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Abstract

This project is based on the principle of a photovoltaic stand alone system.
The 80-watt solar cell is used to produce the electrical energy. This electrical energy
from the solar cell will then be charged to the battery in DC voltage. The protection
circuit has included in the battery for turn off the circuit when the DC voltage level
below the threshold point. Form the battery, the DC output voltage will convert to the

AC voltage by the inverter. By using the transformer, the 50 Hz 220 V AC output
voltage can be supplied to an external load.
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38 Semlconductors Linear Products

Product specification

-bit multiplying D/A converter

MC1508-8/1408-8

CRIPTION PIN CONFIGURATIONS
_G150&fMC1408 series of 8-bit monolnhu_: digital-to-analog F, N Packages 1
ters provide high-speed performance with low cost. They are
3 d for use whara the output current Is a Hnear product of an e E
3L jital word and an analog reference voltage =
GND
. YEE E
FEA "URES o[
® Fa :setting ims — 70ns {typ) MSE Az E
® Re ttive accuracy 10.19% (max error} Az (8
® N¢ -inverting digital inputs are TTL and CMOS compatible a7
[]
® Hi 1speed multiplying rate 4.0mA/us (input slew) he E
® O put voltage swing +0.5V to 5.0V
® S ndard supply voltages +5.0V and -5.0V to 15V
ve 1
® M tary qualifications pending E
VREF(+) E
vrer() [
AP 'LICATIONS compen [4]
® T icking A-to-D converters we (5]
® 2 /2-digit panel meters and DVMs Qno E
v-[7
* Y veform synthesis E
L]
® ¢ mple-and-Hold
® [ ak detector HOYE:
1. 5C and non-slandard pinouts.
® | pgrammable gain and attenuation
® { 1T character generation
®, dio digitizing and decoding
#: ogrammable power supplies
e yalogdigital multiplication
& gitak-digital multiplication
®* nalog-digital division
® igital addition and subtraction
® peech compression and expansion
® tepping motor drive modems
® ervo motor and pen drivers
C IDERING INFORMATION
' DESCRIPTION TEMPERATURE RANGE ORDER CODE DWG #
16-Pin Ceramic Dua! In-Line Package (CERDIP) -55 to +125°C MC1508-8F 0582B
16-Pin Ceramic Dual in-Line Package (CERDIP) Oto +70°C MC1408-8F nsezp
16-Pin Plastic Dual In-Line Package (DIP) 0o +70°C MC1408-8N 0406C
16-Pin Small Qutline (SO) Package G to+70"C MC1408-8D Q005D

August 31, 1994 737
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2hilips Semiconduciors Linear Products

Product specification

8-bit multiplying D/A converter

MC1508-8/1408-8

BLOCK DIAGRAM
Ms8 LB
Af Az Az Ag A5 Ag Az Ag
Ti _T_G _T7 Ta r[)u T;g Tﬂ Tu
- Ip
CURRENT SWITCHES [—O4
I I !
R-2R LABDER SiRent LO 2
GND
VREF I
)
40— —013
o] AMPLIFIER
VREF
—
COMPEN
VEE [L 3
NPN CURRENT SOLRCE PAIR
CIRCUIT DESCRIPTION feedback. The termination ampfifier holds the parasitic capacitance

The MC1508/MC1408 consists of a reference cument amplifier, an
R-2R ladder, and B high-speed curent switches. For many
applications, only a reference resistor and reference voltage need
be added.

The switches are non-inverting in operation; therefore, a high siate
on the input turns on the specified output current component.

The switch uses cument steering for high speed, and & termination
amplifier consisting of an active load galn stage with unity gain

of the ladder at a constant voltage during switching, and provides a
low impedance termination of equal voltage for afl legs of the tadder.

The R-2R ladder divides the reference amplifier current into
binarily-related components, which are fed to the remainder cument
which is equal to the least significant bit. This current is shunted to
ground, and the maximumn output cument is 255/256 of the reference
ampliifier cument, or 1.992maA for a 2.0mA reference amplifier current
if tha NPN current source pair is perfectly matched.

ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Veo Positive power supply voltage +5.5 v
Vee Negative power supply voltage -16.5 \'4
V5 — V42 Digital input voltage 0o Ve v
Vo Applied output voltage -5.2t0+18 A
l1a Reterence curmrant 50 mA
Vi, Vis Reference ampiifier Inputs Vee to Voo
Po Maximum power'dissipatk}n.
Tp = 25°C {stii-air)!
F package 1180 m
N package 1450 mw
D package 1080 mw
Tsown Lead soldering temperature (10 sec) 300 °C
Ta " Operating temperature ranga 300 G
MC1508 -55 fo +125 °C
MC1408 Oto+75 °C
Ts1g Storage temperature range _ -85 to +150 °C
NOTES:

1. Derate above 25°C, at the following rates: F package at 9.5mW/°C; N package at 11.6mW/°C; D package at 8. 6mW/rC

August 31, 1994




Philips Semiconducturs Linear Products

Product specification

8-bit multiplying D/A converter

MC1508-8/1408-8

DC ELECTRICAL CHARACTERISTICS
Pin 3 must be 3V more negative than the potential fo which Rqs is returned. Vg = +5.0Vpg. Ves = ~15Vpe, Vrer/Ria = 2.0mA unless
otherwise specified. MC1508: Ty =-55°C to 125°C. MC1408: Ty = 0°C to 75°C, unless otherwise noted.

mcC1508-3 MC1408-8
NI
SYMBOL PARAMETER TEST CONDITIONS Yin Tve T Win v Mo UNIT
. Ermor relative ko full-scale
Er Relative accuracy lo. Figure 3 +0.19 +0.19 %
To within 1/2 LSB, in-
ts Setiling time! cludes tpyy, Ta =+25°C, 70 70 ns
Figure 4
Propagation delay time
ipLH Low-to-High Ta = +25°C, Figure 4 35 100 35 100 ns
oL High-to-Low
TCig Cutput full-scale current drift —20 -20 ppveC
Digita! input logic level {(MSB)
Vi High Figure 5 Vo
Vi Low 20 a.8 20 0.8
Digital input curent (MSB) Figure 5
Iin High Vg = 5.0V g 0.04 0 0.04 mA
hL Low Vu_ = 0.8V 0.4 -0.8 0.4 0.8
hs Reference input bias cument Fin 15, Figure 5 -1.0 -5.0 -1.0 -5.0 HA
Figure 5
lor Output curant range Ve =-5.0V 0 2.0 2.1 0 20 2.1 mA
Vgg =70V to —15V 0 20 4.2 0 20 42
o Cutput curent Figure 5
Vager = 2.000V, 1.9 1.89 2.1 1.9 1.99 2.1 mA
R14 = 10005
io(miny | Off-state Al bits low 0 4.0 0 4.0 BA
E < 0.19% at
Tp, = +25°C, Figure 5
" Ve = -5V —0.6 [ -0.55 06 § 055,
Vo Qutput voltage compliance EE +10 0.5 +10 +0.5 Voe
Vee below —10V -5.5, 1 -5.0, 5.5, { -5.0,
+10 +0.5 +10 +).5
SRiger | Reference cumrent siew rate Figure 6 3.0 8.0 mAJus
Output currant power supply _
PSRR{-) sensitivity IRerF = TMA 0.5 2.7 g5 2.7 pnAN
Power supply current
lco Positive Al bits low, Figure 5 +25 +22 +2.5 +22 mA
g Negative -5.5 -13 -6.5 -13
Power supply voltage range
Veoor Positive Ta =+25°C, Figure § +4.5 +5.0 +5.5 +4.5 +5.0 +5.5 Voo
VeEer Negative —4.5 ~15 | -16.5 | 4.5 -15 § -16.5
All bits low, Figure 5
Pp Powar dissipation Ve =-5.0Vpc M 170 34 170 mw
Vee = -15.0Vpe 110 305 110 305
NOTES:

1. Al bits switched.

August 31, 1994
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Philips Semiconductors Linear Products

Product specification

8-bit multiplying D/A converter

MC1508-8/1408-8

TYPICAL PERFORMANCE CHARACTERISTICS

D-to-A TRANSFER CHARACTERISTICS

-]

[

o

|54
o

b OUTPUT CURRENT (mA)
-
o

(00000000) MNPUT DIGITAL WORD  {11111111)

FUNCTIONAL DESCRIPTION

Reference Amplifier Drive and Compensation
The reference amplifier input current must always flow into Pin 14.
regardless of the satup method or reference supply voltage polarity.

Connectlons for a positive reference voltage are shown in Figure 1.
The reference voltage source supplies the full reference current.

For bipolar reference signals, as in the multiptying mode, Ry5 can be
tied to0 a negative voltage corresponding to the minimum input levet,
R45 may be eliminated and Pin 15 grounded, with oniy 2 smail
sacrifice in accuracy and ternperature drift.

