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V-E
=V h) 4 22
Rﬂ
P
E,=ZN x(g] k)
Taodl R = svwdumulunssvstersumes (Q)
N =uanusisovveaveines (r.p.m)

— U A & J o
Twsaauns (23) wuiusuadeu Iwthdundueziuegiunnusison
' 4 d 4 o i
voaosmees  Hanudiseugas andouldihdmndufesinnaszuai Ivaluersnwes
4 1 4 4 o
(7,) swnaums#t @.2) szfidndos SanudrsoudusunfouIdfhdwndufeeion 7 Aoz
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nn usadineziimgailelinnuiiougs

2.2.1.2 aumsusundedTWivesunines ( Voltage Equation of a motor )
= o s o o o ¥ =
MsANMIANYMZ AR (performance) Vowoimes  SuduAsmsufaums
& 71 v v A & - Vo o
#ugmveINBIe A aumininaneaumsusuntouTWihaunsndoulddd
V = E+IR 2.4)
Nneumsi (2.4) quao 1. aasn 1z1d
2
VI = EI +( YR (25

4 .,-. Ly awe
Taoh: v = usandouIihns e iuaesvewomes V)
A o i - ;
E, = usandon IWhdunduninatutuorsunves (V)
" 1 1 5 & r'd
LR =usundouiinnaseuinnuiumuvesersinees (V)
0w i o 4 . . .
vi,  =mdadlihiiswdiveriineed (electrical input in armature) (V)
EJ  =fdiihlversiunesfouyasuidmanafifialueiueed, P, (w)
(I,)’ R = fdsgmideivaatnluesimees (W)
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e g +
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=
e
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2.2.1.3 43307 (Torgue)
- | o oS o =] d’h 3
1590nA D TULUAN S LAA IV AT AN TRUAUNNDIS W f‘l"lil‘l‘iﬂﬂ‘lu’lﬁlllﬁ"iﬂﬂ
T

mMsgasiusalnusIns s Aenmwiz.? uaaayadnisalinmsiiusanszilunuadu

a8 o o 2 1 =
50U F ihdumn yninyudionnmss N soudeini

N 30UReIM

5UN 2.14 MmspaAnssin

v Wusaia T=Fxr (N-m)
Amnnusalumsvyu 1 5o =U5x S0 = Fx2zr  (J)
fdsTifatu = Fx2arx N (é)
= (Fxryx2aN (i)
S
Taofi : 272N = anusuFam o Imisuily (r—‘;d—)
uaz  Fxr = us9ia (N-m)
i "qﬁnﬁﬂi‘fu =Txw (%)n?a (W) (2.8)

2.2.1.3.1 smﬁm‘luﬁmmai’( Torque in Armature, Tﬂ)

&7 duusidafifiaduluersves imhuiu-mpuuzfuomes

‘Hquﬂtjﬁ N (r.p.s)
fdafiifindueziim P, =T x2aN W) @9
fvananpalueiwes =E,I (W)  (2.10)

NNFUNIIN(2.9) 1az(2.10) 9214
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T x2aN =~ =E,l, @2.11)
3 P
1o E, = (@ZN )(E] (V)
P
o T x2aN = (¢ZN)[;)X 1,
n3o T =(i)z¢1 (f)
a 2r A
Ay T =0.159

a

¢ZIH(§)N—m=O.01629¢ZIa (S)(kg—m)(Z.lZ)

Taod : 1Tansuhmin (kg-wo) = 9.81(N)

PEUMIINE.11) Pasuszrun

=(-1-J££’i‘£ :0.159514'- (N-m) (2.13)
a 2z ) (N) (M
E I
=0.0162—t—< (kg-m) (2.14)
(N)

2.2.13.2 usiDama1veausiAes (Shaft Torque, T, )
usadianonswesannsadnum Idlaoldaumsf2i3)  nie
Tas Y A A o = < A A g ¥
qums(2.14) uﬂuq"lu'lﬂﬂﬂﬂﬁqmtﬂummumaﬂuazsmmmmﬂuumwm wsauanthn 1%

Uszlomifeusaliafinan (7,) drdaiuiatufionm Fon1 Masdh (brake horse-power

‘BH.P)
v (T, x2aN) s ox ¥
NIARIAIN(B.HP.) =——+”—'~776——— (Maah) (2.15)
| _MexBHP, w06
’ (27N)
T-T,= dhsilingeyde (N-m)
usaiinfigydo - 0.159x gayiiTlunumAnuosus afrANIUN-m)  (2.17)

= 0.0162 x geysAUNUMARIAIT AFOAN I (kg-m) (2.18)

2.2.2 néinmsveaneines i nszuansasiiahifindsadm (Brushless DC Motor)
A5N915W1 Three-phase unipolar-operated motor wihlinedemsdnlandnns

J 4 a 1 U
Wuguusaumeinssuaas arta uluaks o
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o »
Tuztdmuutaldvesisnesegasafiv P2 vesmameiuaziio PT1 W5 uuanild
¥ »
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Tr1 ON sz I tnszua valda  veade w1 vinld P1 asennuuumand 2143 e p1

