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A CLASS D AUDIO AMPLIFIER USING SINGLE PHASE FULL BRIDGE
SWITCH MODE INVERTER

Phubade Pasakawee

Montree Wimonmuk

Milin Wangworaprasert

Asst. Prof. Dr. Anuwat Jangwanitlert Advisor
Dr. Phop Chancharoensook Advisor

2007

ABSTRACT

This thesis presents the development of a class D audioc amplifier using single-
phase full bridge switch mode inverter where MOSFETs were chosen as power
switches. Performance of the amplifier was compared when PWM gate drive techniques
of bipolar switching and unipolar switching were used. The switching frequency
employed was approximately 135 kHz. Experimental tests were carried out to verity the
responses of the amplifier to the sinusoidal input signals at the frequency of 20 Hz, 200
Hz, 2000 Hz and 20,000 Hz. Additionally the developed class D amplifier has shown a

satisfactory sound quaiity at certain level when tested with MP3 player.
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Vo (1) ==V (0) (2.5)
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Vo) =V 0(0) =V (1) = 2V 4 (1) (2.6)
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e a v o '
of Vo for a large m; Baanunsnatunsldaaaagng

®19197 2.1 Generalized Harmonics of Vo for a Large my’

mﬂ
I\ 0.2 04 06 08 10

1 0.2 0.4 0.6 0.8 1.0

Fundamenial

my 1.242 1.15 1.006 0.818 0.601
me+ 2 0.016 0.061 0.131 0.220 0.318
me * 4 0.018
2mf * 1 0.190 0.326 0.370 0.314 0.181
?.mf + 3 0.024 0.071 0.139 0.212
2, % 5 0.013  0.033
3mf 0.335 0.123 0.083 0.171 0.113
3mf T2 0.044 0.139 0.203 0.176 0.062
3mj,r *+ 4 0.012 0.047 0.14¢ 0.157
3mf +0 0.016 0.044
4m, + | 0.163 0.157 0.008 0.105 0.068
dm,+ 3 0.012 0.070 0.132 0.115 0.009
4m, = 5 0.034 0.084 0.119
am, x 7 0.017 0.050

Note: (Va0 /3 Va [= (Van) 4!V is tabulated as a function of m,.
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V 4o
o213 (2.9)
v, 12
o & 0 ) - o s Q- )
AIUU AR BRI DIVBILIIAY A
Fundamental: Vo1 = 212.3x0.8 = 169.7 V ﬁ 47 Hz

(Vo)ay = 212.3%x0.22 = 46.67 ﬁ 1739 Hz

(Vo)ae = 212.3%0.818 = 173.52 71 1833 Hz

(Vo)ar = 212.3x0.22 = 46.67 A 1927 Hz

(Vo)77 = 212.3%0.314 = 66.60 ﬁ 3619 Hz

(Vo)rg = 212.3x0.314 = 66.60 ﬁ 3713 Hz
1Duein

v . =, AN o o . a a
NIUANIEIU de: iy udAildanmaRasannTzuadin de : iy lugluuunisaiad

wssaunuvlulwans
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Wadnosdaniadla fhdnTasnuigs L-C Qn'l,-m'm'l,umu dc WRLF% ac N
) L) G A A — AI - W, 1 w - - AJ
iwiuagUn 24 anufilunsadadavzaundldfiagoun gdszanmliiduduia
v & « < a o da . ' o & 3
dan asntaznauanudlunaadadindangalu v, uaz iy vznuainissdt asduszney
a ' 4 o v [y} a ] v = '
29962178967 L WAz C TI8a91IMIlud1w de uas ac fidrzanmaud Sousasliiiudn
a i r s a . w v & = [ o
wawmﬁa:auag'lumnmo:Jmu.aUmn FanuAawIeIIne T lilinasurzannoluan
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511 2.4 BuLla3LAaIN fictitious filters
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Mauufin v, 'lu311ﬁ 2.4 Lﬂugﬂﬂau. Pure Sin NAMUDYAFIUNIUREN @,
Voo =V, = «,/EVO sin ¢ (2.10)
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i, = V21, sin(w, — @) 2.11)
e ¢ ﬁaquﬁ o WIMUN V,

