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2% Semester, Educational Year 2005

Abstract

The objective of this project is to study and design the class H audio power
amplitier . Principles of class H audio power amplifier is modified from linear amplifier
, and modified linear power supply to switching power supply which could be vary the
voltage according to input audio signal . Class AB circuit is used as an amplify base
circuit in this project . Class AB circuit is widely accepted in producing quality of sound
. but low efficiency .

We believe this project will bring about the quality of sound as well as class AB

circult , but higher efficient .
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3.2 The Direct Converter
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4.1.2.2 MITEENULIUATIADUAHBINNUAVBITZ UL

i
| Compensate capacitor

i i v g9 o
317 4.6 3N lunseenuuunszuasIToR uAvIs 2 uazHERD BEUBIAIND

FoA—EoN (4.4)

'~ G, RiRoCc
G.Ce &

~ =~ — {4.5)
CiCo + Ce(Ci + Co) (Ci+Ca)

sudenmdudulszgiild Twat (P1) fu 2 (P2) THeglnasulasldddasimisuns
o o1 = A 1 o ¢ A
usiu ldnnasnnimduionsl Ce = 150 pF a1nsnaouauenudhn 100 kHz owinni

apnINA Ve IRuLs s S0Tad

4.1.2.3 mamnszuarisen afvilszgliwarfiosnaums
- o« a
CCipk fia nszugmisanimilszy

CC,, =4%6.28* frequency*CC .0 * E oy (4.6)

CC,, =4%*6.28*100%10° *150*107°*~ 4mA



38

4.1.3MAve8N 2N (Output Stage)
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4229050 Ingsaaansanldesuaans s (Tracking Switching Supply )
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314,12 312395 Active rectifier 1a% 3395895A3(inverting amp)
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4.2.3 1osmavadiaueagiames(PWM) 12339390 ( Inverter Driver)
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4.2.4 195vnafdwuvaing Power MOS Amplifier
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=
unn s

HANINAGDI

5.1 dszanEnmveasasveengs
Tumanaaesssiimsfloudya g Iad Hawd 1kHz 10 kHz, 20 kHz uasd

YIAMIAY 1 Vpp, 500Vpp, 100Vpp uaziimsiadvesduaimuioonlaeld Tnanidudid
o o o
AN 8 TaKy
I INTEAIWINIIMME I e Hdeipen ldauaunts
Pin(DCYy=Veclee + Feelee (5.1)

pr e {(Frms) \

r
!

4.1.1 HANTINAADIDIIDINI4DINATT 10T

M19199 5. 15z @nimmanaaes ndyaalain1un 20 kHz Vee = 30 V., Vee =-30 V

' Vin (Vip)  Tee(A) Le(A) | Pu(W) (Vvou! N Pouc (W.) 1n(%)
: rms
! 0.885 0.882 53.01 14.93 27.86 52.56
0.5 0.486 0486 29.16 7.67 7.35 25.20
0.1 0.209 0.209 12.54 1.60 0.32 2.55

115199 5.2 UszAninwus s ndye

t1]

RTERINCRICERHIS

10kHz Vee =30V, Vee=-30V

Vin (Vpp) Icc (A) lee (A-) ' Piu (W) Vout Puut (W) 1](0/;’)
(Vrms)
] 0.893 0.890 53.4¢% 1493 27.86 52.08
0.5 0.486 0.486 29.16 7.70 7.41 25.03
0.1 0.205 0.205 12.30 1.61 032 2.60

13199 5.3 dszaninmasrsasAdyams ! lwin b | kHz Vee =30 V. Vee=-30 v

[
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vin (Vpp) Icc (A) lee (A) | Pia (“-) Vnut Pnul (W-) 'l(o/o)
(Vrms)
1 0.866 0.866 51.96 15.06 28.35 54.56
0.5 0.491 0490 | 2943 7.61 7.24 24.60
: - |
0.1 0.208 0.208 12.48 1.56 0.30 1.94

4.1.2 HAN1INADDIDIIVTININAINEIET

M30N 5.4 Ysz@niamver s i gy ala e 20 kHe Vee =30V, Vee =-30 V

Vin (Vpp) [cc (A) \ [ee (A-) l)in (“) Vou[ Pout (w') TI(DA)
‘ - {Vrms)

i 0.952 0.882 55.02 17.03 36.25 65.88

0.5 0.538 0.420 ‘ 28.74 10.00 12.5 43.49

0.1 0.424 0.222 19 38 4.09 2.19 11.30

a13140 5.51U5eANEMwve eI ATy ng U ladnawd 10 kiz Vee =

30V, Vee=-30V

Vin (Vip) L. (A) Lo (A P (W) Vout Pout (W) (%)
(Vrms))
I 1.013 e N6 1816 | 4122 76.93
0.5 0.538 0.345 26.49 9.07 10.28 38.80
0.1 0.472 0.216 20.64 3.89 1.89 9.15
715149 5.6 Uszdnimuvaasesfidman I ninTd 1 kHz Vee =30 v, Vee = -30 v
Vin (Vpp) T (A)) Lee (AY) P (W) Vout Pour (W) n(%)
(Vrms)
] 0.722 0.711 42.99 15.06 28.35 65.94
0.5 0.519 0.324 2529 1 925 10.70 4231
0.1 0.413 0.221 19.02 | 431 2.32 12.20




5.2 HANISADUAUIIAING

49

{m o 4, . o a . 4
wanpvauasaNuddiud el idiyRaunsovsnadanvnaiouiua g Tes

Tumsnanastisiinsnasedlaotloudymiadunngllniatvuiaad 1vpp uazTa

FyRuiinigviesn Annuda e @ danudfug SHz 51 1MHz

5.2.1 WanisAauananNuBlag Vin = 1Vpp

CTHz) | VouVip) | AddB) T TilIz) Vol Vi) ALABY [ T(H2) | Voul Vo) | AddB)
5 412 3230 400 44 3295 30k 44.4 32.95
6 416 3238 | 500 | 444 3295 | 40k 45.6 33.18
7 41.6 3238 | 600 444 3295 | 50k 46.0 33.26
8 42.4 32.55 700 44.4 3295 | 60k 47.4 33.52
9 42.8 32.63 $00 444 3295 | 80k 484 33.70

10 42.8 3263 T 000 L 4ds 1295 | 9ok 50.0 34.00
20 43.6 32,79 1k 144 3295 | 100k 55.2 34.84
30 44.0 32,37 ki 444 32.95 | 200k 436 32.79
40 442 3291 o) 1 444 3295 | 300k 30.0 29.54
50 444 32,95 Ak 444 3295 | 400k 22.4 27.00
60 44.4 3295 Sk’ 4 444 3295 500k (8.4 25.30
70 44.4 32.95 o eI 3295 | 600k 14.8 23.40
$0 44.4 32.95 7k 44 4 32.95 | 700k 13.6 22.67
90 44.4 12.95 Sk 14.4 3295 | 800k 124 21.87
100 444 32.95 9k 344 3295 | 900k 10.8 20.67
200 44.4 3295 10k 1_ 44.4 32.95 ™ 9.2 19.35
300 444 32,95 W0k~ 444 32.95
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5.3 HOADUAHUDIN LI 1VDIT YR UV WY WAz Ty 11000
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Tumsnaanaludmihmsdoudyoiad input vure 1Vpp fiamwd 1kHz 10

G

4& - =1 el 1 . o
kHz 20kHz susnzugninani i laonlsonAonsevinady v input uny WY output

Q4

ﬂdgﬂﬂ?ﬁﬁﬂaadLﬁﬁiFaslFouﬁerTTansﬂnm1tFFT)
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National
Semiconductor™

2N5551

Discrete POWER & Signal

Technologies

MMBT5551

SOT-23 B
Mark: 33

NPN General Purpose Amplifier

This device is designed for general purpose high voltage ampiifiers

and gas discharge display driving. Sourced from Process 16.

AbSOlute MaXi mum Ratin gS* TA = 25°C unless othenwise noted
Symbol Parameter Value Units
Veeo Collector-Emitter Voltage 1680 A
Veao Collector-Base Voltage 180 A
Vesmo Emitter-Base Voltage 8.0 v
[ Coilector Current - Continuous 200 mA
Ta. Tstg Operating and Storage Junction Temperature Range -56 fo +150 °C

*These ralings are limiting values above which the serviceability of any semiconductor device may be impairad.

NOTES:

1) These ratings are basad on a maximum junction temperature of 150 degreas C.

2} These are steady state limits. The factory should be consulted on applicatiens involving pulsed or low duty cycle operalions.