S qw 7e S a4 qw ¢ d =
dhin1vegalames idudamile vinWuewesmyruuumaudinung

6 lif?mhdﬂ :z‘;le(dcgreellée 430
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Qutpot Mgnab fsom phototransistors

Photatransntors
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2.2.2.1 MSPAURAMIMINIYY

UBIADSNITUNATAVUTITUA ’1un15nﬁuﬁﬁmammquﬁamsnﬁm‘f’;
VAW (Voltage)  udmisioiause lianso 1§18 uvemosns suamsxiinlufinlse
fufildersfadnh (Semiconductor)  witANsMAFAABT (Transistor) N3z snadingu
andmadn Tunaees thindudesduvomes lunaoiiama

TunsmdmunniuSuanuduiugseniia Photowansisior (PT1, PT2, PT3)
HAZNI UFIABS (Trl, Tr2, Tr3) law

- PTI-Trl A3UAUNSZUER THARTHYARIA W1

- PT2-Tr2 ATLAUASUET IHARTHYARIA W2

- PT3-Tr3 AUAUASZUAT IMaHIUIARIA W3

msieurersvstuLidunsuyuuemesiuumudnnga ccw)  Sudoums

Fousesilussuda sz mnsonduimmamsnyuvesemesla

- PT1-Tr3

- PT2-Trl

- PT3-Tr2

1 8 9 = a ’ . o & o
FI'I‘S'N‘ﬁZ.l UTAINIAUNITINYI (Swiching sequence) ﬂ"'lﬂi']]ﬂﬁ‘ﬂ'l\‘lﬂ'liHl!ull.‘lJ‘]Jﬂ'IlJ!‘Ull!lﬁZ

nwdy
AmalazdIAY ATy unuduuEm Armanyuadinuin
Mseing 1 2 3 4 1 2 3 4
Phototransistor PT1 1 0 0 1 1 0 0 i
PT2 0 1 0 0 0 0 i ¢
PT3 0 0 1 0 0 1 6 0
Transistors Trl I 0 0 1 0 0 1 0
Tr2 0 1 0 0 0 1 0 0
Tr3 0 0 1 0 1 0 0 1

¥ ¢ Y 1< ¥ ¢
2222 asTuuemesnsznaasasia dudseaumaanuyluinas

(Three-phase bipolar-driven motor)
A 4 < 1o : as A ¥ a 4
diovomeinszuaas e iy imeuda  gnifundousiolnsuiag

FUAAIW e Three-phase bridge) sz fininmgaganodnsidsznindidanunninaiiosn

83186
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A 2 3 [
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Direction of stator’s
magnetic feld Torque

—

Magnetic field
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d8181n15 NO-OFF 1 2 3 4 5 6
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Ts6 0 1 1 1 0 0

Q 0 Q

; E E E 0
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msndufmmuminyuannsonldlasmsnduasin Taslidesoduums
(Photodetector) Mt TnuuadalinsmuFennod OFF uozlumandufudaii lailavnes Tr oz
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Tuvasit U uazy W a0 sshifmnumimdnlumamesnduiin Sahldnesnves
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E 0 E E
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w o d d
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3. Inductor sensitive to inductance variation
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nmsulaspldyanuagliiuanusaniudiug 1l
19190 43 1ARINNLFUNUTYDIAT Hall sensor  NANIVOINUMUNINAN  UASTDIUSVEA

o -
Gate Driver YMZHYUNIUVUUINM

Sequence | Hall Sensor Input Active Phase Current

# A B C A B C

1 1 0 1 .| PWM5(tr5) | PWM2(tr2) | DC- DC+ off

2 0 0 1 PWMs(tr5) | PWM4(ir4) | off DC+ DC-
3 0 1 1 PWMI(r]) | PWM4(tr4) | DC+ off DC-
4 0 1 0 PWMI1(r1) { PWM6(tr6) | DC+ DC- off

5 1 1 0 PWM3(r3) | PWM6(tr6) | off DC- DC+
6 1 0 0 PWM3(tr3) | PWM2(tr2) | DC- off DC+

A1519A 4.4 LAAINNNANNUTVDIAT Hall sensor NANIIVOIMNUUNINAN LA HOIUSVOR

o o
Gate Driver ¥ HYUATNVUUIAM

Sequence | Hall Sensor Input Active Phase Current

# A B C A B C

1 1 I 0 | PWMS@wS) | PWM4(d) [ off | DC+ | DC-
2 0 1 0 PWMS5(tr5) | PWM2(1r2) | DC- DC+ off
3 0 1 )| PWM3(tr3) | PWM2(tr2) | DC- off DC+
4 0 0 1 PWM3(tr3) | PWM6(r6) | off DC- DC+
5 1 0 1 PWMI(irl) | PWM6(tr6) | DC+ DC- off

