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Integrated amplifier class D

Mr.Akarapat Pipatbandhit 1D.47010967
Mr.Atid Sansaeng ID.47010979
Assoc. Prof Jirawat Pangrang Advisor

Education Year 2007

Abstract

Designed the power amplifier part of integrated amplifier class D circuit. The sound signal is
first fed into a circuit to adjust amplitude of frequency (Low frequency 40 Hz and High frequency
16 kHz). After that the signal is sent to generate PWM signal circuit. Later, the power devices
worked in class D received the signal from PWM generator. Finally the signal is filtered by the

second order low pass filter circuit,
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2.3 91n Switching Power
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< Ist order
a3 2nd order ; :
© ) 3rd order : |
-60 [ 4th order : Nt
Sthorder - - \ \
-80
-100 ; :
0.01 0.1 | 10 100

Frequency {rad/s)
717 213 prwinIRBuEUB IR IMBVB13903MIBINNHAR BUULY Butterworth uraudunsm

AWABUALN 1 84 51AUIA1NYUAB 20n dB/decade (n Ao DUAUN)
‘4 a4l
2.4.2.1 nsngunickielylunisesnuuuesniesnnuiidmm

¥ » [
arveeginseiiusiesdredefuiiugiuvesisesnsesanudiiiuuy

o ' ' ' 1 Y da 1 a = L4 1
Butterworth AliN15A904521 T1aunaeniodu Inaahitimduiiuaus 1 TovuTavlda1General Form
&
:Hn A®

Ho=1or(s+D] [52+ 2costi5+ 1) 2.3)
k

#11714A1 Butterworth Approximation Function ¥9434935179 441UV Butterworth 11
DUAVA Y AIAT519N 2.1
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N H(S)

1 S+1

2 $I+1.4148 +1

3 {(S*+S+1)

4 {S- +0.76527S + 1){S° + 1.847765 + 1)

5 (S? + 0.618025 + 1)(5% + 1.618025 + 1)(S + 1)

ATINT 2.1 UHAIA Butterworth Approximation Function Y94 Butterworth Low — Pass Filter

o 91 o o PRI M =
%'Iﬂﬂ'l‘i']\iﬂﬂmﬂﬂ'lu@iuﬂﬂ"lﬂqiﬂlﬂﬁ'QﬂﬂﬁmﬂWﬂTQ“] AR 1NN 2.2

N L, C, L, C, L,

2 1.4142 0.7071

3 1.5000 1.3333 0.5000

4 1.5307 1.5772 1.0824 0.3827

5 1.5414 1.6944 1.3820 0.8944 0.3090

AN 2.2 unasesuenlodvesmgunsainieg #il¥142393 Butterworth Low — Pass Filter
2.43 nIsenuuLIANBAgGIFUHIRGT (Demodulation Filter Design)

a & oda 0 @ - a &
andunilavesszuuwnesueuiliiinnudidguiniiga e nndusgaty
oy 4 i @l @ =] = o [
Hamos (Demodulation Filter) Wi1¥indnaeuiude WhinsesHawmesnaziiudanseaansu
o =s'a c; [ d‘ Y r'd 1 []
paflsznevvesdynruiiianuigalivuag lvindyga PWM fidusensiniervinnnouds

o o ¥ [ 9 n’: 4 [ o = s oA P~} LY &
Fayalldudi Tnede il deiwie IfszuuihauTaclilszAninmgaga nied mivnilad

A o ¥ - o o W Y A - tet
Ao 3.111?'I'El\ulﬂ'J"IIJL']JUﬂ’WI']u'VﬂNu@UﬂfIﬂH'ii’)llllllmU
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[ ]
[

U7 2.14 U293 ALY n — th order LC Low — Pass Filter

2993 1u319 2.14 1aR92395W@AMDSUVY 1 - th order LC Low — Pass Filter 1At
== 4 v (d’ A roar
ATDLUWNHAUFUDIUNAI9Y (Source Impedance) V09I9I HaRD U (mamﬂumﬂwwﬂmmﬂnﬂ)
= | | Y] ] 9 o 3 g o o .
A1 52N IA VAN NUATUMUIBE UV ILADLINNIDTAING (On — Resister Power
. o _ o & a wa J (- 1 o o od
switch) lumafidegalumalfiaudfadosnn maauniieai @) sagmaunuilszy )
s A T a A o & ' o o
10929950 amBT 9z Tuegi UM Inandufinaud (Load Impedance) 30 R uazAInNudANDDW
(Cutoff Frequency) #39 (W, 1oz ¥7aY82995 Aauno 151 1Y Butterworth H38111Y Chebyshev
] M a = 4 3 a
iy uaTasia liines 1difuneesiamesuuy LC Butterworth finaianih 2 n3e 4
ad A ~ 9 ' o' ' o A 3 o 3
Fndwngalumsfimuanivesgdnsalludasdfonislgmsumuas
p o o . o P -
gilnsaiuvuusiuealasd (Normalized Element Value Table) 1un1519h 2.2 Faluarssilozuaas
1 1 1 a = n‘: J o '
Aeivoaladuesdiglnssirieg AFlulesHamesiuy Buterworth AanAoeianif 2 - 5 M1
A fnaalumsaduaiidredaninesiamesadisanudinosd W, =1 ads wazh
a o o ¢ v e 4 W 9 a o o ¥y a
Tnandudinaud R, = 1 Tovfu dnfumsesnuvuisdosiimsdueivealas nidasgasmnads

urawed (Scaling Factor) fatl

L, =1, x (i—’;) (2.4)
C, = C,X (RL;%) 2.5)

(15 UIINAIWADINITVBITZTUIWIIND SHeNT 19199 Hawe§ 114
» - )
wuiessuendilaesaiuisodu Inanfiat 4 Tovinuaz 8 Toru'ld (wsrziudrInevuin 4

¢ 4 ] ] P w a .
Teviwmie 8 Termiludulng) msosnuvuiamesIdsesuInandufinaudnunsminz dy
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3 1 1 1]
awiulerinesHawesii lildeureny Inaahiidufiuaudganhiiisiesnuuy
¥ o [3 Ya 1A 4 d a ’ o A d 1 1Y 7
PiiuezirliiAaaifia (Peak) TufivTnmrsanudgaiesnflaweseglunzdumesuaud
1A 0 o 3 " . da 1 a o & o " e a
(Underdamped) uaiioriilames lihfouneduInaaiiidrduiuauddin ndusziianis Tered
uawil (Overdamped) ot s lugrnnudga bivinvuiu'hl daunisdenyadasinoaves
=y : ’ ' . l:; = G'J A
2095 WamesTunlsienaA 1A gegAve 99 WDAITI (Audio Frequency) 51211 Fawaninnis
s ow o a q’dy v 1 A4y
iwaswaesuauiluaz TenesuandvesrsssHamei i hidwademsasuauosnnudnasams
(L] Q :: VoA 1 3 o @ Py o [ v e
uaedela dniumimmzasfvzifeonilugadadnoevyeisesames Taiiare gy zanm 40

kHz
2.5 Power MOSFET

=] o
A bipolar junction transistor (BJT) nJuqﬂn'imm‘uﬂnnizummzﬁ’aamiﬂssuﬁ
2 a T [ s A a {g XY a
wa dmsutlunszualmadu lfneaanmes ewmnnsznafinoamamesyusgiunsuaih
- J LIN-7) ﬁd‘ 1
(e (NSZUADUNA) LAY current gain VHBYNUGUNINTOBHD
o o @ - a o
A power MOSFET ilugilnsainivaudnar In#h uazdeamsioanssuaduna
3 " o 3 a a o v o a A ¥ '
fauradnqmniu anuwiilumsadadsdaigann dadunalumsaiayegluniie
o 4 .
nanoseconds 1131/32gnd l¥uvsanIBiue YA w11y low pass, high frequency,
: red o L' -~ T v ' o
converter uazuaadatiu lufiflgmuealsingmsshiusaand mileusers BIT uaeielsiay
Ty 1voauomnWAILogh Electrostatics discharge taziumsenfivzdlosfunemvasinaiu

HANAIANINAYINNITAAIIDT

2.5.1 ¥Hla¥09 MOSFET
MOSFET i 2 31l
2.4.1.1 Depletion MOSFET
2.4.1.2 Enhancement MOSFET .
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Drain current

urrent gain =
c 8 Input gate current (2‘6)

(L 1 o - DR ) o’ o o *
uaot19057m 1 A1U89 cument gain d3lildAmnlweindiAy A1ves
] as ' T . @ b ' o o
tranconductance FailudnarausEnININIEUMATU ( drain current ) fiuAIvBIANUANANINNT

( gate current )
Drain current

Current gain = 2.7)

Input gate current

A21A1 transfer characteristics Y89 n — channel 1A% p — channel Y99 MOSFET
uaaaniugll 2.17 uazgl 2.18 U output characteristics Y94 n - channel enhancement MOSFET
uagiigun13R19TU 3 929 fio

1. 074 cut off region V < Vv,

2. 07U pinch off region W30 saturation region V = V.-V,

3. 97U linear region V < Vgs -V,

Ut linear region AUBINTUMATUGS uazdAnAuATUA1 power transistor 13
FOUESAFe 1% linear region 1461 saturation region MnszumATURFandeziily
mnsfi lasszdmsmudoudndoslusves v, wazn1s1§amuvesnnuFmaeslutwiies
il Fse T voltage amplification

gﬂnm’ums steady-state éﬂ‘f’?ﬂ depletion-type L1 enhancement- type MOSFET

umﬂugﬂ 2.19 1999 Tranconductance ( g ) Mualay

Al,
AV,

g, = = constant (2.8)

AMANUAMUNIUNIIATY output

R, = R, (29)
R, = Ve 2.10)
Al

c& T ¥ . ] [] . .
Favedinrgaune lugu pinch — off ( megaohms ) uazezdiniiooning 1ug1u lincar region

(miltiohms)
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VP v
!l,) A a / P Os
e g - ¥ AN
n =~ chastel p ™ charnpl]
(uy Depledun - type MOSFET
-
v
T
A'D D B Yoy
V.. I‘i
1 T ac
¢ ¥ lg

i+ b e oA

i~ charazel

p — chaiuel

(r) Enhancamont - lype MOSEET

‘S‘l.lﬁ 2.17 Transfer Characteristics of MOSFET

(a) Depletion - type MOSFET

(b) Enhancement - type MOSFET
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50
'-:E:- 40 lincar reghon
4 7
4 £
E 10 " -sgturtion repion -
) R
=
g X -
E 4\
E w0 3V
’ \'
1y
o X X =
0 2 4 6 8 10

Do to tource vollage § V]

gﬂﬁ 2.18 Output Characteristics of Enhancement — type MOSFET

—

Hp#

1
-3 QLA
-

_I' g =2 Voo

B

T Tl

(a) Cocuit Diggrarm

]