Thermal Characteristics  7a=2sc unisss arerwise notac
Symbol Characteristic Max Units

2N5551 *MMBTS5551
Po Total Device Dissipation 625 350 mw
Derate above 25°C 5.0 28 mW/°C

Resc Thermal Resistance, Junction to Case 83.3 “CW
Raua Themai Resistance, Junction o Ambient 200 57 “CAW

*Davice mounted on FR-4 PCB 1.6" X 1.6" X 0.06."

LSSS18WIN / LGGSNZ



NPN General Purpose Ampilifier

{continued)
Electrical Characteristics TA = 25°C unless ctherwise noted
Symbol Parameter Test Conditions Min Max | Units
QOFF CHARACTERISTICS
Vigriczo Collector-Emitter Sustaining Voltage™ | Ic= 1.0 mA, lp = 0 160 v
Viariceo Codllector-Base Breakdown Voltage le=100 pA =0 180 \4
Vigri@mo Emitter-Base Breakdown Voltage le=10 pA,ic=0 8.0 v
leao Collector Cutoff Cumrent Vep =120V, I = 0, 50 nA
Vea =120V, e =G, Ta=100°C 50 pA
lepo Ermitter Cutoff Currert Vea= 40V, Iz =0 50 nA
ON CHARACTERISTICS
heg DC Current Gain lc=1.0 mA, Vee =50V 80
lc=10mA, Ve =50V &n 250
lc=50mA Ve =50V 30
Veeeat) Collector-Emitter Saturation Vollage le=10mA, lg= 1.0 mA D.15 W
lg=50mA lp=50mA 0.20 v
Vegsat, Base-Emitter Saturation Voltage lc= 10 mA, lg= 1.0 mA 10 Y
lc =50 mA, [a=5.0 mA 1.0 \'
SMALL SIGNAL CHARACTERISTICS
fr Current Gain - Bandwidth Product le=10mA, Ve = 10V, 100 300 MHz
f= 100 MHz
Cobo Quiput Capacitance V=10V, Ie=0, 6.0 pF
f=1.0MHz
Ciba Input Capacitance Vege=0.5V, =0, 20 pF
f=1.0MHz
' Small-Signal Current Gain lc=1.0mA, Ve =10 V, 50 250
f=1.0kHz
NF Moise Figure lc=250 pA, Vee = 5.0V, 8.0 dB
Re=1.0kQ =10 Hz 10 15.7 kHz
*Pulsa Tast: Pulse Width < 300 s, Duty Cycle < 2.0%
Spice Model

NPN {Is=2.511f Xti=3 Eg=1.11 Vaf=100 Bf=242.6 Ne=1.249 Ise=2511f Ikf=.3458 Xtb=1.5 Br=3.197 Nc=2
Isc=0 lkr=0 Re=1 Cjc=4.883p Mjc=.3047 Vjc=75 Fe=5 Cje=18.79p Mje=.3418 Vje=75 Tr=1.202n Tf=560p
It=50m Vif=5 Xif=8 Rb=10)

LGGGLaNIN / LGGGNZ



National
Semiconductor™

2N5401

Discrete POWER & Signal
Technologies

MMBT5401

SOT-23 B
Mark: 2L

PNP General Purpose Amplifier

This device is designed as a general purpose amplifier and switch

far applications requiring high voltages. Sourced from Process 74.

Absolute MaXEmu m Rati ngs* TA =25°C unlass otharwise notad
Symbol Parameter Value Units
Veeo Collector-Emitter Voltage 150 v
Veso Codllector-Base Voltage 160 v
Veao Emitter-Base Voltage 50 A4
lo Collector Curent - Confinuous 200 mA
T, Tag Operating and Storage Junction Temperature Range -55 to +150 °C

*Thse ratings are limiting vaiues above which the serviceability of any semiconductor davice may be impaired.

NOTES:

1} These ratings are based on a maximum Junction temperature of 150 degrees C.

2 These ara steady state imits. The factory should be consultad on applications invalving pulsed of law duly tycle operations.

Thermal Characteristics TA = 25°C uniess otherwisa noted
Symbol Characteristic Max Units

2N5401 "MMBTS401
Po Totak Device Dissipation 625 350 mw
Derate above 25°C 5.0 28 mw/°C

Raje Thermal Resistance, Junction to Case B3.2 “CIw
Raua Thermal Resistance, Junction to Ambient 200 357 CIW

*Devica mounted on FR-4 PCE 1.6° X 1.6" X 0.06."

LovYS19WNIN / LOYSNZ



PNP General Purpose Amplifier

{continued)
Electrical CharacteristicsS  ta- 25 unless oherwisa noted
Symbol Parameter Test Conditions Min Max | Units
QFF CHARACTERISTICS
Viriceo Cdllector- Emittar Breakdown Vollage™ | Io= 1.0 mA, lg = 0 150 v
Vercso Collector-Base Breakdown Voltage le=100uA, =0 160 v
Vermeso Emitter-Base Breakdown Voltage le=10 pA, Ic =0 50 v
leso Collector Cutcff Current Ve =120V, 1 =0 50 nA
Vs = 120V, Ie =0, Ta = 100°C 50 uA
lepo Emitter Cutcff Current Ver=30V, Ic=0 50 nA
ON CHARACTERISTICS*
heg DC Current Gain le=1.0mA, Ve =50V 50
le=10mA, Vee=50V 60 244
lc =50 mA, Ve =50V 50
Veegeat; Collector Emitter Saturation Voltage | le = 10 mA, ls= 1.0 mA 0.2 Y
=50 mA, lp=50mA 0.5 Vv
Vagsan Base-Emitter Saturation Voltage 1c= 10 mA, ls= 1.0 mA 70 v
Ig=50mA lg=50mA 1.0 v
SMALL SIGNAL CHARACTERISTICS
fr Current Gain - Bandwidth Product lc=10mA, Vee = 10V, 100 300 MHz
f=100 MHz
Coba Output Capacitance V=10V, k=0, 6.0 pF
f=1.0MHz
NF Noise Figure lo= 250 uA, Ve = 5.0 V, 8.0 dB

Rs= 1.0 k€2,
f=10 Hzto 15.7 kHz

*Pulse Test: Pulse Width < 300 s, Duty Cycle < 2.0%

Spice Model
PNP (Is=21.48f Xti=3 Eg=1.11 Vaf=100 Bf=132.1 Ne=1.375 |se=21.48 Iki=.1848 Xtb=15 Br=3.661 Nc=2
Isc=0 lkr=0 Rc=1.6 Cjc=17.63p Mic=.5312 Vic=.75 Fc=.5 Cje=73.39p Mje=.3777 Vie=.75 Tr=1.476n Tf=641.9p
=0 Vtf=0 Xif=0 Rb=10)

LOVSLEWIN / LOYSNZ



2SD669, 2SD669A

Silicon NPN Epitaxial

HITACHI

Application

Low frequency power amplifier complementary pair with 28B649/A

Outline
TO-126 MOD
1. Emitter
2. Collector
3. Base
‘.'
Hltach?
OI' -




28D669, 25D669A

Absolute Maximum Ratings (Ta = 25°C)

Ratings

Item Symbol 25D669 2SD669A Unit
Collector to base voltage Vero 180 180 v
Collector to emitter voltage Veeo 120 160 \
Emitter to base voltage Vero 5 5 v
Coilector current le 1.5 1.5 A
Collector peak current | cipeak; 3 3 A
Collector power dissipation P. 1 1 w

P 20 20 W
Junction temperature Tj 150 150 °C
Storage temperature Tstg -55to +150 —55 to +150 °C
Note: 1. Value at T, =25°C.

