aré given “for” lhrec
different voltages: LI

Voltage Charge 7 -~ ﬂ_, Pt
Vs L il ‘“-?h:syg:;

Lilge

>




2110 - - e e . o w; - R - -

ypical Performance Charactenstlcs - - T _
10 : - L ' .
S e e N 3 TR IEAT =
- A - ) - it e it Wiy — -._»,‘“—u - d———
4= r
%.,‘ . 10000 pF 1] | 1[1# ¥4 |- | I“"“I"‘“ ,___Lm_]_m $hy.
[~ y = .f:.._. —_ - - T e ___.__...9 3 "Zﬂ‘_u ‘..I._‘lF Pty
£ : 0 T T vBIAS
z 1000 pF JUL @ - >_1 7{ 7 X (= 15V)
& ’ [ = 10 kHz - écL e — -
£ o < g Pz | L] 1] = - -
o — = 12 —_
& . 20 oF PW = 50% >—"'— ICL(=OT0100009F)
g ya 1
§ o 1 13 2 5
|4
g oo L] 1 1
€ 3 vee = Ves = Vop = 1V . " WPD = Vs
Ta=25C . - e , — - e o e
0001 e e i |
10K 100K 1 MEG 10 MEB S .
1, SWITCHING Fnsouencv g = - -
.Fag..laa— Low Voltage Power Fig. 18b. — Low Voltage Power
D:ssipation vsTSwWitthing Frequency Dissipation Test Circuit
T B e e e S 14> — - B
<. _“:.;. ~ :.:;:ﬂ B
16
s Rinjg = 75°CW  Timay = 150°C
= 14 £ .
T ) N R HEXFET' | TYPICAL | TYPICAL
g 12 SIZE t t
w
1%
z ! 2 25 ns 17 ns
; -
= o8 \! 3 38 ns 23 ns
s N
g ¥ X 4 53 ns 34 ns
£ 04
\\ 5 78 ns 54 ns
0.2
6 116 ns 74 ns
0
25 50 75 100 15 150 175
Ty AMBIENT TEMPERATURE (°C)
Fig. 19 — Maximum Power Fig. 20 — HEXFET Die Size vs
Dissipatioh vs. Ambient Temperature Switching Time (Vgjags = 15V)
HEXFET | HV= ' } ’ B

TYPE | 100V | 200V 30_0V 400V

820 | 2000 | 1200 | 700 | 350
830 | 1600 | 1100 | 640 | 330 | Tp = 25°C AND
g0 | 1100 | 820 | s40| 300 | VBias =1V
i - P450 | 640 | 540 | 400 | 250

P460 490 | 460 | 340 | 230

Fig. 21 — Maximum Switching Frequency, fmax (kHz)
(fmax = switching-frequency at which Tj = Tjmax and is derived from calculation
using typical electrical and thermal ratings. For operation-at higher- T4, fmax_should .

be derated accordingly.)



" Typical Performance Characteristics
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The above discussion on losses can be

bllows; = * =% iz Em
S, e . EEes
The'dominant Josses are switchingand-iirhighvoltage

“gpplications FETO0KHz or above, the SAIC1655es in
Item%-and Jtem < can be neglected outright. -

RPod- SN R
Fogm e L EAEErs FfriamroniT,
he temperature dependence of the:switching:losses
-is‘not’significant;v™ 7 £ I I e
SR e RIS e~ S Sekiml e M.

b

mode, as well as the elecfrical®parameters'and
temperature. - e

Knowing the powet Josses in the TR2110, the maximum
i.mblcm temperature can be calculated (and vice-versa)
rom the following expression: i

_ Ta_max s _’_rj max_"~ _}V)_I)N'__th_j:_z_

where Ry, ;, -is—the—thermal resistance-from- die *to
ambient. For the 14 pin DIL package this is 75°C/W
maximum. RN o

. —— e [IST—

Figure 4 shows the power dissipation ‘and the max
ambient- temperature -at four different-voltages- when
| driving two IRF830 HEXFETs. Although measured in
T a-specific-set-of-operating-conditions;-these-curves -are
genéral in nature and can be used<o-derive power-losses
and r.naximum ambient temperature for other operating
conc}xtions. To this end, the curve for Vg = 0 is of
particular.interest-10 isolate-the low-voltage components
pf losses since the high voltage ones become zero, as
indicated above. The following example shows the
apreakdown of losses for operation of two IRF830
, 'HEIXFSTS in a half-bridge from a 400V rail, 300kHz and
no load:

. “The combined losses are a function+of the control ~

Ppavq 0.004W
_ PD()v)sw: PCMOS = 15 - 16 - 10-9 *
300 - 10* = 0.072
Pg =2-15-28-107 -
300 - 10° = 0.252
PD(hv)q 0.002
Pphvswt (400 + 200) - 9 - 107 -
300 - 10° = 1.620
A Total 1.950

N_otice how the total is very close 1o the value shown in
Figure 4u. The value of 200V in the formula to calculate
Ppvysw 15 appropriate at no load, since this case would
be the third in Section 2.2.d1.