-
k
)

o

a e ra G5

{ b)) Dquivatent Circuir

zllﬁ 2.19 Steady — State Switching Model of MOSFET
(a) Circuit Diagram

(b) Equivalent Diagram
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d M3 Depletion — type MOSEET A1984 gate ( M38 input } 9ziiluuinvseaun 14
) »
(A 14 Enhancement — type MOSFET fnan Ty gate azituunmniu
-, =1 ) i
Power MOSFET lauin@uziuwila enhancement mode 8613157714 depletion-
=] o ] ] o P o wa Y ]
type MOSFET vziiisz luminaziwasniseenuuuieesasin Flunayjiadesnise,

. . . ] ' o . ar o
logic -completibleac 138 de switch §39z0¢ IUANYUL logicsupply ANAI AT V,, aduilugud

2.5.3 Switching Characteristics

3 [ [ o o o *
1o Tulideyg 1ot gate enhancement mode 1319g WU diode 2 17 ABLUY

v 4 . o ¢ a o '
parasitic capacitances ABA source (C_) uazh drain , C,, NIIUATLADIYUA npn Wussvaouuy

reverse bias 910 Drain 11/83 Source, C,

Coo=r= ,a.J Cp =y -~
» -~
: (55, +—a0)
® ‘-..\;,‘J e~
L
C 2 _T_ W h,:i:

F 33

(a) Pams:tic Bipolar

b D
I-
d

(97
.

j

4

v -\‘h-—c

G, (?:‘?J €y =i

(b)) memal Diode

gﬂﬁ 2.20 Parasitic Mode of Enhancement — Type MOSFET
( a ) Parasitic Bipolar

( b) Internal Diode
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3511 2.21 Switching Model of MOSFET

21]‘71 2.20 (a) MAAINVTAVYAUDY Parasitic Bipolar Transistor AADUHIUA
[] »
MOSFET 9#¥ Base #9fU emitter Y84 transistor ¥H# npn 12 dUUaziNnINIUAIUIN base T1lda
5 R = o ar 3 Y

emitter 111849910 bulk resistor THA n LD p (Rbe) THUur1anuIn AU MOSFET 819115841910
2esauyadaallugy 2.20 ()

2495 Switching ¥4 MOSFET ua@d#31 2.21 1a0 waveforms uaznamaalugll
222

g aw . . pd

Tum-on-Delay t, (on) 1WA 1MABENS charge input capacitance 9104 threshold

voltage level
[ ar ]

Rise-Time (ir) 1Ju12211UN15 charging gate 91n5EAY threshold level q full gate
voltage V__ 1{loADamM s TUN3zud transistor 191 11/89939051204 linear region

Tum - off Delay Time, t, (off ) fm‘luﬂhanmﬁ input capacitance apanms 1 luns
Discharge 910 Over drive gate voltage V l"i’J‘ﬁj‘lﬁL’Jm‘ﬁ’N pinch — off region Taun1vuoa Vg, foaanaq

v 2 4 &
ADUNAIUDY Vds 9IS UAUIANUY
X d 1 = v ¥ oA R ° . '
Fall — time trnﬂu‘mnamﬂaﬂ‘mua input capacitance N1N17 discharge 91N%¥ 4

pinch offl.‘i’ll"lij threshold voltage &1 Ve < v, NIUTANAB TNV tum - off
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2.5.4 Gate Driver
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3.1.1 Signal Stage
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3.1.2 Pulse Width Modulation: PWM
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(3.11)

o
fio— L
. f—ZLCL (3.12)
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C=0.7071x(; =468.91nF (3.13)
6x 271 x40k

L= ! - =16.88uH
2x468.9lnx(2n’x 40k)

(3.14)
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o o a L4 P
lumsnaasseziimstloudaaudunniilneunnud 1k, sk, 10k uag 20kHz

= Y ¥

v 1 4
o %) (%) o " " = i
udhmsiuszaudesnunszialdn vour adideams udrianszua e TavldR, e

RO A A s oAIIN IR 18IV wazi1danueen lonaunsng.2 ias 4.3

Pm(DC) =Veelec
2
P = I/:Ju'(.u.u)
onf SRL

Y TR o o o ' R o a
udniwan ldinnensiuansnnuduRusIen e Efficiency uag P, A931l# 4.12

Han1Inaand

[
- =

Y muaunNnANuD 1 kHz, Vee = 12V

(4.2)

(4.3)

V,om V) I, (A) P, (W) P, (W) n %)
5 0.21 2.52 0.390625 15.500992

10 0.28 3.36 1.5625 46.502976

15 041 4.92 3.515625 71.455793

20 0.63 7.56 6.25 82.671958
23.6 0.78 9.36 8.7025 92.975427

- as A M A o i =
AN 4.1 Namsamh:ﬁnﬁmwmanmmu t:gmgmamgngﬂmuunmmﬂ 1 kHz
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Vout{pp) (V) Icc (A) Pin (W) Pout (W) n (%)
5 0.21 2.52 0.390625 15.50099
10 0.31 3.72 1.5625 42.00269
15 042 5.04 3.515625 69.75446
20 0.66 7.92 6.25 78.91414
23.6 0.8 9.6 8.7025 90.65104

=

- o a o PR o o
AN 4.2 Nﬁﬂ]‘i’Jﬂﬂ‘izi\’ﬂﬁﬂ]ﬂﬁlﬂﬁ}ﬁl‘iﬂﬂ agwgmamgngihmunmmﬂ 5 kHz

Fynudunnaud 10 kHz, Vee = 12V

Vout(pp) (V) Ecc (A) Pin (W) Pout (W) n (%)
5 0.22 2.64 0.390625 14.7964

10 0.33 3.96 1.5625 39.45707

15 0.44 5.28 3.515625 66.58381

20 0.64 7.68 6.25 81.38021

22.2 0.84 10.08 7.700625 76.39509

- (v a ~ Ao a dat -
M1919N 4.3 NﬁﬂTi?ﬂﬂﬁﬂﬁ‘ﬂﬁﬂTﬂ‘“Q']ﬂﬂﬁﬂN wuﬂpmauﬂ‘ngﬂmuu‘nmmﬂ 10 kHz
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4.4 HANDUAUBINDANIND

o o = o as = o
Tunmsneassszimstloudyapuduyngtl Sine uaziavuadygruiiorrinm

] ¥
& ANUDOUNNAILA 20 Hz D9 50 kHz

f(Hz) Vout(pp) (V) | f(Hz) | Vout(pp) (V)

20 19.4 20k 11.6

100 20.2 25k 10.2

500 20.2 30k 9

1k 20 35k 7.84

5k 18.6 40k 6.96

10k 15.4 50k 5.68

15k 13.4

A131371 4.5 HONIRBVAUDINIIADIND 1a8 Vin = 0.4 Vpp

Vout (V)

25

20 «-p—d

15

20 w0 50 tk sk 1ok 15k 20k 25k 30k  3sk a0k sok f(Hz)

e ek

3 B 5
31]11 4.21 nINTAINNUAUNUE T2HI 19 Vout 1Az ANND
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Data Sheet No. PD60147 rev.U

International
IGR Rectifier  IR2110(1-2)(S)PbFIR2113(-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 (IR2110) 500V max.
Tolerant to negative transient voltage (IR2113) 600V max.
dv/dt immune
& Gate drive supply range from 10 to 20V lo+/- 2A 1 2A
e Undervoltage lockout for both channels
® 3.3V logic compatible Vout 10 - 20V
Separate logic supply range from 3.3V to 20V
Logic and power ground +5V offset ton/off (typ.) 120 & 94 ns
& CMOS Schmitt-triggered inputs with pull-down :
® Cycle by cycle edge-triggered shutdown logic Delay Matchlng (:Egl!l%)) 12% NS max.
¢ Matched propagation delay for both channels ( ns max.

¢ Outputs in phase with inputs Packages

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 16-Lead SOIC

R - . L . i 14-Lead PDIP IR21108/IR2113S
ruggedized monolithic construction. Logic inputs are compatible with IR2410/R2113
standard CMOS or LSTTL output, down to 3.3V logic. The output
drivers feature a high pulse current 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
— HO ) ’ Ea -
Voo Vo Ve 1 VWV
™
HIN o HIN Vi — ° 1o
SD o SD — X LLOAD
LIN o LIN Vee 2
Vo Ve  CoM —& | ED
Vee ] LO Wy ~——1

{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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ISR Rectifier

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

Absolute Maximum Ratings

Absolute maximum ratings indicate sustained limits beyond which damage to the device 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
VB High side floating supply voltage (IR2110) -0.3 525
(IR2113) -0.3 625
Vg High side floating supply offset voltage Vg -25 vg + 0.3
VHOo High side floating output voltage Vg -0.3 Vg +0.3
Voo Low side fixed supply voltage -0.3 25
VLo Low side output voltage -0.3 Vec +0.3 v
Voo Logic supply voltage -0.3 Vgg +25
Vss Logic supply offset voltage Veec-25 Vec +0.3
ViIN Logic input voltage (HIN, LIN & SD) Vgs-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) — 1.6
(16 lead SOIC) — 1.25 W
RTHJA Thermal resistance, junction to ambient (14 lead DIP) — 75 .
{16 lead SCIC) — 100 CIwW
Ty Junction temperature — 150
Ts Storage temperature -55 150 °C
T Lead temperature {soldering, 10 seconds) —_ 300

Recommended Operating Conditions
The inputfoutput 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

Vg High side fleating supply absoiute voltage Vg +10 Vg + 20

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

(IR2113) Note 1 600

VHO High side floating output voltage Vg A1
Vee Low side fixed supply voltage 10 20 v
VLo Low side output voltage 0 VCce
Vpp Logic supply voltage Vgg +3 Vgg + 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 Vg of -4 to +500V. Logic state held for Vg of -4V to -Vps.<(Please refer to the Design Tip
DT97-3 for more detaits).
Note 2: When Vpp < 5V, the minimum Vgg offset is limited to -Vpp,

2
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ISR Rectifier

Dynamic Electrical Characteristics

Veias (Vcc, VBs, Vpp) = 15V, C = 1000 pF, T = 25°C and Vgg = COM unless otherwise specified. The dynamic
electrical charactenistics are measured using the test circuit shown in Figure 3.

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

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

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

turn-on/off (fR2113) — — — 20

Static Electrical Characteristics
Veias (Vcc, Ves. Vpp) = 15V, Ta = 25°C and Vgg = COM unless otherwise specified. The VN, VTH and liy parameters
are referenced to Vsg and are applicable to all three logic input leads; HIN, LIN and SD. The Vo and o parameters are
referenced to COM and are applicable to the respective output leads: HC or LO.

