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IRON SURFACE HARDENING MACHINE

Mr. BOONCHAI TASSANO
Mr. THAWATCHAI JITYOM
Asst.Prof. SOMSAK HEESIRIKULAdvisor

1 Semestor, Educational Year 1997

ABSTRACT

This thesis presents an iron surface hardening machine. The driving
current is controlled to gradually increase for reqiuce output inrush current. The
principle of the machine is based on high-frequency magnetic induction and, Skin

Effect, using fower electronics technology and pulse width modulator control,which

give the maximum power about 1000-3000 W.
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A8 skin depth HaznnestusgiudinaniialariueguazsliavesnlIadniniudlg
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naratsdnih diidndame Idmiuaindga Tae 1 idudnunsrie
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A eamiinvesalauazdaIdnssua lva lamuau

n151fiA skin depth ¢ 1A9103UTA 2.3

yFmnIsugANul —— &

g9 () HU

31 2.3 uamavSnanszuanNNdga Inaruia

4

asmiuinhdaussusnunszua Inasu (skin depth) dw1san1 1dnIngas fe
4’ 4' Y o : 2
wunmbdansmua(A) = 7T,
i 4 o o . 2
wunmhaananiu(Ay) = Tr
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WU skin depth
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1 Skin depth 1¥daydnyai

o

-4 v d"
Fonay U



-

11

or

1 2 3 4 5 6 -

s 2.4 MINTTNVRIMIANMTHVBITNHIBIHSATUA 1NN

d=1/0 ;20 po
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L A9 Manuduanumsivin (Permeability) mnlesmeud-mesu-mas)

® A9 AnutiFag (sRouAud)
4 as . i
Feez ldnnuduiuduaadifiiu 1@ lugyii 2.4
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P P 9/ 1 o [ & P ]
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o o eas o . g7 [] o P
man (Permeablllty) AN Nmmmmﬂ’nunumuwaamuusauuman"lﬁ'Tﬂaﬂums‘n ®

Hx(Y) = Hom.exp(—aY)cos(o1-aY)

azen B = uH
Bx = MHQM.exp(—OLY)COS(CO l—O(,Y) (1 1 )

b 4 ¥ [] [l
ueNu N deausam ammiuivvesnszu huifeminiiganie 4 18 Taovnii
nun V.H = 3
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A . d . o w
Wl k Wy unit vector “luumunu X, y {82 z muaay

i J  k
VxH=| 0 %31 0
H, 0 0
cH
J,(N=- X
0= 5

NNAuNTSH (8)
Hy =Hg,, exp(- oY) exp{ (et - ay))
=H,_ exp( ja)t) exp(— V2, E aY)
sufues1d
J(Y)=H,,V2j a 'exp(— W}exp(jwt)
S \/fexp(j-yr/4)
Jo(Y) =2H,,a-(- aY)exp{ot - oY +(z/ 4)}

SFafvosnmumunsiunszie 9215181 real part

J(Y)=2a-H,, exp(— aY+(7r/4)) (12)
MIMANNMUWUUAT U AT y=0

T2 (Y) =2 Ho, exp{j{or+ (n/4))}
fimuald

Jou = V2oH oM (J (”/ 4))

& v % ﬂi ° ! ) A'A
P ﬂ&'ﬁju‘ﬂu']ﬂ magnitude NAN UL y =0 UoNH B lane uag (e

4 1 </
YOI 92 lead H 19ae19 ) illuyy w3 45 paen

J,(Y) = J,,, exp(- aY)COS{j((ot - a)Y)}

¥ v
Ay ‘Dxﬂ"llnﬁﬂﬂTﬂ'lﬂ'J'llJHU'llmuﬂSleﬁﬁﬂ’J'Iilaﬂﬂ'ld 9 910

T (Y) = Joy, expl- @Y)COS{ j(ot - a¥)}
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WAMITONIAN

nn  E=1/6=p;
EZ(Y):pJOM.exp(-(XY)COS(CD I-OLY) ( 14)

2.2.4 DIZUANINUA
1INTe 2.3 mawswﬂ1mmnmuuummﬂiwuawﬂﬂma q ‘1mueman Tﬂanmﬁ

NNYINTY uaatfluumunu Z muumm HInNge uﬂmmmmmaumnm J 11&“1”'5“‘1!'1‘1]

xlayy mnﬂJ'n 2.4 witunanumiun e s sLes y iy

b 4 Jz(y)

@ © @ © © 0 © » Bx(o)=Hoq Cos wt
X x X X X X X 3 curent sheet i/p

Ik

Ji 2.5 uamﬁﬂmwmm1mq’:’mammuuﬁmﬁmmzmmﬂmuﬁunszua

e MAaTUNLUn sz luulsanus zeen x Yerunsam dnszua Wi de was
Tunvunu x

mnszua Inihdemas =IJZdy

a

J Jou ® exp(—al) e COS(wrr - a¥)dy

0

s Jooljor~(1+ ot

-, Re[{exp[ Jjor =1+ ar [ ~(1+ j)a}] ]
= Jous Re[exp(jm’) / {(1 + j)a}]
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AN Jou = \[Z.a'HOM exp(je(n/4))
ANTZUA AD (LA =Re[HOM o exp( ja)r)]
-H,,,.COSwr (15)

< By it 4 a A v v ¢ & da <
SLIUU 1ﬁ'ﬂ ﬂix“ﬁ'ﬂulﬁﬁiulumﬂﬁﬂﬂ%l]ﬂ']l'ﬂ'm‘l] AR NUUVNYBDITUTHUUINANNATIUDUNAN

uag suany

1, =Hpy (16)