The compensation capacitor value must be increased with
increasing values of Rq4 to maintain proper phase margin. For Rqy
values of 1,0, 2.5, and 5.0k minimum capacitor values are 15, 37,
and 75pF. The capacitor may be tied to either Vge or ground, but
using Veg Increases negative supply rejection. (Fluctuations in the
negative supply have more effect on accuracy than do any changes
in the positive supply.)

A negative referance voltage may be used if Rq4 Is grounded and
tha reference voltage is applied to Ry, as shown in Figure 2. A
high input impedance is the main advantage of this method. The
negative reference voltage must be at least 3.0V above the Vee
supply. Bipolar input signals may be handled by connecting R4 to a
positive reference voltage equal to the peak positive input feve! at
Pin 15.

Capacitive bypass to ground is recommended when a DC reference
voltage is used. The 5.0V togic supply is not recommended as a
reference voltage, but if a well regulated 5.0V supply which drives
loglc is to be used as the reference, Ry, should be formed of two
serfes resistors and the junction of the two resistors bypassed with
0.1uF to ground. For referance voltages greater than 5.0V, a damp
diode is recommended between Pin 14 and ground.

1 Pin 14 is driven by a high impedance such as a transistor cument
source, none of the above compensation methods apply and the
amplifier must be heavily compensated, decreasing the overall
bandwidth.

Output Voltage Range

The voltage at Pin 4 must atways be at least 4.5V more positive than
the voltage of the negative supply (Pin 3) when the reference curment
is 2mA or less, and at least 8V more positive than the negative
supply when the reference cumrent Is batween 2mA and 4mA. This
is necessary to avoid saturation of the output transistors, which
would cause serious degradation of accuracy.

Philips Semiconductors MC1508/MC 1408 does not nead a range
control because the design extends the compliance range down to

August 31, 1994

4,5V {or 8V — see above) above the negative supply voliage
without significant degradation of accuracy. Philips Semiconductors
MC1508/MC1408 can be used In sockets designed for other
manufacturers’ MC1508/MC 1408 without circuit modification.

Output Current Range

Any time the full-scale current exceeds 2mA, the negative supply
must be at lsast 8Y more negative than the output voltage. This is
due to the increased intemmal voltage drops between the negative
supply and the oulputs with higher reference currents.

Accuracy

Absolute accuracy is the measure of each output current level with
respect to its intended vaiue, and is dependent upon relative
accuracy, full-scale accuracy and full-scale curent drift. Relative
accuracy is the measure of each output current lavel as a fraction of
the fuil-scale current after zero-scate cumrent fias been nuffed out.
The refative accuracy of the MC150B/MC1408 is essentlally
constant over the operating temperature range because of the
excellant temperature tracking of the monolithic resistor ladder. The
reference current may drift with tempereture, ceusing a change in
the absolute acouracy of output current; however, the
MC1508/MC1408 has a very low full-scale current drift over the
operating temperature range.

The MC1508MC1408 series is guaranteed accurate o within
+H/2L.S8 at +25°C at a full-scale oulput current of 1.89mA, The
relative accuracy test circuit is shown in Figure 3. The 12-bit
converter is calibrated to a full-scale output current of 1.99219mA,
then the MC1508/MC1408's full-scale current is trimmed to the
same value with R4 so that a zero value appears at the emor
amptifier output. The counter is activated and the emmor band may be
displayed on the oscilloscope, detected by comparators, or stored in
a peak detector.

Two 8-bit D-to-A converters may not be used to construct a 16-bit
accurate D-to-A converter. 16-bit accuracy implies a total of £1/2
part in 65,536, or +0.00076%, which is much more accurate than the
+0.19% specification of the MC1508/MC1408.

Monotonicity

A monotnic convarter is one which always provides an analog
output greater than or equa! to the preceding value for a
corresponding increment in the digital input code. The
MC1508/MC 1408 is monotonic for alf values of reference current
above 0.5mA. The recommended range for operationis aDC
reference current between 0.5mA and 4.0mA.

Settling Time

The worst case switching condition occurs when all bits are
switched on, which corresponds to a low-to-high transition for all
input bits. This time is typlcalty T0ns for settiing to within 172LSB for
B-bit accuracy. This time applies when R < 50052 and Cg < 25pF.
The slowest single switch is the least significant bit, which typically
turns on and settles in 65ns. In applications where the D-to-A
convertar functions in a positive going ramp mode, the worst-case
condition doas not occur and settling times less than 70ns may be
realized.

Extra care must be taken in board layout since this usually Is the
dominant factor in satisfactory test results when measuring setfling
time. Short leads, 100uF supply bypassing for low frequencies,
minimum scope lead length, good ground planes, and avoidance of
ground loops are ali mandatory.



>hitips Semiconductors Linear Products

Product specification

8-bit multiplying D/A converter

MC1508-8/1408-8

Voo
13 Rqa=R4s
al g Req
a2 o g (IVREF
ol 15
1 Ris l...
At o—:— mcisos |, =
A5 O wc1408
AT ot ’Jjojl‘o =
Az 012 SEE TEXT FOR VALUES OF C.
3 c
VEE

Figure 1. Positive VRer

yoe
5 kb Rig=Rig
0—__
A1 1 Ri4
azo- 15 & v———— % (-VREF

o2 Risg
Mol weisee )y
5 w1408
ar ol JLQ_I?L =
ag oL SEE TEXT FOR VALUES OF C.

VEE

Figure 2. Negative Vggr

Figure 3. Ralative Accuracy
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Philips Serniconductors Linear Products

EE

Product specification

8-bit multiplying D/A converter

MC1508-8/1408-8

F
MEASUREWENT
BIS
WITCHED LOW
TO HIGH)

OR SETTUNG TIME

Figure 4. Translent Response and Settling Time

249 r———\_ v
.IN n.‘v - } ;
IPHL = fpLH « 10m UBE Ry to GND
bl FOR TURM OFF
SETTLING TIME MEABUREMENT
R = 5000
M N
[] " dl -
tg = TOna TYPICAL
TO H1/2LE6
o L L
TRANSENT
RESPONSE RL =00
-0 T PIN 4 TOGHD
mv
tPLH PHL

¥co TYPICAL VALUES R14 = Ry5= 1%
% e YREF = L0V
C= 15pF
13 V) AND | APPLY TD INPUTS A{ THROUGH Ag
f H4 Ryg

Aq 14, VREF(+}

A . ; | THE RESISTOR TIED TO P 15 IS TO TEMPERATURE COMPENSATE THE

Ai 15 5 BIAS CURRENT AND MAY NOT BE NECESSARY FOR ALL APPLICATIONS
piamaLf A4 = o e T T T e D .
WPy A - o2 2.0 5 & T B

TSA: ‘o “{2*4*3*15*32*64*1:3*155
A where K = VLEF'
(a—-‘” Rya
“LLiI and Ay =*17 IF Ap 1S AT HIGH LEVEL
= t Ap ™ =0 IF Apy 18 AT LOW LEVEL
1
EE vee {SEE TEXT FOR VALUEE QF C.)
Figure 5. Notation Definitions B
10% 0
a1 v Ty oot
@ TR d 20mA
SLEWING TIME
Figure 6. Roference Current Sjew Rate M rement
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Philips Semiconductors

PowerMOS transistors
Avalanche energy rated

Product specification

IRFP460

FEATURES

SYMBOL

QUICK REFERENCE DATA

« Repetitive Avalanche Rated

« Fast switching

+ Stable off-state characteristics

« High thermal cycling performance
» Low thermal resistance

Vpgs = 500 V

I

=20A

GENERAL DESCRIPTION

PINNING

SOT429 (TO247)

N-channel, enhancement mode

PIN

DESCRIPTION

field-effect power transistor,
intended for use in off-line switched
mode power supplies, T.V. and
computer monitor power supplies,
d.c.tod.c. converters, motor control
circuits and general purpose
switching applications.