b Lod o W« d a - Ad
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Vi) = V,(0)iy () = N2V, sin @121, sin(w,f — §) (2.12)
RN
) v.I VI
i(y=-22cosg-——cosQat - =1, +i, (2.13)
Vd Vd
=1, —21,, cosRa,t - §) (2.14)
e
v,
I,=—""cos¢ (2.15)
Vd
WRe
1 V1
I, =—22 2.16
2=y (2.16)
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2.4 PWM Aunsadadaussanuungilngns [1]
Tu PWM ﬁnmm%“ﬁumﬁmmugﬁdewf Wun1ssdatiu 2 11va3WauIad
=] 1 v e W Lo - A L% Y| J
dunadaed angy 2.2 lildwiadwianiuanluitnie PwM uds WuiEnstian A uas
11 B radWavIaduniaiiaed gnasuquuon Taofioy vie U Voo W82 ~Veony
] s < 3 d ol =l “ A d‘ A L
audey Aasiuluglh 2.3a MINBIUABL8I Ve HBFURRUTININRDY WaTllA
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Veontrol = Vir & Tas ON and vuy = Vg4 (2.16)

Veontrol < Viri - Ta. ON a@nd vpy =0



13

B L - A L Qe i
usauauIeanTaIBuaiiaate A todaeiy negative de bus N fiaaslugy 2.3
o a P o - % A o o o o M o
§MTUNIALAUNIRIATIN B, ~Voour IMABUAUFUARUIUARBIGDATY TInaTIle

o ot
ALYERITS

('Vconlrol) > Vi TB+ on and Ven = Vd (2-17)

('Vcontrol) < Vi - TB- on and VBN = 0

- Of
{(—Ucontrol) > Viri Veontrodl > Vtri

Van Va

LRI,

]
Vel
Vo
(= vanw — vpN) Vo1
y . r g t
A
' {d)
A
ol
Va
1.0
08
0.6
04
0.2
o - ] N 1TT|I¥ » L x T . ¥ ¥ .,
1 my 2mN amy 4my

@my— 1) @my + 1) (harmonics ot £;)

- o a - a - ' -
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1. Tas s T, ON vy =V, ven =0 v, =V, (2.18)
2.Ta ,Tg, oOn:vy =0, Vey = Vg5 v = -Vy

3. Tas, Tee ON vy =V, vgn=0;v,=0

4. Ta , Tag. On:wvy =0, ven=0;v, =0

a v A a ek v w . - o & «
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1381737 PWM with a unipolar voltage switching scheme nldafurounnauwniin 38T
=l ' [ - =y n: P L 3 1 .3 - [ .3 o
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(3 ] a A = o =] 4 o ad d W
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v v e v a a d a & v < , b .~
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-~ < -2 L4 A n AI & L3 v ! a - P
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dmiu PWM mislataussauuoylulngtd) ludunedinedinaidos JUaRuUsIA Vay
W8z Van  DAUWNUNGID 180° vaaauliyagin f;  Aufiisadaedaiuuaziu aoun
- = i a a a a v
asnlsznavanfuain@nanulinIingiln Vay WAz Vay SINRIAEU (Day — By =
14 | i P af v ' -
180° - my = 0° asusizaRwiln 180° gnunuiiuaz me suydliduiasg) nafinanunlu
.3 [ - o v o) o =| = n' as
psfsznauafueiingavhldidunansfanudsiedoluusedumsen v, = Vay — Vey
=S [ 3 d a a -3 a o (% ad o 4 a o oA e
ywdlsduuuvssnnudsiatsarfuaiinimeolude lwitmlanfuefindug s

' gl { d a a [ 4 o ] ' L4 s 1 as [V ¢
AUTANANUDRINTIRDINTI ALAUDN Y LL@%@TLLUummuunau"lmauanu U
V.=mtV,. (ma < 1.0) (2.19)

i 4
uwas V.<V. <;Vd (m, >1.0) (2.20)



15

Qs [ nﬁl L ] FJ - 1 s = AI et - A g
Aag19N 2.2 INGI'JE]EI'NY] 21907713117 PWM n178719%9 LLTdﬂullUngIWﬂ’lﬂﬂgﬂl“ﬁ
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Mg m = 38 ATWIWAIAIDIYNIRIFDY (A1 rms) maamwngagmmaatmﬂu 113