If the power dissipation in the [R2110 turns out to be
excessive for the maximum ambient temperature, the
addition of external gate resistors decreases the amount
of power dissipated inside the package (Item c), while
kccpmg the combined gate dissipation constant.
Switching losses may, in fact, increase.

I PR DU R

00 s00

Figure 4a.-Power dissﬁ;ation as a function of frequency -

and-operating-yoltage-measured when driving two IRF830
. HEXFET's, in~h,alj-b_ridgepqnﬁguration without gale resistors
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Figure 45‘?_:M‘§xi"rﬁﬁm ambient temperature as a function
“of frequency and operating voltage for half-bridge
Aigure is.derived from-measured data,

“operation == This,
as shown in Figure 9a°

The actual junction temperature can be measured while
in operation by pulling 1mA from the Shutdown pin with
the help of an adjustable current source, like the LM334.
The voltage at the pin is 650mV at 25°C, decreasing by
2mV/°C.

3. Layout Guidelines

In spite of the noise immunity features mentioned in
Section 1, great care should be exercised in the layout of




the power and control circuits to prevent false mggermg an oscilloscope. The wavetorms will be'corrcct,to the

and erratic operation. The following two areas require extent that the. ground lead of the. OSCﬂlQSCOvalS :short:
specific attention. .- . - . and tied*td appropnate refercnce‘pomt:!l’:" eexam;jl?fx&
(e the gate waveform of the lower device's md’bé‘{ fidlyzed?
a) Stiffening the voltage ‘busses. . the ground probc'should be connected tqn]_A £5Q1 ,ﬁuf:
* of the device, and "ot fo &, genenc"‘grou sundelpifactic?
Problems are normally cncountered whencver lognc and . isusefulto measure the'noisc vo‘ltagé}ggtwecnfo’ ‘.ix'fd{f
power meet. The [R2110 will be.no exceptxon. in spite of and another while: swuchxng hxg currents Zac st :
the precautions that have been taken m its design. & ”"“"“‘ AP 5,
b) Gate chargc/dtschargc loops.,m s e
Because of the high di/dt frcquently encountered in FEES x.fn.:‘% ) SRt
power circuits, any stray inductance in the power ground * The mductance otthesc Ioop&shquld Scm 1izéd ta*
connections will cause voltage differentials to appear reduce oscillations:and {0 xmprove sthchmg'specd and
between the two ground pins and between COM pins of noise immunity, pamcularly the & dv/dt ‘induced turn-o
other IR2110s sharing the same power ground (Ref 4, Fxgurc 2):"To'this end each MOSFET should havc

a dcdxcated connection’ going? to pms §*2¥dnd” 5“'6f-the

Particularly severe conditions of di/dt (hcnce. of ground IR2110 for the return of the gate dr;ve sxgnal Bcsgvesults
noise) are encountered during commutanon of the load are obtained with & twisted paxr,conncctcd;.on.onc sidey..
current from the body drain diode of a MOSFET to the to gate and sourcé;on.the othet’ sxdc,,to.xatc'dm,and
channel of another MOSFET. This. second device will gate drive return. pn pe boards paralfct‘trackrshoufcﬂ’:mg

carry a large spike of reverse recovery current from the uscd - %

body drain diode of the previous MOSFET. For the-

duration of the reverse recovery significant Ldi/dt induced The use of gatc resistors isa d d
voltage transients will appear-at the COM pin of the rule thar gates shoul& be’ dﬂVCDar omzlawain

sources. Thxs devxauon neccssggﬁ'i I

= o -t "‘:«‘.j\:y‘;;

[R2110. . . 3=

The peak of reverse recovery currcnt is greatly reduccd « o sendls "
by slowing down the.turn-on. of the power MOSFET, . ¢ After all'dnc mrc‘has bcen cxercxscd"ﬁxerc*sullfxsmm
while the problem of the voltage; spike.can be mitigated amount of mductancc m the gatc dnchEop t.ha .muscs
with good quality capacitors (low inductance and low . unacceptable Tinging. ik T
ESR) between the two rails and compact assembly ™~ B
(Ref. 4, Figure 4). - °

To help the designers overcome these problems, the is small.