Symbol Definition Figure |Min. | Typ. Max.| Units |Test Conditions
VIH Logic “1” input voltage 12 9.5 — —
ViL Logic “0” input voltage 13 — — 6.0
Vou High level output voltage, Vgias - Vo 14 — | - | 12 v Io = 0A
VoL Low level output voltage, Vo 15 — — 0.1 lo = 0A
Itk Offset supply leakage current 16 — — 50 Vg=Vg = 500V/600V
laBs Quiescent Vgs supply current 17 — 125 | 230 Vin =0V or Vpp
lace Quiescent V¢ supply current 18 — 180 | 340 uA Vin =0V or Vpp
lapp Quiescent Vpp supply current 19 — 15 30 VIN =0V orVpp
IIN+ Logic “1” input bias current 20 — 20 40 VIN=VDD
iN- Logic “0” input bias current 21 — — 1.0 VIN = 0V
Vesuy+ | Vas supply undervoltage positive going 22 7.5 8.6 9.7
threshold
VBsuv- Vs supply undervoltage negative going 23 7.0 8.2 9.4
threshold
Veeuv+ | Vec supply undervoltage positive going 24 7.4 8.5 9.6
threshold ‘ v
Veouv- Vee supply undervoltage negative going 25 7.0 8.2 9.4
threshold
lo+ Output high short circuit putsed current 26 2.0 25 — Vo =0V, ViN=VDD
PW <10 us
lo- Qutput low short circuit pulsed current 27 2.0 25 — A Vo =15V, VN =0V
PW <10 us

www.irf.com




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

Functional Block Diagram

International
TSR Rectifier

DETECT]

R Q
HV -
LEVEL”'—‘I PULSE R HO
SHIFT -
VoulVoo @ 3 E: :
LEVEL m
SHIFT PULSE _~ E Vg
—d GEN { |
|
¢ Ve
uv :
DETECT
Voo Vee |
LEVEL [— LO
SHIFT |
DELAY IF
COM

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 Logic ground

VB High side floating supply

HGO 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

4 www.irf.com



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

ISR Rectifier

Lead Assignments
=] Ho [T ] Ho [B8]
(=] voo ve [€] (g ve [ 7]
(o] #mN vs | 5] (7] voo vs [€]
[GT] sp n 2] HIN ]
0z] un vee [3] 3] sp =
[E Vvss COM z E LIN vce E
=] wo [ [05] vss coMm [ 2]
& B -~ tofm
14 Lead PDIP 16 Lead SOIC (Wide Body)
IR2110/IR2113 IR2110S/IR2113S
[&] HO [7 [E] HO [ 7
=] voo vg [8] =] vop vB [6]
[16] HIN vs [5] o] HiN vs |
[1T] sp [ O] so [
[z] un vee [3] Oz] LN vee [3]
13] vss com 2] 0321 vss com | 2]
14 —~ ‘o[1] (14} ~ [T
14 Lead PDIP w/o lead 4 14 Lead PDIP w/o leads 4 & 5
IR2110-1/IR2113-1 IR2110-2/IR2113-2
Part Number
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IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF

" W
° N

Figure 1. Input/Output Timing Diagram

Ve =15V
Q
I_—h' v,
I1o 0.1 1 [ o®
nF IuF o1l Lo M
¥ [} 3 8 PF” FuF 1_5V
_ SV,
10 I S
HIN O] 7 L5 o {0 to 500V/B00V)
S0 o1 10

L uF
O w Pl BN VR

Figure 3. Switching Time Test Circuit

50%
SD

tsd
HO ) 90%
LO

Figure 5. Shutdown Waveform Definitions

Infernational
TSR Rectifier

VGC =15V HV = 10 to 500V/600V
n__‘j 10KF&
10 0.1 " .
luF I 11 1o 200 % 1004F
v FEe— Tur 10kFs]
10 ;
! oHo v,
1" v l --;?»50 Vins
12 OUTPUT  10KF8
+ MONITOR )
13 2
| IRF820 (}; JL
-~ w

=

Figure 2. Floating Supply Voltage Transient Test Circuit

Figure 4. Switching Time Waveform Definition

LO, HO

10%
MT MT

90%

LO HO

Figure 6. Delay Matching Waveform Definitions
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Figure 7A. Turn-On Time vs. Temperature
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Figure 7C. Turn-On Time vs. VDD Supply Voltage
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Figure 8B. Turn-Off Time vs. Vcc/Ves Supply Voltage
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Tum-On Delay Time {ns)

IR2110(-1-2)(S)PbF/IR2113(-1-2)(S)PbF
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Figure 7B. Turn-On Time vs. Vcc/Ves Supply Voltage
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Figure 8C. Turn-Off Time vs. Voo Supply Voltage



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

Shuidown Delay Time (ne)

Shutdown Delay Time (ns}

250

200
-] - =
150 =1
=
e //
u-x__ . I,
100 T
"t
50
0
-50 25 0 2 50 75 100 125

Temperature (°C)

Figure 9A, Shutdown Time vs. Temperature
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Figure 9C. Shutdown Time vs. Voo Supply Voltage
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Figure 10B. Turn-On Rise Time vs. Voltage
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Figure 9B. Shutdown Time vs. Vcc/Ves Supply Voltage
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Figure 10A. Turn-On Rise Time vs. Temperature
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Figure 11A. Turn-Off Fall Time vs. Temperature
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Figure 11B. Turn-Off Fall Time vs. Voltage
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LM1036
Dual DC Operated Tone/Volume/Balance Circuit

General Description Features
The LM1036 is a DC controlled tone (bass/treble), volume ™ Wide supply voltage range, 9V to 16V

and balance circuit for stereo applications in car radio, TV  m Large volume control range, 75 dB typical

and audio systemns. An additional control input allows loud-  m Tone control, 15 dB typical

ness compensation to be simply effected. m Channel separation, 75 dB typical

Four control inputs provide control of the bass, treble, bal-  m Low distortion, 0.06% typical for an input level of 0.3
ance and volume functions through application of DC volt- Vrms

ages from a remote control system or, alternatively, from four g High signal to noise, 80 dB typical for an input level of
potentiometers which may be biased from a zener regulated 0.3 Vrms

supply provided on the circuit. ® Few exiernal components required

Each tone response is defined by a single capacitor chosen
to give the desired characteristic.

Block and Connection Diagram

Dual-In-Line Package

INTERNAL SUPPLY DECOUPLE —L—-l N L2 oxp
2 INTERNAL ZENER
INPUT 1 =y YOLTAGE REGULATED | == |NPUT 2
SUPPLY VOLTAGE

TREBLE CAPACITOR 1 .l

YOLUME

TREBLE CONTROL INPUT _l

] 16
AC BYPASS 1 — -1 AC BYPASS 2

15
BASS CAPACITOR 1 £ [~ BASS CAPACITOR 2
LOUDMESS COMPENSATION 7

14
CONTROL INPUT ] = BASS CONTROL INPUT

VOLUME/

8 VOLUME/
QUTPUT 1 BALANCE

BALARCE

I

1
12 OuTPUT 2

—— e —————

T T
BALANCE CONTROL INPUT —g--—- ——— —-t— - N 12, VOLUME CONTROL INPUT

GND 10 L% Ve

TOP VIEW
00514201

Order Number LM1036N
See NS Package Number N20A

& 2004 National Semiconductor Corporation DS005142 www.national.com
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LM1036

Absolute Maximum Ratings (note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributars for availability and specifications,

0'C to +70°C
Storage Temperature Range -65C to +150°C
Power Dissipation 1w

Operating Temperature Range

Lead Temp. (Soldering, 10 seconds) 260°C
Supply Voltage 16V
Nota 1: “Absolute Maximum Ratings” indicate limils beyend which damage
Control Pin Voltage (Pins 4, 7, 9, 12, to the device may occur. Operating Ratings indicate conditions for which the
14) Vcc device is functional, but do not guarantee specific perfermance limits,
Electrical Characteristics
Vee=12V, To=25"C (unless otherwise stated)
Parameter Conditions Min Typ Max Units
Supply Voltage Range Pin 11 9 16 Vv
Supply Current 35 45 mA
Zener Regulated Qutput Pin 17
Voltage 5.4 Vv
Current 5 mA
Maximum Cutput Voltage Pins 8, 13; f=1 kHz
Vee=9V, Maximum Gain 0.8 Vrms
Vee=12V 0.8 1.0 Vrms
Maximum Input Voltage Pins 2, 19; f=1 kHz, V¢ 2V 13 1.6 Vrms
Gain=-10 dB
Input Resistance Pins 2, 19; f=1 kHz 20 30 kQ2
Output Resistance Pins 8, 13; f=1 kHz 20 Q
Maximum Gain V{Pin 12)=V(Pin 17); f=1 kHz -2 0 2 dB
Volume Control Range f=1 kHz 70 75 dB
Gain Tracking f=1 kHz
Channel 1—-Channel 2 0 dB through -40 dB 3 dB
-40 dB through -60 dB 2 dB
Balance Control Range Pins 8, 13; f=1 kHz dB
-26 -20 dB
Bass Control Range f=40 Hz, C,=0.39 pF
(Note 3} V{Pin 14)=V(Pin 17) 12 15 18 dB
V{Pin 14)=0V -12 =15 -18 dB
Treble Controf Range f= 16 kHz, C,=0.01 pF
{Note 3} V{Pin 4}=V(Pin 17) 12 15 18 dB
V{Pin 4)=0V -12 -15 -18 dB
Total Harmonic Distortion f=1 kHz, V,,=0.3 Vrms
Gain=0 dB 0.06 03 %
Gain=-30 dB 0.03 %
Channel Separation f=1 kHz, Maximum Gain 60 75 dB
Signal/Noise Ratio Unweighted 100 Hz-20 kHz 80 dB
Maximum Gain, 0 dB=0.3 Vrms
CCIR/ARM (Note 4)
Gain=0 dB, V =0.3 Vrms 75 79 dB
Gain=-20 dB, V,y=1.0 Vims 72 d8
Output Noise Voltage at CCIR/ABM (Note 4) 10 16 v
Minimum Gain )
Supply Ripple Rejection 200 mVrms, 1 kHz Ripple 35 50 dB
Control input Currents Pins 4, 7, 9, 12, 14 (V=0V} -0.6 -2.5 pPA
Frequency Response -1 dB (Flat Response 250 kHz
20 Hz-16 kHz)
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Electrical Characteristics (continuecd)

Note 2: The maximum permissible input level is dependent on tone and volume settings. See Application Notes.

Note 3: The tone control range is defined by capagilors Cp and C;. See Application Notes,

Note 4: Gaussian noise, measured over a period of 50 ms per channel, with a CCIR filter referenced to 2 kHz and an average-responding meter.

Typical Performance Characteristics

Volume Control Balance Control
Characteristics Characteristic

0 4

=
Vn=300mv _] 2 42
- =
f=1kHz E \

—16
—60 / _ / \\
/ N/ \
—80 -28
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00514220 00514221
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Tone Control Characteristic vs Frequency)
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LM1036

Typical Performance Characteristics (continue)

INPUT VOLTAGE FOR 1% THD AT QUTPUT (VWrms)
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Input Signal Handling vs
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Application Notes

TONE RESPONSE

The maximum boost and cut can be optimized for individual
appiications by selection of the appropriate values of C,
(treble) and C, (bass).