HITACHI



28D669, 2SD669A

Electrical Characteristics (Ta = 25°C)

25D669 2SDB69A
ltem Symbol Min Typ Max Min Typ Max Unit Testconditions
Collector to base Verceo 180 — — 180 — — V le=1mA,I:=0
breakdown voltage
Collector to emitter Vemeeo 120 — — 160 — — A b, =10 mA, Ry S e
breakdown voltage
Emitter to base Virge 9 —_ — 5 — — vV I.=1mA, [.=0
breakdown voltage
Collector cutoff current |, — - 10 — = 10 pA V=160V, 1. =0
DC current transfer ratio h,*' 60 — 320 60 — 200 Ve =5V, | = 150 mA*?
hees 30 — — 30— — Ve =5V, |, = 500 mA*
Collector to emitter Ve (e —_ — 1 —_ — 1 v o = 500 mA,
saturation voltage iy = 50 mA*
Base to emitter voltage V. - — 15 = — 1.5 ¥ Ve =5V, |, = 150 mA**
Gain bandwidth product f; — 140 — — 140 — MHz Vg =5V, |, = 150 mA*
Collector output Cob — 14 — — 14 — pF Ve =10V, =0,
capacitance f=1MHz
Notes: 1. The 2SD669 and 2SD669A are grouped by h, as follows.
2. Pulse test.
B c D
25D&6g 60 to 120 1000 200 160to 320
25DE6SA 60 to 120 10010 200 —
Maximum Collector Dissipation
Curve Area of Safe Operation
30
=3 3
(&3
o - 13.3V, 1.5 A)
5 2 10 SEEasa
_‘g 20 (3 \‘ T 11T
.8 - (40 V, 0.5 A)
B A g 03
I \ 3
i 8 b DC Operation(T; = 25°C)
x N 2 041
8 10 AN 8
5 % {120 V, 0.04 A)
8 \ © 0.03 —
2 < . \(160 V, 0.02A)
© 25D669 2SD669A
001 I )
0 50 100 1580 1 3 10 30 100 300
Case temperature T (°C) Collector to emitter voltage Veg (V)
HITACHI



25SB649, 2SB649A

Silicon PNP Epitaxial

HITACHI

Application
Low frequency power amplifier complementary pair with 2SD669/A

Outline

TO-126 MOD

1. Emitter
2. Collector
3. Base

o8
Hitackd "2
miconductor

-



2SB649, 2SB649A

Absolute Maximum Ratings (Ta = 25°C)

Ratings

ltem Symbol 25B649 25B649A Unit
Collector to base voltage Veso ~180 —180 v
Collector to emitter voltage Veeo ~120 -180 Vv
Emitter to base voltage Vego -5 -5 v
Collector current le ~1.5 -1.5 A
Coliector peak current | etpoaty -3 -3 A
Collector power dissipation P 1 1 w

P 20 20 w
Junction temperature Tj 150 150 °C
Storage temperature Tsig ~-55 to +150 =55 to +150 °C
Note: 1. ValueatT, =25°C

-
HITACHI



2SB649, 2SB649A

Electrical Characteristics (Ta = 25°C)

25B649 25B649A

Item Symbol Min Typ Max WMin Typ Max Unit Testconditions
Collector to base Vercee -180 — — -180 — — v le=—1mA =0
breakdown voltage
Collector to emitter Veroea =120 — — -160 — — \'% o =10 mA, Ry =
breakdown voltage
Emitter to base Veggme 2 2 — — -5 — - vV le=-1TmA,l.=0
breakdown voltage
Collector cutoff current |, —_ - ~10 — = -10 pA  V,=-160V, =0
DC current transfer ratio he,*' 60 — 320 60 — 200 Ve =3V,

I =—150 mA

hires o — — 30— - Ve=-5V,

I, = -800 mA**
Collector to emitter Vg —_ = —1 — - - Vv I, =500 mA,
saturation voltage lg =~50 mA
Base to emitter voltage V. e~ =15 — S -15 V Ve =5V,

I =—150 mA
Gain bandwidth product f; — 140 — — 140 — MHz V,.=-5V,

I =—150 mA
Collector output Cob —_— 27 — — 27 — pF Ve =-10V, . =0,
capacitance f=1MHz

Notes: 1. The 2SB649 and 2SB649A are grouped by h., as follows.

2. Pulse test

B c D
25SB649 60t0 120  100tc 200 160 to 320
2SBB4YA  60t0 120  100t0 200 —
HITACHI



AAMOSPEC

HIGH-POWER NPN SILICON POWER TRANSISTORS
...designed for use in general-purpose amplifier and switching
application .

NPN
285C3281

15 AMPERE
TRANASISTOR

200 VOLTS
150 WATTS

FEATURES:
* Recommend for 125W High Fiderity Audio Frequency Amplifier
Output stage
* Compismentary to 2SA1302
MAXIMUM RATINGS
Characteristic Symbol 23C3281 Unit
Collector-Emitter Voitage Viego 200 v
Coltector-Base Voltage Veso 200 v
Emitter-Base Voltage Veno 5.0 L'
Collector Current - Continuous e 15 A
- Peak leaa 20
Base current la 20 A
Total Power Dissipation @T, = 25°C | Py 150 w
Derate above 25°C 12 wWrec
Operating and Storage Junclion T).Tsra °c
Temperature Range =55 to +150
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance Junction fo Case| Roje 0.83 ‘cw

TO-247(3P)
o | T ar
S
l;_J\&. 5

FIGURE -1 POWER DERATING

Tc . TEMPERATURE(®C)

180
£is .
%10{: \\
< ™.
i <
50— -
: N
PRl
T = & ® 1m0 1= 1=

2.COULECTOR
LEMITTER
DIM MILLMMETERS

AN MAX

A 2063 | 238
8 1538 | 1820
c 1.80 270
D 510 8.10
E 1481 | 1522
F 11.72 | 1284
G 420 450
H 182 2.46
! 292 3z3
J 088 152
« S.26 56
L 1850 | &
M 4.68 5.3
N 240 280
o 3.5 365
P 055 0.70




ELECTRICAL CHARACTERISTICS ( T, = 25°C unless otherwise noted )

28C3281 NPN

Charscteristic Symbol Min Max Unit
OFF CHARACTERISTICS
Collector-Emitier Breakdown Voitage Viericeo v
{lc=50mA, =0 200
Collector Cutoff Current leso uA
{(Ven=200V, I,=0) 50
Emitter Cutoff Current lemo uh
{(Vea=5.0V,4.=0) 10
ON CHARACTERISTICS (1)
DC Cumrent Gain
(l=1.0A Vg=50V) * hFE(2) 55 160
{1=8B.0A Ve=50V) hFE 35
Collector-Emitter Saturation Voltage Vet Vv
(1= 10A, Ig=1.0A) 3.0
Base-Emitter On Voitage Viazion) v
(le=BOA V =5.0V) 15
DYNAMIC CHARACTERISTICS
Current-Gain-Bandwidth Product fy MH::
(L=10A V=50V, 1=10MHz) 10

(1) Pulse Test Puise Width =300 us,Duty Cycle = 2.0%

* hWFE(2) Classification :

| 88 R 110

80 O 160 |




AAMOSPEC

HIGH-POWER PNP SILICON POWER TRANSISTORS

-..designed for use in general-purpose amplifier and switching

application .

FEATURES:

* Recommend for 125V High Fiderity Audio Frequency Amplitier

Qutput stage
* Complementary to 28C3281

MAXIMUM RATINGS

PNP
25A1302

15 AMPERE
POWER
TRANASISTOR

200 VOLTS
150 WATTS

Characteristic Symbol 28A1302 Unit
Collector-Emitter Voltage Vego 200 v
Collector-Base Voltage Vego 200 v
Emitter-Base Voitage Veag 5.0 Vv
Collector Current - Continuous le 15 A

- Peak — 20
Base current s 2.0 A
Total Power Dissipation @T. = 25°C Po 150 w
Derate above 25°C 1.2 Wre
Operating and Storage Junction 71 °c
Temperature Range -55 to +150
THERMAL CHARACTERISTICS

Characteristic Symbol Max Unit

Thermal Resistance Junction to Case| Rajc 0.83 °C/W

FIGURE -1 POWER DERA’[giIG

To . TEMPERATURE(®C)

200
gws
§1so

8125 ~

<1CD \\

:' N

[ 4 \
ESO \\

s 2 B
* 8]
0 % 50 ¥ 100 125 150

PN 1.BASE
ZCOLLECTOR
A BMITTER

DIM WLLMETERS

MIN MAX
A | 2083 | 238
B | 1538 {18m
c 19 | 27
3] 510 €6.10
E | 1481 |152
F | 1172 | 1284
G 420 480
H 182 | 248
I 202 | 323
J 089 | 153
K | 526 | 586
L 1880 2150
M | 468 | 536
N 240 | 280
0 | ax | 3
P 0ss | o




2SA1302 PNP

ELECTRICAL CHARACTERISTICS ( T, = 25°C uniess otherwise noted )