The IRFP46D is supplied in the
S0T429 (T0247) conventional
leaded package.

tab

1 gate
2 drain
3 source

drain

y © ¢

LIMITING VALUES
Limiting values in accordance with the Absolute Maximum System (IEC 134)
| SYMBOL | PARAMETER CONDITIONS MIN. MAX. { UNIT
Vpas Drain-source voltage T,=25°Cto 150'C - 500 V'
Viey  |Drain-gate voltage T = 25°C to 150°C; Rgs = 20 k2 - 500 Vv
&8s Gate-source voltage - 130 vV
I Continuous drain current Tow ™ 25°C:i Ve =10V - 20 A
T =100 °C; Vg =10V - 12.4 A
lom Pulsed drain current Tw=25°C - 80 A
P Total dissipation T =25°C - 250 W
Ty Teyg Qperating junction and -85 150 'C
storage temperature range
AVALANCHE ENERGY LIMITING VALUES
Limiting values in accordance with the Absolute Maximum System (IEC 134)
SYMBOL | PARAMETER CONDITIONS MIN. MAX. | UNIT
E.s Non-repetitive avalanche Unclamped inductive load, 1,5 = 20 A; - 1300 mJ
energy t, = 0.2 ms; T, prior to avalanche = 25°C;
Voo < 50 V' Rgg = 50 £2; Vos = 10V
Ex Repetitive avalanche energy’ |, = 20 A; {, = 2.5 us; T pnor to - 32 mJ
avalanche = 25°C; Rgs = 50 2, Vgs =10V
las, g Repetitive and non-repetitive - 20 A
avalanche current
1 puise width and repetition rate limited by T  max.
September 1999 1 Rev 1.000
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PowerMOS transistors IRFP460
Avalanche energy rated

THERMAL RESISTANCES
SYMBOL {PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Ry jmp Thermal resistance junction - - 0.5 | KW
to mounting base
Rinja Thermal resistance junction | S0OT429 package, in free air - 45 - Kw
to ambient

ELECTRICAL CHARACTERISTICS
T, = 25 "C unless otherwise specified

SYMBOL | PARAMETER CONDITIONS MIN. | TYP. [MAX.{ UNIT
Verpss | Drain-source breakdown Ve =0V, 1, =025mA 500 - - v
voltage
AV pripss /| Drain-source breakdown Vs = Vas: 1 = 0.25 mA - 0.1 - %K
AT, voltage temperature
cosfficient
Rosiony | Drain-source on resistance  [Vge =10V, i =10A - 02 {027 0
Vaseroy Gate threshold voltage Vos = Vs ID =0.25 mA 207 30 | 40 v
Ok Forward transconductance |Vpe = 30 V I,=10A 13 18 - S
loss Drain-source leakage current | Vg = 500 V Vas =0V - 2 30 HA
VS 200V VE -0V, T,=125°C - | 100 {1000 na
lgss Gate-source leakage current Vg = £30V; Vg = 0V - 10 | 200 | nA
Total gate charge =20A; Vpp =400 V, Vg, = 10V - 147 | 190 1 nC
&”’ Gate-source charge b > o -l 12| 18| n
Qg Gate-drain (Miller) charge - 78 | 100 | nC
- Tum-on delay time 250 V;Rp=124; - 23 - ns
t Turn-on rise time R(3 39 - 72 - ns
taom Tum-off delay time - 130 - ns
t Turn-off fall time - 75 - ns
L, Intemal drain inductance Measured from tab to centre of die - 3.5 - nH
Ly Internal drain inductance Measured from drain lead to centre of die - 4.5 - nH
L, internal source inductance | Measured from source lead to source - 75 - nH
bond pad
Cus Input capacitance Vee =0V Ve =25V f=1MHz - |3000] - bF
Co Output capacitance - 480 - pF
Cres Feedback capacitance - 270 - pF
SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS
T, = 25 "C uniess otherwise specified
SYMBOL | PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
Is Continuous source current | T, = 25°C - - 20 A
body diods}
lou ulsed source current (body (T, =25°C - - 80 A
diode)
Vao Dicde forward voitage ls=20A; Vg =0V - - 15 Vv
i, Revérse recovery time ks = 20 A; Vgs = OV, dl/dt = 100 Alus - 900 - ns
Q, Reverse recovery charge - 15 - pcC

Seplember 1999 2 Rev 1.000
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PD% Normallsed Power Deraling
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59 1] 1IN
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Fig.1. Normalised power dissipafion.

PD% = 100Po/Pp 5 ¢ = {(Toe)

i

}ﬂ'l b (m ] PHWZONE

D = 0.5

1] T
1
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—
'l
1

0.1 £g.95
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0.001 L ]

1E06 1E05 1ED4 1E-03 1E02 1E01 1E+Q0 1Ee03
Pulse width, tp {8}

i
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Fig.4. Transient thermal impedance.
2y 0 = K1); parameter D = t/T

120 0% MNormaliged Current Derating
110 | Draln Current, 10 (Aj PHW2ONS0E
100 ~ 18 Tu=zse¢! U Tyess1wv -~
20 e 1 ,//314
80 | o ,
i 44 1
70 12 P SV
60 < / !
M 10 =
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40 . 48V
a0 1 4.4Y
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10 | | 2 i s \:
: EEEE | o |
06 20 40 60 80 1060 120 140 0 1 2 E] 4 )
Tmb/ C Orain-Source Yaltage, VDS (V)
Fig.2. Normalised continuous drain current. Fig.5. Typical output characteristics.
D% = 100 I/1; 25 « = {T,.); conditions: Vg2 10V I, = f(Vs); parameter Vigg
PHWIONSOE o5 Draln-8owrce On Reslstance, RDS{on} (Ohma) PHWZONS0E
_Peak Pulsed Drain Currerd, DM (A} It = Tav) av | v A8V 4%\: ] v T =F5¢
= .y F ~fejtp= 10 us" 4.4 .
' S mak 048
= e = 4
10 ~| Tk S~ 34 ‘Iml.ll__‘! 04 1
; = = =t
-RDB{on) = VDS/ 0] S 035 /
de 1. f~10ms] ) .,
1 = 100 maz 03 1 4 VGE=GY
! ! | 22
: 625 =] 110V]
’— :
0.1 i 0.2 . b1 }
10 1000 0o 2

100
Drain-8ource Yoltage, VDS (V)

Fig.3. Safe operating area. T, =25 C
Ip & Ipy = {Vos) lone Single puise; parameter |,

4 6 B 10 12 14 16 1B X
Drain Cumment, (D {A)

Fig.6. Typical on-state resistance.
Rpsion = f{lp); parameter Vs
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Drain current, ID (A} PHW20NSOE Vf.sf?w T T
VDS > |b X RDE(ON} T 4 EREREES L
23 i g o Tl 1|
; Tt !
-+ J — %______( 3 P T
18 e T~ | el =
= 2 = =]
o /Y m=25c ; _«{ T
//
34 / i !
] e i l I i !
0 1 2 3 4 5 6 7 8 o R i —
H0 40 -2 0 20 40 60 80 106 1) 40
Gate-sourca voltage, VGS (V) n/°c
Fig.7. Typical transfer characteristics. Fi?. 10. Gate threshold voltage.
lo = f(Vgs), parameter T, Vissaoy = {(1,); conditions: |, = 0.25 mA; Vps = Vg
1A SUB-THRESHOLD CONDUCTION
go Jrnsconductsnce gfs(S)  PHW2NSIE e :
49 VDS 21D (Rn_g(_mﬂ]— /__ —7 +i
i ! e b A - N R I |
14 e — 190C A A A Sy ¢ J —
12 P2 . - PET 2 delnbinh 1E-03 2%
10 =" : - =i
- i 1 ) T
8 Lo 7
o 1 . 1604
6 : i A T iy
4 H 1 4;17 LI ‘.yl 1
2 7 ; 1E-04
o 1 N | i
5 0 15 20 2% 30 1£-06 : L it
a 1 4
Drain curvent, iD (A) i'GSJV :
Fig.8. Typical transconductance. Fig.11. Sub-threshold drain current.
gy = f(I;), parameter T, Iy = (Vs conditions; T,= 25 °C; Vg = Vs
a Normalisad RDS(ON) = (T}
HANERREEN I Capuchances, Cles, Cose, C PHW20NSOE
L 1 v 10000 e e e ) ) '
z . T |
]
< Rt LI Chssi{|].
- \\\\~ L
\N.:
, L 1000 N\\\
-t ~ I
= H ~JCoss [T
] ] N
| T
o 4 , ot —t 13 . 100 - L 5 LI,
60 40 20 0 20 40 60 80 100 120 140 0.1 1 10 100
5/ °c Drain-Source Voltage, YOS {V)
Fig.8. Normalised drain-source on-state resistance. Fig.12, Typical capacitances, Cy;, C e Cos
3 = Rosom/Rosomes ¢ = T Ip = 10A; Vs = 10V C = {{Vpe), conditions: Vgs =0V, f = TMHZ
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Source-Drain Dlode Cumrent, IF (A) PHW2ONSQE
i -—51::’;‘:’“ S ' "21 45 Vs =ov - f,’ i
BT . Z=" a0 %
1z | T=25¢€ 300V ol
11 1[ = ! s
3 PR » By
8 o yop = a0V 25 L L Ty
§ I 20 "
3 "r 15 '1 F4
117 0 3
24/ 5 : 4 ; :
g j o L I 1

e 2% 8§ 75 100 125 150 175 200
Gate charge, QG {nC)

Fig.13. Typical um-on gate-charge characteristics.
Vs = Q) parameter Vipg

0 0.1020304050607 0808 1 1112131415
Drain-Source Voltage, VSDS (V)

Fig.16. Source-Drain diode characteristic.
e = §Vgps): parameter T,

Switching imes, td(cn), tr, tdoff), if (s} PHW20NS0E
600 § - - e e e o T ey S
T 1‘ wiof) :
500 —
- - -
400 ——F
-
300 e ;
T LA
700 - L
L ..—.--.-»—""‘"“"‘ :
100 | - tdfon}—
] 1
0 H] 10 15 20 28 0
Gate reslstance, RG (Chms}

Fig.14. Typical switching times; Lyony o taem. & = {(Rs)

Non-rapetitive Avatancha current, IAS (A)
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1
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s i
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14 . NI ;
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Fig.17. Maximum permissible non-repetitive
avalanche current (1,5) versus avalanche time (t,);
unclamped inductive load
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Y veRDSS @I ‘
V(BRIDSS @25 C
i1 //
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//
0.9 —
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Tj, Junction temperature {C)

Fig.15. Normalised drain-source breakdown voltage;
V{BR)DSS/V{BR)DSS =K 7:)

Maximum Repetitive Avalanche Cumrent, IAR (A)

1w PP——
S
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T VT t |
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Fig.18. Maximum permissible repetlitive avalanche
current (1,5} versus avalanche time (1.}
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MECHANICAL DATA
Plastic single-ended through-hole package; hastsink mountad; 1 mounting hole; 34ead T0-247 S0Ta2s

-

L3

CHMENSIONS {mm ars the original dimsnsions)

vatl & At b ||ty e[| E|aiL |y r]|a

mm P53 1 18412 22132 |60 | M 16 6 | 40 | A7 | 28 351 75 157

5] 7. 7
ar |17 don |18 |28 |06 | 20 [ 5 |5 1s |38 |23 | 2a {5 [aa ]z %0 {asa

13°

ao

Hots
1. Tinning of ity am uncontrolied within zona L 4.