The tone responses are defined by the relationships:

0.00065 (1 — ay,

14— " 7b)
joCp

0.00065a,
jeCp

Bass Response =
1+

1+ jw5500(1 — a)C
1+ jw5500atC(

Treble Response =

Where a,=a=0 for maximum bass and treble boos! respec-
tively and a,=a=1 for maximum cut.

For the values of C, and C, of 0.39 pF and 0.01 pF as shown
in the Application Circuit, 15 dB of boost or cut is obtained at
40 Hz and 16 kHz.

ZENER VOLTAGE

A zener voltage (pin 17=5.4V) is provided which may be
used to bias the control potentiometers. Setting a DC level of
one half of the zener voltage on the control inputs, pins 4, 9,
and 14, results in the balanced gain and flat response con-
dition. Typical spread on the zener voltage is £100 mV and
this must be taken into account if control signals are used
which are not referenced to the zener voltage. If this is the
cass, then they will need to be derived with similar accuracy.

Application Circuit

LOUDNESS COMPENSATION

A simple loudness compensation may be effected by apply-
ing a DC control voltage to pin 7. This operates on the tone
control stages to produce an additional boost iimited by the
maximum boost defined by C,, and C,. There is no loudness
cempensation when pin 7 is connected to pin 17. Pin 7 can
be connected to pin 12 to give the loudness compensated
volume characteristic as illustrated without the addition of
further external components. (Tone settings are for flat re-
sponse, C, and C, as given in Application Circuit.) Modifica-
tion to the loudness characteristic is possible by changing
the capacitors G, and C, for a different basic response or, by
a resistor network between pins 7 and 12 for a different
threshold and slope.

SIGNAL HANDLING

The volume control function of the LM1036 is carried out in
two stages, controlled by the DC voltage on pin 12, to
improve signal handling capability and provide a reduction of
output noise level at reduced gain. The first stage is before
the tone controi processing and provides an initial 15 dB of
gain reduction, so ensuring that the tone sections are not
overdriven by large input levels when operating with a low
volume setting. Any combination of tone and volume settings
may be used provided the output level does not exceed
1 Vims, Vee=12V (0.8 Vrms, V~=9V). At reduced gain
(<-6 dB)the input stage will overload if the input level ex-
ceeds 1.6 Vrms, V=12V {1.1 Vrms, V;=9V). As there is
volume control on the input stages, the inputs may be oper-
ated with a lower overioad margin than would otherwise be
acceptable, allowing a possible improvement in signal to
noise ratio.
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LM1036

Applications Information

OBTAINING MODIFIED RESPONSE CURVES

The LM1036 is a dual DC controlled bass, treble, balance
and volume integrated circuit ideal for stereo audio systems.
in the various applications where the LM1036 can be used,
there may be requirements for responses different to those
of the standard application circuit given in the data sheet.
This application section details some of the simple variations
possible on the standard responses, to assist the choice of
optimum characteristics for particular applications.

TONE CONTROLS

Summarizing the relationship given in the data sheet, basi-
cally for an increase in the trebie control range C, must be
increased, and for increased bass range C, must be re-
duced.

Figure 1 shows the typical tone response obtained in the
standard application circuit. {(C,=0.01 uF, C,=0.39 pF). Re-
sponse curves are given for various amounts of boost and
cut.

s STANDARD APFLICATION CiRcurt | o, 8

[\ BASS AND TREBLE BOOST /4 4.7 2

10 i A 10 G

N s

s 5 = 3.4 E

g
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15 el L | m02eF | o =

| L=0.01 4F =

-20 =
2 w0 50 Sk 20k

FREQUENCY {Hz}

00514204

FIGURE 1. Tone Characteristic (Gain vs Frequency)

Figure 2 and Figure 3 show the effect of changing the
response defining capacitors C, and Cy, to 2Ct, C,,/2 and 4C,,
C,/4 respectively, giving increased tone control ranges. The
values of the bypass capacitors may become significant and
affect the lower frequencies in the bass response curves.
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FIGURE 2. Tone Characteristic (Gain vs Frequency)
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FIGURE 3. Tone Characteristic (Gain vs Frequency)

Figure 4 shows the effect of changing C, and C, in the
opposite direction to C/2, 2C,, respectively giving reduced
control ranges. The various results corresponding to the
different C, and C,, values may be mixed if it is required to
give a particular emphasis to, for example, the bass control.
The particular case with C/2, C, is illustrated in Figure 5.

Restriction of Tone Controt Action at High or Low
Frequencies

it may be desired in some applications to level off the tone
responses above or below certain frequencies for example
to reduce high frequence noise.

This may be achieved for the treble response by including a
resistor in series with C,. The treble boost and cut will be 3
dB less than the standard circuit when R=Xc.

A similar seffect may be obtained for the bass response by
reducing the value of the AC bypass capagitors on pins 5
{channsl 1} and 16 (channel 2). The internai resistance at
these pins is 1.3 k{} and the bass boost/cut will be approxi-
mately 3 dB less with X at this value. An example of such
modified response curves is shown in Figure 6. The input
coupling capacitors may also modify the low frequency re-
sponse.

It will be seen from Figure 2 and Figure 3 that modifying C,
and C, for greater control range also has the effect of
flattening the tone control extremes and this may be utilized,
with or without additional modification as outiined above, for
the most suitable tone control range and response shape.

Other Advantages of DC Controls

The DC controls make the addition of other features easy to
arrange. For example, the negative-going peaks of the out-
put amplifiers may be detected below a certain level, and
used to bias back the bass control from a high boost condi-
tion, to prevent overloading the speaker with low frequency
components.

LOUDNESS CONTROL

The loudness controt is achieved through control of the tone
sections by the voltage applied to pin 7; therefore, the tons
and loudness functions are not independent. There is nar-
mally 1 dB more bass than treble boost (40 Hz—16 kHz) with
loudness control in the standard circuit. If a greater differ-
ence is desired, it is necessary to introduce an offset by
means of C, or C, or by changing the nominal controf voltage
ranges.

Figure 7 shows the typical loudness curves obtained in the
standard appiication circuit at various volume levels
(C,=0.39 yF).

www.national.com




Applications Information (continued)
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FIGURE 7. Loudness Compensated Volume
Characteristic

Figure 8 and Figure 9 illustrate the loudness characteristics
obtained with C,, changed to C./2 and C,/4 respectively, C,
being kept at the nominal 0.01 pF. These values naturally
modify the bass tone response as in Figure 2 and Figure 3.
With pins 7 {loudness) and 12 (volume) directly connected,
loudness control starts at typically —8 dB volume, with most
of the control action complete by -30 dB.

Figure 10 and Figure 11 show the effect of resistively offset-
ting the voltage applied to pin 7 towards the control refer-
ence voltage (pin 17). Because the control inputs are high
impedance, this is easily done and high value resistors may
be used for minimal additional loading. It is possible to
reduce the rate of onset of control to extend the active range
to —50 dB volume control and below.

The control on pin 7 may also be divided down towards
ground bringing the control action on earier. This is illus-
trated in Figure 12, With a suitable level shifting network
between pins 12 and 7, the onset of loudness control and its
rate of change may be readily modified.

10 T T T 1 T
0 INCREASED BASS RESPONSE
-1
= ™~ T
3 -zu
= ™ ol
3 -» -
40 h
CHIZ Gt o
~50 }
—60 l l
20 100 500 5k 20k
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FIGURE 8. Loudness Compensated Volume
Characteristic
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Applications Information (continueq)

L IWCHERSED RATE OF DNSET OF
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N L] z i L~
a_2 \\ -t & -3 [~ L
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f0s14212 FIGURE 12. Loudness Compensated Volume

Characteristic
FIGURE 9. Loudness Compensated Volume
Characteristic When adjusted for maximum boost in the usual application
circuit, the LM1036 cannot give additional boost from the
loudness control with reducing gain. if it is required, some

0 REDUCEQ AATE OF ONSET OF additional boost can be obtained by restricting the tone
0 R contro! range and modifying C,, C,, to compensate. A circuit
illustrating this for the case of bass boost is shown in Figure
- -1 13. The resulting responses are given in Figure 14 showing
oo s el N . . .
s -2 — the continuing loudness control action possible with bass
2 ™ wl boost previously applied.
-4 m""; ”~ USE OF THE LM1036 ABOVE AUDIC FREQUENCIES
-50 - The LM1036 has a basic response typically 1 dB down at
P2 2205 | MNT Cy=0.39 ,F \
—6 Ci=0.01 F 250 kHz (tene controls flaty and therefore by scaling C, and
2 100 500 5k 20k C,. it is possible to arrange for operation over a wide fre-
FREQUENCY {Hz) quency range for possible use in wide band equalization

applications. As an example Figure 15 shows the responses
obtained centered on 10 kHz with C,=0.039 pF anrd

FIGURE 10. Loudness Compensated Volume C=0.001 pF.
Characteristic
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FIGURE 11. Loudness Compensated Volume
Characteristic
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Applications Information (continveq)
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FIGURE 13. Moditied Application Circuit for Additional Bass Boost with Loudness Control
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Physical Dimensions inches (millimeters) unless otherwise noted

1.013-1.040
0.092 X 0.030 25.73-26.42)
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‘%Wm\mmmmmmmmmm e (ELIE
N\ RAD
PIN ND. 1 IDENT @ 0.260 10.005
N {6.608 :0127) PIN ND. T IDENT—~~_ |
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1zl T ] (4] (5] (8] O O T ) mn
. 0.080
0.300-0.320 . m) OPTIDN 2
(2.620-B.128) 0.060 M 0.040 . UPT:UNZ 0430 0005
005 (1.528) I_- (1.010)“ ‘ x| — T
i 651) TYP TYP
! 1 \ 0.145-0.200
| @scsom
PN
95%5° ___l 2.009-0. 015 90°:0,004° ] I
U™ 10.229-0301) 0.020
Tye 0.100+0.010 __' L_ 0.125-0.140  {0.508)
0.060.+0.006 {2.540:0.254) BOB:0.003 | 75 3556 MIN
0325 1040 {1.524£0.127) {0.457:0.078)
0015

+1.016
(8'255 -0 381)

Molded Dual-In-Line Package (N)
Order Number LM1036N
NS Package Number N20A

N20A (REV G}

National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves
the right at any time without notice to change said circuitry and specifications.

For the most current product information visit us at www.national.com.

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS
WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL COUNSEL OF NATIONAL SEMICONDUCTOR
CORPORATION. As used herein:

1. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the body, or
(b) support or sustain lite, and whose failure to perform when
property used in accordance with instructions for use
provided in the labeling, can be reasonably expected to result

in a significant injury to the

user.

2. A critical component is any component of a life support
device or system whose failure to perform can be reasonably
expected to cause the failure of the life support device or
system, or to affect its safety or effectiveness.