2.2.5 Masninadulundn

4 ' 1 4 ' o 4 v a AAA"
mnﬁmu1'z'ﬂmmm1m1umuunszxmﬁqwma q Tuman Wens e s FaaIaueg
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a v . 8 o P <t o 3 '8 1 & 9 9 P
lﬂﬁﬂll 'H'\ﬂ’l'llﬂ\iﬂ?ﬁ\iﬂﬁmlﬂﬂ‘lu!ﬂﬁﬂﬂﬂqﬂU1ﬁﬂ!11ﬂ'i' MmNy BABINITINIAM
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unv x taz z Taosmuald p : Mdsfigufedenudie Gadiuas’)

P= _[,a/}dy = pJ%  exp[-2a¥]|e COS*|ar — a¥]dy
0

wiiudimen COS2(wt — al) diosduansalugienuvesndusy 18y 12

v ’ ¥
Taoh  hiflnadefivesdudinsaiiieaunnina (Hunayin1¥ phase shift JuivinTuies

a

{ﬂJOMI J'exp [-2aY]dy

0

p= [pJOM /4a]exp[— 2aY] l:

=[N;M5]/4
10 [Vose| = V2a|Ho\ | = [ﬁ!HOMI]/E (16)
P, =|peH} /25 V)

e

1 o @ ! d' o J d' A -, o @ s : <
sidegaudeiis i lAidunusdssfamidesarimun Awania y = 0 suds

[]
=4

v ¥
y= o ilesnfSoufsunugudoauianitegg y 1a q duanugodeiifate y =o

&
aazeonuuilu per unit loss
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P, /P =1-exp[-2aY]
Y=la=6
-2
P,/P=1-¢
=1-0135
=(0.865
Y=2/a=25;P,/P=1-¢"
=0.982
v 1 <
2.2.6 l@UUIIMUTAN
¥ . g o ¥ a a 4 d g oo '
dunsunimanianuan 1 lngnsduninsa aaeaitunnidaveseuuiw]
] v ¥ ¥
manfird ilosnnfirmavesnmuiminvesmuimAnyinusuuan X duiuezaanin

ar é 1 i 1 ﬂ’: o Q"l 1 T
AUSTUI Y-Z 3 B eziasumusses Y inniu muummmmnuﬁuuieunmﬁﬂm

nuaNue LU Z
# = oy expl ot - 1+ ja (X))
4 [yHOM.exp{j[a)t - [7:/4]]}]/[ﬂ]

1 v o ]
mmam’f’uummmamﬁu 7 real part

¢=%;—ZA-COS[wt—[x/4]] (18)

227w nhdnar il

a < oy [ od c’: 4{ 3 o - o a

Wenswduduuswimaniamualuilomantesaunsammsmivnidaen
) 1 4
nfavuluvaalatiendinuy

MYUAN YANIATIENGINUNBY N 501

W emf = N[dg/di]

=[- iNoH,, SIN[ot -z 1 4]]| /[ V22]
L 4
ANy emf = [,uNa)HOM_COS[a)t +[7r/4]]]/[\/2a] (19)
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2.2.8 masnnumaiao)sean

k4 )
1N ¥H1un1IMIA Skin Effect umdmualdifuwrimdnfifianwenlu
' o t [~ a ' 1 n’/' a
unuan 9 ensudetiud ualuarmdusud hithuswiueis  Sunsadrennuthle

(] ' <t -} 1Y) 9 Py 1 Py ] LY
8619910 9 unzilsoumoudunis 1Faueie q 31 Aa 'l lbnnin

Temperature (c ) P(Q—m) H, &(mm)

20 0.160x107° 60 0.082
200 0.290x 107 60 0.111
400 0.483x107° 60 0.143
600 0.755%107° 60 0.179
800 1.095x107° 1 1666
1000 1.165x107° 1 1.718
1200 1.220x107° 1 1.758

A1519 2.1 AIDENNTAIUIUNT Skin Effect

910 skindepth ( ) =2p/ pw
e nswliiuyanin finawd =100 KH,
wld = 6.28 x 10’ (IABU AU
1 A And’l N e @ =t Aﬂd’l . |J ' o
ANTTAAIN (resistivity) NuANUeilednag (permeability) lﬂumweg 1
gumuidveunin
9 v v
Amualie Sindv edilieddd (relative permeability) veunin figantgiis
A1 curie point = 60 HATIIBBUUNIYINI curie point (760 C) =1
v 1 e Aady R ] < -3 [ 3 °
AIUATTFAAIN (esistivity) Wdsuntasnmgungiveanin duiuaunsad
) .
UIUN Skin depth ( &) VBUNANVINAITN 2.1
29U skin depth veneaaelaear  vesmewailFidualanewasily
2 v @ o_ < Y
HumansuasilFiuaiadnii i dwidu 1

resistivity ( p ) ﬁ 50°C=2x%x10"Q-m

skindepth  =y[2x2x107]/[1x47x 107 x 628 x 10°*]
= 0.225 Haduas

u’: v o dqw 14 o]
N PR EAEATRE] mﬂmmﬂ‘mmmtﬂwmuwTu
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y = R ns
z = 2 R AT
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wiemidantleuldiuvaniadeeziiuidshigandelumin
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91N v UN-W-H,,Z

max — \/E}Z
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ATNNARBIN 4.2 NMAABUIIBSIABS

VDC (V) Vp (I/P) 7 Vp (O/P) H (A/m) Bm (T)
60 48 80 2.67 0.02
90 74 70 4.20 0.018
130 100 170 5.67 0.045
170 140 210 7.94 0.056
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International PD-9.458C
[ze= Rectifier | IRFP450

HEXFET® Power MOSFET

e Dynamic dv/dt Rating,
® Repetitive Avalanche Rated 0
. Isorated Central N;:ounting Hole Vpss = 500V
® Fast Switching
e Ease of Paralleling G Rps(on) = 0.40Q
# Simple Drive Requirements
s lD = 14A

Description

Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching, ruggedized device design, low
on-resistance and cost-effectiveness.