[R2110 is provided with two ground pins, Vss (pin 13) s r”a@%v *;
and COM (pin.2) and has been designed to thhstand e The peak revcrsc rccovcry currenrr ?cz:mdi‘ce’d.

w.,aLs.explznne:d.ut.ScctloxL,d: 3.(§ éi'ﬁls‘

5V of transmn&oﬁfset»bctween thesc twmpmsmm.

The plnS" at opp051tc 51de§;;

connected ir msndeand arratemalcconnccuo;gts,mqmred
—This-connection-cai. gégecny,bct TR the: it G : :

(Figure 6) or~ through#g»commomgrgpnc@’lﬁgur&ﬁ) T f_ : '§ﬁ§;§& oynin: igiir 0%

depending-on: thé;cifcumstar ""”g' eV - plify;¢hi of stray,ind :

should b€ used’ as"a"‘gfoti‘ﬁd rcfcrr forihielogicsignalss= t h

at the inpit antssHONIdEBE auted C’% ;}figmdﬁt@ﬁbﬁw&m S AlS DI oL Ie POy ,

“the_logic Supplyzy nn; lf"j 1 , memmpxmo “thel 10 urin af istitrdns

\ ﬁon‘-nﬁéinen SEEEIA B : Fes :
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e continuous current

1

f'the converter is operated in

mode-the bootstrapcapacitor-is: charged-during the =

conduction time of the freewheeling ~diode. In the

- discontinuous current mode;if the conduction time of the ==

diode is very short, the charging of the bootstrap capacitor -
will ‘be completed through'the filter components and/or’

- -

the ‘load. This is true whether-the dc-to-dc_converter ..

performs the function of ‘2 supply or speed control for
a dc motor. : ;

If the output voltage of the buck converter is between
10 and 20V, it can be used in place of a dedicated supply
to power the PWM controller as well as the IR2110 and
other auxiliary circuits. A start-up circuit is required to
insure that the bootstrap capacitor is charged when power
is first turned on. A resistor and diode from the rail
voltage are commonly used for this purpose.

4.2 .Dual Forward Converter and Switched
Reluctance Motor Drives

Figure 7 shows a bridge arrangement that is frequently
used to drive the windings of a switched reluctance motor.
It is also known as a dual forward converter.

The use of the TR2110 requires the addition of three
devices to insure that the bootstrap capacitor is charged
at turn on and in subsequent cycles, should the conduction
time of the freewhecling diodes become very short:

L aTae SRRy AF

{

~Ewe

Figure 5b. Layout of a three-phase motor drive. The common ground point is the junction of the negative terminals of the

reservoir capacitors. (Courtesy of Duncan Grant)
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1 FGIl"Bridge -w:(h Current! Mode Control =

-

e e : 2 e
— ume.:i\s C\plamca in Ref 5 This has an unp'xct on’ powcr
losses, as well as_¢ dWm and EM17

s

e,

Figurc 8 shows an H bridge with ey cle- b) -cycle current A,
'umhm;ﬂcmcnwd.\uxh current sensing device€on'the. = Figurc 9 shows the waveforms laken from  testeireuit
~ side in<embination with the-shutdown pin of‘-thcm;-:::lmd out-agshowndn-Figure SarOperation at-S00kHzawith -

[N S-S

2H0. The -detailed <implementation”of thexcurrent” ‘“‘1“111”61RF830 HEXFET did not presént any

nsifg-circuit is dependent onthe PWM lcchmquc*uscdw i cause anymouccablc hcanmz*of xhc lR2HO"‘

generatcTthé~desifed: outpul Vol(age, the_ accuracy” .
1u1rcd the availability of a negative supply, bandwidth,
.. (Ref. &, 7 and 8 cover these aspects mgreatcr»detall)

cxplained in Section 1.1, the shutdown function is
ched so that_the power MOSFETs will remain_in the
f-state as the load current decays through their internal
wdes. The latch is fesct at the beginning of next cycle,
en thc power devices arc once again commanded on.