BANNED SUBSTANCE COMPLIANCE

National Semiconductor certifies that the products and packing materials meet the provisions of the Customer Products Stewardship
Specification (CSP-8-111C2) and the Banned Substances and Materials of interest Specification (CSP-9-11152) and contain no "Banned
Substances” as defined in C5P-9-11152,
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20-W MONO CLASS-D AUDIO POWER AMPLIFIER

FEATURES

® 20 W Into 8-C2 Load From 18-V Supply

(10% THD+N)

® Short Circuit Protection (Short to Ve, Short

to GND, Short Between Outputs

)

® Third-Generation Modulation Technique:
- Replaces Large LC Filter With Small,
Low-Cost Ferrite Bead Filter in Most

Applications
- Improved Efficiency
- Improved SNR

® |Low Supply Current.. .8 mA Typat12V
Shutdown Control . . . <1 pA Typ

® Space-Saving, Thermally-Enhanced

PowerPAD™ Packaging

APPLICATIONS

® LCD Monitors/TVs
® Hands-Free Car Kits
® Powered Speakers

EFFICIENCY
vSs
OUTPUT POWER

90

Z 1 sa

80

//‘r 40

70

60

50

40

Efficiency - %

30

20

Vee=18V

16

0 4 8 12
Pg - Output Power - W

16

20

DESCRIPTION

The TPA3001D1 is a 20-W mono bridge-tied load (BTL)
class-D audio power amplifier with high efficiency,
eliminating the need for heat sinks. The TPA3001D1
can drive 4-Q or 8-Q) speakers with only a ferrite bead
filter required to reduce EMI.

The gain of the amplifier is controlled by two input
terminals, GAIN1 and GAINDO, This allows the amplifier
to be configured for a gain of 12, 18, 23.6, and 36 dB.
The differential input stage provides high common
mode rejection and improved power supply rejection.

The amplifier also includes depop circuitry to reduce the
amount of pop at power-up and when cycling
SHUTDOWN.

The TPA3001D1 is available in the 24-pin thermally
enhanced TSSOP package (PWP) which eliminates the
need for an external heat sink.

MAXIMUM OUTPUT POWER
Vs
LOAD IMPEDANCE

21

19 Vec=18V \\
2 A N

17
| 4
: TN
2 15 /
8 Y Vec=15V  IN]
- N | SN
s 13
=1
? _Vcc=12V \\
o || ™
o 9

| \.."'-.._

7} Ta=25°C,

10% THD Maximum
S

36 4 5 6 7 8 9 10
RL - Load Impedance -

A Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PowerPAD is a trademark of Texas Instruments.

PRODUCTION DATA information Is current as of publication dats.
Products conform to speciicatons per the terms of Texas Instruments

warranty. Productl ing does not tly include
testing of all parameters.

p

h
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AVAILABLE OPTIONS

. PACKAGED DEVICES
A TSSOP (PWP)T
-40°C 1o 85°C TPA3001D1PWP

T The PWP package is available taped and reeled. To order a taped and
reeled pant, add the suffix R to the part number (e.g., TPA3001D1PWPR).

PWP PACKAGE
(TOP VIEW)
INN CI31 O 24 [T Ve
INP 12 23 [T VREF
GAINO I3 r_____|22 1] BYPASS
GAIN1 14 | 121 13 coscC
SHUTDOWN 5 | 120 13 ROSC
PGND C1J6 | [19 I3 AGND
vCLAMP CT7 | [18 T3 AGND
BSN CI]s | li7 |1 BSP
PvecEXde | he fmaPvee
OUTN I} 10 15 13 OUTP
OUTN LI 11 14 13 oUTP
PGND 1412 13 [ IJ PGND

Terminal Functions

TERMINAL
NAME NO. 1o DESCRIPTION
AGND 18, 19 Analog ground terminal
BSN 8 i Bootstrap terminal for high-side gate drive of negative BTL output (connect a 0.22-uF capacitor with a
51-02 resistor in series from CUTN to BSN)
BSP 17 I Boolstrap_) terrrlinal for high-side gate drive of positive BTL output (connect a 0.22-pF capacitor with a
51-02 resistor in series from OUTP to BSP)
BYPASS 22 | Connect 1-uF capacitor to ground for BYPASS voltage filtering
COSC 21 | Connect a 220-pF capacitor to ground to set oscillation frequency
GAINO 3 | Bit 0 of gain control (see Table 1 for gain settings)
GAIN1 4 | Bit 1 of gain control (see Table 1 for gain settings)
INN 1 1 Negative differential input
INP 2 | Positive differential input
OUTN 10,11 0 Negative BTL output, connect Schottky diode from PGND to OUTN fer shont-circuit protection
OuUTP 14,15 o Positive BTL output, connect Schottky diode from PGND to OUTP for short-circuit protection
PGND 6, 12,13 Power ground
PVee 9,16 | High-voltage power supply (for output stages)
RCSC 20 | Connect 120 kS resistor to ground to set oscillation frequency
SHUTDOWN 5 i Shutdown terminal (negative logic), TTL compatible, 21-V compliant
Vee 24 | Analog high-voitage power supply )
VCLAMP 7 (o} Connect t-uF capacitor to ground to provide reference voltage for H-bridge gates
VREF 23 O 5-V internal regulator for control circuitry (connect a 0.1-uF to 1-yuF capaciter to ground)
QP TEXAS
INSTRUMENTS
2 www.ti.com
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functional block diagram

VREF AGND vee VCLAMP
e e .
| VREF = vee Ciamn :
E Reference i BSN
I | PVce
|
I Deglitch Gate _1 l
' Legic | | | Drive || OUTN
INN—"——— — f _i
I I PGND
I * _—r
l i BSP
I ll PVce
I * '
|Np—]————— - || Deglitch Gate —| I ouTP
| Logic Drive |
| — .1 o |
§ I PGND
| I
|
SRUTDOWN I SO > Short-Circuit I
SRUTDOWN —— startwp [+ Toee ||
- atec
GAIN1 2 Biases Ramp Protection '
GAINO Gain |4 and —® | Generator Logic |
: Refarences AA |
cosc E Fj Lv I
ROSC —¢ Thermai Voo OK
BYPASS —} |
[ J

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage: Voo, PVGG i -03Vto21V
Loadimpedance, R} . ... . e 2360
Input voltage: SHUTDOWN . ... .. e -0.3VtoVee +03V

GAING, GAINT L i e et -0.3Vio55V

NN, INP -0.3Vto7V
Continuous total power dissipation ........ ... ... .. ... . . i (see Dissipation Rating Table)
Operating free-air temperature range, Ta - .. ..ot i -40°C to 85°C
Operating junction temperaturerange, Tj ...t i e -40°C to 150°C
Storage temperature range, Tgpg - -« oo vvvn it -65°C to 150°C
Lead temperature 1,6 mm {1/16 inch) from case for10seconds ........... .. ... . .cciiiiiiiiinn.n.. 260°C

t Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functionat operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability,

DISSIPATION RATING TABLE
PACKAGE Tp < 25°C DERATING FACTOR Tp = 70°C Tp = B5°C
PWP 416 W 3333 mwrect 267W 216 W

T The PowerPAD must be soldered to a thermal fand on the printed circuit board. Please refer to the PowerPAD
Thermally Enhanced Package application note (SLMA00Z2).

2 TEXAS
INSTRUMENTS
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recommended operating conditions

MIN  MAX | UNIT
Supply voltage, Vce, PVGG |rR 2360f 8 18] V
Load impedance, R 3.6 Q
High-level input voltage, V| GAINQ, GAIN1, SHUTDOWN 2 \Y
Low-level input voltage, V)| GAINO, GAIN1, SHUTDOWN 0.8 v
Operating free-air temperature, Tp, ) -40 85 °C

T The TPA3001D1 must not be used with any speaker or foad {including speaker with output filter) that could vary below 3.6 Q over the audio
frequency band.

electrical characteristics at Ty = 25°C, PV = Ve = 12 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
V=0V, Ay =12dB, 18, 23.6 dB 50
Vosl Output offset voltage {measured differentially) V=0V, Ay = 36 dB 100 mV
PSRR Power supply rejection ratio PVce=11.5Vto 125V -73 dB
inl High-level input current Pveg =12V, Vi =PVoe 1 pA
il Low-level input current PVeg=12V, Vvyj=0V 1 HA
SHUTDOWN = 2.0 V, No load 8 15] mA
Icc Supply current SHUTDOWN =V¢g, Voo = 18V, 13 A
Po=20W,R_ =8%Q ’
Icc(spy  Supply current, shutdown mode SHUTDOWN =08V 1 2 HA
1s Switching frequency Rosc =120k, Copsc =220 pF 250 kHz
fdsion)  Output transistor on resistance (total) lo=1A, Ty=25°C 0.2 03 0.7 0
GAIN1=0.8V, GAINO=08V 10.9 12 128 ds
s GAIN1=08V, GAIND =2V 17.1 18 185} dB
Gain
I GAIN1 =2V, GAINO =08V 23 236 243 dB
GAIN1 =2V, GAINO =2 V 33.9 36 365 ds

operating characteristics, PVge = Vge =12V, Ty = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Continuous output power at 10% f=1kHz, RL=4Q 12.8
THD+N f=1kHz, RL=80 9
Po _ w
Continuous output power at 1% f=1kHz, R _=40Q 10.3
THD+N f=1 kHz, RL=80Q 7.2
THD + N Total harmonic distortion plus noise |Po=10W, R =4Q, f=20Hzto 20 kHz 0.2%
Bom Maximum output power bandwidth THD =1% 20 kHz
ksvr Supply ripple rejection ratio f=1kHz, C(BYPASS) = 1 uF =70 dB
SNR Signal-to-noise ratio Po=10W,R . =4Q 95 dB
C(BYPASS) = 1 1F, f= 20 Hz to 22 kHz, 86 nV(rms)
No weighting filter used, Gain =12 dB -81 dBv
Vi Noise output voitage
C(BYPASS) = 1 uF, f =20 Hz t0 22 kHz, 66 nv(rms)
A-weighted filter, Gain =12 dB -84 dBvV
Z Input impedance See Tabte 1, page 21 »>23 k2
{i’
TEXAS
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operating characteristics, PVcc = Vee = 18V, Tp = 25°C (unless otherwise noted)