The TO-247 package is preferred for commercial-industrial applications
where higher power levels preclude the use of TO-220 devices. The TC-247
is similar but superior to the eartier TO-218 package because of its isolated
mounting hole. it aiso provides greater creepage distance between pins to
meet the requirements of most safety specifications.

Absolute Max:mum Ratmgs

i Parameter .Y,
1o@ Te=25¢ C ; Ccntmuous Draun Current VGs @ 10 V
0@ Tc= 100"C ) Conlmuous Drain Current Vaes @ 10’ V

o Pulsed Drain Current v

Pc e Tc 25 c gPower Dissipation
C leear Derating Factor

‘Vas . ‘Gate-to-Source Voltage - =

. Eas . Smgle Pulse Avalanche Ene'rgy 2

ylar ' -ﬁ)’é!.i”ch‘:’ .C.”.’.'e“‘ ! NG L

1 Ean .. [Repelive Avalanche Energy v |

jdwat __ PeakDiode Recoverydvidt 3 . ___ .

Ty i Operating Junction and -5 1 lo +150 !

Tsre - Storage Temperature Range e ___j “C
_ Soldering Temperature, for 10 seconds . 300 (1.6mm Irom case) :
_Mounting Terque. 6-32 or M3 screw 10 tokein (1 1 N-m)

Thermal Resistance

. Parameter . ..Mip. . Tyb. Max. .. Ur;i.ts
NN 'Juncnon -to-Case e B - S
"Rz Case-to-Sink. Flat, Greased Surface - Q24 - CW
Rua Junction-te-Ambient - -— 40
5

1019
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[RFP450

Electrical Characteristics @ Ty= 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
Vierjoss Drain-to-Source Breakdown Voitage 500 | — - V | Ves=0V, lp= 250pA
AVisrjpss/AT,| Breakdown Voltage Temp. Coefficient — | 063 | — | VPC |Reference to 25°C, lo= 1mA
Rosony Static Drain-to-Source On-Resistance — — (0401 Q |Vgs=10V, Ip=8.4A @
Vesqiny Gate Threshold Voltage 20} — 4.0 V | Vos=Vgs, lo= 250pA
s Forward Transconductance 93 i — | — S | Vos=50V, Ip=8.4A ®
R — i — 25 Vps=500V, Vgs=0V
loss Drain-to-Source Leakage Current i — 250 RA Vos=400V, Vos=0V, T1=125°C
lass Gate-to-Source Forward Leakage — — | 100 oA Vgs=20V
Gate-to-Source Reverse Leakage — — | -100 Vgs=-20V
Qg Total Gate Charge - — | 150 lp=14A
Qqs Gate-to-Source Charge — 1 — | 20 | nC |Vps=400V
Q, Gate-to-Drain ("Miller") Charge — I —_ 80 Vgs=10V See Fig. 6 and 13 ®
taion Tum-On Delay Time — (017 — Vpp=250V
te Rise Time e 47 - PR lp=14A
Lafotty Turm-Off Delay Time — 92 -_ Rg=6.2Q
t Fall Time — 44 — Rp=17Q See Figure 10 ®
i
Lo Internal Drain Inductance — 150 — g ?nwtf(egzles?r?) ﬁ:_;\
nH | from package G_t?}
Ls Intemal Source Inductance — 13 — and center of C &
X die contact s
Ciss _____|Input Capacitance 0 — 2629_'3 — Ves=0V
Coss i Output Capacitance — 720 — pF | Vps= 25V
Css ! Reverse Transfer Capacitance | — 340 | — | f=1.0MHz See Figure 5
Source-Drain Ratings and Characteristics
! i . W Parameter Min. Ty_p-l Max. | Units Test Conditions -
‘s { Continuous Source Current o /S MOSFET symbol 0
i ___;{Body Diode) - Sl ) showing the j 1'——_;_
flsm | Pulsed Source Current ) g . s6 integral reverse G\
‘e _._ '(BodyODiode) Gi i A i ___ | p-njunction diode. 15
| Vso i Diode Forward Voltage _ 1T HA |V Te25°C, I5=14A, Ves=OV_§
te : Reverse Recovery Time T 7 540 | 810 ¢y ns |T;=25°C, lr=14A
{Qu Reverse Recovery Charge i — 48 | 7.2 | uC |didi=100Alus @
“n______!Forward Tumn-On Time | Intrinsic turn-on ime is neglegible (tum-on is dominated by Ls+Lo) ;
Notes:

i, Repetitive rating; pulse width limited by
max. junction temperature (See Figure 11)

2 Vpp=50V, starting T4=25-C, L=7.0mH
RG=25¢2. 1as=14A (See Figure 12)

3 1sp<14A, difdt<130A/s. VpOSV(BR)DSS.