1 fd d = a e
1MIRIUY ENE']?‘M aunﬂmwm'luusmmmﬁ'qﬂ

= z - L) A' L - - o L A
afunpuuiugIHIaII TN LI IR AL uLLL g AlWarTansuadingreud h
Wowleniln
h=j@m,) t k (2.21)

A Q ] = A Qo 1 o 1
'nmLmuavl,‘nﬁuuu@fmamﬁuaun‘nuamﬁaa;lrmu‘] 20 WRZITWIBIYINVEY 2,

7 ) ] - o ] ot '
@Iua h Lﬂmnmuﬂ 'l.%ﬁlm'ﬁ 2.21 v[ﬂwﬁamm:mmug INAIDLNI 2.1

(Vo),, = 212.3%i (2.22)

2
1F7un13 2.22 UazA1319 Generalized Harmonics of Vao for a large m; 3z1W1AN
WReuindIaaiy (v, lemil
firnafiyagin wie 47 Hz Vy = 0.8 x 2123 = 169.7 V
Aih=2,-1=75"383525Hz  (V,)s = 0.314 x 212.3 = 66.60 V
Ah=2,,+1=75%383619Hz (Vo) = 0.314 x 212.3 = 66.60 V {ludu

uﬁzmLﬁnumsaﬁiﬂ%msaﬁuuuugﬁ‘[wm%ﬁ'vmmﬁﬂ%ouwé’uuuuvlﬂwaﬁmao

a 1 wv = [ z =l A a A 1 A » s -3 1
#2969 2.1 RS WA NI M3 2 nadh ANUDYRIIUVAISIAY NeAYIAURE m, abels
r-3 L5 A = » L= ™ a J o EJ
Aeuaivainuasunduniudutaasinansey m lanuall dasinguais iaawin

sanundaliansuaintasnii

ewmnszuanse i, moldennandeiiuiuanslugif 24 &mivisms pwm
nmsgiedausasuwuuylulwans 'I,ugﬂ'ﬁ 2.7 ugad AR uaunszuEasd i; &m3uitns
gasaussuuunlulnets A m = 14 nufiozdin m, = 16 SmTunIsdaFauseduuuy
Tulwand)

TunsiSauiisy Eﬂﬁ 2.5 uaz 2.7 Anlddain n13149% PWM nsedntousas
uuugﬁTwms‘Nﬂﬁwfﬁaanm mMigunssugasIasiuiasiaafasinszuanssifenfitoy

ni

2.5 nmsvinmuuulaindinasa (Square — Wave Operation) [1]
a o 1.4 [ B - P o L3 ) a 8 o
Waulad aunmmasmmmmnu’l.uuuugﬂﬂaumwaﬂumm'mmu MIFITHA
a ' o LN ' o A d d d a
Y23 PWM aﬁmnnaun.lauuqmaunw"lﬂgm‘smmu’l,uuuugﬂﬂnuamaﬂu NEIAT (Tae |

° = ' o ' N <
Tg) WdE (Tes , Ta) mﬂutﬂug 24 AWIATIRINIAUNTITYNIUN 0.5
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2.6 MIAIVANUSIAKBIDaNAILIE Voltage Cancellation [1]
minuguuuuimldlewizludunsfinafinsidouuuysuiad lapendundn
& o as a o d 4 4 o P O
FuguuumMINUEIWIaIMIFIaTFUAARIRALN wez PWM dunTsdiafusiauuoy
gilwailuemasg 2.8a aiatlussinassdunadinasldnuquuoniu @arofiuiy
funsEiatanssguiuugitlnaid) wasdadnndrfidamamsaunisiawiu 0.5 ase
o P o " a A' ° as v &
Aumsauguzladuiinisy nanoenu lugladudmmni Vay uas Vay uaasliiaulugy
a d 4 ° . d a . v e e &
280 munInauAugaaunaTIdunkIgL @ TuzilfiadiaiemIdeuniuiua sl
s [ A z r-3 s o 0 » =, L
uwsssumaaniiuaud Nnavasmaiadaasdivunszassdravatlugomsia dw o =
o o = d A 4 . v
0 yUsdumaanazmloniudunafineiriiagUaaufindsa (square - wave inverter) #3t

a A o A [
wssauyag i eanfuniiganidulyle

N ,/ N 7
DL, S

(=1

31 2.7 dunszusanved Buiadinefinaidsy uuy PWM unipolar
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VAN
+
Vg
Q J—G = wyt