.com

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Outout £ 10% THD4N f=1kHz, RL=40 12.8
+
. utput power at 10% f=1kHz, RL=80 20
0 o f=1kHz, RL=40 10.3 W
tput 19
utput power at 1% THD+N f=1kHz, RL-80 16
THD+N T Po=15W,R . =80Q f=20Hzto 20 kHz 1%
+ tal h ic distorti i
otal harmonic distortion plus noise PO=2W.RL=80 f=120 Hz to 20 kHz 0.3%
Bom Maximum output power bandwidth THD = 1% 20 kHz
ksvR Supply ripple rejection ratio f=1kHz, Cpypass = 1uF -70 dB
SNR Signal-to-noise ratio Po=15W,R_.=8Q 102 dB
C(BYPASS) = 1 KF, f= 20 Hz to 20 kHz, 86 pV(rms)
No weighting filter used, Gain =124dB ~-81 dBv
Vn Noise output voltage
CBYPASS) = 11F, f=20Hz to 22 kHz, 66 pv(rms)
A-weighted filter, Gain=12dB -84 dBv
Z Input impedance See Table 1, page 21 >23 kQ
TYPICAL CHARACTERISTICS
Table of Graphs
FIGURE
Efficiency vs Output power 1
Po Qutput power vs Load Impedance 2,3,4
fce Supply current Supol " 5
'CC(SD) Shutdown current VS wupply voliage 6
7,8,9,10, 11,
vs Output power 12,13, 14, 15,
THD+N Total harmonic distortion + noise 16,17, 18
E 19, 20, 21, 22,
vs Freguency 23, 24,25
KsyR Supply voltage rejection ratio 25
Gain and phase vs Frequency 27
CMRR Common-mode rejection ratio 28
Vio Input offset veltage vs Common-mode input voltage 29
i
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TYPICAL CHARACTERISTICS

EFFICIENCY
Vs
OUTPUT POWER

MAXIMUM OUTPUT POWER
Vs
LOAD IMPEDANCE

90 T 21
'
8o /’ 5o 19  Vec =18V '\\
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by 5 4 Veg=15V \
g 0 4 /\ ~.
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g 1 ]
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Figure 1 Figure 2
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IcC- Supply Current - mA
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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THD+N - Total Harmonic Distortion Plus Noise - %

TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS

TOTAL HARMONIC DISTORTION PLUS NOISE
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VIO- Input Offset Voltage - mV

TYPICAL CHARACTERISTICS
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APPLICATION INFORMATION

application circuit

u1
TPA3001D1
1
N- [ c1K 0.47 pF INN Vee
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INt [ > czll( 9ATF \ INP VREF
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L1, L2: Fair-Rite, Part Number 2512067007Y2

D1, D2: Diodes, Inc., Part Number B130

Figure 30. Typical Application Circuit
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APPLICATION INFORMATION

class-D operation

This sectionh focuses on the class-D operation of the TPA3001D1.
traditional class-D modulation scheme

The traditional class-D modulation scheme, which is used in the TPA032D0x family, has a differential output
where each output is 180 degrees out of phase and changes from ground to the supply voltage, V. Therefore,
the differential prefiltered output varies between positive and negative V¢, where filtered 50% duty cycle yields
0 V across the load. The traditionaf class-D modulation scheme with voltage and current waveforms is shown
in Figure 31. Note that even at an average of 0 V across the load (50% duty cycle), the current to the load is
high, causing high loss, thus causing a high supply current.

QUTP -

OUTN

+12V —
Differential Voltage
Across Load
-12V —

oV —

Current ===

Figure 31. Traditional Class-D Modulation Scheme’s Output Voltage and
Current Waveforms Into an Inductive Load With No Input

TPA3001D1 modulation scheme

The TPA3001D1 uses a modulation scheme that still has each output switching from ground to V. However,
OUTP and OUTN are now in phase with each other with no input. The duty cycle of OUTP is greater than 50%
and OUTN is less than 50% for positive output voltages. The duty cycle of OUTP is less than 50% and OUTN
is greater than 50% for negative output voltages. The voltage across the load is 0 V throughout most of the
switching period, greatly reducing the switching current, which reduces any 2R losses in the load. (See
Figure 32 on the following page.)
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APPLICATION INFORMATION

TPA3001D1 modulation scheme (continued)
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Figure 32. The TPA3001D1 Output Voltage and Current Waveforms Into an Inductive Load
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APPLICATION INFORMATION

maximum allowable output power (safe operating area)

The TPA3001D1 can drive load impedances as low as 3.6 Q2 from power supply voltages ranging from 8 V to
18 V. To prevent device failure, however, the output power of the TPA3001D1 must be limited. Figure 33 shows
the maximum allowable output power versus load impedance for three power supply voltages at an ambient
temperature of 25°C. (For ambient temperatures of 45°C and 60°C, see Figures 3 and 4 on page 6.)

MAXIMUM OUTPUT POWER
VS
LOAD IMPEDANCE

21

19 2| vee=18v "
2 47 AN
1 / \\
2 15 / N
<) /' Vee=15V N
o ™
= 13 \' -
a
3 1 N ™
? B Veg =12V \\
o) | ™
e 9 =

]
7} Ta=25°C,
10% THD Maximum

36 4 5 6 7 8 9 10
Load Impedance ~

Figure 33. Qutput Power

driving a low-impedance load from a high power supply voltage

When driving low-impedance loads (e.g., a 4-Q speaker), the output power can be limited by reducing the
maximum audio input signal level or by reducing the gain of the TPA3001D1. The maximum input voltage may
be calculated with equation 1.

,/8P0(avg),max X RL

Vin(pp),max = Ay M

where

Po(avg), max = maximum continuous output power (W)
R = load impedance (22)
G(dB)
Ay = voltage gain (V/V) = 1O(W)
For example, consider an application in which the TPA3001D1 drives a 4-(Q speaker from an 18-V power supply.
The gain is selected to be 18 dB. The maximum allowable output power for a 4-Q load impedance is 12.8 W.
From equation 1, the input voltage must not exceed 2.54 Vpp.

In this same example, however, if the maximum output voltage of audio signal source is 5 Vpp. then the gain
of the TPA3001D1 should be reduced to 12 dB to eliminate the need for limiting the input signal.
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The input voltage may be limited using a variety of methods, depending on what is known about the audio signal
source. If the maximum output voltage of the source is known, a resistive voltage divider in conjunction with
proper TPA3001D1 gain selection may be used to prevent distortion. If the maximum audio source voltage is
unknown, diodes may be used to clamp the input voltage, at the cost of distortion when the input signal level
exceeds the required clamping voltage.

driving the output into clipping

The output of the TPA3001D1 may be driven into clipping to attain a higher ocutput power than is possible with
no distortion. Clipping is typically quantified by a THD measurement of 10%. The amount of additional power
into the load may be calculated with equation 2.

Po@o% tHp) = Pog1e THD) * 125 @)

For example, consider an application in which the TPA3001D1 drives an 8-Q speaker from an 18-V power
supply. The maximum output power with no distortion (less than 1% THD) is 16 W, which corresponds to a
maximum peak output voltage of 16 V. For the same output voltage level driven into clipping (10% THD), the
output power is increased to 20 W.

output filter considerations

A ferrite bead filter (shown in Figure 34) shouid be used in order to pass FCC and/or CE radiated emissions
specifications and if a frequency sensitive circuit operating higher than 1 MHz is nearby. The ferrite filter reduces
EMI around 1 MHz and higher (FCC and CE only test radiated emissions greater than 30 MHz). When selecting
a ferrite bead, choose one with high impedance at high frequencies, but very low impedance at low frequencies.

Use an additionat LC output filter if there are low frequency (<1 MHz) EM| sensitive circuits and/or there are long
wires (greater than 11 inches) from the amplifier to the speaker, as shown in Figure 35 and Figure 36.

Ferrite
- Chip Bead
OUTP —%——ﬂ___} _L
1nF
= Farrite I :[ﬂ 4 Q) or Greater
Chip Bead

Figure 34. Typical Ferrite Chip Bead Filter (Chip bead example: Fair-Rite 2512067007Y3)

Ferrite
Chip Bead 15 uH
~ OuTP w
T 1oF | 1uF :EU 40
- Ferrite = -
Chip Bead 15 uH
OUTN

L BERL: j___mF

Figure 35. Typical LC Output Filter for 4-Q Speaker, Cutoff Frequency of 41 kHz
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Ferrite
Chip Bead 33 kH
OUTP
T T 1nF —_I__o.47u|=:[ﬂag
- Ferrite - =
Chip Bead 33 uH
OUTN

ms T 1nr T oarpF

Figure 36. Typical LC Output Filter for 8-Q Speaker, Cutoff Frequency of 41 kHz

short-circuit protection

The TPA3001D1 has short circuit protection circuitry on the outputs that prevents damage to the device during
output-to-output shorts, output-to-GND shorts, and output-to-V ¢ shorts. When a short-circuit is detected on
the outputs, the part inmediately disables the output drive and enters into shutdown mode. This is a latched
fault and must be reset by cycling the voltage on the SHUTDOWN pin to a logic low and back to the logic high
state for normal operation. This will clear the short-circuit flag and allow for normal operation if the short was
removed. If the short was not removed, the protection circuitry will again activate.

Two Schottky diodes are required to provide short-circuit protection. The diodes should be placed as close to
the TPA3001D1 as possible, with the anodes connected to PGND and the cathodes connected to OUTP and
OUTN as shown in the application circuit schematic. The diodes should have a forward voltage rating of 0.5V
at a minimum of 1A output current and a DC blocking voltage rating of at least 30 V. The diodes must also be
rated to operate at a junction temperature of 150°C.

if short-circuit protection is not required, the Schottky diodes may be omitted.

thermal protection

Thermal protection on the TPA3001D1 prevents damage to the device when the internal die temperature
exceeds 150°C. There is a £15°C tolerance on this trip point from device to device. Once the die temperature
exceeds the thermal set point, the device enters into the shutdown state and the outputs are disabled. This is
not a latched fault. The thermal fault is cleared once the temperature of the die is reduced by 15°C. The device
begins normal operation at this paint with no external system interaction.
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thermal considerations: output power and maximum ambient temperature

To calcutate the maximum ambient temperature, the following equation may be used:
Tamax = Tumax — ©JaPDissipated (3)
where: T jmax = 150°C
O = 1/ derating factor = 1 /0.03333 = 30°C/W

(The derating factor for the 24-pin PWP package is given in the dissipation rating table on page 3.)

To estimate the power dissipation, the following equation may be used:
Ppissipated = PO(average) X ((1/ Efficiency) — 1) (4)
Efficiency = ~85% for an 8-Q load
= ~75% for a 4-2 load

Example. What is the maximum ambient temperature for an application that requires the TPA3001D1 to drive
10 W into an 8-Q speaker?

Ppissipated = 10 W x ((1/0.85) - 1) =1.76 W
Tamax = 150°C - (30°C/W x 1.76 W) = 97.2°C

This calculation shows that the TPA3001D1 can drive 10 W into an 8-Q) speaker up to the absolute maximum
ambient temperature rating of 85°C, which must never be exceeded. Also, refer to Figures 2, 3, and 4 to
determine the minimum load impedance for the desired output power.

gain setting via GAINO and GAIN1 inputs

The gain of the TPA3001D1 is set by two input terminals, GAINO and GAIN1.