Stray | inductances (L, and L., shown by dashed lines
Figure 8_)1_1_@ n.combination with hxghdl/dl-duc to fast
'nchmg‘amhmnsc"bﬁhc overshootsfrequentlyseen™
_____ . Decoupling_capacitors
)uld“caﬂtcj oui “the” neg’ah\'c effects of. L, 5 or the
hcr hand,“musi be réduced with a fight layoul This

| ductance—-mgclhcr with the forward-recovery.of the

' .ewheeling diodes, causes the center point to-swing

&A(srdc-locfml-voha;__c-—ff——-’» (p1n5~)of1hc-IRiHO —ﬁhc"booxstrap -capatitor—could eventually™ dlschargc”""—":"“

f )uld—go Below-COM(pin 2). As-mentionedin Section

3,%this is allgwed 10 -5V and erratic operation of the

" ;h side channel can occur if this limit is substantially
ceeded —metemiama i s N
The turn-on and arn-off propagation delays of the

le 10 are L]Oqu\ matched: (worst case mismatch: 10ns),
th the turn-on propagation delay 25ns longer than the
~n-off. This, by itself, should insure that no conduction
erlap of the power devices would occur, even if the on
d off input command coincide. As an added safety
irgin a resistor diode network can be added 1o the gatc,
shown with dashed lines in Figure 8. The purpose of
1s network is to further delay the turn-on, without
fecting the wen-off, thereby inserting some additional
ad-time.
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4.4 Brushless ang_&lnductlon Motor Drives

B

The-implementation of a thrcc-phasc bridge for motor -

- -

drives requires a more careful attention to.the layout due _ e

to the large di/dt components in the waveforms and the
fact that switching events occur at 1207 intervals. In
particular, the driver furthest away from the common
grounding point will experience the largest voltage
differential between. COM and the ground reference.
Section-3 and Ref. 2 and 3 deal-with this subject in greater

detail : 7

Furthermore, there are sev eral opcmung “conditions
that réqiiire clase scrutiny as potential problem arcas. Onc”
such .condition could.occur when a brushless de motor

is operated with locked rotor for an indefinite period of~ -~

time with one leg-of-the bridge being off. In this condition

depending on-the voltage seen by-Vs during this period -

of time. As a result the top power device would not go
on when commanded to do so. In most cases this would

not be a cause for malfunction, since the lower device

would be commanded on next and the bootstrap
capacitor would be charged and ready for next cvele. In
general, if the design cannot toleraie this tvpe of
operation. it can be avoided in one of three wavs:

a. if the pole has been inactive for some time, the control
logic turns on the lower device first;

b.the contro! could be arranged to have a very short
“normal’’ duty cvcle even when no conduction is
required;

v e

r e

“¢.if a pole can be inactive for a limited and known period
The resistor-diode network is also useful in reducing of time, the bootstrap capacitor could be sized 1o hold
¢ peak of the current spike during the reverse recovery up the charge for that time.
Va .

& 1R21 KRR
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Figure 8. Typical implementaticn of all H bridge with cycle by-cycle current mode control
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If the bridge is part of an mductton motor drive that
use a PWM technique to synthesize a sine wave, each pole
goes through prolonged periods of time with zero or very_
low duty cycle at low frequency- “The bootstrap capacxtor
shiould be sized to hold enough charge to go through these
periods of time without refreshing.

In circuits like the one shown in Figure 10, the isolation
between the high voltage rail and the logic circuitry is
supplied by the IR2110 as a reverse biased junction. A
breakdown of one of these junctions would have
disastrous consequences for the rest of the equipment.
In many instances this cannot be allowed and some form
of galvanic isolation is mandated by safety considerations
or as a form of damage containment. Optoisolators or
pulse transformers are frequently used to perform this
function. The_use of the IR2110 as a driver eliminates
the dv/dt requirements that would otherwise be placed
on these isolation components and reduces their cost while
provxdmg a.high performance gate drive capability that
is well beyond what these components perform directly.

4.5 Push-Pull

The IR2110 can still make a very useful contribution
in applications that do not capitalize on its key feature,
the high voltage level shifting and floating gate drive.
Convenience, noise resilience between Vgs and COM
and high speed drive capability are appealing features in
most power-conditioning applications.- The IR2110 can
perform the interface and gate drive function with the
simple addition of two decoupling capacitors.