Va

UBN

—-1Iu|-— ‘-—lw'—-l
i

8=t
DR
1
1.0 Y (180 — a)°®
Nﬂ.ﬂm\hl i
081 t
N | ]
06f ™~ ! Va
Totdnl harmonic \\\ e : .
™ istortion o] = wit
04 \/ ——N s |
- a2 -Vy
0.2j5th \ard L=y T
h -
7th - \}f\/ —
o 60 120 180~ P.SE'L_"’.|
(c) = {180 —a)® _ o _ 9.
¢ 8 7 (90 - )

({1
] = = - | ad .
37Ul 2.8 Bunefleafiadsiuuudauiednaluquladt voltage cancellation: (a) 2993

P

A a ' - | s s - a 3
May; (b) JUadu; (c) manavganzudndvasnnudnanuazariveinyaiusiauionang

s o e [ sd
MAZENINAUNANTUNIUVIRUA lugﬂﬁdn%uﬂlm [#4

< y P a '3 '3 a >
uJum'N'lUm:mmwm‘fag'}uuaz ganlIznavanTuaknuaILTIARIN8an 'l.'lrlu

manvay B = 90° - %a %mamlﬁtﬁu'l,ugﬂ 2.8b

(Vo),, = % Evu costhé) do
2
2
Vo), == [V, costno) df
Vo), = 2 sinh ) 220

- 1 P = o
da f=90°- 5a wee h ludwuiaua

- v & | - da

UM 28c  uamliRutimaudouudas luasdsznavaanudyagiufdnds

O [3 -, 5| tu'z 5 A’ ° v s ) a v [ w &

widuauein ulidrtuees o nivualgnilinduganiazdnd dawanuduaus

o o o o d 4 4 P

fasdsznayanuiyagw Smiunhnuuuuglaiuiumden (o = 0) srfueiiniis
¥ o o ' ' d 5 a

UNIUNINAG (total harmonic distortion) Niludnsaiusasdadafdisasuasaiue
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Data Sheet No. PD60147-S

International

IGR Rectitier IR2110/IR2113(S)
HIGH AND LOW SIDE DRIVER

Features Product Summary

® Floating channel designed for bootstrap operation
Fully operational to +500V or +600V VorFrFseT (IR2110) 500V max.
Tolerant to negative transient voltage (IR2113) 600V max.
dV/dt immune
® Gate drive supply range from 10 to 20V |o+/- 2A 1 2A
® Undervoltage lockout for both channels
® 3.3V logic compatible Vour 10 - 20V

Separate logic supply range from 3.3V to 20V
Logic and power ground £V offset ton/oft (typ.) 120 & 94 ns

® CMOS Schmitt-triggered inputs with pull-down :
® Cycle by cycle edge-triggered shutdown logic Delay MatChmg (12311‘%) 12% ns max.
® Matched propagation delay for both channels ( ) ns max.

® Outputs in phase with inputs Packages
Description

The IR2110AR2113 are high voltage, high speed power
MOSFET and IGBT drivers with independent high and
low side referenced output channels. Proprietary HVIC
and latch immune CMOS technologies enable rugge-
dized monolithic construction. Logic inputs are com- 14-Lead PDIP 16-Lead SOIC
patible with standard CMOS or LSTTL output, down to IR2110/IR2113 IR21108/IR2113S
3.3Vlogic. The output drivers feature a high pulse cur-
rent 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
11

| . [, \/\/\,@9 T

Vpp ™% Voo Ve[ X
T~

HINe HIN Vg [ ° 10
SDo SD — & SLOAD
LIN & LIN Vee —9-
Vs © Vgs COM & Ea
Vee " — Lo

(Refer to Lead Assignments for correct pin configuration). This/These diagram(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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IR2110/IR2113 (S)

