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ABSTRACT

In this thesis, a feedforward technique using integral control for a single-phase
trapezoidal ac power supply is presented. This technique is based on a comparison between PWM
switching signals and clamped sinusoidal input signal for controlling system in order to maintain
output voltage at constant level in case of ac input source variations. This technique offers
advantages of a small dc link capacitor and fast dynamic response. This technique makes ripple dc
link voltage synchronize with ac output voltage. This technique improves input power factor and
input current quality. The simple integral control technique is introduced to control a 1-phase full
bridge inverter. In the initial stage, the principal operation of integral control as well as various
characteristic operation are studied and analyzed for main power circuit design and operated
control system construction. The simulation of designed circuit is included and dynamic
performance of the system is also verified under various operating conditions especially sudden

supply voltage and load changes. The theoretical analysis is verified by experimental results.
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V,. =110V,C, =10uF)

Ve L, (PF),, P, Vou Lo, Pou Eff
) (4) W) ) (4 ) (%)
220 2.68 0.85 503 109 4.49 489 97.3
220 2.17 0.85 406 109 3.60 393 96.8
220 1.69 0.83 308 109 2.71 296 95.9
220 1.19 0.81 212 110 1.81 199 93.8
220 0.73 0.73 118 110 0.91 101 85.5
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v, =110V,C, =10uF)

Vi {8 (PF),, P Vou Lo P Eff
) (4) ) ¥) (4) W) (%)
220 3.09 0.77 523 110 4.32 475 90.8
220 2.46 0.75 406 110 3.35 368 90.6
220 2.12 0.69 322 110 2.63 289 89.8
220 1.50 0.62 205 110 1.65 181 88.3
220 1.09 0.49 118 111 0.88 98 83.1
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Vin I, (PF),, P, Vou Lo Lo Eff
*) (4) ) ) (4) W) (%)
220 2.41 0.96 510 184 2.69 495 97.0
220 1.99 0.95 415 185 2.16 399 96.2
220 1.56 0.93 319 185 1.63 301 94.5
220 1.18 0.87 226 186 1.09 203 90.0
220 0.79 0.77 134 188 0.55 103 76.8
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V,, =185V,C,. =10uF)
Via I, (PF),, F, Vou Toa Pou Eff
) (4) ) ) (4) ) (%)
220 2.87 0.87 549 186 2.69 498 90.7
220 2.54 0.85 475 186 2.31 429 90.3
220 2.2 0.82 401 187 1.93 360 89.9
220 1.89 0.78 325 187 1.55 290 89.1
220 1.57 0.72 249 188 1.16 219 87.8
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V,, =110V,C,. =10uF)
Vie I, (PF),, n Vou Lo Po Eff
" | Wy | ) | @ | ) | (%)
220 2.63 0.86 499 108 4.48 485 97.3
220 2.15 0.86 408 109 3.61 395 96.8
220 1.68 0.85 314 110 2.73 301 96.0
220 1.23 0.83 223 113 1.86 210 94.4
220 0.78 0.74 127 117 0.97 113 89.1
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,, =110V,C, =10uF)
Vir 1, (PF),, F, Vou Lo P Eff
) (4) ") ) (4 ) (%)
220 3.05 0.79 530 109 4.41 481 90.7
220 2.44 0.77 413 109 343 374 90.6
220 2.08 0.70 321 109 2.62 286 89.1
220 1.51 0.61 203 110 1.62 178 87.7
220 1.08 0.47 115 15 0.82 94 83.9
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V,. =185V,C,. =10uF)
Va 1, (PF),, F, Vo Lo Lo Eff
) (4) W) ) (4) ) (%)
220 2.43 0.97 517 186 2.71 503 97.3
220 1.99 0.96 418 186 2.17 404 96.6
220 1.58 0.92 320 187 1.64 305 95.4
220 1.16 0.87 222 188 1.10 205 92.3
220 0.77 0.77 131 192 0.56 107 82.0