Tu<150°C

& Pulse width $ 300 us; duly cycle <2%.
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Q o Q
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= = !
c T c
o 10 2
5 5 S
(&) - &) FAE= s 4.5v
c 4 =
s /i g
o (=]
=) 5 /,
4.5v
e t
20us PULSE WIDTH 20us PULSE WIDTH
Te = 25°C Te = 1506C
100 xvn
100 10! 160 10!
Vps. Drain-to-Source Voltage (volts) Vps, Drain-to-Source Voitage (voits)
Fig 1. Typical Output Characteristics, Fig 2. Typical Output Characteristics,
Tc=25°C Tc=150°C
. = 3 o Ip = 144
A c
Za 3 10
—_ ' ]
M) 77 ]
o oy o .
E '/ < 25 4
< 10! e O ~ /
= 25°C 3 kS 4
D 17 s N 2.8 7
g yAW | g ] A
'S / | »n E /
J H &6 18 /l
% i < Z Pa
b : £~ 74
a [} 10 s
_é 1 = O. /
= L~
] 9_ 0.5
! ng = S0v 8
T 20ns SJ.SE AIDTm [od 60 vGs = 104
& 3 [ - H 3 0 v £y -23 -20 G 20 4C €0 80 I 120 4l -
Vgs, Gate-to-Source Voltage (volts) T, Junction Temperature (°C}
Fig 3. Typical Transfer Characteristics Fig 4. Normalized On-Resistance
Vs. Temperature
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IRFP450

Vs = OV. f = 1M _ Ip - 144 P17
Cigg = Cgs * cgd- Cgs SHORTED ) Vps = 400v —]
000 \ Crss = Cgg ° Vs = 250v R\
NCoss_= Cos * Cgg Z 46 vrs = 100v —h
NI N} g 7
i 4000 ™ =2 //
2 \ Ciss 3 12 YA
8 NN [ 7
S w00 \ ~ § '/
g \\ [ \ (I)? a é
S 200 N s ] 2 /
S ™ NI : >
Grss
1000 \I\ \ (Du') 4
i o
7 \ ! > FOR TES: CIRCUIT
N ; 4 SEE FIGURE 13
100 10! ) 20 40 60 80 300 120 2D
Vos, Drain-to-Source Voltage (volts) Qg. Total Gate Charge (nC)
Fig 5. Typical Capacitance Vs. Fig 6. Typical Gate Charge Vs.
Drain-to-Source Voltage Gate-to-Source Voltage
2 103
= //,/ ’ A OPEAATION In ;;;sm:)na LIMITED ::;}f
=3 [ x 4 R & 1k
E Vi . 2 : 1;1/ ! S| i ]i
< : — ;
= // ' 8 e I l i
= - if <. O 108
6 i _L/ 7 . g 3 : & = . N }‘ . '
-— - 1 i
& [CeectF : 5 10—t MM Y
5 /7 : o == e :
I T - b s e T
P _ Z 1 i || BN 1
] ' © 1 : T~ indfl
S 250¢ 8 2 i —; 0
3 f ERY I LDyl
£ === = E
e | ! e
2 ! Tc250¢C ]
- ; [ . . 2 Tgm1509C ]
s ; ! Vg = I . | SINGLE ®uLse] |}
e 0.8 B BE N e ] R S 402 2 s L.
Vsp, Source-to-Drain Voltage (volts) Vps, Drain-to-Source Voltage (volts)
Fig 7. Typical Source-Drain Diode Fig 8. Maximum Safe Operating Area

Forward Voltage
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Ip, Drain Current (Amps)

IRFP450

Vos > A=
D.U.T.
N Voo
12 \\‘
N
10 \ Pulse Width < 1ps
. Duty Factor 5 0.1%
8 ~ Fig 10a. Switching Time Test Circuit
¢ N\ Vos — .
| \ Vs / \ [
4 \ l l
| |
2 | | ]
10% I ; !
%2 50 75 105 125 150 VGSJ j( l\——g_ﬁ
T, Case Temperature (°C) o) ¥ oty Y .

Fig 9. Maximum Drain Current Vs.

Fig 10b. Switching Time Waveforms

Case Temperature

1 T ‘:il 0= B ou! > it 4
: Easi
: o
po-o. T -
N IR IS B e g gy f 7
;C" 1 i il [P et
2 -O.lé'.r-' X5 T
2 A AR Rl RARIE I :
o - 47 7 B B k1] i H 1 H
= o022yt SINGLE PULSE ¢ ; 4
Le. { {] ‘TMEAMAL RESPONSE)
E .o-z“’% B " | -
[ T - T
= TE = ¥ H Pons l l
= 0 I ML T i Su
e ; T el
IRILE RRI i NOTES:
; } : 1. DUTY FACTCA, D=t1/t2
- ' . i h 2. PEiR 1,=Ppu ¥ Ztnje ¢ ¢
oS H 1073 1072 2.1 1 10
&1, Rectangular Pulse Duration {(seconds)
Fig 11. Maximum Effective Transient Thermal Impedance, Junction-to-Case
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Vayptoobtain VDS (1N
required lag

D.UT. 1600,
B T g
) 1 ~ e
~.Voo =5 \ BOTIOM 14
g 1200 \
las > \
T 0010 L% \
. . . 2 8o \\
Fig 12a. Unclamped Inductive Test Circuit 3 \
e N\ N
= 4
° N
(/E) 200 AN \\
@ \\\
w R
~ |voo - sov [ N
Vos s A ;
25 50 i 190 125 156
Starting T, Junction Temperature(°C)
las — . = =