6 1 0 0 PWMI(trl) | PWM4(1r4) | DC+ off DC-

> i 4 s s 4
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¢ le qy 22 o 44 aw 4
lﬂuuﬂmﬂ'j 2 ﬂﬂl'ﬂ’ﬂﬂfyfy‘lmﬂQHUIZ stepi'llﬂﬁﬂi{ﬂﬂi'ﬂ 360 83FININA 71\11]1“91“1’3”105

fs‘uui’ﬁumﬁwm Hall sensor

4) 181 Hall sensor 91AMTNMIMUTVIGA software el uBines sty

»
nyu liao TaohideaS vudm Hall sensor A70@U103 A3 Flowchart Ao 11/l
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45.1.1 yemodnszuanss vimsvw v, (v, ) TMusuemes simiuwsn

supply

L4 a T ) - v ; £ o v : -
voinas Iingailaogduh A1 Eg = 0 wztfianinszud I (A) ¥u mstudinaia oimiunfasu

»
M3V, 1aznaaoIs masiuIum R,

MIN 4.5 HANTIANIAII)UDINBIADS NTLLAAT

V,V) 1(A) R(Q) |
3100 0.13 23.0769

4.00 0.17 22.2222

5.00 0.22 22.727

6.00 0.26 23.0769

7.00 0.31 22.58

=1 l& 1
VIMNEH G Linear Least Square Futhimumsdsznunuduns
nyzAZx2+BZx (1)

S y=A) x+NB @)

diefmuald Xfel,

YRV,

wld TX7 = 59

TX' = 02579
Y =25
X =109

n =35

unupmasluaunish () uas 2)

5.9 = 0.2579A +1.09B
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25 = 1.09A + 5B

adaunsezldm A = 2261

v o
. Ra 903U8109INTSITAIINNgY = 22.6]1 Q)

45.1.2 wewmeinszuansaviialamingsaau
A o «a ds a &0 o« o e
dioiimssumdnd lsfold vaverage Hiswlituuomss mimiukims
o A e o @ g0 = Ve e a Y
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IR,

M3 4.6 HaMTIAMA9YRINBIAD I NITNAATIFLIA LT Ta0u

Duty V rerage V) I R,(Q)

20% 1 . 0.04 25

30% 1.5 0.1 15

40% 2 0.18 11.11

50% 2.5 0.26 9.6

60% 3 0.38 7.89

70% 3.5 0.51 6.86 ]

Sxop=Ad) F+BYx (D)

> y=4) x+NB @

dedwuald Xfel

Y fa V sverage
wld ny =153
> x? = 25622

Y x =392
Zy = 27

n = 9

unumaaluaumsh () uaz (2)
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V s oty Eg(V) @ (pm) @ (rad/sec) K (V/rad/sec)
4.03 1.1 193.9 20.305 0.05417
5.02 1.7 279.0 29.217 0.0581857
6.01 2.5 455.6 47710 0.052399
7.00 32 565 59.166 0.054085
8.00 41 786 82310 0.0498118
Yry=A) X +BYx (1)
> y=4) x+NB )
dedmuald X = w

Y = Eg
w1d Y XY = 718.08

YX? = 1381772

XYY =126

YX = 238708

n =35
unusiasuaumsd (1) uaz @)
718.08 = 13817.72A + 238.708B (1)
126 = 238.708A + 5B )
uhaumielasiA = 0.0481
-1 K_vosueand nszugasaiimuiify 00481 — 208
: rad /sec

4532 yaimesnszuansayialuinlseiu
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A o ¢ o IR
ﬂﬂﬂullﬂllﬂuﬂlﬂﬂi N1N13539A1 [a o w

» ]
a vy uazAsvihmsnfasumioo w (pm) MWoglugil (adisec) daus1 E, vz 1dunainms

f 1w

N

UnNIT

V,=E +IR, ; il R =4150Q

1IT1WITENIA1 Ke TADINANNTT

B
‘' w

q’ o LI I'd = 1 d'
AN 48 M famdnguoaameinisuaasbitlndm die v, =20V R=415Q

Duty Vav @ (rpm) @ (rad/sec) | Ia Eg Ke

20% 4 284 29.74 0.01 3.9585 0.0139
30% 6 415.6 43.52 0.02 5917 0.0142
40% 8 553 5791 0.03 7.8755 0.01424
50% 10 686.8 7192 0.04 9.834 0.01432
60% 12 813 85.14 0.05 11,7925 0.6145
T0% 14 960.7 100.60 0.05 13.7925 0.0143¢6
30% 16 1093 114.46 0.06 15.751 0.0144
0% 18 1229 128.70 0.07 17.7095 0.0144
100% 20 1357 142.10 0.08 19.668 0.0145

nyzAZx2+BZx ()

> y=4y x+NB

<
I} n

ZXY

2X

b)) ¢
zX

n

i

(2 -

103200.6
7161335.1
106.3
7392.1
9

umuaaaluaunisi (1) uaz (2)