The gains listed in Table 1 are realized by changing the taps on the input resistors inside the amplifier. This
causes the input impedance (Z;) to be dependent on the gain setting. The actual gain settings are controlled
by ratios of resistors, so the gain variation from part-to-part is small. However, the input impedance may shift
by 30% due to shifts in the actual resistance of the input resistors.

For design purposes, the input network (discussed in the next section) should be designed assuming an input
impedance of 23 k€, which is the absclute minimum input impedance of the TPA3001D1. At the lower gain
settings, the input impedance could increase as high as 313 kQ.

Table 1. Gain Settings

20

AMPLIFIER GAIN INPUT IMPEDANCE
GAIN1 | GAIND (dB) (k)
TYP TYP
0 0 12 241
0 1 18 168
1 0 236 104
1 1 36 33
*? TEXAS
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CD4069UBC
Inverter Circuits

General Description

The CD4069UB consists of six inverter circuits and is man-
ufactured using compiementary MOS (CMOS) to achieve
wide power supply operating range, low power consump-
tion, high noise immunity, and symmetric controlled rise
and fall times.

This device is intended for all general purpose inverter
applications where the special characteristics of the
MM74C901, MM74CS507, and CD4049A Hex Inverter/Bufi-
ers are not required. In those applications requiring larger
noise immunity the MM74C14 or MM74C914 Hex Schmiit
Trigger is suggested.

October 1987
Revised January 1999

All inputs are protected from damage due to static dis-
charge by diode clamps to Vpp and Vgs.

Features
@ Wide supply voltage range: 3.0V to 15V
W High noise immunity: 0.45 Vi typ.

B Low power TTL compatibility: Fan out of 2 driving 74L
or 1 driving 7418

B Equivalent to MM74C04

Ordering Code:

Order Number | Package Number Package Description
CD4063UBCM M14A 14-Lead Small Cutline Integrated Circuit (SOIC), JEDEC MS-120, 0.150" Narrow Body
CD4069UBCSJ M14D 14-Lead Small Outline Package {SOP), EIAS TYPE I, 5.3mm Wide
CD406SUBCN N14A 14-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide

Device also available in Tape and Reel. Specify by appending suffix "X" to the ordering code.

Connection Diagram
Pin Assignments for SOIC and DIP

Yoo
]i4 13 12 i+ 10 s s

>0 U>o

o

Vas

Schematic Diagram

O Ypp

Vour

—Q Vg3

© 1999 Fairchild Semiconductor Corporation DS005975.prf

www_fairchildsemi.com
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CD4069%UBC

Absolute Maximum Ratings(note 1)
(Note 2)

OC Supply Voltage (Vpp)
Input Voltage (V)

~0.5V to +18 Vp¢
0.5V to Vpp +0.5 Ve

Storage Temperature Range (Tg) -65°C to +150°C
Power Dissipation (Pp)

Dual-In-Line 700 mwW

Small Outline 500 mW
Lead Temperature (T))

(Soldering, 10 seconds) 260°C

DC Electrical Characteristics (note 3)

Recommended Operating
Conditions {Note 2)

DC Supply Voltage (Vpp) 3V to 15V
tnput Voltage (V) 0V to Vpp Yoo
Operating Temperature Range (T ) —-40°C to +85°C

Note 1: “Absolute Maximum Ratings® are those values beyond which the
safety of the devica cannot be guaranteed. They are not meant to imply
that the devices should be operated at thase limits. The table of "Recom-

ded Operating C " and Electrical Characteristics table provide
conditions for actual device operalion.

Nots 2: Vg = OV unless otherwise specified.

Symbol Parameter Condhiions e Ml +85°C Units
Min | Max | Min Typ | Max | Min | Max
ino Quiescent Device Current Vpp = 5V, 1.0 1.0 7.5 A
Vin=Vpp of Vg
Vop = 10V, 20 2.0 15 nA
Vin= Vpp of Vsg
Vpp = 15V, 4.0 4.0 30 pA
Vi = Vop O Vs
VoL LOW Level Output Voltage ol < 1 pA
Vop = SV 0.05 o 0.05 0.05 v
Vpp = 10V 0.05 0 0.05 0.05 \4
Vop = 15V 0.05 0 0.05 0.05 \4
Vou HIGH Level Output Voitage {lo] <1 pA
Vpp =5V 4.95 4.95 495 v
Vpp = 10V 9.95 9.95 9.95 v
Vpp = 15V 14.95 14.95 14.95 v
Vi LOW Level Input Voltage lol <1 pA
Vop = 5V, Vg = 4.5V 1.0 1.0 1.0 v
Vop = 10V, Vg = OV 20 20 2.0 v
Vpp = 15V. Vo = 13.5V 3.0 3.0 3.0 \4
Vin HIGH Levetl Input Voltage {lo] <1 pA
Vop = 5V, Vg = 0.5V 4.0 4.0 4.0 v
Vop = 10V. Vg = 1V 8.0 8.0 8.0 v
Vpp= 15V, Vo = 1.5V 12.0 12.0 120 v
loL LOW Level Qutput Current Vpp = 5V, Vo = 0.4V 0.52 0.44 088 0.38 mA
(Note 4) Vpp = 10V, Vo = 0.5V 13 11 225 09 mA
Voo = 15V, Vg = 1.5V 36 30 | 88 24 mA
lon HIGH Level Output Current Vop = 5V, Vo = 4.6V -0.52 .44 | Das -0.36 mA
{Note 4) Vgp = 10V, Vg = 9.5V -13 11 | -2.25 049 mA
Vpp = 15V, Vg = 13.5V -36 -30 | -88 2.4 mA
[ Input Current Vop = 16V, Viy = 0V —0.30 -10> [ -0.30 10 | pA
Vpp = 15V, V) = 15V 0.30 107% | 0.30 1.0 pA

Note 3: Vgg = OV unless otherwise specified.

Nota 4: |y and ko are tested one oulput at a time.
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AC Electrical Characteristics (Note5)
Ta=25°C, C_ =50 pF, R = 200 k{2, {, and 4 < 20 ns, unless otherwise specified

Symbol Parameter Conditions Min Typ Max Units

tpror toLy Propagation Delay Time from Vpp = 5V 50 90 ns
Input to Output Vpp = 10V 0 60 ns

Vpp = 15V 25 50 ns

bty OF try Transition Time Vpo =5V 80 150 ns
Vpp = 10V 50 100 ns

Vpp = 15V 40 80 ns

Cin Average Input Capacilance Any Gate 6 15 pF
Cep Power Dissipation Capacitance Any Gate (Note 6) 12 pF

AN-90,

Vin

1

Note 5: AC Parameters are guaranteed by DC correlated testing.
Mota 8: Cpp determines the no lead AC power consumption of any CMOS device. For complete explanation, see Family Characteristics application note—

Your

£y = S0 pF

AC Test Circuits and Switching Time Waveforms

Yoo
INPUT
Vg5 el 054
0% 905
OUTPUT 510;; 13«;:
v
5 e I R T
t=ty=20ns

www.fairchildsemi.com
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CD4069uUBC

Typical Performance Characteristics

Gate Transfer Characteristics Ambient Temperature
15 —r 100
—— T = H25°C P T
Ta = -B5'C _ Vpp =%
HEEE F  ® {SCEAC TEST GIRCUIT
Voo= 10V L% vap -1V S g 1| T
_ 10 Zom Cy=spF_| ]
2 =
S ] 2 L1 |
2 2 8| —T—¢ -
= 50 'VM-W_- i § b “'L—"'
[ ] S —
|| g 2
—
]
] 50 1 15 ~50 -25 0 25 5@ 75 104 125
L) AMBIENT TEMPEAATURE {°C)

Power Dissipation vs

5 Frequency Propagation Delay vs
5 w Ambient Temperature
= o YL
2 1wt Vpo =10V h
et T ap |- SEE AC TEST CIRCUIT
= —
£ x || Pt
= e -
E 109 - | CL=50pF
& 2 €y =18 0F
= e
£ < m
E i g fonr?
3 S
2 " =
w 08 " 197
INPUT FREGUENCY (Hz) s8-250 26 50 7 108 525
Propagation Delay vs AMBENT TEMPERATURE (°C)
Propagation Delay Time
vs Load Capaclitance
"™ T T Ta=25C
B A Ty
¥ - ¥pp = 3V +/—1— SEE AC TEST ]
S CIRCUIF ]
= 1T A
<
=™ 2 Vop =V I
o "4 T
S |
= - —
- AT Yoo -
£ el
@« - ]
Y om = Yoo 18
LT L }
X it
] n 5 kL] 150

€y - LOAD CAPACITANCE {pF)
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Physical Dimensions inches (milimeters) unless otherwise nated

4 13 12 1+ 10

0335-0344
9.509 - 8.738) ’

AAfAAAaA

0.228-0.264 .
B -s 98) Q e
L el
LEAD WD. Y .~
S LA E R
000 gy
0258
0.150 ~0.157
{3510 3.988}
_ 0.053 - 0,069
3¢ Max TYP 0.004—-0.810
ALL LEADS . —y  [0.102-0.754}
L, — RSN
0.008 —0.010 — 0050 | ‘ ‘ 0.614 - 0.020
a0 I 005 -0050 O3 oo "—‘l: -~ omeosw
TYP ALL LEADS 0.004 (0.406 - 1.270} w 0.008
.02 TYP ALL LEADS B2on e
ALL LEAD TIPS A @y
t4-Lead Smal) Qutline Integrated Circuit (SQIC), JEDEC MS$S-120, 0.150” Narrow Body
Package Number M14A
14 8
0.295-0.319
(7.5-8.1)
0.205-0.213
O (5.2-5.4)
[ 7
| 0.39£-0.402 0.71 0.006-0.010 _
110.0-0.2) S0 W.1s-0.75) 1"
[ \ 0.067-0.083
—————-—7 57 0°-8° Trp
{1.7-2.1) f
[&]o.006{0.15) S o 5 o L
FEATING FLANE L— 0.020-0.010 (242 1yp) — —
(1.27) (0-0.25) {1.25}
0.014-0.020 70'(001?3':)3‘ TYe
035050y |10 T o W 14D (REV B)

14-Lead Small Quttine Package (SOP), EIAJ TYPE I, 5.3mm wide

Package Number M14D

www fairchildsemi.com
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ircuits

CD4069UBC Inverter C

Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

0.740—0.770
{18.80—19.56)

N
(i3] [13] [rg] [*n] [10] [o]

0.090
{2.286)
INDEX
i AREA
0.250 40.010
{6.350£ 0 254)
PNND. 1
IDENT

0.082 D.030 mAX
2337) | (0.762) DEFTH
OPTION 1 OPTION 02
‘7:'1232";:] 0.300-0.320
R 7620-2.12
0.145-0.200 0080 0 ed® TP ( N 0.085
{3,883 - 5.000} i ’ {1.324) /'\ OPTIONAL (1.651)
3 i ™ 5
| R —
' |
oyl 0.008-0.018
c.020 B ! 90° 40 TP } R 0200 —0.406) v
{0.508) ;
— | T
b m‘l—:% ! | 00750015
{2173-3.m0) 17905 z0.081) %’;%_-_
0.04-0.00 i I (7.
DOM-0073 ryy )i MIN
.35 0,554, I 0.100£0.010
f ! ousotoog . TOZITA s
— - 010 1yp 0.0
{1zr0—0.259) 0328 0
106
(IJSS —0.3“) NA PEY 1)

14-Lead Plastic Dualdn-Line Package (PDIP), JEDEC MS-001, 0.300” Wide
Package Number N14A

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or sysiems
which, (a) are intended for surgical implant into the
body, or (b) support or sustain life, and (c) whose failure
to perform when properly used in accerdance with
instructions for use provided in the labeling, can be rea-
sonably expected to result in a significant injury to the
user.