M3 7.16 HANTNARBANATIANI AIUAUUTIRUBUNG FafiueuD

V,, =185V,C, =10uF)
Vi I, (PF), P, - L Lo Eff
) (4 ) ) (4) ) (%)
220 2.68 0.90 530 182 2.64 480 90.6
220 2.39 0.88 462 183 227 417 90.3
220 221 0.81 394 185 1.91 354 89.9
220 1.93 0.76 323 187 1.54 288 89.2
220 1.69 0.69 257 191 1.19 227 88.2
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Abstract

Conventional power factor correction circuits use a hoost stage between rectifiers and mverters.
In this paper, a fecdforward integral control technique for a single-phace trapezoudal ac puwes supply is
presented. This technique does not tequite a boost stage and feedback conttol from power cirewts, It has
advantages of a small de Lk capacitors. This improves the power factor and quality of the wput current.
reduces the errers caused by switching delays and the cost for the feedforward control. The simple integral
control technique is intreduced 1o control the PWM inverter by the output stage is synchronized with the
de bus voltage ripple. Theoretical and desipn considerations are validated on results of'a simulation and an

experiment.
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1) Portable Digital Oscilloscopes

Type Yokogawa DL1540C/DL1540CL
Maximum Sampling Rate 200 MS/s

Analog Bandwidth 150 MHz

Vertical Resolution 8 bit

O OO oo &g

e B B i ' 4

j‘l.lﬁ A.1 Digital Oscilloscope

e Yokogawa, 8 bits 200 MS/s, 150 Hz



2) Digital Multimeter

Type
Voltage Range
Current Range

Frequency Range

: . o s &
71 a2 1nTeailedalni-ueuil 8o Hewlett Packard 973A

Hewlett Packard 973A
AC/DC 0-1000V
AC/DC 0-10A

20 kHz

mApA (o=




3) Fluke 41B Power Quality Meter

Type Fluke 41B

Voltage 5.0 - 600Vrms
Current 1.00 — 1000A
Watt/Volt-Amps 0.0W(VA) — 600kW
Frequency 6.0 -99.9Hz

1 y @ o o a o a
71 a3 inSeaiiedamasanudunnieyinn 3o Fluke 41B
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dv
o 1, 1 (1.6)
a C," rC

o a
MNauMIh (1.4) 83 (1.6) 1214 State Variable Vector voeszuuilu x = [mi v, |,
. T g
Perturbation Vector ¥035:utiilu u =[r,v, | uazioninnvesszuuiu y =[v,| Tmaaves

o o v
dyanavuiaanee 14

d_j"_ — AA¥ + BAT , AV = CAR (@7
!
iiio
—kV : i —k M|
# 5 de 0 0 O i
T, 4 T4
A=| La o0 =tl.Bel o <2 ,C=[o 0 1]
LA L, L,4
0 L _1 ILO 0
L Co RlCa_ _Rfco J

9110 aums Y(s) = C(sI - A) ' BU(s) uazauyald , = R, + A7, unuaums 1aoms

dszananaaio1Usunsy MATLABY: 14

L1,,s
o s’R,L,C, +sL, +R, AF 8
V= R,TMs “ ;

(sT,4+k,V, Js*R,L,C, +5sL, +R,)

¥ v .
antuilanduvesnisnldsunlasinanansagnimualdlay

AV, L1, s
< =— o Lo (1.9)
Ar, s'RLC,+sL,+R,
uazilanduvesnisnlaounaas swuumastsansagimua ldTay
Ay, R, T Ms
L= T (1.10)

AV, (sTA+k,V, Js?RL,C, +sL, +R,)
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Data Sheet No. PD60147 Rev.T

International
TSR Rectifier IR2110(S)/IR2113(S) & (PbF)

HIGH AND LOW SIDE DRIVER
Features Product Summary
® Floating channel designed for bootstrap operation
Fully operational to +500V or +600V VOrFrseT (IR2110) 500V max.
Tolerant to negative transient voltage (IR2113) 600V max.
dvidtimmune
e Gate drive supply range from 10 to 20V lot/- 2A 1 2A
* Undervoltage lockout for both channels
® 3.3V logic compatible Vourt 10 - 20V
Separate logic supply range from 3.3V to 20V
Logic and power ground £5V offset torvoft (typ-) 120 & 94 ns
& CMOS Schmitt-triggered inputs with pull-down :
® Cycle by cycle edge-triggered shutdown logic Delay Matching (IIFR%?Ilg) 12% RS 1R
® Matched propagation delay for both channels ( ) ns max.
e Qutputs in phase with inputs Packages
® Also available LEAD-FREE
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 CMOS technologies enable | .\ . o0 |R1261-:-§§:RS:’?‘1C35
ruggedized monolithic construction. Logic inputs are compatible with IR21101R2113 (Also available
standard CMOS or LSTTL output. down to 3.3V logic. The output LEAD-FREE (PbF))