103200.6 = 7161335.1A + 7392.1B 1

106.3 7392.1A + 9B . 2

udmumsezlam A = 0.0146
volts

. 1K, v9aweine3 BLDC finunin 0.0146
rad / sec
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454.1 HBINDINTZUAATY

imstlon v, udriaf 1a inzus e noinei AR
< oo 1 a9 P v v a W
usanveImFaimudiu mg Sehmsnlfoumisslfiiiuiindu

INYAI F(mg) x 9.81 = F(N)
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TWFOMUIUAMDINIAIN 7= Fxr ; 118 r U520enamIf 0.147 1wa3

15190 4.9 HANTIAAIAIIYDINDIABT AT ZUAATY 10D r=0.147 LUAS

V,uw,, F(mg) F(N) Ia r Kt
20 0.2 1.96 1.25 0.28812 0.2305
30 0.23 2.254 1.53 0.33134 0.2165
40 0.26 2.548 1.75 0.37456 0.2140
50 0.28 2.744 1.79 0.40337 0.2250
60 0.31 3.038 1.96 0.4456 0.2274

nyzAsz +BZx (n

> y=A) x+NB @)
o x=l,
=7

wld TXY =3.11801

TX* - 140116
Y  =1843
X =828
n = 5

wnumad luaumsi (1) uag (2)
3.118 = 14.0116A +8.28B (1)
1.843 = 828A + SB (2)

uhaunsezldm A = 0219

i o sy 1 o
S A1 K Y0300IA0INITUAATINAUNING 0.219 Newton-meter/ampere
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diotlou V. udadam Ia uazusIAIve Do 9 InmITl udvzdoanlaou

supply

usada Iitlumieiduiiadu

9ngAs F(mg) x 9.8 = F(N)

ANTOAUIUAMBINIANIN T = Fxr ;1300 r U5Suzniamifiu 0.147 A3

MW 4.10 HaMITIPAIAIIUDINDIADI NITUEATY 1310 r=0.147 1UAT , NA?

jA

alwda = 74%

V cueply F (mg) F (N) Ta(A) r Kt
15 0.34 3.332 2.05 0.4898 0.2389
20 0.37 3.626 2,28 0.5330 0.2338
25 0.41 4.018 2.59 0.5906 0.2281
30 0.47 4.606 3.06 0.6771 0.2213
35 0.54 5.292 3.42 0.7779 0.2275
ny:Asz +BZx 8);
dy= AY x+NB 2)
i X-1,
Y=r1
wld TXY = 848154
X =37.169
ZY  =130639
X =134
n =5
uusasTuauns® () uaz )
8.48154 = 37.169A + 13.4B (N
8.48154 = 134A + SB ‘ )

udaunsezlam A = 02212

-~ 1 K, ¥09u01n03 nszuans aliauiiv 0.2212 Newton-meter/ampere
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Data Sheet No. PD60147 rev.V

IR2110{-1-2)(S)PbF/iR2113(-1-2)(S)PbF

HIGH AND LOW SIDE DRIVER
Features Product Summary
® Floating channel designed for bootstrap operation
Fully operational to +500V or +600V VorrseT (IR21130) 500V max.
Tolerant to negative transient voltage (IR211 3) 600V max.
dVidt immune
® Gate drive supply range from 10 to 20V lo+/- 2A 1 2A
* Undervoltage lockout for both channels
* 3.3V logic compatible VouT 10 - 20V

Separate fogic supply range from 3.3V {o 20V
Logic and power ground 5V offset
® CMOS Schmitt-triggered inputs with pull-down
® Cycle by cycle edge-triggered shutdown logic
® Matched propagation delay for both channels
¢ Quiputs in phase with inputs

Description

The IR2110/IR2113 are high voltage, high speed power MOSFET and
IGBT drivers with independent high and low side referenced output chan-
nels. Proprietary HVIC and latch immune CMGS technologies enable
ruggedized monolithic construction. Logic inputs are compatible with
standard CMOS or LSTTL output, dowa to 3.3V logic. The output
drivers feature a high pulse current buffer stage designed for minimum

tonioft (typ) 120 & 94 ns

Delay Matching (IR2110) 10 ns max
(IR2113) 20ns max.

Packages

16-Lead SOIC
14-Lead PDIP IR21105/IR2113S

IR2110/IR2113

driver cross-conduction. Propagation delays are matched to simplify use in high frequency applications. The
floating channel can be used to drive an N-channel power MOSFET or IGBT in the high side configuration which

operates up to 500 or 600 volts.