Absolute Maximum Ratings

Absolute maximum ratings indicate sustained limits beyond which darmage to the device tmay occur. All voitage 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
Vg High side floating supply voitage (IR2110) -0.3 525
(IR2113) -0.3 €625
Vs High side floating supply offset voltage VB-25 vg+03
VHo High side floating output voltage Vg-0.3 Vg+03
Veo Low side fixed supply voltage -0.3 25
Vio Low side output voltage -0.3 Ve +03 v
VoD Logic supply voltage -0.3 Vss + 25
Vss Logic supply offset voltage Voo - 25 Voo + 0.3
VN Logic input voltage (HIN, LIN & SD) Vg5-0.3 Vpp+ 0.3
dVg/dt Allowable offset supply voltage transient (figure 2) — 50 Vins
Pp Package power dissipation @ Ta <+25°C (14 lead DIP) — 16 W
(16 lead SOIC) — 1.25
RTHJA Thermal resistance, junction to ambient (14 lead DIP) — 75 .
{16 lead SOIC) — 100 CIW
Ty Junction temperature — 150
Ts Storage temperature -55 150 °C
T Lead temperature (soldering, 10 seconds) — 300

Recommended Operating Conditions
The inputioutput logic timing diagram is shown in figure 1. For proper operation the device should be used within the
recommended conditions. The VS and Vgs 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 absoiute voltage Vs + 10 Vg + 20

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

(IR2113) Note 1 600

VHo High side floating output voltage Vs Vg
Vee Low side fixed supply voltage 10 20 v
Vio Low side output voltage 0 Vcec
VoD Logic suppiy voltage Vgs +3 Vgg + 20
Vss Logic supply offset voltage -5 (Note 2) 5

VIN Logic input voltage (HIN, LIN & SD) Vss VDD

TA Ambient temperature -40 125 °C

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

2
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Dynamic Electrical Characteristics

Veias (Vcc. Vs, Vpp) = 15V, C = 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.

IR2110/IR2113 (S)

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

ton Turn-on propagation delay 7 - 120 | 150 Vg =0V
toff Turn-off propagation delay 8 — 94 125 Vg = 500Vv/600V
tsd Shutdown propagation delay 9 — 110 | 140 ns Vg = S00Vv/600V
t Turn-on rise time 10 - 25 35
tf Turn-off fall time 11 — 17 25
MT Delay matching, HS & LS (IR2110) — — — 10

turn-on/off (IR2113) — — — 20

Static Electrical Characteristics

Vgias Ve, VBs. Vpp) = 15V, Ta = 25°C and Vgg = COM unless otherwise specified. The VN, VT4 and ||y parameters
are referanced to Vss and are applicable to all three logic input leads: HIN, LIN and SD. The Vo and Ip 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 — -
VL Logic “0" input voltage 13 — — 6.0
VoH High level output voltage, Vgjas - Vo 14 — — 1.2 v lo=0A
VoL Low level output voltage, Vo 15 — —_— 0.1 lp=0A
ILK Offset supply leakage current 16 —_ —_ 50 Vg=Vg = S00V/600V
laBs Quiescent Vs supply current 17 — 125 | 230 VinN= 0V orVpp
lacc Quiescent Vo supply current 18 — 180 | 340 UA VN =0V or Vpp
lqoD Quiescent Vpp supply current 19 — 15 30 VN = 0V or Vpp
liN+ Logic "1” input bias current 20 — 20 40 ViN = VDD
IIN- Logic “0” input bias current 21 —_ —_ 10 VIN = OV
VBsuv+ Vgs supply undervoltage positive going 22 75 8.6 9.7
threshold
VBsuv- Vs supply undervoltage negative going 23 7.0 8.2 94
threshold
Vcoouv+ Vcc supply undervoltage positive going 24 74 85 9.6
threshold \
Vecuv- Ve supply undervoltage negative going 25 7.0 82 9.4
threshold
lo+ Output high short circuit pulsed current 26 2.0 25 — Vo=0V, VIN=VDD
PW<10 ps
lo- Output low short circuit pulsed current 27 20 25 — A Vo =15V, ViN=0V
PW< 10 ps

www.irf.com
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Functional Block Diagram
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HIN b2 LEVEL —
I % ) SHIFT PULSE __IE
I

- - - - - - - - - - T T T - T - - - - - - T T TS TmTmTTTTT T )
| - . -*r
|
uy |
DETECT R o) |
' W »—! PULSE l: R I
| R . SHIFT -
= FILTER
| Voo/Yee 3 !