FOEFEREWCES
QUTLINE EUROPEAN
IBSUE DATE
YERSION s JeDEC Py PROIECTION
SOT429 o247 =3 @ g ep

Fig.18. SOT429; pin 2 connected to mounting base

Notes

1. Observe the general handling precautions for electrostatic-discharge sensitive devices (ESDs) to prevent
damage to MOS gate oxide.

2. Refer to mounting instructions for SOT429 envelope.

3. Epoxy meets UL94 VO at 1/8".

September 1999 6 Rev 1.000
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DEFINITIONS

Data sheet status

Objective specification | This data sheet contains target or goal specifications for product development.
Preliminary specification | This data sheet contains preliminary data; supplementary data may be published later.
Product specification This data sheet contains final product specifications.

Limiting values

Limiting values are given in accordance with the Absolute Maximum Rating System {IEC 134). Stress above one
or more of the limiting values may cause permanent damage to the device. These are stress ratings only and
operation of the device at these or at any other conditions above those given in the Characteristics sections of
this specification is not implied. Exposure to limiting values for extended periods may affect device reliability.

Application information
Where application information is given, it is advisory and does not form part of the specification.
© Philips Electronics N.V. 1999

All rights are reserved. Reproduction in whole or in part is prohibited without the prior written consent of the
copyright owner,

The information presented in this document does not form part of any quotation or contract, it is believed to be
accurate and reliable and may be changed without notice. No liability will be accepted by the publisher for any
consequence of its use. Publication thereof does not convey nor imply any license under patent or other
industrial or intellectual property rights.

LIFE SUPPORT APPLICATIONS

These products are not designed for use in life support appliances, devices or systems where maifunction of these
products can be reasonably expected to result in personal injury. Philips customers using or selling these products
for use in such applications do so at their own risk and agree to fully indemnify Philips for any damages resulting
from such improper use or sale.

September 1999 7 Rev 1.000
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ICL8038

Precision Waveform Generator/

Voltage Controlied Oscillator

Features

Low Frequency Drift with Temperature . .. 250ppmv°C

« LowDistortion............. 1% (Sine Wave Output)
= High Linearity ...... + + .0.1% ({Triangle Wave Output)
* Wide Frequency Range . ......... 0.001Hz to 300kHz
+ Variable DutyCycle . .................. . 2% to 98%
* HighLevelOutputs .................... TTL to 28V

Simultaneous Sine, Squarse, and Triangle Wave
Outputs

Easy to Usa - Just a Handful of External Components
Required

Description

The ICL8038 waveform generator is @ monolithic integrated
circuit capable of producing high accuracy sine, square, tri-
angular, sawtooth and pulse waveforms with a minimum of
external components. The frequency (or repetition rate) can
be selected externally from 0.001Hz to more than 300kHz
using either resistors or capacitors, and frequency modula-
tion and sweeping can be accomplished with an external
voltage. The ICLB038 is fabricated with advanced monolithic
technology, using Schottky barrier diodes and thin film resis-
tors, and the output is stable over a wide range of tempera-
ture and supply variations. These devices may be interfaced
with phase locked loop circuitry to reduce temperature drift

to less than 250ppm/°C.

Ordering Information
PART NUMBER STABILITY TEMP. RANGE (OC) PACKAGE PKG.NO.
ICLB038CCPD 250ppm/oC (Typ) 0to 70 14 Ld PDIP Et4.3
ICLBO38CCID 250ppm/©C (Typ) 0to70.. $4LdCERDIP }F14.3
1CLBO3BBCID 180ppmv°C (Typ) Bto70 14Ld CERDIP  [F14.3
ICLBO3BACJD 120ppm/°C (Typ) 0to 70 14 LdCERDIP  [F14.3
1CL8D38BMID (Note) 350ppmf°C {Max) 5510 125 14 Ld CERDIP F14.3
ICLB03BAMID {Note) 250ppm/°C (Max) 55 tp 125 14Ld CERDIP  |F14.3
NOTE: Add /883B to part number if 883 processing is required.
Pinout Functional Diagram
ICLB038
(PDIP, CERDIP} ;v+
TOP VIEW CURRENT
SOURS: COMPARATOR
7] A A
SINE WAVE 1' 10 [— z
ADJUST 1] ne
SINE 12' o L COMPARATOR
WAVE OUT L2 3] ne Cie ©
TRIANGLE SINE WAVE Y/
outL2 2| apsust {
oury cvees [[4] 7] v. or 6N
FREQUENCY TMING CURRENT
ST
ABJU E 121 capaciror S8OURCE @ FLP-FLOP
SQUARE L
V*E ® | wave our a V- OR GND
1
FM SWEEF
FMBIAS E INPUT
BUFFER —+{  BUFFER [v conﬁrlggrsn
s U S AN sngy

CAUTION: These devices are sensitive 1o electrostatic discharge. Users should follow proper IC Handling Procedures.
B-153
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ICL8038

Absolute Maximum Ratings
Supply Voltage (V-toV+} .. ... 36V
input Voltage (Any Pin). .. ... V-to V+
Input Cumrent {(Pinsdand 5). .. ... 25mA
Output Sink Current (Pins 3and8) ..................... 25mA
Operating Conditions
Temperature Range
ICLBO3IBAM, ICLBOABBM . .................. -559C 1o 125°C
ICLBO3BAC, ICLB038BC, ICL8Q38CC .. .......... 0°C to 70°C

Thermal information

Thermal Resistance (Typical, Note 1)} 0,5 °CWY 90 (OCIW)
75 20

CERDIPPackage ................

PDIPPackage . ......ouvveivnnennn 115 N/A
Madmum Junction Temperature (Ceramic Package) .. .. .. .. 175°C
Maximum Junction Temperature (Plastic Package) .. ...... 150°C
Maximum Storage Temperature Range . ......... -85°C to 150°C
Maximum Lead Temperature (Scldering 108). . ... .. ...... 300°C

CAUTION: Stresses above those listad in “Absofute Maximum Ralings™ may cause permanen! damage fo the devica. This is @ siress only rating and operation
of the device at thesa or any othar conditions above those indicated in the operational sections of this spacification is nol imphed.

NOTE:

1. 8,5 is measured with the component mounted on an evaluation PC board in free air.

Electrical Specifications Vg pppy = +10V or +20V, T = 25°C, Ry = 10k£2, Test Circuit Uniess Otherwise Specified

TEST ICLBD38CC HCL8038BC(BM) | ICLBOIZAC(AM)
PARAMETER SYMBOL CONDITIONS MIN | TYP JMAX Y MIN | TYP | MAX§ MIN | TYP | MAX UNITS
Supply Voltage Operating Range | Vsuppry
V+ Single Supply +10]| - |+30)+10] - |+30§+10¢4 - }+30 \'
V+, V- [ Dual Supplies 15 - p2i15) 15 - 115 5 - +H A
Supply Current lsuppLy §VsuppLy =10V
{Note 2)
BO3BAM B03BBM - - - 12111 - 12 | 15 mA
8038AC, B038BC, 8038CC i2 | 20 - 12 § 20 - 12 | 20 mA
FREQUENCY CHARACTERISTICS (All Waveforms)
Max. Frequency of Oscillation fmax 100 - - jwooy - - jwoof - - kHz
Sweep Frequency of FM Input faweep - 0] - - 10 - - 10 - kHz
Sweep FM Range (Note 3) - 13511 - - jas1] - - ast -
FM Linearity 10:1 Ratio - Jos] - - oz} - - joz}y - %
Frequency Drift with ARIAT
Temperaiure (Note 5)
8038AC, 8036BC, 8036CC 0°C ta 70°C - }250] - - |1eo| - - | 120 ppm/°C
BO38BAM, B03B8BM -55°%C to 126°C | - - - - 1350§ - - | 250 ppm/C
Frequency Drift with Supply Volt- | AfAV | Over Supply - {005) - - |oos - Joosy - %V
age Voltage Range
OUTPUT CHARACTERISTICS
Square Wave -
Leakage Cument lox  {Vo=30V - - 1 - - 1 - - 1 A
Saturation Voltage Vear | lgink =2maA - {o2{os} - |oz]oa] - ]02]o04 v
Rise Time tR Ry = 4.7k - |1e0] - f - f180] -} - 180} - ns
Fall Time te Ry = 4.7k} - 40 | - - 40 - - 40 - ns
Typical Duty Cycle Adjust AD 2 sy 2 - 98 1 2 - a8 %
{Note €)
"T‘ﬂanglelSaMootWRamp -
Amplitude VTRIAN- | RTR) = 100K02 0.30]033} - Jo30]033} - §0.30]0.33] - NeuppLy
GLE
Linearlty - {01y - - 005y - - Joos) - %
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ICL8038