Characteristic Symbel Min Max Unit
OFF CHARACTERISTICS
Collector-Emitter Breakdown Voltage Viergceo \'
(1;=50mA I;=0 ) 200
Collector Cutoff Current lepo uA
(Veg=200V, =0) 10
Emitter Cutoff Cumrent lemo uA
{(Vgg=5.0V,I.=0) 10
ON CHARACTERISTICS (1)
DC Current Gain
{lg=1.0A Ve=50V)* hFE(2) 55 160
{1c=B.0A Vi =50V) hFE a5
Collector-Emitter Saturation Voltage Vern v
(lc=10A = 1.0A) . 3.0
Base-Emitter On Voltage Vagion) v
(.= 8.0 A, Vc=6.0 V) 1.5
DYNAMIC CHARACTERISTICS
Current-Gain-Bandwidth Product tr MHz
(le=1.0A V=50V, f=1.0MHz) 10

(1) Pulse Test: Pulse Width =300 us,Duty Cycle = 2.0%
* hFE(2) Classification

|85 R 110 8 O 160 |
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LM833

LOW NOISE DUAL OPERATIONAL AMPLIFIER

LOW VOLTAGE NOISE: 4.5nViVHz
HIGH GAIN BANDWIDTH PRODUCT:
15MHz

HIGH SLEW RATE: 7Vius

LOW DISTORTION: 0.002%
EXCELLENT FREQUENCY STABILITY
ESD PROTECTION 2kV

DESCRIPTION

The LM833 is a monolithic dual operational ampli-
fier particularly well suited for audio applications. It
offers low voltage noise (4.5nV/~Hz) and high fre-
quency performances (15MHz Gain Bandwidth
product, 7V/ps slew rate).

In addition the LM833 has also a very low distor-
tion (0.002%) and excellent phase/gain margins.

ORDER CODE

Part Number Tenéperature Package
ange

N D

LM8&33 -A40°C, +105°C . »

N = Dual in Line Package (DIP&
D = Small Outling Package {S0) - also available in Tape & Reel (DT)

PIN CONNECTIONS (top view)

N
DIP8
{Plastic Package)

*

D
808
(Piastic Micropackage)

Output1 1 ]
Inverting input1 2 [:

Non-inverting input 1 3 I:

Voe- 4 ]

(] 8
(] 7

(15

Inverting input 2

Non-inverting input 2

November 2001
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LM833

SCHEMATIC DIAGRAM (1/2 LM833)

Vg™
S S J
. . — Output
Inverting Non-inverting
input Input

A
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vee | Supply Voltage 118 or +36 v
Via  |Differential Input Voitage - note 1) +30 v
Vi Input Voltage - see note 1 +15 vV
Qutput Short Circuit Duration Infinite s
Toper | Operating Free-Air Temperature Range -40 to 105 °C
T Junction Temperature +150 °C
Ty | Storage Temperature -65 to +150 °C
Ptot | Maximum Power Dissipation - note 2 500 mw
1. Either or both input voltages must not exceed the magnitude of Vcc® or Vg
2. Power dissipation must be considerad to ensure maximum junction temperature (Tj) is not exceeded.
OPERATING CONDITIONS
Symbol Parameter Value Unit
Vee Supply Voltage +25t0+15 v

217

g




LMB833

ELECTRICAL CHARACTERISTICS
Voo = +15V, Vig = -15V, Tamp = 25°C (unless otherwise specified)

Symbol Parameter Min. | Typ. [ Max. | Unit
Vi {Input Offset Voltage (R; = 10Q, V, = OV, Vi = OV) 0.3 5 my
Input Offset Vol rift
Dvin P Rs = 10&%?)1%\/' Tmin- = Tamb = Tmax. 2 qu°C
ho Input Offset Current (V, = 0V, V;, = QV) 25 | 200 nA
lip Input Bias Current (V, = OV, V. = OV) 300 | 1000 nA
Viem | Input Common Mode Voltage Range +12 | 14 vV
A,q |Large Signal Voltage Gain (R = 2kQ, V, = +10V) 80 | 100 dB
Cutput Voltage Swing (Vig = £1V)
Ry = 2.0k 10 | 13.7
Voo Ry = 2.0k -14 | -10 v
R = 10kQ 12 {139
Ry = 10kQ -14.4 | -12
CMR | Common-mode Rejection Ratio {(Vi; = £13V) 80 | 100 dB
SVR | Supply Voltage Rejection Ratio (Voot / Voo = +15V/ -15V to +5V / -5V) 80 | 105 dB
loc | Supply Current ( V, = OV, All amplifiers) 4 8 mA
SR |Slew Rate (V; = -10V to +10V, R = 2kQ, Ay =+1) 5 7 Vius
GBP |Gain Bandwidth Product (R| = 2k, C_ = 100pF, f = 100kHz2) 10 15 MHz
B Unity Gain Bandwidth (Open loop) 9 MHz
¢m i Phase Margin (R = 2k) 60 Degrees
’ ) nV
en Equivalent Input Noise Voltage (Rg = 100, f = 1kHz) 4.5 Jﬁ
in Equivaient Input Noise Current (f = 1kHz) 0.5 BA
JHz
THD | Total Harmonic Distortion (R = 2kQ, f = 20Hz to 20kHz, V, = 3V s, Ay = +1) 0.002 %
Vo1/Vaz [ Channel Separation {f = 20Hz to 20kHz) 120 dB
FPB |Full Power Bandwidth (V, = 27Vpp, R = 2k2, THD < 1%) 120 kHz
&7 a7
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yNataonal Semiconductor
High Speed Operational Amplifier
General Description Features
The LM&161 family of high-speed amplifiers exhibits an ex- 8 High slew rate 300 V/ps
cellent speedpower product in delivering 300 V/xs and & High unity gain freq 50 MHz
50 MHz unity gain stability with only 5 mA of supply current.  ® Low suppiy cument 5 mA
Further power savings and appiication convenience are g Fast seftiing 120 ns ta 0.1%
possible by taking advantage of the wide dynamic range in g Low differential gain <0.1%
aperating supply voltage which extends all the way down to ® Low differential phase 0.1°
Tt‘i:; ampliiers ave bult with National's VIP™ (verically T Le supply range SToVia S5
Integrated PNP) process which provides fast PNP transis- : Stekiy With Anjinyleg capactive load

tors that are true complements to the already fast NPN de- Well behaved; easy to apply
vices. This advanced junction-isolated process deiivers high )
speed performance without the need for complex and ex- Apphcations
pensive dielectric isolation. | Video amplifier
| High-frequency fiiter
B Wide-bandwidth signal conditioning

B Radar
B Sonar
Connection Diagrams
20-Lead LCC y
o0s
Vi ERET fo BT [
10-Lead Flatpak 2 I 7 | 6] 5I
we—He T
Y ;mvg gvm ac.ust s -
Y NPT Lusisiw ]
NGN -k T Vourrur o=y, (MFUT T )
LAd L4
TL/H/9057-13
Ses NS Package Number W10A - 1 | 2 [ 3| 4 |
TL/H/G057 - 14 Vos NV Ml V-
See NS Package Number E20A adjust  input  input
TLH/9057-5
See NS Package Number JOSA,
Temperature Range NSC NOSE or MOBA
Military Industrial Cammercial Peckage | 5 awing
~BFC S Ta < +125°C | —28°C < Ty < +85°C | 0FC 5 Ty < +70°C
LME261N LM&3g1N 8-Fin NCBE
Moided DIP
LME161J/883 LM6351d B-Pin d0BA
5062-8962101PA Ceramic DIP
LMB261M LME3&TM B-Pin Molded | MOSA
Suriace ML
LME161E/883 20-Lead E20A
5962-896210124 Lot
LMB161W/883 10-Pin W10A
5882-8982101HA Ceramic Flatpak
VIP™™ ig o of Naticral e

1946 hational Semiconductor Comombon  TL/H/3057 ARD-B3OM1 15/ Printed in L. §. A
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Absolute Maximum Ratings ot 12)
If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availabllity and specHications.

See AN-450 “Surface Mounting Methods and Their Effect
on Preduct Reliability” for other methods of soldering sur-
face mount devices.

Storage Temp Range —65°Cto +150°C
Max Junction Temperature 150°C
ESD Tolerance (Notes 6 and 7) 700V

Operating Ratings pote 12)
Temperature Range (Note 2)

Supply Voltage (Vv+ — v~} 36V
Ditterential Input Voltage {Note 8) +BY
Common-Mode Voltage Range
(Note 10) Mt -0Vt (V— + 0.7V}
Output Short Circuit to GND (Note 1) Continuous
Soldering Information
Dual-In-Line Package (N, J)
Soldering {10 sec.) 260°C
Small Qutline Package (M)
Vapor Phase (60 sec.) 218°C
Infrared (15 sec.) 220°C

DC Electrical Characteristics
The foliowing specifications apply for Supply Valtage = +15V, Vo = 0, R_ = 100 ket and Rg = 50 unless otherwise noted.