Typical Connection

up to 500V or 600V

— HO
Vpp© " Voo Va .
™~
HiNo 7] HIN Vo & ° 10
SD e SD — y aLOAD
LINo— LIN Vee -
e —
Vs Ve CcOoM + :339
-
{Refer to Lead Assignments for correct pin configuration). ThisiThese diagram(s) show electrical
connections only. Please refer to our Application Notes ang DesignTips for proper circun board layout.
www irf.com 1
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Absolute Maximum Ratings
Absolute maximum ratings indicate sustained fimits beyond which damage to the device may occur. All voltage param-
elers are absolute voltages referenced to COM. The thermal resistance and power dissipation ralings are measured

under board mounted and still air conditions. Additional information is shown in Figures 28 through 35,

Symbol Definition Min. Max. Units
Vi High side floating supply voltage (IR2110) -0.3 525
(IR2113) -03 625
Vg High side floating supply offset voltage Va-25 Vg +0.3
Vo High side floating output voltage Vg-0.3 Vg+03
Ve Low side fixed supply voltage -0.3 25
Vio Low side output voltage 03 Vgg +0.3 v
Vop Logic supply voltage -03 Vgs + 25
Vg Logic supply offset voltage Vee - 25 Vg +03
VIN Logic input voltage (HIN, LIN & SD) Vss-03 Vpp + 0.3
dvg/dt Allowable offset supply voltage transient (figure 2) — 50 Vins
Pp Package power dissipation @ Tp £ +25°C (14 lead DIP) — 1.6
{16 tead SOIC) — 125 w
RTHJA Thermal resistance, junction to ambient (14 lead DIP) — 75 .
{16 lead SOIC) — 100 cw
T) Junction temperature - 150
Ts Storage temperature -55 150 *C
T Lead temperalure (soldering, 10 seconds) _— 300

Recommended Operating Conditions
The input/output logic timing diagram is shown in figure 1 For proper operation the device should be used within the
recommended conditions. The Vg and Vs offset ratings are tested with all supplies biased at 15V differential. Typical
ratings at other bias conditions are shown in figures 36 and 37.

Symbol Definition Min. Max. Units

Ve High side floating supply absolute voltage Vg +10 Vg + 20

Vg High side floaling supply cffset voltage  (IR2110) Note 1 500

{IR2113) Note 1 600

Vo High side floating output voltage Vs Ve
Vce Low side fixed supply vollage 10 20 v
Vio Low side output voltage 0 vce
Voo Logic supply voltage Vgg +3 Vsg + 20

Vss Logic supply offset voltage -5 (Note 2) 5

ViN Logic input voltage (HIN, LIN & SD) Vss Voo

Ta Ambient temperature -40 125 *C

Note 1: Logic operational for Vs of -4 {0 +500V, Logic slate held for Vg of -4V lo -Vgs. (Please refer to the Design Tip

BT97-3 for more details).
Note 2: When Vpp < 5V, the minimum Vss offset is limited to -Vpp

2
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Dynamic Electrical Characteristics

Vaias {Vee. Vas, Vop) = 15V, G = 1000 pF, T = 25°C and Vgs = COM unless otherwise specified. The dynamic
electricat characteristics are measured using the test circuit shown in Figure 3.

71

IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF

Symbol Definition Figure | Min. | Typ. |Max. | Units [Test Conditions

ton Turn-on propagation delay 7 — 120 | 150 Vs =0V
torr Tum-off propagation delay 8 — 94 125 Vs = 500v/600V
tsa Shutdown propagation delay 9 — 110 | 140 ns Vs = S00V/i600V
tr Turn-on rise time 10 — 25 35
tF Tum-off fall time 11 — 17 25
MT Delay matching, HS & LS _(IR2110) — — — 10

turn-onfoff (IR2113) — — — {20

Static Electrical Characteristics
Veias (Vcc, Ves. Vop) = 15V, Ta = 25°C and Vgg = COM unless otherwise specified. The V), VyH and |y paramelers
are referenced to Vsg and are applicable to ali three logic input leads: HIN, LIN and SD. The V¢ and Ig parameters are
referenced to COM and are applicable to the respective output leads: HO or LO,

Symbol Definition Figure | Min. | Typ. Max.| Units |Test Conditions|
Vi Logic “17 input voltage 12 9.5 — —
Vi Logic “0” input voltage 13 — — 6.0
VoH High level output voltage, Vgias - Vo 14 — — 1.2 v lo=0A
Voo Low level output voltage, Vo 15 — — 01 lo =0A
I Offset supply leakage current 16 - — 50 Vp=Vg = 500V/600V!
lags Quiescent Vgg supply current 17 — 125 | 230 Vin =0V or Vpp
loce Quiescent Vg supply current 18 — 180 | 340 VA ViN =0V or Vpp
Qoo Quiescent Vpp supply current 19 —_ 15 30 Vin =0V or Vpp
N+ Logic “1” input bias current 20 — 20 40 ViN =Vpp
IN- Logic 0" input bias current 21 — — 1.0 ViN=0V
Vesuv+ | Ves supply undervoltage positive going 22 7.5 8.6 9.7
threshoid
Vasuv- Ves supply undervoltage negative going 23 7.0 8.2 9.4
threshold
Vcouvs | Voo supply undervoilage posilive going 24 74 85 | 96
threshold v
Veocuv- Ve supply undervoltage negative going 25 70 8.2 94
threshold
o+ Output high short circuit putsed current 26 20 25 _ Vo=0V, ViN=VDD
PW < 10 ps
lo- Qutput low short circuit pulsed current 27 2.0 25 — A Vo =15V, Vi =0V
PW<10pus