Electrical Spacifications vgyppy =10V or +20V, T4 = 25°C, Ry = 10k12, Test Circuit Uniess Otherwise Specified (Continued)

TEST ICLB0O38CC fCLEG38BC(BM) | ICLRBOIRAC(AM}
PARAMETER SYMBOL CONDITIONS MIN | TYP {MAX)Y MIK ] TYP [ MAX ] MIN | TYP | MAX UNITS
Cutput impedance Zoyt llouT=5mA - j200) - - F200F - - {200) - Q
Sine Wave
Amplitude Vaine |Rgine =100k2 | 02 0.22Y - 02022} - J 02022} - XVsuppLy
THD THD Rg = 1MQ - 1204 5 - 15 3 - {10}15 %
{Note 4)
THD Adjusted THD Use Figure 4 - 15] - - P10} - -{os8j} - %
NOTES:
2. Rp and Ry currents not included.
3. VsyppLy = 20V; Ry and Rg = 10k€, f = 10kHz nominal; can be extended 1000 to 1. See Figures 5A and 5B.
4. 82k connected between pins 11 and 12, Triangle Duty Cyde set at 50%. {(Use Rp and Rg.)
5. Figure 1, pins 7 and 8 connected, VgppLy =+10V. See Typical Curves for T.C. vs Vguppy-
6. Not tested, typical value for design purposes only.
Test Conditions
PARAMETER Ra Rg Ri C SW, MEASURE
Supply Current 10k02 10k 10kQ2 33nF Closed Current Into Pin 6
Sweep FM Range (Note 7) 10k 10k0) 10kQ2 3.3nF Open Frequency at Pin 9
Frequency Drift with Temperature 10k2 10kQ) 10k2 3.3nF Closed Frequency at Pin 3
Frequency Drift with Supply Voltage (Note 8) 10k2 10k 10k 3.3nF Closed Frequency at Pin 9
Output Amplitude (Note 10)
Sine 10k2 10k82 10k02 3.3nF Closed Pk-Pk Output at Pin 2
Triangle 10kE2 10k 10k 3.30F Closed | Pk-Pk Output at Pin 3
Leakage Cumrent (Off) (Note 9) 10k2 10k2 3.3nF Closed Current into Pin 9
Saturation Voitage (On) (Note 9) 10kQ 10k2 3.3nF Closed Output (Low) at Pin 9
Rise and Fall Times (Note 11) 10k2 10k 4.76Q2 3.3nF Closed Waveform at Pin 9
Duty Cycle Adjust (Note 11)
Max 50%52 ~1.64Q2 10k 3.3nF Closed Waveform at Pin 9
Min ~25k} SO0k(2 10k0) 3.3nF Closed Waveform at Pin 9
Triangle Waveform Linsarity 10k2 10k82 10k02 3.3nF Closed Waveform at Pin 3
Total Harmonic Distortion 10k 10Kk02 10ki3 3.3nF Clased Waveform at Pin 2
NOTES:

7. The hiand jo frequencaes can be obtained by connecting pin 8 to pin 7 {fy) and then connecting pin 8 to pin & (f o). Otherwise apply
Sweep Voltage at pin 8 (£ 3 Veuppry +2V) < Vsweep £ Vsuppry where Vguppyy Is the total supply voltage. In Figure 58, pin 8 should
vary belween 5.3V and 10V with respect to ground.

B, 10V <V+ <30V, or45V < VsuppLy £ 215V,

9. Osciltation can be hatted by forcing pin 10 to +5V or -5V.

10. Gutput Ampiitude Is tested under static conditions by forcing pin 10 to 5V then to -5V.
11. Not tested; for deslgn purposes only.
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Test Circuit
o +OV
> Rp :: Rg X > Ry,
Tk Sk S 10k
W,
T NC.
8 1CLB038 3 AN
%R‘m
10 11 12 2 > 4
.L [ SazK %RSINE
T 3300pF 1 =L
o -10V

FIGURE 1. TEST CIRCUIT

Detailed Schematic

CURRENT SOURCES

Ak A

£
v
A

AAA
'v&
AAA
"?

A
g
AAA

AAA
Yy
g
v}

ﬂé
13
AA
¥
ﬂu

o |
Qe . Rag
< 200 12
Qsg
+PRa
Fuacf oo
= = =

SINE CONVERTER

Application Information (see Functional Diagram)

An external capacitor C is charged and discharged by two cur-
rent sources. Cumrent source #2 is switched on and off by a flip-
flop, while current source #1 is on continuously. Assuming that
the flip-flop is in a state such that cument source #2 is off, and
the capacitor is charged with a cument |, the voltage across the
capacitor rises nearly with time. When this voltage reaches the
level of comparator #1 (set at 2/3 of the supply voltage), the flip-
flop is triggered, changes states, and releases current source
#2. This curment source normally carmies a cument 21, thus the
capacttor is dischamged with a netcurrent | and the voltage

across it drops tinearly with time. When it has reached the lavel
of comparator #2 (set at 1/3 of the supply voltage), the flip-flop
is triggered into its original state and the cycle starts again.

Four wavaforms are readily obtainable from this basic gener-
ator circuit. With the current sources set at | and 2| respec-
tively, the charge and discharge times are equal. Thus a
triangle waveform is created across the capacitor and the
flip-flop produces a square wave. Both waveforms are fed to
buffer stages and are available at pins 3 and 9.
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The leve's of the current sources can, however, be selected
over a wide range with two external resistors. Therefore, with
the two curments set at values different from | and 2§, an
asymmetrical sewlogth appears at Terminal 3 and puises
with a duty cycle from less than 1% to greater than 99% are
available at Terminal 9.

The sine wave is created by feeding the triangle wave info a
nonlinear network (sine converter). This network provides a
decreasing shunt impedance as the potential of the triangle
moves toward the two extremes.

Waveform Timing

The symmetry of ali waveforms can be adjusted with the
external timing resistors. Two possible ways to accomplish
this are shown in Figure 3. Best results are obtained by
keeping the timing resistors Ry and Rg separate (A). Rp
controls the rising portion of the friangle and sine wave and
the 1 state of the square wave.

The magnitude of the triangle waveform is set at 1!3
Vguppyy; therefore the rising portion of the friangle is,

cxV _Cx¥1BxVgyppy ¥Ry RyxC

4 0.66

' 0.22xVguppry

The faliing portion of the triangle and sine wave and the 0
state of the square wave is:

CX1BYsuppLy
VsuppLy

CxV

1

RARBC

- -
’ Ysuppiy  080(2R,~Rp)
Ry

Thus a 530% duty cycle is achieved when Rp = Rg.

2(0.22) 022

if the duty cycle is to be varied over a small range about 50%
only, the connection shown in Figure 3B is sfightly more con-
venient. A 1k} potentiometer may not aliow the duty cycle to
be adjusted through 50% on all devices. If a 50% duty cycle
is required, a 2kQ) or 5k potentiometer should be used.

With two separate timing resistors, the frequency s given by:
_1 1
t,+t R, C
172 RaCf Ry
066 2R,-Rg

o ifR4a=Rg=R

RC
Neither time nor frequency are dependent on supply voltage,
aven though none of the voltages are regulated inside the
integrated circuit. This is due to the fact that bath currents
and thresholds are direct, linear functions of the supply voit-
age and thus their effects cancel.

(for Figure 3A)

A LN

/r \ /f'

A T A -

N

1 -

FIGURE 2A. SQUARE WAVE DUTY CYCLE - 50%

FIGURE 28. SQUARE WAVE DUTY CYCLE - 80%

FIGURE 2. PHASE RELATIONSHIP OF WAVEFORMS

fﬂ,\ ?Ra %:RL
7 4 5

ICLB038 3 F——ow

10 11 12 2 'U\l

l c q: B2

T o V- OR GND
FIGURE 3A.

vy

1kQ

vy
Ad
vy
-
-]
A
Yy
0
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o
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8 IcLems

I
$

10 #H 12 2-—0%
¢
T

FIGURE 3B.