Fig12c. Maximum Avalanche Energy
Fig 12b. Unclamped Inductive Waveforms SR Lurrent

Current Regulaior
——e e e 2T T

Same Type as D.UT

' 12v e

Qg { Ol _L_ __________ .

tovi— R R &% T g7 Lypg
* 1~ 968 ~»— 9Gp —;
Vs
\{e]
Charge — Ic ¥ 1p
Curzent Sampling Resisiors

Fig 13a. Basic Gate Charge Wavetorm Fig 13b. Gate Charge Test Circuit

Appendix A: Figure 14. Peak Diode Recovery gv/dt Test Circuit — See page 1505
Appendix B: Package Outline Mechanical Drawing — See page 1511
Appendix C: Part Marking Information — See page 1517
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INTERNATIONAL RECTIFIER | TEAR

Data Sheet No. PD-6.0118B

HIGH VOLTAGE
MOS GATE DRIVER

IR2110

General Description

The IR2110 is 2 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 lechnologies ena-
ble ruggedized monolithic construction. Logic inputs
are compatible with standard CMOS outputs or with
LSTTL outpuis using pull-up resistors. Output drivers
use low impedance totem-pole arrangement
designed for low cross-conduction currant spike.
Propagation delays for the two channels are maiched
to simplily use in high frequency application. The
floating channel can be used 10 drive a N<hannel
power MOSFET or IGBT in the high side configura-
hon that operates off high voltage rail up 10 500 volts,

Applications

R High frequency switch-mode power supply
R DC and AC motor drives

R Electronic lamp baltast

R Battery charger

X Induction r;eating and weld.i.ng

R Switching amplifier.

Features

B Floaling supply designed for bootstrap operation
— Operaling offset range from -4 to +500V
— dv/dt-immunity rated at +50VIns
— Quiescent power dissipalion of 1.6mwW at 15V
R Wide output operating gate drive supply range
from 10 to 20V
Separate logic supply to interface with logic signal
— Operating supply range from 5 to 20V
— Logic and power ground operating offset
range from -5 {o +5V
CMOS Schmitt-triggerec inputs with hysleresis
and pull-down
Cycle by cycle edge-trigoered shutdown logic
Undervoltage lockout with hysteresis for both
channels
Output totem-pole driver designed to drive
MOS-gated power devices
— Peak current capability at 2A minimum
— Swilching time of 25ns typical into 1000pf
load
W Malched propagation delay time for both
channels
— Typical 120ns turn-on delay and 94ns turn-off
delay = -~
~— Maximum rated maiching differential of
+10ns :
B Latch immune CMOS. Withstand >2A reverse.
current at /0O pins

Typical Connectizn

3
[
o8
IR2110
)
3

P.inoiJi‘A'ssignment

A :no
Voo (| P 7 vs
HN (6] = [ 5] v
o] N [
wiim £ Fovwe
vss (O3] Y com

= _~_fe

For mechanical speciicaions see back page




IR2110
Typical Performance Characteristics
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Fig. 1 — Input/Output Timing Dlagram
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IR2110

Absolute Maximum Ratings

Absolute Maximum Ratngs indicate sus
All voltage paraineters arg absolute volt

The: Thermat Resistance ang Power Dissipation ratings are me

A Cundhions,

tned linuts beyond which damag
ages relerenced to COM.
asured under board maunted and still

€ 10 the deyice Mmdy oceur,

-

Symbot Parameier Min Max Units
g thgh Side Floaung Supply Absoluto Voltage -0s Vs +20

Vs thgh Sivs Floaung Supply Ottset Vonage - | 500

VIO High Side Quiput Valtaga Vs -05 Vg +05

oo Low Side Fised Supply Yoliage -0s 20

vio Low Side Qutput Vollage -05 Vee »05 v
Yoo Logic Supply Voitage -05 Vss +20

vgs Logic Supply Otiset Vohage Vee - 20 Vcc +0s

Vin Lagic Input Voliage (HIN, LIN & SO} Vsg ~05 Voo +05

dVgiat Allowabta Ctiset Supply Yoltage Transient (Fig. 15) - 50 Vins
Pp Package Power Dissipation @ Ta <= 25°C (Fig. 19) - 1.6 w
Ainsa Tnecmal Resistanca, Junction lo Ambiont = 75 Crwt
T Junction Temperature -55 150

Tg Storage Tamparatuca -55 150 °Cc
Ty Lead Tamperature (Soldering, 10 soconys) - 300

Recommended Operating Conditions .
The Input/Output Logic Timing diagram is shown in Fig. 1. For proper operation the device should be used
within thu rocommondod conditions,

The Vg and Vgg oflset ratings are leslad with all su

- bias conditions are shown in Fig. 2 and 3.

pplies biased at 15V dillerential, Typical ratings at other

Symba} Parwnoter Min Max Units

vg High Sida Flosting Supply Absoluta Voltags Vs +10 Vg +20

Vs High Sida Floating Supply Ollset Voliaga ~4 500

Viio High Sido Output Voltage vs Vg

vee Low Side Fixod Suppiy Yoltage 10 20 v

i Low Suiu Owiput volingo 9 vee

Voo Logic Supply Vollaga Vg5 rS Vss + 20

v§s Logic Supply Oflsel Voltage -3 5

Vine L egic lnput Voltaga (HIN. LIN £.50) vss Voo
Oynamic Electrical Characteristics
VBIAS (Vee. VBs. VpD) = 15V and VSs = COM unless otherwise spacilied.
The dynamic. electrical characteristics ara measured using the test circuit as shown in Fig. 1.