drivers feature a high pulse cumrent buffer stage designed for minimum
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
QT
_ o E) T
Vopo % Vo Vg  a
HINo——~ HIN v, — & v
SD o SD T JLOAD
LIN LIN Vee F—2-
Vg © Veg COM |—4 Ea
Vee o—] — ] LO

(Refer to Lead Assignments for cormect pin corfiguration). This/ Thesa ciagram(s) show electrical
connections only. Please refer to our Application Notes and DesignTips for proper circuit board layout.

www.irf.com 1
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IOR Rectifier

IR2110(S)/IR2113(S) & (PbF)

Absolute Maximum Ratings

Absolute maximum ratings indicate sustained limits beyond which damage to the cevice may occur. All voltage param-
eters are absolute voltages referenced to COM. The thermal resistance and power dissipation ratings are measured

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

Symbol Definition Min. Max. Units
Ve High side floating supply voltage (IR2110) 0.3 525
(IR2113) -0.3 625
Vs High side floating supply offset vokage Vg- 25 Vg + 03
Vho High side floating output voitage Vg-03 Vg +03
Vee Low side fixed supply voltage -0.3 25 v
Vio Low side ocutput voltage -0.3 Ve + 03
Voo Logic supply volage 03 Vgg + 25
Vss Logic supply offset voltage Vee-25 Vec + 0.3
VIN Logic input voltage (HIN, LIN & SD) Vss - 0.3 Vpp + 0.3
dVg/dt Aliowable offset supply voltage transient (figure 2) — 50 Vins
Pp Package power dissipation @ Ta<+25°C (14 lead DIP) — 186 W
(16 lead SOIC) — 1.25
RTHIA Thermal resistance, junction to ambient (14 lead DIP) — 75
(16 lead SOIC) — 100 cw
Ty Junction temperature .- 150
Ts Storage temperature -55 150 C
To Lead temperature (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 g 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

Vs High side floating supply offset voltage ~ (IR2110) Note 1 500

(IR2113) Note 1 600

VHO High side floating output voitage Vs Ve

Vee Low side fixed supply voltage 10 20 v
Vio Low side output voltage 0 vce

Voo Logic supply voltage Vs + 3 Vgg + 20
Vss Logic supply offset voltage -5 (Note 2) 5

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

TA Ambient temperature <40 125 ‘C

Note 1: Logic operational for Vs of -4 to +500V. Logic state hekd for Vs of -4V to -Vgs. (Please refer to the Design Tip
DT97-3 for more details).
Note 2: When Vpp < 5V, the minimum Vsg offset is limited to -Vpp.

2

www.irf.com
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International IR211 O(S)IIR21 1 3(8) & (PbF)

ISR Rectifier

Dynamic Electrical Characteristics

Veias (Ve Vs, Vop) = 15V, Cy = 1000 pF, Ta = 25°C and Vgg = COM unless otherwise specified. The dynamic
electrical characteristics are measured using the test circuit shown in Figure 3.

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

ton Tum-on propagation delay 7 — 120 | 150 Vg =0V
toff Tum-off propagation delay 8 — 94 125 Vg = 500V/600V
tsg Shutdown propagation delay 9 — 110 | 140 ns Vg = S00V/600V
tr Tum-on rise time 10 —_ 25 35
L} Tum-off fall ime 11 — 17 25
MT Delay matching, HS & LS _(IR2110) — — — 10