FIGURE 3. POSSIBLE CONNECTIONS FOR THE EXTERNAL TIMING RESISTORS
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Reducing Distortion

To minimize sine wave distortion the B2k resistor betwaen
pins 11 and 12 is best made variable. With this arrangement
distortion of less than 1% is achievable. To reduce this even
further, two potentiometers can be connected as shown in
Figure 4; this configuration allows a typical reduction of sine
wave distortion close to 0.5%.

N e+
§ A o
% JLEJE 1 W R
[ 3 1c1L8028 3 -—on
0 11 12 1 2 ——°‘U\I
1 100k2) 100
-l- c > & TL
2 1002
100 2
V- OR GND
FIGURE 4. CONNECTION TO ACHIEVE MINIMUM SINE WAVE
DISTORTION

Selscting Ry, Rg and ©

For any given output frequency, there is a wide range of RC
combinations that will work, howsver certain consiraints are
placed upan the magnitude of the charging current for opti-
mum performance. At the low end, currants of less than 1yA
are undasirable because circuil feakages will contribute sig-
nificant emors at high temperatures. Al higher currents
{1 > 5mA), transistor betas and saturation voltages will con-
tribute increasingly larger emrors. Optimum performance will,
therefore, be obtained with charging cuments of 10yA to
1maA. If pins 7 and 8 are shorted together, the rmagnitude of
the charging cument due 1o R can be calculated from:

o RexVe -V 1 g22rve-vy

(Ri+Rp) R, Ry

R4 and Ry are shown in the Detaited Schematic.
A similar calculation holds for Rp.

The capacitor value should be chosen at the upper end of its
possible range.

Waveform Out Level Control and Power Supplies

The waveform generator can be operated either from a sin-
gle power supply {10V to 30V) or a dual power supply {15V
to +15V). With a single power supply the average levels of
the triangle and sine wave are at exactly one-haif of the sup-
ply voltage, while the square wave alternates Deiween V+
and ground. A split power supply has the advantage thet all
waveforms move symmetricaily about ground.

The square wave output is not committed. A load resistor
can be connected to a different power supply, as long as the
applied voltage remains within the breakdown capability of
the waveform generator (30V). tn this way, the square wave

output can be made TTL compatible (load resistor con-
nected to +5V) while the waveform generator itself is pow-
erad from a much higher voltage.

Frequency Modulation and Sweeping

The frequency of the wavaform generatoer is a direct function
of the DC wvoltage at Terminal 8 (measured from V+). By
altering this voltage, frequency modulation is performed. For
small deviations (e.g. 110%} the modulating signal can be
applied direcly to pin 8, merely providing DC decoupling
with a capacitor as shown in Figure 5A. An external resistor
between pins 7 and 8 is not necassary, but it can be used to
increase input impedance from about Bk} (pins 7 and 8 con-
nected together), to about (R + 8kQ).

For larger FM deviations or for frequency sweeping, the
modutating signal is applied between the positive supply
voltage and pin 8 (Figure 5B). In this way the entire bias for
the current sources is created by the modulating signai, and
a very large (e.g9. 1000:1) sweep range is created (f = 0 at
Vsweep = 0). Care must be taken, however, to regulate the
supply voltage; in this configuration the charge cument is no
longer a function of the supply voltage (yet the trigger thresh-
olds still are} and thus the frequency becomes dependent on
the supply voitage. The potential on Pin 8 may be swept
down from V+ by (/3 VgyppLy - 2V).

L -0 W+
- -
3R 3Re 3R
74 5 6 g9 -
R
8 ICLB039 I—o AN,

™ 10 19 22— AN
+c 38K

FIGURE 5A. CONNECTIONS FOR FREGUENCY MODULATION

-0 V- OR GND

% v
>
e 3 ™ g

8 FCLA03E sb——o AN,

10 11 22— YV
%c S8k

g V- OR GNO

FIGURE 58. CONNECTIONS FOR FREQUENCY SWEEP
FIGURE 5.
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Typical Applications

The sine wave output has a reiatively high output impedarice
{1kQ Typ). The circuit of Figure € provides buffering, pain
and ampfitude adjustment. A simple op amp foliower coutd
also he used.

o V+
: 2
5 Ry < Ay
7 4 5 ¢ 2 ..‘;‘..l“"m’DE
<
STk |7al
8 1CLBO03E . J:o
< 20K
-
10 11 247K
% c —
aV-

FIGURE 6. SINE WAVE OUTPUT BUFFER AMPLIFIERS

With a dua! supply voltage the external capacitor on Pin 10 can
be shorted to ground to hait the ICLBO38 oscillation. Figure 7
shows a FET switch, diode ANDed with an input strobe signal
to altow the output to atways start on the same slope.

oV
2R 3R Stk
-
T 4 ] 8
8 1CLB038 weuk
1" 10 2
_t——!_| No14
c T 2 P}-o sTRoBE
o S 100K
A8Y .S

oﬁ.rr +H1 8V (+10V)

= A5V (-10V)
ON

FIGURE 7. STROBE TONE BURST GENERATOR

To obtain a 1000:1 Sweep Range on the ICLB038 the voli-
age across external resistors Ry and Rg must decrease o
nearty zero. This requires that the highest voltage on control
Fin 8 exceed the voltage at the top of Ry and Rg by a few
hundred mV. The Circuit of Figure 8 achieves this by using a
diode to lower the effective supply voltage on the 1CLB038.
The large resistor on pin 5 helps reducs duty cycie variations
with sweep.

The linearity of input sweep voltage versus output frequency
can ba significantly improved by using an op amp as shown
in Figure 9.

{1\

0.1pF

10K ¢

AAA

Yy
»

FREQ.Z

4‘ o
20K ~15M

A 3

ICLED3A

11

12 2

o +10V

4
> 15K

10

X asor
0047

1

-

|—)

A"

4 DISTORTION

> 1 D0

o ~10¥

GURE 8. VARIABLE AUDIO OSCILLATOR, 20Hz TO 20kHzY
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—0 V.
DUTY 7
< < CYCLE 41
$H A FREQUENGY 2 TRIANGLE
o ADJUST ouT
FM BIAS
I — o—» 7 4 5 8 5 ow
> SINE WAVE
3 WAVE out
Al Y ICLBO038 2 ——o’\n,
V:O DEMODULATED
INPUT Qgre PHASE —-1 AMPLIFIER FM 1 SINE WAVE
DETECTOR R 8 10 1" 12 ADJ.
_l_ TIMING SINE WAVE
——— CAF. ADJ,
LOW PASS
ALTER o V/GND
FIGURE 9. WAVEFORM GENERATOR USED AS STABLE VCO IN A PHASE-LOCKED LOOP
HIGH FREQUENCY [ ' _L
SYMMETRY ] A |
YWy 1022 T 1o00kg =
5000 3 >
NT53A < <
2ame  2ama
(6.2v) \R > 1 1MQ L 1
10 AAA + 3 100k
A'A'A' Yy -
1,000pF 1 7L Lowrreauency
il 4 5 6§ g o SYMMETRY
i nn
*a SINE WAVE
o L8038 OUTPUT
Wh 8 FUNCTION GENERATOR  ° w" Y
¥ T Tey |-
+
23 [ :
10 1 12 F
= 10k S0pF —
OFFSET ‘:-mm 18V
== 3,900pF 3] sne wave
] DISTORTION
o 15V

FIGURE 10. LINEAR VOLTAGE CONTROLLED OSCILLATOR

Usa in Phase Locked Loops

lts high frequency stability makes the ICL8038 an ideal
building block for a phasa locked loop as shown in Figure 10.
In this application the remaining functional blocks, the phase
‘detector and the amplifier, can be formed by a number of
available ICs (e.g., MC4344, NE562, HA2800, HAZ820}.

In order to match these building blocks to each other, two
steps must be taken. First, two different supply voltages are
used and the square wave output ks returned to the supply of
the phase detector. This assures that the VCO input voltage
will not exceed the capabilities of the phase detector. If a
smaller VCO signal is required, a simple resistiva vollage
divider is connected between pin 9 of the waveform genera-
tor and the VCO input of the phase detector.

Second, the DC output level of the amplifier must be made
compatible to the DC level required at the FM input of the
waveform generator {pin 8, 0.8V+). The simplest solution here
is to provide a voltage divider to V+ (R4, Ry as shown) if the
ampiifier has a lower output level, or to ground if its level is
higher. The divider can be made part of the low-pass filter.

This application not only provides for a free-running fre-
quency with very low temperature drift, but is also has the
unique feature of producing a large reconstituted sinewave
signal with a frequency identical to that at the input.

For further information, see Harris Application Note ANO13,
“Everything You Always Wanted to Know About the
ICL8038".
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Definition of Terms

Supply Voltage (VgyppLy)- The total supply voitage from
V+ 1o V-,

Supply Cuwirent. The supply cument required from the
power supply to operate the device, excluding load currents
and the currents through Ry and Rg.