4

= GEN { |
I
D TE}—“ ’ Ve
1L ov :
I Vo DETECT |
LIN H LEVEL Lo
| S SHIFT _] I
| = R Q DELAY :
Vo ' coM
L I
e e ]
Lead Definitions
Symbol| Description
VoD 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 Legic ground
Ve High side floating supply
HO High side gate drive output
Vs High side floating supply return
Vee Low side supply
LO Low side gate drive output
COM Low side return
Lead Assignments
& o [8]
[e] Ho [7] (18] ve [7]
8] voo va [€] [fT] voo vs [€]
5] Hm vs [E] [iZ] HN 3
1] so =] 0z =0 -
0z un vee [3] =] uN vee [2]
03] vss coM [7] [05] vss coM [Z]
(4] —~ o] O] ~ ™
14 Lead PDIP 16 Lead SOIC (Wide Body)
IR2110/IR2113 IR2110S/IR2113S
Part Number
4 www.irf.com
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HV =10 to 500V/H00V

| +
- 3 B Tur uH r10KFSI 1004
HIN 5 >
LN 10 {>—|

o HO =
111 v l —E>50 vins
5D 12 : >~ |outeur 10K7S
| MONITOR L
— 1B 2
HO | ' | mrazo(r I
Lo

-

L o }
b=

b

Figure 1. Input/Output Timing Diagram Figure 2. Floating Supply Voltage Transient Test Circuit

Vee =15V
|__I_' V)
Tm Io1 1 35
L 01l 110
= ¥ 9 3 5 PF‘ TuF 1_5V
DVS
10 ic
HIN o——rlf 1 T o (010 500V/B00V)
SD O] 11 y I“;
Ly
LlNo—_LD_l_—J_—OC Lo =
L
13 2 I

Figure 3. Switching Time Test Circuit Figure 4. Switching Time Waveform Definition

50%
SD Lo/ /Ho
tsd

10%
HO 90%
LO

MT MT
90%

LO HO

Figure 6. Shutdown Waveform Definitions Figure 6. Delay Matching Waveform Definitions
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IGR Rectifier
Electrical Characteristics @ T = 25°C (unless otherwise specified)
Parameter Min. | Typ. [Max. [Units Conditions
V(BRIDSS Drain-to-Source Breakdown Voltage 5 | — | — \ Vag = 0V, Ip = 250puA
AVeripss/AT,| Breakdown Voltage Temp. Coefficient | —— |0.058| —- [ V/°C [ Reference to 25°C, Ip = TmA
Rpsany Static Drain-to-Source On-Resistance | —— | — [ 17.5 | mQ | Vas =10V, Ip=25A @
Vasiin Gate Threshold Voitage 20 | — | 40 V | Vps = Vgs, Ip = 250pA
grs Forward Transconductance 19 | — | — S Vpg = 28V, Ip = 25A@
Inss Drain-to-Source Leakage Cument =1 HA Vos = 58V, Ves = OV
— | — | 250 Vpg = 44V, Vgs =0V, T, = 1560°C
loss Gate-to-Source Forward Leakage -— | — 1 100 A Vag = 20V
Gate-to-Source Reverse Leakage — | — | -100 Vg = -20V
Qq Total Gate Charge — | — | 83 Ip = 25A
Qgs Gate-to-Source Charge -— | —| 14 nC [ Vps = 44V
Qqgd Gate-to-Drain ("Miller") Charge — | —] 23 Ves = 10V, See Fig. 6 and 13
td(on) Tum-On Delay Time —_ 12 | — Vop = 28V
e Rise Time — | 60 | — Ip = 25A
ta(orty Turn-Off Delay Time — a2 ] — | ™ |Re=120
1 Fail Time — | 45 | — Vgs = 10V, See Fig. 10 @
Lo Intemal Drain Inductance — | 45| — Between Ie-.ad, D
6mm (0.25in.)
nH from package f@)
=
[ intemal Source Inductance — 1 75— and center of die contact j’
Ciss Input Capacitance — 11470| —- Vas = 0V
Coss Output Capacitance — | 360 | — Vps = 25V
Crss Reverse Transfer Capacitance — | 88 | — | pF | f=10MHz See Fig. 5
Eas Single Pulse Avalanche Energy@ — 1530@|150® | mJ | las=25A, L = 047mH
Source-Drain Ratings and Characteristics
Parameter Min.| Typ.| Max. | Units Conditions
Is Continuous Source Current I R R MOSFET symbol o
(Body Diode) A showing the
isu Pulsed Source Current integral reverse s
(Body Dicde)® — | —| % p-n junction diode. s
Vsp Diode Forward Voltage -—| —1 1.3 V | Ty=25°C, Ig=25A, Vgs = OV &
tr Reverse Recovery Time e | B3 a5 ns | T,=25°C, Ik = 25A
Qs Reverse Recovery Charge —— | 170]| 260 | nC | di/dt = 100A/us @
ton Forward Turn-On Time Intrinsic tum-on time is negligible (tum-on is dominated by Lg+Lp)
Notes:

© Repetitive rating: pulse width limited by

max. junction temperature. (See fig. 11)

@ Starting T, = 25°C, L = 0.48mH
Rg = 2582, 145= 25A. (See Figure 12)

Q@ Igp < 25A, difdt < 230A/s, Vpp < V(BR)DSS:
T,5£175°C

@ Pulse width < 400us; duty cycle < 2%.

& This is a typical value at device destruction and represents
operation outside rated limits.

@® This is a calculated value limited to T = 175°C .

www.irf.com
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1000

VG5
TOP 15V
10V
8.0v
70V
6.0V
55V

<
5 5.0V
= BOTTOM 4.5V —
=]
3 100
[
o P
8 M
@
& H
o <
‘W 10
S 7 5V
4 .
4 20us PULSE WIDTH
) T4=256°C
0.1 1 10 100

Vps \ Drain-to-Source Voltage (V)

Fig 1. Typical Output Characteristics

1000

100

Ip, Drain-to-Source Current (A)

T,=25°C
I
! —anil
T,=175°C
4
"4
VDs= 25V
20us PULSE WIDTH
4 5 3] 7 8 9 10 11

Vgg . Gate-lo-Source Voltage (V)

Fig 3. Typical Transfer Characteristics
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Rps(on) » Drain-to-Source On Resistance

IRFZ44N

1000 —
TOP 15V
10V
2 ey
< 6.0V
— 5.5V
e 5.0V 1.
g BOTTOM 4.5V
3 100
&]
@
g
=
2
@
‘E et 5V
@ 10
a
o
20ps PULSE WIDTH
. T)=175°C
0.1 1 10 100
Vpsg. Drain-to-Source Voltage (V)
Fig 2. Typical Output Characteristics
2.5
Ip = 49A
/
2.0
T 15 -
I d
©
5 P
Z 1.0
= /
-1
0.5
Vgs= 10V
0.0

.60 -40 -20 O 20 40 B0 8O0 100 120 140 160 180
T, Junclion Temperature ("C)

Fig 4. Normalized On-Resistance
Vs, Temperature
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C, Capacitance (pF)

2500
Vgs =0V, f=1MHz
Ciss = Cgs *+ Cgg, Cas SHORTED
N Crss = ng
2000 | [ Coss = Cas + Cga
~ |
N Baic
1500 \ Sl
\\
1000 AN N
™
'c
500 \\\ L OSSL\
L | I S
Lrss ]
. I
1 10 100
Vps. Drain-to-Source Voltage (V}
Fig 5. Typical Capacitance Vs.
Drain-to-Source Voltage
1000
£ 100
£ BE=1 =115 c 32~
a3 7
= [ //
E /-
o =
5 n—
> I T
: /1]
.1 f———1T,=25°C
[m]
© 1
| |
I 17
I 1] Vgg =0V
0.1
0.0 0.6 1.2 1.8 2.4

Vgp . Source-to-Drain Voltage (V)