4.6 High-Side P-Channel

The IR2110 can also drive a P-Channel device as a high
side switch, provxdcd that-a negatlvc supply referenced
to” th& positivé Tail Ts available, as shown in 1 Figare 11.
When opcratcd in this mode, the H;y input becomes

active low, i.€. a-logic 0 at the input turns-on th P-—~—-deV'°°g°e$°ffr—
E Pl by =The- resustor-diodernemom-has’ther el‘fect ofs!awmg

Channel. MOSEETI‘_ A T S

=l 1rRz110]. -
vip| ot o b
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Figure 9a. Test circuit for wavetorms shown below
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Figure 9b. Waveforms associated with the circuit shown in
Figure 9a. IRF450 operated at approximately 100kHz, in
a 100 xH inductor.

The vol drop across the bootstrap capacitor (0.1uf) due to
the delivery o ate charge is minimal (approx. 2 B W s
w=-Dyeto” the' jiver nature of the' load; the v tagé'acmss‘me"‘""

HEXFET is close to zero even before-gate: volta ls;present
because its.intemal diode goes in conduction: when: the ot }

pRULEE L

Whenevcr Vs (or Vp) are at fixed potcnual with
rcspcct to-ground; the power losses mentioned in Section.

g [SPPR -
AR S e\ S- e T -

o . ees .

T T I tum-off. = In- this- particular- operating

~T"date turn-on waveform substantially with minimal effet:tomﬂl&gaf&:__.
mode- the— resistor-diodd¥=-~

network does -not"performr a “useful function because’ the turEon" "=

oocursthhzero volts across theHEXEET I e e R T
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' 5: Troubleshooting-Guidé!ine‘s

-

=

"”"To‘analyzqthraneforrﬁs “of- the-floating « channcr “of-
“the IR2110 a.differential-input-oscilloscope is required -~

It is assumed that any voltage differential not referenced
to ground is measured in this way.

It is also assumed that obwouschccks have been made,

1 -t
]
P

for.example: --

¢ Pins are corrcctly conncctcd and powcrsupphes are” -
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N 1__iogic Input Voltage (HIN, LIN.&.8D)....———— —— —— | --—V55 05 — Vpp+05—_ B _::'L: J———
verae “‘MoWable‘Oﬂset'Supply'Vo!tage“Tr’a‘rfﬁé"ﬁ(‘(F GGTAE) | i mesbe o | oo wn5QueFe i |3 MINS agte | 1 pemmress
PD._.. = |-.=Package Power Dissipation @.JAI<=_25°C.(Fig. 49)~ — | -t -}~ — TAB - | it W | S b
Atia~=— |—=Thermal Resistance,Junction 10 Amblent:"-:“:':“* iy e el Eriye (St et (074} S eseamosnyy

" Janction Jemperatife” = i T ST B T e D

TS%"...-.:;;-. _-Storage Temperature ——, ~ ‘oo piemen groemm o | -85 - - " -150 C
TL- Lead Temperature-(Soldering, 10 seconds)_ - - =& — 300 ..
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Input/Output Logic Timing diagram is shown in Fig.-1. For proper operatlon the device should be used .

iin-thesrecommended-conditions R et 1 vt S

Vg ‘ahd?Vgg offset ratings are tested with all supplles biased at 15V differential. Typucal ratmgs at other
5 conditions are shown in Fig. 2 and 3.

gymbol Parameter i Min Max Units

Vg High Side Floating Supply Absolute Voltage Vg+10 Vg +20

Vs High Side Floating Supply Offset Voltage ~4 500 I
VHO - High Side Output Voltage § puenid T Vg Vg

vee Low Side Fixed Supply Voltage . 10 20 v

vVio -— Low Side Output Voitage A el = 0 ‘Vee -

VDD Logic Supply Voltage ) Vgs+5 Vgs+20

vss : Logic Supply Offset Voltage : -5 5

ViIN Logic Input Voltage (HIN, LIN & SD) \ vss VoD

1amic Electrical Characteristics™ |
As (Vcc, Vas, VDD) = 15V and Vgs = COM unless otherwise specified.