Boldface limits apply for Tj = Ty to Tyax; all other limits T, = 25°C.

LM&161 —65°C <T) < +125°C
LM6261 —25°C =T < +85°C
LMB361 "o 2Ty)< +70°C
Supply Voltage Range 4.75V to 32V

LME161 LM6261 LMG361
Symbol Parameter Conditions Typ Limit Limit Limit Units
(Notes 3, 11) (Note 3} | (Note3)
Yos Input Cffset Voltage 5 7 7 20 mv
10 a9 22 Max
Yoz Input Cifset Voltage o
Drift Average Drift 18 —
1y |Input Bias Current 2 3 3 5 pA
-] ) L] Max
los Input Offset Gurrent 150 350 as0 1500 nA
800 800 1900 Max
los Input Offset Current )
Drift Average Drift 0.4 nA/C
RAin Input Resistance Differential 325 k2
Cin input Capacitance Ay = +1@10 MHz 15 pF
Ayop Large Signal Vout = 10V, 750 550 550 400 VIV
Voltage Gain RL = 2 kel {Note 9) 300 300 aso Min
RL = 10 kil {Note 9) 2900 VIV
Vou Input Common-Mode | Supply = +15¥ + S +13.8 +13.8 +138 Volts
Voltage Range z +13.8 +13.8 +13.7 Min
133 —-128 —-129 —128 Volts
Y —-12.7 —12.7 —12.7 Min
Supply = +5V 40 39 3.9 3.8 Volts
(Note 4) ’ 3.8 a.8 3.7 Min
18 20 20 2.1 Volts
- 2.2 2.2 2.2 Max
CMRR Common-Mode =10V < Vo < +10V o B0 80 72 dB
Rejection Ratio 74 76 T0 Min
PSRR Power Supply +10V € vE < 16V a0 80 80 72 dB
Rejection Ratio 74 T8 T0 Min
Vo Qutput Voltage Supply = +15V 142 +13.5 +135 +13.4 Valts
Swing and R = 2k} ) +13.3 +13.3 +13.3 Min
—134 ~13.0 —13.0 —-12.9 Volts
—12.7 -12.8 —12.8 Min




DC Electrical Characteristics (continued)
The following specifications apply for Supply Vaoltage = + 18V, Vg = 0, R = 100 kit and Ag = 500 uniess otherwise noted.
Boldface limits apply for T; = Ty to Tmax: all other limits Ty = 25°C.

LM6161 LM6E261 LME361
Symbol Parameter Conditions Typ Limit Limit Limit Units
{Notes 3, 11) {Note 3) (Note 3}
Vg (Continued) Cutput Vaoltage Supply = + 5V a2 3.5 3.5 34 Volts
Swing (Continued) and R = 2k ) 3.3 3.3 3.3 Min
{Note 4) 13 17 17 1.8 Valits
) 2.0 1.9 1.9 Max
Output Short Source &5 30 30 an mA
Circuit Current 20 25 25 Min
Sink 65 30 30 30 mA
20 25 25 Min
Ig Supply Current 5.0 65 6.5 5.8 mA
) 8.8 5.7 8.9 Max

AC Electrical Characteristics
The following specifications apply for Supply Voltage = + 18V, Vo = 0, R = 100 ke and Rg = 502 unless otherwise noted.
Boldface limits apply for T) = Tpn to Tpyax; all other limits T = 25°C.

LM&161 LMB261 LM6361
Symbaol Parameter Conditions. Typ Limit Limit Limit Units
{Notes 3, 11) {Note 3) {Note 3)
GEW Gain-Bandwidth @ f = 20 MHz 50 40 40 35 MHz
Product 30 35 a2 Min
Supply = £5¥ 35 MHz
5R Slew Rate Ay = +1 (Note 8} 300 200 200 200 Wgs
180 180 180 Min
Supply = +5V (Note B) 200 V/us
PBW Power Bandwidth VouT = 20 Vpp 45 MHz
Settling Time 10V Step to 0.1%
. b A[:.'= 7F3I,Fl|_=2kﬂ i e
bm fhase Margin 45 Deg
Ap Differential Gain NTSC, Ay = +4 <01 %
$D Ditferential Phase NTSC, Ay = +4 0.1 Deg
Srpp Input Noise Voltaga | = 10 kHz 15 nV/yHz
inp-p Inpit Noise Gurrent | = 10kHz 15 pa/Hz

Note 1: Continuous shart-circiit operation at elevated ambient temperature can result in excesding the maximum allowed junction temperature of 150°C.

Nots 2: The typical jungtion-1o-amaient thermal resistance of the makled ptastic DIP (N) is 1068°C/W. the molded plastic SO (M) package i& 155°C/W, and tha
cardip (J) packaga is 125°C/W. All numbers apply for packages sokderad directly inlo a printed circuit Board.

Mote 2: Limits are guaranteed by testing or correlation.

Note 4; For single supply ion, the foilowing dif apply: V*+ = 5V, V= = OV, Vg = 2.6v, Vour = 2.5V. Pin 1 & Pin 8 {Vos Adjust) are each
connecied 1 Pin 4 (V=) to realize maximum output swing. This connection will degrade Vos, Vs Drift, and Ingut Voitage Neise.

Note 5:C; < 5 pF.

Nots & In order to achieve optimum AC performanca, the input stage was L without tive clamps. E: ding the maximum differential input valtage
résulis in reversa breakdown of the base-smitter juaction of ona of the inaut fransistors and probable degradation of the input parameters (aspecialty Vos, los, and
MNoisa).

Note 7: The avarage voitage that the weakest pn cambinations (these invohing Pin 2 ar Pin 3) can withstand and still conform to the datasheet jimits. The test
cirouit used consists of the human body model of 100 pF in series with 150011

Nota 8: Viy = BV step. For supply = 5V, Vi = 5V step.

MNote % Voltage Gain is the total output swing (20) divided by the input signal required io produce that awing.

Note 10: The voltage between V+ and either inpus pin must not exceed 36V.

Note 11: A military RETS ical tost specification is available on request. Al the time of printing, the RETS6161X specs complisd with all Boldtace imits in this
column.

Nots 12 Absolute Maximum Ratings indicate limits beyend which damage 10 the devica may ocour. Operating Ratings indicate conditions for which the device is
intended to be functional, but do not guarantes specific per Amita. For g pecifications and test i see tha Electrical Characteristics.

The guarantesd speaifications apply anly for the: test conditions listed.




LM119/LM219/LM319

General Description

The LM119 saries are precision high speed dual compara-
tors fabricated on a single monolithic chip. They are de-
signed to operate over a wide range of supply voltages
down to a single 5V logic supply and ground, Further, they
have higher gain and lower input currents than devices like
the LM710. The uncommitted collector of the output stage
makes the LM118 compatible with RTL, DTL and TTL as
well as capable of driving lamps and relays at currents up to
25 mA.

The LM319A offers improved precision over the standard
LM319, with tighter tolerances on offset voltage, offset cur-
rent, and voltaga gain.

Features
B Two independent comparators
= Operates from a single 5V supply

&Natioua! Semiconductor

High Speed Dual Comparator

November 1995

o Typically B0 ns response time at + 15V

# Minimum fan-out of 2 each side

& Maximum input current of 1 pA over temperature

# Inputs and outputs can be isolated from system ground
| High common mode slew rate

Aithough designed primarily for applications requiring opera-
tign from digital logic supplies, the LM119 series ate fully
specified for power supplies up to £15V. It features faster
response than the LM111 at the expense of higher power
dissipation. However, the high speed, wide operating volt-
age range and low package count make the LM119 much
more versatile than older devices like the LM711.

The LM119 is specified from —55°C to +125°C, the LM219
is specified from —25°C to +85°C, and the LM318A and
LM318 are spedified from 0°C to +70°C.