Fig 7. Typical Source-Drain Diode

Forward Voltage

international

ISR Rectifier
S T | ] I
. Vpg = 44V
> Vpg = 27V
o 6 vD = 11w
g DS = N N
& /
5 VA
>
o 12
[8]
: A
% v/
2 8 P
]
©
(4} 7
@ 4 Y, ml
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= /
0
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Qg, Total Gate Charge (nC)

Fig 6. Typical Gate Charge Vs.
Gate-to-Source Voltage

1000 —r
JOPERATION IN THIS AREA =
T LIMITED BY Rpg(on)
< TR R Py P PP
00 okt a 5
GC, L, i I
g — - b | |
O *5 Mo = q:
8 b\ L3 - 1 i
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5 4 I Ml
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Fig 8. Maximum Safe Operating Area
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Ip, Drain Current (A)
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T, Case Temperature (°C)

Fig 9. Maximum Drain Current Vs.
Case Temperature
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Fig 10a. Switching Time Test Circuit
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Fig 10b. Switching Time Waveforms
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Fig 11. Maximum Effective Transient Thermal Impedance, Junction-to-Case
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Fig 12a. Unclamped Inductive Test Circuit & > \\
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Fig 12b. Unclamped Inductive Waveforms
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Fig 13a. Basic Gate Charge Waveform Fig 13b. Gate Charge Test Circuit
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Peak Diode Recovery dv/dt Test Circuit

* —<- Circuit Layout Considerations
D.Uu.T — » Low Stray Inductance
Y 4 & ¢ Ground Plane
+ Low Leakage Inductance
Current Transformer
___<‘
i @
0] I 1
A
Rg » dv/dt contralled by Rg 1
* Igp controlled by Duty Factor "D" T Vop
s D.U.T. - Device Under Test
Vas
* Reverse Polarity of D.U.T for P-Channel
@ Driver Gate Drive
Period = PW
P .W- Period
t
[Veg=10v] *™*
(. 4
)7
@lour lgp Waveform
Reverse
Recovery | Body Diode Forward
Current Current /'
N difdt
€ D.U.T. Vg Waveform
Diode Recovery ¥
/ dv/dt
_// ’ / [\:DD]
Re-Applied i {{ —
Voltage Body Diode ’’ Forward Drop
@ Inductor Curent m
9 ['so]
Ripple < 5% SD
i

L L]

Vs = 5.0V for Logic Level and 3V Drive Devices

Fig 14. For N-channel HEXFET® power MOSFETs
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Package Outline

TO-220AB
Dimensions are shown in millimeters (inches)

10.54 (.415) - 78149}
R N R P
62 (.103) 4204,
1 | (e
|G e
15,24 (800}
T4.B4 (S04) i
| ey 1.15 (.845) LEAD ASSIGNMENTS
MIN 1-GATE
1 2 2-DRAIN
| | e
14,09 (.555) Hlt L
1247 [.830) | 3RS
| .h___ 2.93(.037) __j 0.55 (622}
.40 {055) ¥ assaan) 3 g4s {o1n)
415 (045 [&] 038 (o1 (WiB | () 282 0318
~ e
. X
NOTES:
1 DIMERSONWNG & TOLERANCING PER ANSIY 14,504, 1982, 3 QUTLINE COKFORMS TO JEDEC QUTLINE TO-220AB,
2 CONTROLLING DIMENSION : INCKH 4 HEATSINK 4 LEAD MEASUREMENTS DO NOT INCLUDE BURRS.
Part Marking Information
T0O-220AB
EXAMPLE : THIS IS AN IRF1010
WITH ASSEMBLY N O )
LOT CODE 9B1M INTERNATIONAL /PART NUMBER
RECTIFIER \ RF1070 4
LOGO TOR9246 \
w198 1M DATE CODE
ASSEMBLY (YYWW)
LOT CODE YY = YEAR

WW = WEEK

Data and specifications subject to change without notice.
This product has been designed and qualified for the Automotive [Q101] market.
Qualification Standards can be found on IR’s Web site.
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IR WORLD HEADQUARTERS: 233 Kansas St., El Sagundo, California 90245, USA Tel: (310) 252-7105
TAC Fax: (310) 252-7903

Visit us at www.irf.com for sales.contact information.01/01
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