www.irf.com
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Functional Block Diagram
uv g‘% V'
" DETEC R O E
LEVEL 4 PULSE R
VnoNcc SHIFT F::%ER g ] Ho
LEVEL |
SHIFT PULSE —{E A
GEN J' |
r
™ '
VoolVe DETECT :
LEVEL »—l Lo
SHIFT ]
DELAY :
coM
L.ead Definitions
Symbol| Description
Voo Logic supply
HIN Logic input for high side gate driver output {HO), in phase
8D Logic input for shutdown
LIN Logic input for low side gate driver output (LO), in phase
Vss Logic ground
Ve High side floating supply
HO High side gate drive output
Vg High side floating supply retum
Vece Low side supply
Lo Low side gate drive output
CcoM Low side retum
4 www.irf.com
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Lead Assignments
[ HO :E 9 HO | 8
=1 vop ve [€] 10 Ve
15} N vs (5] {it] voo vs [E]
7] so ) [z] e ]
0z} un vee [2] 3] so
03] vss com [2] &) un vee [3
[i8] vss COM
@ o~ tofdd & ~ 10 %
14 Lead PDIP 16 Lead SOIC (Wide Body)
iR21101R2113 IR2110S/IR2113S
] Ho [T] =] Ho {7
=] voo ve [€] =] voo ve [E]
5o} min vs I'5] 9] HiN vs [
{it] so ! [i1] so [
0z un vce iz un vee (31
[13] vss com [ 2 {13l vss com [7]
[} ~ _‘© R ~ ‘o[1]
14 Lead PDIP w/o lead 4 14 Lead PDIP w/o leads 4 & 5
IR2110-1/R2113-1 IR2110-2/IR2113-2
Part Number

www.irf.com 5
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Figure 1. input/Output Timing Diagram
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Figure 3. Switching Time Test Circuit
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Figure 2. Floating Supply Voltage Transient Test Circuit
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IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF
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#include<p3016010.h>
#include<pwm. h>
#include<ports.h>
#include<uart.h>
#include <math.h>
#include <adc.c>
#include <PWM.c>

#include <uart.c>

#define PWM_MAX VALUE 3840

#define PWM_MIN_VALUE 10

#define Haill PORTDbits. RD4
#define Hail2 PORTDbits.RDS
#define Hall3 PORTDbits.RD6
#define Motor_Phase_A PDC1

#define Motor_Phase_B PDC2

#define Motor_Phase_C PDC3

#define Float 0

#define Gnd |

#define Supply PWM_value

#define Motor A_Gnd Motor_Phase_A =Gnd ; OVDCONbits.POVDIH = 0;

OVDCONBbits. POVDIL = |;
#define Motor_A_Float Motor_Phase_A = Float ;OVDCONbits. POVDIH =
0;0VDCONbits. POVDIL =0; LATEbits. LATEO = 0; LATEbits.LATE1 = 0;
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#define Motor_A_Supply OVDCONbits.POVDI1H = 1, 0VDCONbits. POVDIL

#define Motor_B_Gnd Motor_Phase_B =Gnd ; OVDCONDits.POVD2H = 0;
OVDCONDits POVD2L = 1;

#define Motor_B_Float Motor_Phase_B = Float ;0VDCONbits POVDZH =
0,0VDCONDits. POVD2L =0; LATEbits.LATE2 = 0; LATEbits. LATE3 = 0;

#define Motor_B_Supply OVDCONDits.POVD2H = 1;0VDCONbits. POVD2L
=1;

#define Motor_C_Gnd Motor_Phase_C =Gnd ; OVDCONbBits.POVD3H = 0;
OVDCONDits.POVD3L = {;

#define Motor_C_Fioat Motor_Phase_C = Float ; OVDCONbits. POVD3H =
0;0VDCONDits. POVD3L =0; LATEbits.LATE4 = 0; LATEbits. LATES =0;

#define Motor_C_Supply OVDCONDbits. POVD3H = 1;,0VDCONbBits. POVD3L
=1;

#define Motor_Off Motor_Phase A =0 ; Motor Phase B=0;
Motor_Phase_C =0 ; Motor_A_Float ; Motor_B Fleat ; Motor_C_Float

unsignedint  PWM_value,Conut_LED;

int main(void)

{

int dir;

unsigned int adcl,adc;

float After_scale,cmd,], T,Eg,wo;

CNPU 1bits.CN13PUE = I;
CNPU1bits.CN14PUE = 1;
CNPU1bits.CN15PUE = I;
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TRISDbits. TRISD2 = 0;
TRISDbits. TRISD3 = 0;
TRISDbits. TRISD4 = 1;
TRISDbits. TRISDS = I;
TRISDbits. TRISD6 = 1;

PWM_init();
Motor Off

while(1)

adcl= analog(5);
After_scale=((adc1-512.0)/8.0);

adc=analog(6);
dir=adc-512;
cmd=(dir*8)+After_scale;

cmd=abs(cmd);