turn-on/off (IR2113) - — — 20

Static Electrical Characteristics

Veias (Vce. Vas, Vpo) = 15V, Ta = 25°C and Vgg = COM unless otherwise spedified. The Vi, Vi and Iy parameters
are referenced lo Vss and are applicable to all three logic input leads: HIN, LIN and SD. The Vi and lg 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|
ViH Logic “1" input voltage 12 95 - — x
ViL Logic “0" input voitage 13 — — 6.0
Von | High level output volage, Veias - Vo 14 — | — || 12 v Io = 0A
VoL Low level output voltage, Vo 15 —_ — 0.1 Io=0A
Ik Offset supply leakage cumrent 16 — - 50 Vg=Vs = S00V/600V
loss Quiescent Vps supply current 17 — 125 | 230 ViN= 0V or Vpp
loce Quiescent V¢ supply current 18 - 180 | 340 Y Viy =0VorVpp
lobp Quiescent Vpp supply current 19 — 15 30 Vin =0V or Vpp
ling Logic “1" input bias current 20 — 20 | 40 Vin=Voo
IiN- Logic 0" input bias current 21 — — 1.0 Vin=0V
Vesuv+ | Ves supply undervoitage positive going 22 75 86 | 97
threshold
Vesuy- | Vas supply undervoitage negative going 23 70 82 | 94
threshold
Vecuves | Vee supply undervoltage positive going 24 74 8.5 9.6
threshold v
Vccuv- | Voo supply undervoltage negative going 25 7.0 82 94
threshold
Ios+ Qutput high short drcuit pulsed current 26 20 25 —_ Vo =0V, Vin=VDD
PW <10 ps
o Output low short circut pulsed current 77 120 | 25 | = | A [Vo=1. V=0V
PW <10 ps

www.irf.com 3
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Functional Block Diagram
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International
TSR Rectifier

-
LLVEL §
SrFT

Vo Ve
LEVEL
SHIFT

PULSE —|E

Lead Definitions

Symbol | Description
Voo Logic supply
HIN Logic input for high side gate driver output (HO), in phase
SD Logic input for shutdown
LIN Logic input for low side gate driver output (LO), in phase
Vss Logic ground
Vg High side floating supply
HO High side gate drive output
Vs High side floating supply return
Vce Low side supply
LO Low side gate drive output
COM Low side return
Lead Assignments
T3 v D ] vo L8]
10 ve [ 7]
Ee Ap Twe [
1] so 3} s —
D meln = I =
= R s S
14 Lead PDIP 16 Lead SOIC (Wide Body)
(Also available LEAD-FREE (PbF))
IR2110/IR2113 IR2110S/IR2113S

Part Number

www.irf.com
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IR2110(S)/IR2113(S) & (PbF)

HIN
uN -
|

Voo =15V HY = 1] 10 S00V.6COV
(=]
78 1
3 =01 g 200 .
& F 1 1 3 & + 100uF
'u _I_U B 3 s :r?l; nk 10',(;‘1
]
7

50
HO
LC
Figure 1. Input/Output Timing Diagram Figure 2. Floating Supply Voltage Transient Test Circuit
Voo =18V
[oLlor | 1 o3
lu: Lu: e E‘:l= r:g ey
it S—r —=a5Vs
HYO———1— i D s T l 350 52CV30CY)
spo—— 1" J 1
. u=
LM M——'D_'_T = =
o - -
Figure 3. Switching Time Test Circuit
HIN 50% 50%
LIN
50%
SD LO HO
tsd
10%
HO 90%
LO MT MT
90%
LO HO
Figure 5. Shutdown Waveform Definitions Figure 6. Delay Matching Waveform Definitions

www.irf.com
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TunlnDaay Tme |m)

260
200 ———]
”—’ 7
’—" /
e i P /’__:—
w |-~ | —1
L - /
100 —
50
0
-850 -t o 5 40 7% 1 123

Tempeat.re |'C;

Figure 7A. Turn-On Time vs. Temperature

250

MeA.

g

A]
wp s 4.

g

g

Tuam-0n Delay Time (ns)

3

a
6 8 10 12 14 16 18 20

VoD Swoly Volage (V)

0 2 4

Figure 7C. Turn-On Time vs. VDD Supply Voltage

220
200
2
FRTTP et
= e p—
Il i
L] E— s
: |
)
2
0 12 14 1e 12 2z
Veoives Swpiy Volage (V)