Connection Diagrams

DuakIn-Line-Package

GND1 3 12 DUTPUT
AT 1 & -—5 1t Ve
—ANMIT | 5 =1l -INHIT 2
’_g pos 3 HNFUT ]

Lk

TL/H/STOS5-4

ouTHMITE T

Top View
Order Number LM119J, LM119.4/883", LM218.J,
LM319J, LM319AM, LM319M, LM319AN or LM31SN
See NS Package Number J14A, M14A or N14A

Matal Can Package

Casa is connected to pin § (V™ } TL/R/STO5-7
Top View
Qrder Number LM119H, LM 119H/883°, or LM31SH
See NS Package Number H10C

*Alsd available par SMD# 8601401 or JM3B510/10306

GHD 1 QUTRUT 1

+INFUT

~INPUT ~(NPUT 2
V- +INPUT 2
OUTPUT 2 GND 2
TL/H/5705-8
Order Number LM119E/883
See NS Package Number E20A
1 18
QUTPUNMI T » v+
GO | . ;b INPUT 2-
iNPUT 1+|; LM115W ?:l INPUT 2+
NPT 1~ 1$5: :_:::l GND 2
|/ i JOUTPUT2
TL/HS705-9
Order Number LM119W /883
See NS Package Number W10A

©1985 National Samiconauctor Comporation  TL/H/5705

ARD-B30M1 15/Printed in L, §. A
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Absolute Maximum Ratings

I Milltary/Aerospace specified devices are required, Storage Temperature Range —65°C to 150°C
pleese contact the Natlonal Semiconductor Sales Lead Temperature (Soidering, 10 sec.) 280°C
&Tto:.;l))lstrlbulorl tar avallability and specifications. Soldering Information
Dual-In-Line Package
Total Supply Veoltage asv Soldering {10 seconds) 260°C
Output to Negativa Supply Voitage 36V Small Outline Package
Ground to Negative Supply Voltage 25V Vapor Phase (60 seconds) 215°C
Ground to Positive Supply Voltage 18V s I::a;es?j (1;;:cond;) g Method 4T ZE?fD ;
) ) e AN-450 “Surface Mounting s an eir Effe
Differential Inpuit Voltage 8V on Product Reliability” for other methods of soldering sur-
Input Voltage {Note 1} +15V face mount devices.
ESD rating (1.5 kQ in series with 100 pF) 800V
Power Dissipation (Note 2) 500 mw Operating Temperature Range
Output Short Circuit Duration 10 sec LM119 —55°C 10 125°C
LnM218 —25°C 10 85°C
Electrical Characteristics (ot 3)
Parameter Conditions LM9/EN219 Units
Min Typ Max
Input Offset Voltage (Note 4) Tp = 25°C, Hg < 5k o7 4.0 mv
Input Offset Current (Note 4) Tp = 25°C 30 75 nA
Input Bias Current Tp = 25°C 150 500 nA
Voltage Gain Ta = 25°C (Note 6) 10 40 vimy
Responsa Time (Note 5) Ta= 25°C, Vg = +15V B0 ns
Saturation Voltage Viy < —5mV, lour = 25 mA
Ta = 25°C 0.78 1.5 v
Output Leakage Current Vi = 5mV, Vot = 35V
Ta = 25°C 0.2 2 pA
input Otfset Voltage (Note 4) Rg < 5k 7 my
Imput Offset Current (Note 4) 100 nA
Input Bias Current 1000 nA
Input Voltage Range Vg = 16V —-12 +13 +12 v
vVt =5V,V—- =0 + 3 v
Saturation Voltage vt =z ASV V- =0
ViN S —6mV, Ignk < 3.2mA
Ta 2 0°C 0.23 0.4 v
Ta =< oc 0.6 v
Output Leakage Current VN 2 5mV, VouT = 35V, 1 10 kA
V- o= Vgnp = 0V
Differential Input Voitage +5 v
Positive Supply Current Ty = 25°C, W+ =5V V¥V~ =0 43 mA
Positive Supply Current Ta = 25°C, Vg = 115V -] 1.5 ma
Negative Supply Current Ta = 25°C, Vg = +15V 3 4.5 mA

Note 1: For supply voltages leas than + 15V the absolule maxmum input vohage is equal to the supply voitage.

Note 2: The maximum junction temporature of the LM118 is 150°C, whila that of the LM218 is 110*C. For oparating at elevated temperaturss, devices in the H10
package musst be derated based cn a thermal resistance of 160°C/W, junction to ambient, or 19°C/W, junclion to case. The thermai resistance of the J14 and N14

packages 5 100°C/W, juncticn to ambient.

Nate 3 These apecifications apphy for Wg = 115V, and the Ground pin at ground, and ~S58°C < Ty £ +125°C, unless olherwise stated. With the LMZ15,
howewer, all tamperature spacifications ara Simited 10 —25'C < Ta < +85°C. The cffsat voltage, offsel current and bias current spacifications apply for any supply
voltage from a single 5V supply up to = 15V supplies. Do not operate the device with mora than 16V trom ground to Vg.

Note &: The ofiset voltages and offsal currents given are tha maximum values required 1o drive the output within a volt of either supply with & 1 mA lcad. Thus,
these parameters define an amar band and take into account the worsi case affacts of voltage gain and input impedanca.

Mote 5: The responss time specified (3ea definitions) is for a 100 MV input step with 5 mV overdrive.
Nole 8: Output ia pulled up to 15V through a 1.4 kil resistor.
Note 7: Refar to RETS118X for LM118H/883 and LM119J/BB3 specifications.




Absolute Maximum Ratings Lm3s19a/319

It Military/Aerospace specified devices are required, Storage Temperature Hange —65°Cto 150°C

please contact the National Semiconductor Sales Lead Temperature {Soldering, 10 sec.) 260°C

Office/Distributors for avallability and specifications. Soldering Information

Total Supply Voltage 36V Duat-tn-Line Package

Cutput to Negative Supply Voltage 36V Saldering (10 sec.) 260°C

Ground to Negative Supply Volta 25V Smali Outline Packags

G ega woly 9e Vapor Phase (60 sec.) 215°C
round to Positive Supply Voltage 18V i 4 (15 sec) 220°C

Differential lnput Voltage 8 See AN-450 “Surface Mounting Methods and Their Effect

Input Valtage (Note 1} 15V on Product Reliability” for other methods of soldering sur-

Power Dissipation (Note 2) 500 mwW face mount devices,

Output Short Gircuit Duration 10 sec .

ESD rating (1.5 ket in series with 100 pF) 800V Operating Temperature Range

LM3194, LM319 °Cto 70°C

Electrical Characteristics qvote 3)

Parameter Conditions L LV Units.
Min Typ Max Min Typ Max

Input Offset Voltage {Note 4} | Tp = 25°C,Rg < 5k 0.5 1.0 20 B.D mv
Input Offset Current {Note 4) Ta = 25°C 20 40 B0 200 nA
Input Bias Current Tp = 25°C 150 500 250 1000 nA
Voltage Gain Ta = 25°C (Note 6) 20 40 8 40 v/imv
Response Time {Note 5) Ta = 25°C, Vg = t15V a0 BO ns
Saturation Voltage Vin = —10mV, lgyr = 25 mA

Tp = 25°C Q.75 1.5 0.75 15 v
Output Leakage Current VN 2 10 mV, Vour = 35V,

V- = VgD = OV, Ta = 25°C 0.2 10 0.2 10 pA
Input Offset Voltage (Note 4) RAg < 5k 10 10 my
input Offset Current (Note 4) 300 | 300 nA
Input Bias Current 1000 1200 nA
input Voltage Range Vg = 115V 13 +13 v

vVt =5V,V~ =40 1 3 1 3 v
Saturation Voltage vVt z45V,V- =0 0.3 0.4 0.3 0.4 Y

Vin € —10 mV, Igyie < 3.2 mA
Differential Input Voltage +5 5 v
Positive Supply Current Ta = 25°C, vt =S¥, V- =0 4.3 43 ma
Positive Supply Current Ta = 25°C, Vg = 15V B 125 B 125 mA
Negative Supply Gurrent Ta = 25°C, Vg = 15V 3 5 3 5 mA

Note 1: For supply voltages less than 115 the absolute maximurs input voltage is equal 1o the supply voltage.

Nots 2 The maximum junction termperature of the LM319A and LM318 is BS*C. For operating at elevated temperalures, devices in the H10 package must be
derated basad on a thermal resisiance of 160°C/W, unction 1 ambient, or 18°C/W, junction to case. The thermal resistance of the N14 and J14 package is
190°C/W, junction to ambient. The thermal resistance of the M14 package is 115°C/W, junction to ambient.

Note 3 These specifications apply for Vs = *15V, and 0°C < T < 70°C, unlass otherwise stated. The offset voltage, offsel current and bias current
apecificatians apply for ary supply vollage from a single 5V supply up to £ 15V supplies. Do not aperate the device with more than 18V from ground o Vg
Note &: The offsst voltages and offsst currents given ara the maximum valuss requirsd 1o driva the cutput within a volt of either supply with a 1 mA lgad. Thus,
thess paramatara dafine an errpr band and take into account the worst case effects of veltage gain and input impedance.