Tj = 25°C T] a =55 to
150°C
Symbol |Pammaeter Min | Typ | Max | Min | Max JUniis Test Condltions Relerence

ton Tura-Qn Propagaticn Dalay — 1120 | 150 | — | 260 Vg = OV Fig 12
G Turn-Oll Propaganon Oelay - 94 | 125 | — | 220 Vg = 500V
tsg Shutdown Propaganon Oolay - N0 | 140 | — | 23§ Vg = S00v
ty Turn-On Rise Time - 25 S | — 50 Cy = 1000pt Fig. 13
[} Turn-Olt Fali Time —_ 7 25 - 40 ns Cy, = 1000pi
My, Oslay Matching, HS and LS Turn-On | — - ] - - |Hign-Ligal Fig. 14
Mty Deiay Matcnlng, HS ang LS Tura-Oft - — 10 - - 1 Hgp~tged
OHu,y, Qoautimo. LS Tuen-Otf 1o HS Turn-On | 16 | 28 B | - | - {(Hlon~Lign) Fig. 18
Oy, Deadtimu, HS Tutn-Ofl 1o LS Tun-On | 18 26 36 - - (Lign-Hig)




Stadc Electrical Characteristics )
V3ias (VCC. VBS. YOD) = 1SV unless otherwise specitied.
The VIN. VTH and IIN paramelers are relecenced ‘o Vss and are applicable 1o all ihree logic Input Pins: HIN, LN and SO,
The VO and 10 pacramelers are referenced to COM or Vg and are applicable to the respective Qutput Pins: HO or LO.

[R2110

Tl = 25*C TI =z -35 10
150°C
Symbol [Parametor Min | fyp | Max | Min | Maz {Unils Test Conditions Relerence
Vi tagic 1" Input Voltage 3t - - a3 - vpo ~ 5V
64 ] — |-— |68 | — Voo - 1OV
95 - —_ 10 - Voo = 15V
128 - — 133 — v Voo =~ 20V
Vi Logic "0 Input Voltage — - 18 - [ Vpp =~ SV Fig. 4
—_ - §:] - 6 Voo - wv
— - [ —_ 57 Yoo = 15V
— | =183 =] 19 Voo = 20V
Vou High Level Qulput Voltage, Vgjag-V0| — | a7 | 12 | — | 1S v VIN = VIH. I = 0A Fig. 10
vou Low Lavel Output Voltage, VO -} - lo1 | -} ot VIN = Vi, lQ = OA e
L% Otiset Suppty Lsakage Currant o~ - 50 - | 250 Vg = Vg = 500V Fig. s
loas Quisscant Vgg Supply Current — {125 230 { —~ | sSocO Vin = Viy or Vi Fig. 5
loce Quisscent Voo Supply Current — {100 } 340 | = | 60O ] pA Vitg = Vi or Vi Fig. 7
000 Quiescent Voo Supply Cutrent - S Jo - 60 Vig = Vi or Vi
LTYR3 Logic 1™ Input Bias Current - 15 30 —_ 0 Ving = 15V~ fig. 8
W= Logic 0" Input Bias Current - - i - 10 Vig = OV
vVasuv * | Vas Supply Undervoltage Positive 7.7 | 87 § 97 - -
Going Threshoid
Vasuv- [Yas Supply Undenvaltage Negative 73 83 93 — —_
Golng Thresnhold Fig. 9
VYecuv + | Voo Supply Undervottage Positive 75 | 86 | 96 | — - v
Going Threshold -~
VYecouv- | Vee Supply Undervoltage Negative 7.2 | 82 [.9.2 - e
Golng Threshotd.
o+ Output High Short Ciccuit Pulsed 2 - - - - Vour = OV, Vi = 15V,
Cugrent A PY! <o 10 ps
o- Output Low Short Clrcult Pulsed A R A VOUT = 15V, Vi = OV,
Curtent PN <« 10 us
Functional Block Dlagram
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4.3 Full Bridge with Current Mode Control

Figure § shows an H bridge with cycle-by-cyele curren:
control implemented with current sensing devices oa the
low side in combinanon with the shutdown pin of the
IRZ11C. The detailed implementation of the current
sensing circuit is dependent on the PWM technique use2
to generate the desired outpus voltage. the accuracy
required, the availability of 2 negative supply, bandwidi=,
etc. (Ref. 6, 7 and 8 cover these aspects in greater detail).
As explained in Section 1.i, the shutdown function is
laiched so that the power MOSFETS will remasti in the
off-state as the load current decays through their internai
diodes. The latch is reset at the beginning of next cycls,
when the power devices are once again commanded os.

Stray inductances (L, and L, shown by dashed hincs
in Figure 8), in combination with high di/dt due 10 fas:
switching are the cause of the overshoots frequently seen
across the power MOSFETS:. Decoupling capacitors
across the rail, connected close to the power devices,
would cancel out the negative effects of L. Lyon the
other hand, must be reduced with a tight layout. This
inductance, together with the forward recovery of the
freewheeling diodes. causes the center poini 1o swing
outside of the rail voliage, i.c., Vs (pin 5) of the IR2110
would go below COM (pin 2j. As mentioned in Secction
1.3, this is allowed to -5V and erratic operation of the
high side channel can oécur if this limit is substantially
exceeded.