Frequency Range. The frequency range at the square wave
output through which circuit oparation is guaranteed.

Sweep FM Range. The ratio of maximum frequency to mini-
mum frequency which can be obtained by applying a sweep
voltage to pin 8. For comect operation, the sweep voltage
should be within the range:

(313 VauppLy * 2V) < VSwEEP < VSUPPLY
FM Linearity. The percentage deviation from the best fit

straight line on the conirol voltage versus output frequency
curve,

Output Amplitude. The peak-to-peak signal amplitude
appearing at the outputs.

Saturation Voltage. The output voltage at the collector of
Qg3 when this transistor is turned on. It is measured for a
sink current of 2mA,

Rise and Fall Times. The time required for the square wave
output to changs from 10% to 90%, or 90% to 10%, of its
final value.

Trlangle Waveform Linearity. The percentage deviation
from the best fit straight line on the rising and falling triangle
waveform.

Total Harmonic Distortion. The total harmonic distortion at
the sine wave output.

Typical Performance Curves

20

.E 15 sstc_/” >
£ A
g /’ ’:25°c
e 6/]’
Z 10 ’a " 25%C
o /
® Yy //
7
®s 10 15 2 26 1)
SUPPLY VOLTAGE (V)

FIGURE 11. SUPPLY CURRENT vs SUPPLY VOLTAGE
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FIBURE 13. FREQUENCY vs TEMPERATURE
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FIGURE 12, FREQUENCY vs SUPPLY VOLTAGE
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FIGURE 14. SQUARE WAVE DUTPUT RISE/FALL TIME vs
LOAD RESISTANCE
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Typical Performance Curves (Continued)
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FIGURE 17. TRIANGLE WAVE OUTPUT VOLTAGE vs
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FIGURE 19, SINE WAVE OUTPUT VOLTAGE vs FREQUENCY
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FIGURE 16. TRIANGLE WAVE OUTPUT VOLTAGE vs LOAD
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LM2524D/LM3524D

General Description

The LM3524D family is an improved version of the industry
standard LM3524. It has improved specifications and addi-
tional features yet is pin for pin compatibie with existing 3524
families. New lteatures reduce the need for additional exter-
nal circuitry often required in the original version.

The LM3524D has a +1% pracision 5V reference. The cur-
rent carrying capability of the output drive transistors has
been raised to 200 mA while reducing Voeeq 8nd increasing
Ve breakdown to 60V. The common mode voltage ranga of
the error-amp has been raised to 5.5¥ to eliminate the need
for a resistive divider from the 5V reference.

in the LM3524D the circuit bias line has been isolated from
the shut-down pin. This prevents the oscillator pulse ampli-
tude and frequency from being disturbed by shut-down. Also
at high frequencies (=300 kHz) the max. duty cycle per
outpui has been improved to 44% compared to 35% max.
duty cycle in other 3524s.

In addition, the LM35240 can now be synchronized exter-
nally, through pin 3. Also a latch has heen added to insure

March 2005

Regulating Pulse Width Modulator

one pulse per period even in noisy environments. The
LM3524D includes double pulse suppression logic that in-
sures when a shut-down condition is removed the statg of
the T-flip-flop will change only after the first clock pulse has
arrived. This feature prevents the sarme output from being
pulsed twice in a row, thus reducing the possibility of core
saturation in push-pull designs.

Features

= Fully interchangeable with standard LM3524 family
w +1% precision 5V reference with tharmal shut-cown
® Qutput current to 200 mA DC

% 60V output capability .

= Wide common mode inptt range for error-amp

® One pulse per period {noise suppression)

u |mproved max. duly cycle at high frequencies

® Double pulse suppression

® Synchronize through pin 3

Connection Diagram

Y YT A U L Vaer
NaruT = = vix
05E DuTPUT =+ 2 ewerten s
+ £ $ENSE = 2. cociecrons
-£t semse -2 12 covceciona
Ay 1 L pwirTen &
o - KLY -
o = 2. comreresation
00865002
Top View

Order Number LM2524DN or LM3524DN
See NS Package Number N16E
COrder Number LM3524DM
See NS Package Number M16A

© 2005 National Semiconductor Corporation DS008650

www.nalional.com
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LM2524D/LN3524D

Block Diagram
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5V TO
MTERNAL CRCUITRY
i
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%.’quﬂ- S 1] .-.-—l
—1 R ] 1" TR
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10 1k 2000 Isv
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10k L1
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0
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Absolute Maximum Ratings (ote 5) Intemal Power Dissipation 1W

i Military/Aerospace specified devices are required, Operating Junction Temperature

please contact the National Semlconduc‘lo.r Sales Office/ Range (Note 2)

Distributors for availability and specifications. LM2524D _40°C to +125°C
Supply Voltage 4ov LM35240 0°C to +125°C
Collector Supply Voltage Maximum Junction Temperature 160

{(LM2524D) 55V Storage Temperature Range —65°C to +150°C
{LM3524D) 4ov Lead Temperature (Soldering 4 sec.)
Output Current DC {gach) 200 mA M, N Pkg. 260°C
Osciliator Charging Current (Pin 7) 5 mA
Electrical Characteristics
{Note 1)
LM2524D LM3524D
Symbol Parameter Conditions Tested | Design Tested | Design | Units
Typ| Limit Limit | Typ| Limit Limit
{Note 3} | {Note 4) {Note 3} | (Note 4)
EFERENCE SECTION
REF Output Voltage 5 4.85 4.80 5 475 Yuin
5.15 5.20 5.25 Viax
ALine Line Regulation Vi = 8V 1o 40V 10 15 0 10 25 50 MY ppax
HLoad Load Regulation I=0mAto 20 mA 10 15 25 10 25 50 MY ppax
AVin Rippie Rejection =120 Hz 66 66 dB
AVRer
36 Short Circuit Vper =0 25 25 mA Min
Current 50 50
180 200 mA Max
o Output Noise 10 Mz < f < 10 kHz 40 100 | 40 100 | Ve max
Long Term Ta=125C 20 20 mV/ikHr
Stability
ISCILLATOR SECTION
- Max. Freq. R, = 1k, Gy = 0.001 uf 550 500 | 350 kHzZp
(Note 7)
ssc Initiaf Ry = 5.6k, C; = 0.01 uF 175 175 KHZppim
Accuracy (Note 7) 20 20
225 225 kHzy,.,
Ry = 2.7k, Gy = 0.01 pF M4 30 KHZp
(Note 7) 38 a8
42 48 kHZ oy
tosc fFreq. Change Vin = B to 40V 0.5 1 0.5 1.0 Yordax
with Vi,
fosc Freq. Change T,=-55Cto+125'C
with Temp. at 20 kHz R, = 5.6k, 5 5 %
Cy=0.01 pF
L, Output Amplitude  |R, = 5.6k, G, = 0.01 yF 3 24 3 24 Visin
(Pin 3) (Note 8}
aw Qutput Puise Ry = 5.6k, C3 =0.01 uF 0.5 1.5 0.5 15 USpaax
Width (Pin 3)
Sawtooth Peak Ry = 5.6k, C; = 0.01 yF 34 3.6 3.8 38 Viaax
Voltage

www.national.com
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LM2524D/LM3524D