Note 5: The response time specified is for a 100 mV input step with 5 mV overdrive.

Nete 8 Dutpit is pullad up 1o 15V through & 1.4 kO resistor.
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VISHAY

VP0808L, VP1008L

Vishay Siliconix

P-Channel 80- and 100-V (D-S) MOSFETs

PRODUCT SUMMARY
Part Number | Vigripss Min (V) | rpsion; Max (€2} Vasn) (V) Ip (A}
VPOS0aL —80 5@ Vgg =10V —2to—4.5 —0.28
VP 10081 ~100 5@ Vas=-10V ZFwods 028
FEATURES BENEFITS APPLICATIONS
e High-Side Switching ¢ Ease in Driving Switches e Drivers: Relays, Solenoids, Lamps, Hammers,
® Low On-Resistance: 2.5Q e Low Offset (Error) Voltage Displays, Memories, Transistors, elc.
e Moderate Threshold: -3.4 V e Low-Voltage Operation ¢ Battery Operated Systems
¢ Fast Switching Speed: 40 ns ¢ High-Speed Switching ® Power Supply, Converter Gircuits
¢ Low Input Capacitance: 75 pF e Easily Driven Without Buffer  ® Motor Control

TO-226AA
{T0-92)
s
G
D
Top View

VPCB08L VP1008L
Device Marking Device Marking
Front View Front View
"SR 5" VP
(808P 1008L
XXyy XXYY

“5" = Siliconix Logo
xxyy = Date Code

"S" = Siliconix Logn
xxyy = Date Code

ABSOLUTE MAXIMUM RATINGS (T, = 25°C UNLESS OTHERWISE NOTED})
Parameter Symbol VPO0B0OBL VP1008L Unit
Crain-Source Voltage Vps -80 ~100 v
Gate-Source Voltage Vs +30 + 30
Continuous Drain Current Ta=25°C | -0.28 -0.28
(Fy=150°C) Ta= 100°C b 017 017 A
Pulsed Drain Currenta lom -3 -3
o Ta=25°C a 0.8 08 w
Pawer Dissipation Ta= 100°C D 0.32 032
Thermal Resistance, Junction-tc-Ambient Riha 156 156 G
Operating Junction and Storage Temperature Range T Tag -55 to 150 *C
Notes
a.  Pulse width imited by maximum junction temperature.
Dccument Number: 70218 www.vishay.com

5-04279—Rev. D, 16-Jul-01
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VP0808L, VP1008L VISHAY
Vishay Siliconix

SPECIFICATIONS (T, = 25°C UNLESS OTHERWISE NOTED)
Limits
VP0808L. VE1008L
Parameter Symbol Test Conditions Typ? | Min | Max | Min | Max | Unit
Static
Drain-Source Breakdown Voltage VierDss Ves =0V, Ip=-10uA -G -80 =100
A
Gate-Threshold Voltage Vst Vg = Vs Ip=-1mA -34 -2 —4.5 -2 —45
Vpg =0V, Vge = £20V =100 +100
Gale-Body Leakage 1 nA
Ges | Ty =125°C =500 £500
Vps=-80V Vs =0V =10
F = 125°C —500
Zero Gate Voitage Drain Current | .y
e pss Vps =100V, Vg = 0 e
| T,=125°C 500
On-State Drain Current? Ibion} Vps =-15V. Vg =-10V -2 -11 =11 A
VGS= }OV‘ LszlA 25 5 5
Drain-Source On-Resistance? roS(or) 2
] Ty=125°C | 44 B 8
Forward Transconductance? O Vos=-10V, Ip=—0D5A 325 200 200
Common Source 3 = ms
Qutput Conductanced Sos Vps =73 Vilp=-0.1A g
Dynamic
Input Capacitance Ciss 75 150 150
. =-2 =0V
Qutgut Capacitance Cote Vos |,=5 x{ﬁgs a 40 60 80 pF
Reverse Transfer Capacitance Crss 18 25 25
Switching®
tdjon) 11 15 15
Turn-Qn Time
t Vpo =-25 V,R_ =47 0 30 49 48
|D = —OSA VGEN =10V ns
) ta(offy Rg=25Q 20 i 30
Turn-Off Time
1 20 30 30
Notes
a. For DESIGN AID ONLY, not subject tc production testing.. VPDV10
b. Pulse test: PW <300 ps duty cycle <2%.
c. Switching time is essenttally independent of operating temperature
www.vishay.com Document Numbper: 70218

11-2 5-04279—Rev b, 16-Jul-G1




MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Order this document
by VNO300L/D

TMOS FET Transistor

N-Channel — Enhancement

3DRAIN

VNO300L

Motarola Preferred Davice

9 k
ot
GATE |—j
1 SQURCE
MAXIMUM RATINGS
Rating Symbol Value Unit
Drain—Saource Voltage Vpss 50 v
Drain—-Gate Voltage VDGR 80 Vv
Gate-Source Voltage CASE 25-04, STYLE 22
- Continuous Vas +20 Vde To_92 (Td—zzs AA)
- Non-repefitive (1 < 50 ps) VGSM +40 Vpk

Continuous Drain Current Ip 200 mA

Puised Drain Current D 500 mA

Power Dissipation @ T = 25°C Po 350 mW
Derate above 25°C 28 mwWrEC

Operating and Storage Temperature TJ Tstg = °C

THERMAL CHARACTERISTICS

Characteristics Symbol Max Unit

Thermal Resistance, Junction to Ambient Rgga 3125 SCAN

Maximum Lead Temperature for Soldering T 300 °C
Purposes, 1/16” from case for 10
seconds

ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)

Characteristic Symbol Min Max Unit

STATIC CHARACTERISTICS

Drain—Source Breakdown Valtage V(BR)DSS 30 — W
(VDg=0.1p =10 1A)

Zero Gate Voltage Drain Current Inss HA
(YpDs =48 Vde, Vg = 0) — 10
(Vpg =48 Vde, Vg = 0, T = 125°C) — 500

Gate—Body Leakage lgss » +100 nA
(Vps = 0. Veg =130 V)

Gate Threshold Voltage VGS(th) 0.8 2.5 v
(Vps =Vgg. Ip=1.0mA)

On-State Drain Current(1} ID{on) 1.0 — A
{(Vps=Vgs, Ip=1.0mA}

Drain-Source On Resistancel(1) "DS(an) Q
Ves=50V,Ip=034A) — 33
(Ves=10V.ip=104) — 1.2

Farward Transconductance(1) Its 200 ms
(VDs=10V.Ip=0.5A)

1. Pulse Test; Pulse Width < 300 us, Duty Cycle = 2.0%.

TMOS is a registered trademark of Motorola, inc.

Preferred devices are Motorola recommended choices for future use and best overall value

REV 1

© Motorola, Inc. 1997

@ MOTOROLA



VNO300L

ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted) (Continued)

r Characteristic Symbol Min Max Unit
DYNAMIC CHARACTERISTICS
Input Capacitance Ciss — 100 pF
- (Vpg=15Vde, Vg =0, T
Output Capacitance f=1.0 MH2) Coss 95 pF
Reverse Transfer Capacitance Crss — 25 pF
SWITCHING CHARACTERISTICS
Turm—Cn Time (Vpo =25 Vdc, Ip=1.0A, ton - 30 ns
Turn—Off Time RL=24Q RG=25Q) 1off — 30 ns

Motorola Small-Signal Transistors, FETs and Diodes Device Data




ternational
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PD-9.320G

IRF9530

XFET® Power MOSFET

Dynamic dv/dt Rating
Repetitive Avalanche Rated

P-Channel

175°C Operating Temperature
Fast Switching

Ease of Paralleling

Simple Drive Requirements

ascription

ird Generation HEXFETs from Intemational Rectifier provide the designer
th the best combination of fast switching, ruggedized device design, low

'VDSS = '1 OOV
RDS{OD) - OSOQ

ID = '12A

-resistance and cost-effectiveness.

e TO-220 package is universally preferred for all commercial-industrial
plications at power dissipation levels to approximately 50 watts, The low
armal resistance and low package cost of the TO-220 contribute to its wide

ceptance throughout the industry.

bsolute Maximum Ratings

TO-220A8

Parameter iax. Units

1@ Te=25°C  { Continuous Drain Current, Vas @ -10V -12
;@ Tc=100°C | Continuous Draln Current, Yas @ -10 8.2 A
M Pulsed Drain Current @ -48
n @ Tc=25°C | Power Digsipation 88 W