The turn-on and turn-off propagation delays of the
IR2110 are closely matched (worst case mismatch: 10ns),
with the turn-on propagation delay 25ns Jonger than the
turn-off. This, by itself, should insure that no conduction
overlap of the power devices would occur, even if the on
and off input command coincide. As an added safety
margin a resistor diode network can be added to the gate,
as shown with dashed lines in Figure 8. The purpose of
this nctwork is 10 further delay the turn-on, without
affecting the turn-off, thereby inserting some additional
dead-time.

The resistor-diode network is also useful in reducing
the peak of the current spike during the reverse recovery

1IR2110

Yoo -

v TLared r

ume, As explatned in Ref. 5. thys ha<an imnact on power
losses, as well as dv/d; anZ EMI.

Figure 9 shows the wa velarms aken from 2 teg! circun
laid out as shown in Figure fa. Opcration a: SO0kHz wit>
the IRFE30 HEXFET did not presen: any problem nos
cause any noticeable heating of the 1R2110.

4.4 Brushless and Induction Motor Drives

The implementation of a three-phase bridge for motor
drives requires a more careful atennion to the layout due
to the large di/dt componeats in the waveforms and the
fact that switching events occur at 120° intervals. In
particular, the driver furthes away from the common
grounding point will expericnce the largest voltage
differential between COM and the ground reference.
Section 3 and Ref. 2 and 3 deal with this subject in greater
detail.

Furthermore, there are several opcrating conditions
that require close scrutiny as potential problem areas. One
such condition could occur when a brushless dc moto:
is operated with locked rotor for an indcfinite period of
time with onc leg of the bridge being off. In this condition
the bootsirap capacitor could eventually discharge,
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 casces this would
not be a cause for malfunction, since the lower device
would be commanded on nexi and the bootsirap
capacitor would be charged and ready for next cycle. In
general, il the design’ cannot 1olerate this 1ype of
operation, it can be avoide? in one of three ways:

a. il the pol= has been inactive for somc time, the conirol
Jogic turns on the lowes device first:

b.the control could be arranged to have a very short
*‘normal’” duty cycle cven when, no conduction is
required; -t

¢.if a pole can be inactive for a limited and known period
of time, the bootstrap capacitor could be sized to hold
up the charge for that time.
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Figure 8. Typical implementation of alt H bridge with cycle-by-cycle current mode control



It the bridge is part of an induction 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 capacitor
should 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 [R2110 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 aliowed 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
providing 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 Vg5 and COM
and high speed drive capability are appealing features in
most power conditioning applications. The [R2110 can
perform the interface and gate drive function with the
simple addition of two decoupling capacitors.

4.6 High-Side P-Channel

The [R2110 can also drive a P-Channel device as a high
side switch, provided that a negative supply referenced
to the positive rail is available, as shown in Figure 11.
‘When operated in this mode, the H;y input becomes
active low, i.c. a logic 0 at the input turns on the P-
Channel MOSFET. :

Whenever Vg (or Vg) are at fixed potential with
respect to ground, the power losses mentioned in Section
2.2.d.2 would be zero.

5. Troubleshooting Guidelines

To analyze the waveforms of the floating channet of
the IR2110 a differential input oscilloscope is required.
It is assumed that any voitage differential not referenced
to ground is measured in this way.

It is also assumed that obvious checks have been made,
for example:

* Pins are correctly connected and power supplies are
decoupled.

.

¢ The bootstrap charging diode is uitra-fast, rated for
the rail voltage.

¢ The shutdown pin is grounded.

* Logic inputs do not cause simultancous conduction of
devices, unless the topology requires it.
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Flgure 9b. Wavelorms associated with the circuit shown in
Figure 9a. IRF450 operated at approximately 100kHz in
a 100 xH inductor.

The voltage drop across the bootstrap capacitor (0.1uF) cue o
the delivery of the gate charge is minimal {2pprox. 2V).

Due to the inductive nature of the load, the voitage across the
HEXFET is close to zero even belore gats voltage is present,
because its intemal ciode goes in conduction wnen the other
cavice goes off. o

The rasistor-dioda network has the eflect of slowing down the
gate tum-on wavelorm substantially with minimal elfect on the gate
wm-olf. In tis particular cperating mode the resistor-diode
network does not perform a useful function because the tum-on
occurs with zero volts across the HEXFET.
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Figure 9c. Waveforms associated with th2 circuit in Figure
S5a. IRF330's operated at SOCkHZz 1n a 50 xH inductor. The
negative spike in the gate waverorm s cue to the torward

recovery of the internal rectifier.
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Figure 10. Three-Phase Inverter using three IR2110 devices 1o drive six IGBTs

SYMPTOM

No gate drive puises

Gate drive pulses on lower

channel only

Erratic operation

of top channel

Excessive ringing on gate

drive signal

POSSIBLE CAUSE
Verify that Ve is above the lockout level

Measure voltage across bootstrap capacitor: it should be above the lockout level, If
it is not, check why capacitor doesn’y get charged. Insure that capacitor is charged
at turn-on.

Verify that Vg doesn't 80 below COM by more than 5V.

Verify that high side channel does not 2o in undervoltage lockout. L
Verify that dv/dt on Vs with respect 10 COM does not exceed 50V/ns. If so,
switching may need slowing down.

Verify that logic inputs are noise-free with respect 1o V.

Verily that input logic signals are longer than SOns.

Reduce inductance of gate drive loop. Use twisted wires, shorten fength. If reduction
of loop inductance does not bring ringing to acceptable level, add gate resistors.