dynamic electrical characteristics are measured using the test circuit as shown in Fig. 11. -
Q < : Tl = 25°C T=-55t 1 -
- oo 150°C -
mbol }Parameter . Min | Typ | Max | Min | Max |Units Test Conditions Reference
Turn-On Propagation Delay — 120 | 150 — 1260 Vg = OV Fig. 12
Tum-Off Propagation Delay -l — |-94 125 — |20 Vg = 500V
Shutdown Propagation Delay - - 110 | 140 — | 235 Vg = 500V
" Yum-On Rise Time - — 25 35 — | 50 Cp =~ 1000pf Fig. 13
4 Tum-Off Fall Time"~ 7 el =1 7 25 | — | 40 | ns . Cr = 1000pf
n %7 Delay Matching, HS and LS Tum-On. | — — ] 10 e |Hton—Lonl: Fig. 14
# . .|Delay Matching, HS and LS Tumn-Off--{ — — 10 e 1 Htop—Ltotf]
on ~+} Deadtime, LS Turn-Off to HS Tum-On | 16 | 26 36 -} - . (Hton—Uotf) Fig. 15
,,,;—:-_é Deadtime, - HSTurn-Off to LS Tum-On /|16 - | 726 367-| — |’ — (Uon-Htok) ] T
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rmmfinem ingT th;ee 1R2110 devices to drive six lGBTs -
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POSSIBLE CAUSE _ : _ -

te drxvc pulses o1 ‘ Vcrtfy that Vcc is above the lockout level ) gt Tl
inve{julsem‘nﬂmver“f;.Meuure voltage across. bootstrap capacitor; Jt'sbould‘be above thc-iocl\om level* lf s e
m»;}:;g»rsw«n s not,. checkswhy capacuor.doesn {-get charged::Insure that capacitor is chargcd .
il o — -_ W e, St 1 T .

fyAhast doesn tgo below. COM -by- mo;_t;_than SVur T T
L y that—htgh tde channel does not .80 in undervoltage lockout T -
-~2Yerfy that-dv t-on-—Vs -with. Tespect to COMadocs no -.SOV/ns..If .so,_._“._..:.._e.w
“i;%w; tching.- may-needislowing down.. oot 165 o '
enfiiithat‘-loglc‘-‘tﬁ’;iﬁts~ar4:~nmse -free w;th-respect,

: § nf that—mpm‘logtc sxgnals.are Jonger;, than,SOn

e =i

B .Reduce inductance of gate dnve 1oop Use twnsted wxres, shorten length: If reduction
'of‘?Loop’ inductance does. not bnng rmgmg to y-acceptable: level ‘add gate resistors.

= - x
RS x»m-z.-, TR

:
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HIGH VOLTAGE '
MOS GATE DRIVER

IR2110

General Description

The.IR2110 is & high voltage, high speed MOS~
gated power device driver with independent high side
and low side referenced output channels. Proprietary
HVIC and latch immune CMOS technologies ena-
ble ruggedized monoalithic construction. Logic inputs
are compatible with standard CMOS outputs or with
LSTTL outputs using pull-up resistors. Output drivers
use low impedance totem-pole arrangement
designed for low cross-conduction current spike.
Propagation delays for the two channels are matched

Features

u
— Qperating offset range from —4-t0 +500V
=" dvidt- immunity rated af’ +50V/ns

- Quiescent power dissipation of 1.6mW at 15V
B Wide output operating gate drive supply-range

from 10 to 20V

Separate logic supply to interface with togic signal

— Operating supply range from 5 to 20V
— Logic and power ground operating offset
range from -5 to +5V

-Floating supply designed for bootstrap operation

to simplify use in high frequency application. The M CMOS Schmitt-triggered inputs with hysteresis
floating channel can be used to drive a N-channel and pull-down ~ \! 1
power MOSFET or IGBT in the high side configura- B Cycle by cycle edge-triggered shutdown logic |7
tion that operates off high voltage rail up to 500 voits. M Undervoltage lockout with hysteresis for both — -~
) channels
Applications m Output totem-pole driver designed to drive
~ MOS-gated power devices
| High frequency switch-mode power supply — Peak current capability at 2A minimum
1k o — Switching time of 25ns typical into 1000pt
W DC and AC.motoc.drives: load - ) NS I
] 4 B Matched propagation delay time for both
B Electronic lamp ballast * el channels . .
L s m e leeereo i ypical 120ns tumcondelay and 94ns turn-off k-
_® Battery charger-S=— % delay —a T ‘ ;
s - == — Maximum rated @é!@ﬁg,éif@feoti%l Of s
B induction heating;and (A f0ns.” oY Z o i mp e |
SITETT T * Latch.immuns CMOS-Withstand >2Areverse ™ .|
M- Switching=amplifier= =_current at O pins. - B o o oot o) -
S -t B s '*;-‘: ~~:»~'-—-ﬂ -' v;: . g £ ;
| Typical Connectioniax zmges e ooz, Pinout Assignment- e L e
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