Conut_LED++;
if (Conut_LED == 4000)
{
Conut LED =0;
LATDbits. LATD2 = 'LATDbits. LATD2;
LATDbits. LATD3 ='LATDbits. LATD2;

}

if(cmd > PWM_MAX_VALUE)

{
cmd = PWM_MAX_VALUE-10;
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PWM_value=cmd;
i e

if(dir>0)

i
if(Halll==1 & Hall2 == ¢ & Hall3 == 0)

{
Motor_A_Gnd ;

Motor_B_Float;
Motor_C_Supply ; Motor_Phase C

=Supply; /stepl

ifl Halll == 1 & Hall2==1 & Hall3 ==0)

i
Motor_A_Float;

Motor B Gnd;
Motor_C_Supply ;
Moter_Phase_C=Supply ; f/step2

}
ifl Halll == 0 & Hall2==1 & Hall3 ==0)

{
Motor_C Float;
Motor_B _Gnd ;

Motor_A_ Supply ; Motor Phase A=

Supply; /lstep3

ifl Halll == 0 & Hall2==1 & Hall3 ==1 )
{



Supply;

Supply;

Supply;

else
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Motor_B_Float;

Motor_C_Gnd;
Motor_A_Supply ; Motor Phase A=
/Istepd

ifl Halll==0 & Hall2 == 0 & Hali3 ==1)
{
Motor_A_Float;

Motor C Gnd ;
Motor_B_Supply ; Motor_Phase B=
/stepS

}
ifl Halll == | & Hall2==0 & Hall3 ==1 )
{

Motor_A_Gnd;

Motor_C_Float;

Motor_B_Supply ; Motor_Phase_B=
/step6

if(Halll == 0 & Hall2==1 & Hall3 == 1)
{



=Supply;

Motor_Phase_C=Supply ;
}

Supply;

Supply;

if( Hall} ==

{

if{ Halll ==

{

if{ Halll ==

¢

Motor_A_Gnd;

Motor B Float;

Motor_C_Supply ; Motor_Phase_C

0 &Hall2==0& Hall3 ==1)

Motor_A_Float;

Motor B Gnd ;

Motor_C_Supply ;

|l & Hall2==0 & Hall3==1)

Motor_C_Float;

Motor B Gnd ;

Motor_A_Supply ; Motor_Phase_A=

! & Hall2==0 & Hall3 ==0 )

Motor_B_Float;

Motor_C_Gnd,;

Motor_A_Supply ; Motor_Phase_A=

il Halll == 1 & Hall2 == 1 & Hall3 ==0)

{

Motor_C_Gnd ;



Motor_A_Float;

Motor_B_Supply ; Motor_Phase B=

Supply;
)
ifl Halll == 0 & Hall2 == | & Hall3 ==0 )
{
Motor_C_Float;
Motor_A_Gnd;
Motor_B_Supply ; Motor_Phase_B=
Supply;
}
}
L
c
return 0;

1=0.048*adc1-24.208,;
=0.2212%];
Eg=6.0-4.1413*abs(1);
wo=Eg/0.0146;
printf{"\r adct %.3f I=%.3f T=%.3f Eg=%.3f wo=%.3f",adc],1,T,Eg,wo);
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#include<p30f6010.h>
#include<pwm.h>
#include<ports.h>
#include<uarth>
#inclade<math.h>
#include<timer.h>
#include<ADC c>
#include<PWM.c>
#include<UART .c>

#idefine PWM_MAX VALUE 3840

#define PWM_MIN_VALUE 10

#define Motor_Phase_A PDCI

#define Motor_Phase_B PDC2

#idefine Gnd 1

#define Supply PWM_value

#define Motor_A_Gnd Motor_Phase A =Gnd ; OVDCONDbits.POVDIH = 0;

OVDCONbits. POVDIL = 1;

#define Motor_A_Supply OVDCONBbits. POVDIH = 1;0VDCONbits.POVDIL
#define Motor_B_Gnd Motor_Phase_B =Gnd ; OVDCONDits, POVD2H = 0;
OVDCONDits. POVD2L = 1;

#define Motor_B_Supply OVDCONbits. POVD2H = 1;0VDCONbits POVDZL

=];

void __attribute ((__interrupt__}) _PWMInterrupt(void)



TFS2bits. PWMIF = 0;

int main(void)

int dir;
unsigned int adc,adcl PWM_value;

float After_scale,cmd,].T,Eg,wo;

TRISDbits. TRISD2 = 0;
TRISDbits. TRISD3 = 0;

PORTDbits.RD2 = ];

PORTDbits.RD3 = I;

PWM_init();

uartl _init();

while(1)
{
adc1= analog(5);
After_scale=((adc1-512.0)/8.0);
adc=analog(7);
dir=adc-512;
cmd={dir*SH+After_scale ;

cmd=abs{cmd);

if (cmd > PWM_MAX_VALUE)

{
cmd =PWM_MAX VALUE-10;

113
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PWM_value=cmd;