2. A critical component in any component of a life support
device or system whose failure to perform can be rea-
sonably expected to cause the failure of the life support
device or system, or to affect its safety or effectiveness.

www.fairchildsemi.com
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PD-9.3070

IRF530

Intemational
Rectifier

HEXFET® Power MOSFET

¢ Dynamic dv/dt Rating
® Reopetitive Avalanche Rated D
e 175°C Operating Temperature
® Fast Switching

¢ Ease of Paralleling

® Simple Drive Requirements

VDSS = 1OOV
RDS(OD) = 016.(2

Description

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

The TO-220 package is universally preferred for al commercial-industrial
applications at power dissipation levels to approximately 50 watts. The iow
tharmal resistance and low package cost of the TO-220 contributs tc its wide
acceptance throughout the industry.

Absolute Maximum Ratings

Parameter Max. Units
lo @ Tc=25°C | Continuous Drain Current, Vas @ 10V 14
lo @ Tc=100°C | Continuous Drain Current, Ves @ 10V 10 A
Ips Pulsed Drain Current @ 56
Pp @ Tc=25°C | Power Dissipation 88 w
Linear Derating Factor 0.59 WrC
Vas Gate-to-Source Voltage +20 v
Eas Single Pulse Avalanche Energy @ 69 my
lan Avalanche Cumrent © 14 A
Ear Repetitiva Avalanche Energy @ 88 my
dvidt Poak Diode Recovery dv/dt @ 5.5 Vins
Ta Operating Junction and 55 to +175
Tsta Storage Temperature Range °C
Soldering Temperature, for 10 seconds 300 (1.6mm from case)
Mounting Torque, 6-32 or M3 screw 10 Jblsin (1.1 Nem)
Thermal Resistance
Parameter Min. Typ. Max. Units
Reauc Junction-to-Case — — 17
Recs Case-lo-Sink, Fiat, Greased Surface — 050 — G
Ram Junction-to-Ambient — — 62
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IRF530 [ToR]

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

Parameter Min. | Typ. | Max. | Units Test Conditions
Verjoss Drain-to-Source Breakdown Voltage 100 | — — V i Vas=0V, Ip= 250uA
_é_\!EEpssIATJ Breakdown Voitage Temp. Coefficient — 1012 | — | VPC |Relerenca to 25°C, Ip= TmA
Ros(on) Static Drain-to-Source On-Resistance — | — 10167 Q |Vas=10V, lp=84A @
Vasgy Gate Threshold Voltage 20 — 4.0 V | Vps=Vas, lp= 250pA
| Gts Forward Transconductance 5.1 — — S | Vps=50V, lb=B8.4A @
Ioss Drain-to-Source Leakage Current — | = 1251 4 Vos=100V, Yas=0V
—_ _ 250 Vos=80V, Vas=0V, T=150°C
less Gate-to-Source Forward Leakage —_ —_ 100 A Vas=20V
Gate-to-Source Reverse Leakage — — | -100 Vgs=-20V
Qg Total Gate Charge — — 26 lb=14A
Qge Gate-10-Source Charge — | — | 55 | nC |Vps=80V
Qge Gate-10-Drain ("Miller"} Charge — — 11 Vgs=10V See Fig. 6 and 13 @
| toton) Tum-On Delay Time — 10 _ Voo=50V
te Rise Time — 34 —— ns lo=14A
tacot) Tum-Ofi Delay Time — | 23 | — Ra=12Q
1] Fall Time — 24 —_ Rp=3.602 Ses Figure 10 ®
Lo Internal Drain Inductance - 4.5 —_ g intme?; ;g?:_ ) .
nH | from package o
Ls Internal Source Inductance — | 75| — and center of @
die contact )
Ciss Input Capacitance — | 670 | — Vag=0V
Cons Quiput Capacitance — | 250 | — | pF [Vbs=25V
Crss Reverse Transter Capacitance — 60 — f=1.0MHz See Figure 5
Source-Drain Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Tast Conditions
Is Continuous Source Gurrent _ _ 14 MOSFET symbol Ll
(Body Dicde) A showing the
Ism Pulsed Source Cumment | _ 56 integral reverse  ®
(Body Diode) © p-n junction diode. s
Vsp Dicde Forward Voltage — — | 25 V | T=25°C, Is=14A, Vgs=0V @
t Reverse Recovery Time — 15¢ | 280 | ns |T=25°C, lr=14A
Qnr Reverse Recovery Charge — {085 | 1.7 | pC |didi=100A/us @
ton Forward Tum-On Time Imrinsic tum-on time is neglegible {lum-on is dominated by Ls+Lp)
Notes:
@ Repetitive rating; pulse width limited by @ Isps14A, di/dts140A/s, VoosViaRjoss,
max. junction temperature (See Figure 11) Tus175°C
@ Vpp=25V, starting Ty=25°C, L=528uH @ Pulse width < 300 ps; duty cycle $2%.

RG=25402, las=14A (See Figure 12)




IRF530

Ip, Drain Current (Amps)

Ip, Drain Current (Amps)

5
o s
He
4.5
HEM
| Cad.] H /"
10!
i
LT
/]
10 4.5¢
a t
20us PULSE WIOTH
v Te = 259%¢C

1! 100 104
Vps, Drain-to-Source Voltage (voits)

Fig 1. Typical Output Characteristics,

Tc=25°C
et
LT ]
7% -
) %4 1750
10
>
V7.
74
4
‘e
7Y
160y
F 4
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]
I
Yps = 20V
20us PULSE WIOTH
4 ] 9 10

Vgs, Gate-to-Source Voltage {volls)

Fig 3. Typical Transfer Characteristics
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=
5 e
&
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H=JT ]
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Vps. Drain-to-Source Voltage (volls)

Fig 2. Typical Qutput Characteristics,
Tc=175°C
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Rbs(on) Drain-to-Source On Resistance

° ¥GS = 10V
60 -40 20 0 20 40 650 B0 100 120 140 B0 100
T, Junction Temperature (°C)
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Fig 4. Normalized On-Resistance
Vs. Temperature
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IRF530

1400 VoS = OV, f = IWE
Cigs = Cgg * ng. Cys SHORTED
1200 Crss = Cgd
Coss = Cos * Cgd
o N
s
— N] e
&0 Bret—t €155 4
g ST
8 S
' Coss
N
o
00 e~
\\‘ P~
I~ I~
) “rssTT]
LT
u 1 =
100 10!
Vpg, Drain-to-Source Voltage (volts)

Fig 5. Typical Capacitance Vs.
Drain-to-Source Voltage

£ 7
=
g /]
2 74—
8 7 8
r4 F i
§ \s9c fF—- 250
i,
>
ﬁQ_- 15“ < T
8 ==
} Vgg = OV
0.4 0.8 1.2 1.6 2.0

Vsp, Source-to-Drain Voltage {volts)

Fig 7. Typical Scurce-Drain Diode
Forward Voltage

Vas, Gate-1o-Source Voltage {volts)

Ip, Drain Current {(Amps)

20

Io = 248 }v l- alv 4
DS =
Vpg = S0V

15 Vpg = 20V

s

//
.2

/ ;oérETch'cuT

SEE FIGUARE 13
o E 10 15 20 a5

Qg, Total Gate Charge (nC)

Fig 6. Typical Gate Charge Vs.

Gate-to-Source Voltage
10%
GPERATION IN THIS AMEA LIMITED
s %y ybstom
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5 0wy
Li
2 8 i
1 b N N |
10 = 1o =
5 }
1
2 111 Kwe §
1
s S
Te=259C
2 T =t75%¢C
o1 SINGLE PULSE
0.1 L S 10 2 5 402 5 403

1
Vos, Drain-to-Source Voltage (volts)

Fig 8. Maximum Safe Operating Area
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IRF530

0

Vos >—

Ip. Drain Current (Amps)

N, Voo
\\‘
N Pulse Widhh < 1us
Duty Faclor s 0.1%
k2
Fig 10a. Switching Time Test Circuit
o\ / A
0% l |
I 1
1 | i
Yo% [ | |
S0 78 100 123 150 175 Ves—ﬂ II _J\__...{;__{Llj_
Tc, Case Tempsrature (°C) tdon) % Uom h
Fig 9. Maximum Drain Current Vs. Fig 10b, Switching Time Waveforms

Case Temperature

10 = ===H T

3 .
b il
Py o o3
g | it
[ 4
k il g
[i% . =11 .
fa. >
0.1 =aul
) 2 Y
F i 1]
-
i1 i 4 T Lo F o
NOTES:
4 3. DUTY FACTOR, O=t,/tp
102 2. PEMK T sPpy X Zenoe * Te
1073 1074 1073 1072 0.1 1 10

t1, Re;tangular Putse Duration (seconds)
Fig 11. Maximum Effective Transient Thermal Impedance, Junction-to-Case

141



IRES30 ‘

L
Varylplo cbtaln DS = w
required las
D.UT 200
A TP 5.7A
T.Voo ’E“ ‘60 \ BOTTON 148
lag E \\
T 0010 5 120
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Fig 12a. Unclamped Inductive Test Circuit ﬁ N
a ¥ Y
Visnioss 2 \\\ N,
e ‘ Ué 40 \\ \;\\
/ VDD w SR
Vos / \ ‘/ o [0~ 8V S
/ \ 25 50 75 100 125 130 175
/ \\ Starting T, Junction Temperature{°C)
s — — =" Fig 12¢c. Maximum Avalanche Energy

Fig 12b. Unclamped Inductive Waveforms Vs. Drain Current

Currant R

J

&
1)

L e e A el g

. pur T.YOS
] - Qas D 19
Vas .I:l.‘
va L[]
AN
Charge —e e ¥ Ip

Current Sampling Resisiors

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

Appendix A: Figure 14, Peak Diode Recovery dv/dt Test Circuit - See page 1505
Appendix B: Package Outline Mechanical Drawing — See page 1509

Appendix C: Part Marking Information — See page 1516 2
Appendix E: Optional Leadforms — Sea page 1525 'E'gcu?i'ri‘ea:
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