Linear Derating Factor 0.59 W/C
GS Gate-to-Scurce Vollage 120 V
AS Single Pulse Avalanche Energy @ 400 mJ
R Avalanche Current @ -12 A
AR Repetitive Avalanche Energy © 8.8 m.J
v/dt Peak Diode Recovery dv/dt @ 5.5 Vins
J Operating Junction and -65 to +175 7
STG Storage Temperature Range j

Soldering Temperaturs, for 10 seconds

300 (1.8mm from case)

| Mounting Torque, 6-32 or M3 screw

10 fein (1.1 Nem)

rermal Resistance

Parameter Min. Typ. Max. Units
e Junction-to-Case — — 1.7
loos Case-to-Sink, Flat, Greased Surface — 0.50 — G
laua Junction-to-Ambient — — 62
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IRF9530

ISR

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

Parameter Min. | Typ. | Max. | Units Test Conditions
Viarinss Drain-to-Source Breakdown Voltage -100 | —_ V| Vas=0V, lp=-250uA
AVpripss/AT,| Breakdown Voltage Temp. Coefficient — {-010| — ! V/C | Reference to 25°C, lp=-1mA
Rbs(on) Static Drain-to-Source On-Hesistance — — | 030 | & |Ves=10V,Ip=7.2A @
Vasimy Gate Threshold Voltage 2.0 — | -4.0 V | Vps=Vas, lo=-250pA
Uis Forward Transconductance 3.7 — — S | Vos=-50V, Ip=-7.2A ®
ipss Drain-to-Source Leakage Current — — [ 120 HA Vos="100V, Vas=0V
— — | -500 Vps=-80V, Vgs=0V, Ty=150°C
lass Gate-to-Source Forward Leakage —_ — | -100 nA Vag=-20V
Gate-to-Source Reverse Leakage — fo—_| 100 ' Vas=20V
Qg Total Gate Charge — | ==} 38 | lo=-12A
Qgs Gate-to-Source Charge — | — | 68 | nC |Vpg=-80V
Qgd Gate-to-Drain ("Miller") Charge — — 21 Vas=-10V See Fig. 6 and 13 ®
tfon) Turn-On Delay Time e 12 — Voo=-50V
ty Rise Time o 52 — - lp=-12A
tatom Turn-Off Delay Time — 31 — Re=12Q
t Fall Time — 39 —_ Rp=3.9Q See Figure 10®
Lo Internal Drain Inductance — 4.5 — g i:?ne?& ;gi? ) ;
nH | from package G@
Ls Intemnal Source Inductance — | 75 | — and center of
die contact s
Cias Input Capacitance — 860 — Vag=0V
Cass Output Capacitance — | 340 | — pF | Vos=-25V
Crss Reverse Transfer Capacitance — 93 = f=1.0MHz See Figure 5
Source-Drain Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continuous Source Currert | (&S MOSFET symbol L
{Body Diode) A showing the
lam Pulsed Scurce Current — — | g integral reverse c
(Body Diode) ® p-n junction diode. s
Vsp Diode Forward Voltage — — | B3 V| T=25°C, lg=-12A, V=0V @
e Reverse Recovery Time — | 120 | 240 | ns | Ts=25°C, lp=-12A
Qrr Reverse Recovery Charge — | 0461 0,92 | uC |d/dt=100A/us @
ton Forward Tum-On Time {ntrinsic turn-on time is neglegible {tum-on is dominated by Ls+Lg)
Notes:

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

@ Vpp=-25V, starting Ty=25°C, L=4.2mH
RG=250, las=-12A (See Figure 12)

@ Isps-12A, di/dt<t40A/us, VDo<ViBriDSS,

Ty£175°C

@ Puise width < 300 ps; duty cycle <2%.
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PD-9.374G

IRF640

EXFET® Power MOSFET

Dynamic dv/dt Rating
Repetitive Avalanche Rated
Fast Switching

Ease of Paralleling

Simple Drive Requirements

ascription

ird Generation HEXFETs from International Rectifier provide the designer
th the best combination of fast switching, ruggedized device design, low

° VDSS - 200V .
RDS(OH) = 01 BQ

~resistance and cost-elfectiveness.

ie TO-220 package is universally preferred for all commercial-industrial
plications at power dissipation levels to approximately 50 watts. The low
armal resistance and low package cost of the TO-220 contribute 1o its wide

ceptance throughout the industry.

bsolute Maximum Ratings

TO-220A8

Parameter Max. Units
@ Tg =25°C Conlinuous Drain Current, Vgs @ 10V 18
'@ Tc=100°C | Conlinuous Drain Cusrent, Ves @ 10V 11 A
" Puised Drain Cumrent @ 72
0 @ Tc=25°C | Power Dissipation 125 Ui
Linear Derating Factor 1.0 WG
Gs Gate-to-Source Voltage : +20 y, v
AS Single Pulse Avalanche Energy @ 580 mdJ
R Avalanche Cumrent © 18 A
AR Hepetitive Avalanche Energy @ 13 mut
w/dt Peak Diode Recovery dwidt @ 5.0 V/ns
J Operating Junction and -55 to +150
5TG Storage Temperature Range *C
Soldering Temperature, for 10 seconds 300 (1.6mm from case)
| Mounting Torque, 6-32 or M3 screw 10 Ibfein {1.7 Nem)
1ermal Resistance
} Parameter Min. Typ. Max. Units
8JC Junction-to-Case — — 1.0
§CS Case-to-Sink, Flat, Greased Surface — 0.50 — *CW
aA Junction-te-Ambient — — 62
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IRF640 IOR|
Electrical Characteristics @ Ty= 25°C (unless otherwise specified)

' Parameter | Min. | Typ. | Max. | Units Test Conditions
Vieripss Drain-to-Source Breakdown Voltage 200 | ~ | & V | Vas=0V, Ip= 250uA
AVeripss/AT,| Breakdown Voltage Temp. Coefficient — | 029 | — | V/°C | Reference to 25°C, Ip= 1TmA
Rosion Static Drain-to-Source On-Resistance — — | 018 | Q [Vas=10V,Ip=11A @

Vs Gate Threshold Volitage 20 | — 4.0 V | Vos=Vas, lo= 250uA
Ots Forward Transconductance 8.7 | — - S | Vps=5h0V, lp=11A @
Ipss Drain-to-Source Leakage Current — — 25 HA Vs=200V, Vas=0¥
— — 250 Vps=160V, Vas=0V, Ty=125°C

lass Gate-to-Source Forward Leakage — — 100 fA Vgg=20V

Gate-to-Source Reverse Leakage — — | -100 Vas=-20V
Qg Total Gate Charge E iy Io=18A
Qgs Gate-to-Source Charge — — 13 nC | Vpe=160V
Qgd Gate-to-Drain {"Miller"} Charge — — 39 Ves=10V See Fig. 6 and 13 @
tagan} Turn-On Delay Time en 14 — Vop=100V
tr Rise Time — 51 — he Ib=18A
(o) Tum-0Off Dejay Time = 45 — Re=9.1Q
L Fall Time — 36 — Rp=5.402 See Figure 10 @
Lo internal Drain Inductance — 45 | — g?nt\r':]e‘?g 21?5?,? ’} :

nH | from package G@I
Ls Internal Source Inductance ek, & [/ 4 and center of
die contact s

Ciss Input Capacitance — [ 1300 — Vas=0V
Coss Output Capacitance W lo— | 430 | — PF - | Vpg=25V
Cess Reverse Transfer Capacitance — 1230 | — F=1.0MHz See Figure 5

Source-Drain Ratings and Characteristics

’ Parameter Min. | Typ. | Max. | Units Test Conditions
s Continuous Source Curent 0| [B)as MOSFET symbol o

(Body Diode} A showing the
Ism Pulsed Source Current N NE integral reverse @
{Body Diode) ® p-n junction diode. 5
Vsp Diode Forward Voltage — | — | 28 | V |T=25°C, Is=18A, Vas=0V @
ter Reverse Recovery Time -— | 800 | 810 | ns |T,=25°C, l=18A
Qe Reverse Recovery Charge — 3.4 | 71 pC | di/dt=100A/us @
ton Forward Tum-On Time Intrinsic turn-on time is neglegible (tum-on is dominated by Ls+ip)
Notes:

@ Repetitive rating; pulse width limited by
max. junction temperature {See Figure 11}

@ Vpp=50V, starting T=25°C, L=2.7mH
Ra=258, las=18BA (See Figure 12)

@ Isp<18A, difdt<150A/us, VoDsV(BR)DSS,

Tuz150°C

@ Pulse width < 300 ps; duty cycle £2%.
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