I T T T

ifldir>0)
{
Motor A_Gnd ;
Motor_B_Supply ; Motor_Phase_B =Supply;
}
else
{
Motor_B_Gnd ;
Motor_A_Supply ; Motor Phase A =Supply;
}
}
returmn 0;

=0.048*adc1-24.208;
T=0.219*I
Eg=6.0-22.61*abs(1);
wo=Eg/0.0481;

printf{"r adcl %.3f I=%.3f T=%.3f Eg=%.3f wo=%.3f",adc1,],T,Eg,wo);



s N nunemes I uninh

#include<p30f6010.h>
#inclhude<pwm.h>
#include<ports.h>
#include<uar.h>
#include <math.h>
#include <ADC.c>
#include <PWM.c>
#include <UART.c>

void delay ms(unsigned int ms)
{
unsigned int x,a;
for(x=0;x<ms;x++)
{
for(a=0;a<816;a++);

#define PWM_MAX_VALUE 3840
#define PWM_MIN_VALUE 10

#define Motor_Pbase A PDC]
#define Motor_Phase_B PDC2
#define Motor_Phase_C PDC3
#define Float 0
#define Gnd 1

#define Supply PWM_value
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#define Motor A _Gnd Motor_Phase_A =Gnd ; OVDCONDbits. POVDIH =90,
OVDCONbits POVDIL = 1;

#define Motor_A _Float Motor_Phase_A = Float ;OVDCONbits. POVDIH =
0.0VDCONDits. POVDIL = 0; LATEDbits. LATEO = 0; LATEbits. LATE! = (;

#define Motor_A_Supply OVDCONbits POVDIH = 1;,0VDCONDbits. POVDIL
=1

#define Motor_B_Gnd Moter_Phase_B =Gnd ; OVDCONbits POVD2H = 0;
OVDCONDits. POVDIL = 1;

H#define Motor_B_Float Motor_Phase_B = Float ;OVDCONbits. POVD2H =
0,0VDCONbDits. POVD2L = 0; LATEbits. LATE2 = 0; LATEDbits. LATE3 = 0;

#define Motor_B_Supply OVDCONDbits.POVD2ZH = 1;0VDCONbits. POVD2L
=1;
#define Motor_C_Gnd Motor_Phase_C =Gnd ; OVDCONbits.POVD3H = 0;
OVDCONbDits POVD3L = 1;

#define Motor_C_Float Motor_Phase_C = Float ; OVDCONbits. POVD3H =
0;0VDCONDits.POVD3L =0; LATEbitis LATE4 = 0; LATEDits.LATES = 0;

#define Molor_C_Supply OVDCONDits. POVD3H = 1;0VDCONDits. POVD3L
=1;

int main(void}

{
int dir;
unsigned int adcl,adc,PWM_value;

float After_scale,cmd;
PWM _init();
while(1)

{
TRISDbits. TRISD2 = 0;
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TRISDbits. TRISD3 = 0;

PORTDbits.RD2 = 1;

PORTDbits.RD3 = I;

adcl= analog(5);

After_scale=((adc1-512.0)/8.0);

adc=analog(7);

dir=adc-512;

cmd=(dis*8}+After_scale;

cmd=abs(cmd);
if(cmd > PWM_MAX VALUE) {cmd = PWM_MAX _VALUE-10;};
PWM_value=cmd;
i i
ifldir>0)
i

Motor A _Gnd ;

Motor B_Float;

Motor_C_Supply ; Motor_Phase_C =Supply;
delay_ms(15);
Motor_A_Float;

Motor B Gnd ;

Motor_C_Supply ; Motor_Phase_é=Supply ;

delay_ms(15);
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Motor_C Float;

Motor_B_Gnd ;

Motor_A_Supply ; Motor_Phase_ A= Supply;

delay_ms(15);

Motor_A_Supply ; Motor_Phase_A= Supply;

Motor_B_Float;

Motor_C_Gnd;

delay_ms(15);

Motor_A_Float;

Motor C_Gnd;

Motor_B_Supply ; Motor_Phase_B= Supply;
delay_ms{(15);

Motor_A_Gnd;

Motor_C_Float ;

Motor_B_Supply ; Motor_Phase_B= Supply;
delay ms(15);

else

Motor_A_Gnd;

Motor B Float;

Motor_C_Supply ; Motor_Phase_C =Supply;
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delay_ms(15);
Motor_A_Float;
Motor_ B Gnd;
Motor_C_Supply ; Motor Phase_C=Supply ;
delay_ms(15);
Motor_C_Float;
Motor_ B_Gnd ;
Motor_A_Supply ; Motor_Phase_A= Supply;
delay_ms(15);
Motor_B_Fleat;
Motor_C_Gnd;
Motor_A_Supply ; Motor_Phase_A= Supply;
delay ms(15);
Motor_ C_Gnd ;
Motor_A_Float;
Motor_B_Supply ; Motor_Phase_B= Supply;
delay_ms(15);
Motor C Float ;
Motor_A_Gnd;
Motor_B_Supply ; Motor_Phase_B= Supply,
delay_ms(15);

return 0;
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