Figure BB. Turn-Off Time vs. Vcc/Ves Supply Voltage
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ISR Rectifier
280
200 ey
A NP S
E 150 :______ - —
5 ] e B
2 "—-—-_._,,_______—__‘_ -
S 100
¢
50
0
[ 12 14 19 16 2, 1)
VCC/VeSs Supply Voltage (V)

Figure 7B. Turn-On Time vs. Vcc/as Supply Voltage

2%5C
200
E A
E 150 —— =
o A== -1~ __,-r-""
g e s - .--""'f
‘g " T"_,—-»—-'"""__P-
&
[
5C -25 ] 25 0 75 120 124
Temperature (*C)
Figure BA. Turn-Off Time vs. Temperature
250 <
200 -
z O
150 e
%‘ \\"--.. “1%4
3 100 —— A
5 Typ I
§ 50
0
0 2 4 6 8 10 12 14 16 18 20
VDD Supoly Vailage (V)

Figure 8C. Turn-Off Time vs. Voo Supply Voltage
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International IR2110(S)/IR2113(S) & (PbF)

IGR Rectifier

250 150
250 70
- - _ LIz
E - - ] =~
£ 0 e — L e
- — = |_— = ==
- e 1 — I ] - N
& um_ |- | — g = e S —
100 ] =y
e
0 <0
0 0
-50 =25 4} 23 50 75 10c 128 10 12 14 12 L 22
Terperstuss 'C) VCoVES Swoly Volage (V)
Figure 9A. Shutdown Time vs. Temperature Figure 9B. Shutdown Time vs. Vcc/Vas Supply Voltage
250 Y 100
N
Z 200 o
£ (k= -
I~ - _
£ N Y S 3
= 150 T~ -~ ¥ oac
:E:’ '--._.________ [~ d o | ,E
S 100 Pam -
g Tyo _;:"‘-” I I ey mw——
2 =0 T e —T]
z 2 ——— —
W
0
0 2 4 5 a 10 12 14 16 18 20 ¢
s 50 -a5 ] 25 0 75 100 122
VDD Sugply Voltage (V) -emperanse (°C)
Figure 9C. Shutdown Time vs. Voo Supply Voltage Figure 10A. Turn-On Rise Time vs. Temperature
100 50
80 40
£ z
Eooe %0 —_—
1! 3 F ‘-______——'-""—”-—'—-—.—
§ == L S
.5 ™. B . el S .E L ‘____‘__,,_,-;-——‘—"’_'—_‘1—_—‘-.
2 — 10
] 0
b |] 12 14 18 18 2 -50 =22 [+] =] 50 b ] 100 124
Visn SURE y YCiTagR W Terpetamrs *Cl
Figure 10B. Turn-On Rise Time vs. Voltage Figure 11A. Turn-Off Fall Time vs. Temperature
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50
a0
-
£ b e
g =
-.'; —”’ —1
i L ——
2 o //
»
10 AR
[}
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Vaas S-pphy Yoltage (V!
Figure 11B. Tum-Off Fall Time vs. Voltage

15

IN]

Logee * 17 Irgut Theeshoid (V)
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LEADFREE PART MARKING INFORMATION

Part number——| R XXX XXX

paccoe—— YWW? TEIR 1 rioo

pn1— @ IXXXX—
Identifiert |
Lot Code
? MARKING CODE (Prod mode - 4 digit SPN code)

Lead Free Released

Non-Lead Free

Released

Assembly sile code

Per SCOP 200-002

ORDER INFORMATION

Basic Part (Non-Lead Free) Leadfree Part

14-Lead PDIP IR2110 order IR2110 14-Lead PDIP IR2110 order IR2110PbF
14-Lead PDIP IR2113 order IR2113 14-Lead PDIP IR2113 order IR2113PbF
16-Lead SOIC IR2110S order IR2110S 16-Lead SOIC IR2110S order IR2110SPbF
16-Lead SOIC IR2113S order IR2113S 16-Lead SOIC IR2113S order IR2113SPbF

International
ToR Rectifier

IR WORLD HEADQUARTERS: 233 Kansas St., El Segundo, California 90245 Tel: (310) 252-7105
This product has been qualified per industrial level
Data and specifications subject to change without notice.  4/2/2004
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