References:
1. Application Note AN-944 “A New Gate Charge
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2. **New High Voliage Bridge Driver Simplifies PWM
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by HAV, O, John Wiley 1987
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Functional Description

The iR2110is 2 monolithic high voltage, high speea
t~0 channel power MOSFET of IGBT driver. Reler 1o
the section on Functional Block Diagram lor the internat
parulioning ol the various circuil blocks. The driver
iranslates logic inpyt( signals into corresponding “in-
phase” low impedance oulputs. The low side channel

ouiput (LQ) is referenced 10 a fixed rail (Vo) and the .

high side channet autput (HO) is reterenced to a lloating
rail (Vgg) with offse; capability up to So0V.

The logic circuit provides the controf pulses for the
w9 oulput channels corresponding to the logic inputs
as indicated by the Input/Qutput Timing Diagram in
Fig. 1. The HO ang LO outputs are in phase with the
HIN ang LIN logic inputs. The two outputs will tuen off
when the SO input swiiches high and the outputs will
remain off even atter the SO input returns 1o low until
the next rising edge of the respective inputs. In the case
when Voo s below the undervoitage trip point the UV
detect circuit wilf send a shutdown signal to disable both
channels. Also a separate UV detect block is used to
disable the high side channef when Vgg is below its
own undervoltage trip point. The logic inputs use
Schmitt trigger circunts with a hysteretic band of
0.1-Vpp to provide high noise immunity and can accept
inputs with slow rise ume, The logic citcuit is relerenced
lo its own logic supply 10 allow the use of a lower supply
voltage than the output operating supply voltage. A high
noise immunity vVoo/Nee level-shifting circuit is used
10 translate logic signal 1o the output drivers. With a
+5V rated offset capability between the logic ground
(VSS) and power ground (COM), the logic circuit is
unallected by the noise coupling generated by the
swilching action of the output drivers.

Propagation delay for the two channels are matched
using the low side celay circuit to simplily the timing
fequirements of tha control pulses. The turn-on delay
IS matched at 120ns for the low side channeli (Lton) and
he high side channet {Hton) with Vg at OV since the
high side turn-on command is usually executed when
Vs is al or near OV, The turn-off delay is matched at
94ns lor the low side channel (Ligt) and the high side
<hannel (Higg) with Vg at S00V 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
voitage rail.

Both channels use identical-low cross-conduction
lotem pole output connected transistors, Tha onttnut

Current capability above 24 and on resistance of less
than 3 ohms (Fig. 10). One output MOSFET is
connected as a source lollower and the other in
common source configuration. Because of the totem
pole arrangement ihe rise time is stower than the fail
time driving capaciuve load. For a typical 33000t 10ad

pulses triggered ‘2speclively by the nsing and the
‘alinn edge of 1IN “T2 Generated By the gulse
Génerator. The respective dulses are useu 10 anve
Seéparale high voltags DMOS level transiators that ser
or resat a RS laich ooerating off the floaung rail. Lavel
smitting ¢! ihe ground relerencec HIN signal :s thys
accomplisnad by iransposing the signai ralerencas i3
the floating ras S2cause eacn hign voltaga DMOS lave

122513101 15 turned o tar only the curatica of tha snori
“On* or "Off” pulses with eacn selor reset avent, power
cissipanon is minimized. Faise triggenng of the RS latch
trom fast dv/dt iransients on the Vg noda is effectively
dillerentiated trom normat puil-down puises through a
pulse discriminator circuit such that the high side
channel is essentially immune to any magnitude of dvidt
value. Also the high voliage level shuiting circuit is
designed lo lunction normally even when the Vg node
swings more than 4V below the COM pin. This condition
¢€an often occur during the recircutation period of the
output {ree-wheeling diode.

Application Guidelines
(Also see Application Note AN-978A for details)

The IR2110is typically used o drive wo high voltage
N-channe! power MOSFETs or IGBTs configured in hall-
bridge, dual-lorward or other topalogies. 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 gver-rail gate drive, Refer lo the section
on Typical Applications for the various circuit topologies
where the IR2110 is applicable.

Typically, the lloaling supply is derived trom the fixed
supply using a boolstrap 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
fecovery 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 swilching above § KHz.

Supply bypass capacitors between Voo and COM
and between Vpp and VSs are required to supply the
transient current needed for swilching the capacitive
loads. These capacitors, iogether with the reservoir
capacilor across Vg and Vs, must be connected close
1o the device. A 0.1 uF ceramic disk capacitor in parallel
with a 1 4F tantalum capacitor is recommended lor Voo
bypass. A 0.1 4F ceramic disk capacitor is usually
adequate lor the logic supply.

The outputs of the IR2110 are designed to daliver gate
drives for fast swilching speed even for high cuivent
power MOSFETs with relatively high gate charge
requirement. The typical switching speed lor various
standard power MOSFET sizes is shown in Fig. 20. To
minimize inductance in the gale drive loop, each
MOSFET snould have its own dedicated connection
going fo Pin 2 and 5 of the IR2110 for the return of the
gale drive signal. For smaller power MOSFETs a series
gate resistor for each output is fecommended to iimit
switching speed. The valuz of the Gate rasistor cepends
on EMI recurement. swilching losses ang the
mMa- mum atiowable avi:.

The total sower dissipauon of the 1R2110 15 a lunction
of HV bus voltage, VCC and VDD voltages, switching
trequency, cuty Cycle. delivered gate drives charge, and
9peraung junction temperatura, The total dissipanon
¢an be divigad into :we Categories: High voitage anc
iow voltaga switching,
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