Etectrical Characteristics (continued

AP

{Note 1)
LM2524D LM3524D
Symbol Parameter Conditions Tested | Design Tested | Design Units
Typ| Limit Limit | Typ| Limit Limit
(Note 3) | {Note 4) {Note 3) | {Note 4)
Sawlooth Valley  |Ry = 5.6k, Cy = 0.01 pF 11 o8 0.6 0.6 Vear
Voltags
ERROR-AMP SECTION
Vio input Offset Ven = 2.5V 2 8 10 2 10 MVpax
Voilage
g input Bias Veou = 25V 1 8 10 1 10 HA 2
Current
Lo Input Offset Vo = 2.5V 0.5 1.0 1 0.5 1 Ay
Current
lcost Compensation Vingg = Vingeny = 150 mv 85 €5 KAy
Current (Sink) g5 g5
125 125 779
leoso Compansation Virgrny — Vingy = 180 mv -125 -125 HAmin
Current (Sourge) -85 -85
-65 —65 HAwM
AvoL Open Loop Gain R =, Vg =25V 80 74 60 80 70 60 Brin
VCMRA Common Maode 15 1.4 1.5 Vigin
Input Voltage 55 54 55 Viiax
Range
CMRR Common Mode 80 80 80 80 dBysr,
Rejection Ratio
Giw Unity Gain Ao =0dB, Vi, =25V 3 2 MHz
Bandwidth
Vo Output Voltage R === 0.5 0.5 Vaan
Swing 5.5 55 Viax
PSRR Powsar Supply Vin = B to 40V 80 70 80 65 dbyin
Rejection Ratio
COMPARATOR SECTION
on Minimum Duty Pin 9 = 0.8V, 0 0 0 4] Yortmn
tosc  |Cycle [Ry = 5.6k, Gy = 0.0 pF]
1on Maximum Duty Fin 9 = 3.9V, 49 45 49 45 Yonin
tosc {Cycle {Ry = 5.6k, Cy = 0.0 pF]
ton Maximum Duty Pin 8 = 3.9V, 44 35 44 35 Yordin
tosc | Cycie {Ry = 1k, Cy = 0.001 |F]
Veomez input Threshold Zaro Duty Cycle 1 i v
(Pin 9)
Veomem input Threshold Maximum Buty Cycle 35 3.5 v
(Pin 9)
e Input Bias -1 -1 HA
Current
CURRENT LIMIT SECTION
Vsen Sense Voltage Vipin 23 = Vipin 1 2 180 180 MV
150 mV 200 200
220 220 MV pax
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Electrical Characteristics (Continued)
{Note 1}
LM2524D LM3524D
Symbol Parameter Conditions Tested | Design Tested | Design | Units
‘ Typ] Limit Limit | Typ | Limi Limit
{Note 3) | (Note 4) (Note 3} | {Note 4}
TC-V,onse | Sense Voitage T.C. 0.2 D2 mvrG
Common Mede -07L ~0.7 Viuin
Voltage Range Vg -V, =300 mV 1 1 Vigax
SHUT DOWN SECTION
Vso High Input Vigin 2y~ Vipin 1y 2 1 0.5 1 0.5 Vadin
Vollage 156 mv 15 15 Viax
lgp High input Lipin 10) 1 1 mA
Current
OUTPUT SECTION {(EACH QUTPUT)
Vees Collector Emitter | < 100 yA 55 40 Viain
Voitage Breakdown
lces Collector Leakage {Voe = B0V
Gurrent Vep =56V 0.1 50 HAax
Ve = 40V 04 50
Veoegat Saturation lg = 20 mA 0.2 0.5 0.2 0.7 Viax
Voltage Ie = 200 mA 15| 22 151 25
Veo Emitter Output lg = 50 mA 18 17 18 17 Ver
Voltage
iq Rise Time Vi = 20V,
lg = =250 pA 200 200 ns
Re = 2k
= Fall Time Re =2k 100 100 ns
SUPPLY CHARACTERISTICS SECTION
Vin Input Voltage After Tum-on 8 8 Viin
Range 40 40 Visax
Thermal Shutdown | (Note 2} 160 160 ‘C
Temp.
hn Stand By Currant |V, = 40V (Note 6} 5 10 5 10 mA

Note 1@ Unless otherwise staled, these spacifications apply for Ta = T, = 25°C. Boldiace numbers apply over the raled temperature range: LM25240 is —40" 10 B5°C
and LM35240 is 0°C 1o 70°C. Wy = 20V and fagc = 20 kHz.

Note 2: For operation at elevated lemperaturas, devices in the N package must be derated pasad on a hermal resistance of B C/W, junction to amisient. Devices
int the M package must be derated at 125°C/W, junclicn to ambient.

Mote 3: Tested limits are guaranteed and 100% tested in production.

Note 4: Design limits are guaranteed {but not 100% production tested) over the indicated lemperature and supply vottage sange. These limils are not used to
caloriata cutgoing quatity level

Note 5: Absolute maximum ratings incicate limits beyond which damage to the device may occur. DG and AG electncal specifications do nol apply when operating
the device beyond its rated operating conditions.

Note 6: Pins f, 4, 7, B, 11, and 14 ara groundad; Pin 2 = 2V. All olher inputs and outputs open

Mote 7: The value ol a G, Capacitor can vary with frequency. Careful setection of this capacitor must be made for high frequency operatian. Polystyrene was used
In this test. NPO ceranuc or polypropykena can aiso be used.

Note B: OSC amplitude is measured open circuit. Avaitabla current is limited 10 1 mA so care must be exefcised to Imit capacilive loading of fasi pulses.
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LM2524D/LM3524D

Typical Performance Characteristics

Switching Transistor
Peak Qutput Current
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=
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Typical Performance Characteristics (continued)
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LM2524D/LM3524D

Functional Description

INTERNAL VOLTAGE REGULATOR

The LM3524D has an on-chip 5V, 50 mA, shor circutt pro-
tected voltage regulator. This voitage regulalor provides a
supply for all internal circuitry of the device and can be used
as an external reference.

For input voltages of less than BV the 5V output should bs
shorted to pin 15, V,,,, which disables the 5V regulator. With
these pins shorted the input voltage must be limited to a
maximum of 6V. If input voltages of 6V—-8V are 1o be used, a
pre-reguiator, as shown in Figure 1, must be added.

1 25 ve| | wezs2sn

LT 4 VAEF
—te O ‘[ _L" f;‘F GND
Wl
i I

I-IM wf
-

*Minimum Cg of 10 pF required for slability.

YN
55y v

FIGURE 1.

OSCILLATOR

The LM3524D provides a stabie on-board oscillator. lis fre-
quency is st by an external resistor, Ry and capacitor, C1. A
graph of Ry, Ct vs oscillator frequency is shown is Figure 2.
The osciltator’s output provides the signals for triggering an
intemai fiip-fiop, which directs the PWM information to the
outputs, and a blanking pulse to turn off both outputs during
transitions to ensure that ¢ross conduction does nol occur.
The width of the blanking puise, or dead time, is controlled
by the valua of Cy, as shown in Figure 3. The recommended
values of R are 1.8 k2 to 100 k2, and for G+, 0.001 pfF 0
0.1 k.

if two or more LM3524D's must be synchronized together,
the sasiest method is to interconnect all pin 3 terminals, tie
all pin 7's (together) to a single C+, and leave all pin 6's open
except one which is connected to a single Ry. This method
works well unless the LM3524D's are more than 6" apart.

A second synchronization method is appropriate for any
circuit layout. One |LM3524D, designated as master, must
have its R{Cy set for the correct period. The other slave
LM3524D¢s) should each have an R.C set for a 10% longer
perod. All pin 3's must then be interconnected to aliow the
rmaster to properly reset the stave units.

The oscillator may be synchronized to an external clock
source Dy setting the internal free-running oscillator fre-
quency 10% slower than the external clock and driving pin 3
with a pulse train (approx. 3V} from the clock. Pulse width
should be greater than 50 ns to insure full synchronization.
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1 2 § 10 20 50100200 60D 1k
OSCILLATOR PERIOD (o)
OOAGS00S5
FIGURE 2.
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Ty 5T
= 4
a
% il
2 ,
= LA
a ]
ad
=
5
£ e
=
oA
et 6oM 00 004 01
Cp Wl
DOBEE006
FIGURE 3.

ERRCR AMPLIFIER

The error ampiitier is a differential input, transcorductance
amplifier. its gain, nominally B6 dB, is set by either feadback
or output loading. This output loading can be done with
either purely resistive or a combination of resistive and re-
aclive components. A graph of the amplifier's gain vs output
load resistance is shown in Figure 4.

80 Pio
"\
g 60 HL=iﬁﬂk
§ 40 LRL= 30k \
g N

| Ay - RESISTANCE FROM PIN 3 N
TO GND
L

| 1 1

10 100 tk 10k 100k M 10M
FREQVENCY {Hz}

DOBES00T

FIGURE 4.
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Functional Description (continueq)

The output of the amplifier, or input to the pulse width modu-
lator, can be overmidden easily as its output impedance is
very high {Z5 = 5 Mc}). For this reason a DC voltage can be
applied to pin 9 which will override the srror amplifier and
force a particular duty cycie to the outputs. An example of
this could be a non-regulating mator speed control where a
variable vollage was applied to pin 9 to control motor speed.
A graph of the output duty cycle vs the voltage on pin 9 is
shown in Figure 5.

The duty cycle is calcuiated as the percenlage ratio of each
oulput's ON-time to the oscillator period. Paralleling the out-
puts doubles the observed duty cycle.

A

H ]
" /

. /

20

DUTY CYCLE {%}

18

1 15 2 25 l 35 2
VOLTAGE ON PIN 9 (V)

FIGURE 5.

The amplifier's inputs have a comman-mode input range of
1.5V--5.5V. The on board reguiator is useful for biasing the
inputs to within this range.

CURRENT LIMITING

The function of the current limit amplitier is to override the
emor amplifier's output and take contro! of the pulse width.
The output duty cycle drops to about 25% when a current
limit sense voltage of 200 mV is applied betwesn the +C_
and -C sense temminals. Increasing the sense voltage ap-
proximately 5% results in a 0% output duty cycle. Care
should be taken to ensure the 0.7V to +1.0V input common-
mode range is not exceeded.

in most applications, the cuirent limit sense voitage is pro-
duced by a current through a sense resistor. The accuracy of
this measurement is limited by the accuracy of the sense
resistor, and by a small offset current, typically 100 pA,
flowing from +CL to ~CL.

OUTPUT STAGES

The outputs of the LM3524D are NPN transistors, capable of
a maximum current of 200 mA. Thess transistors are driven
180" out of phase and have nan-committed open collectors
and smitters as shown in Figure 6.

€4
QUTPUT
ENABLE

PN :>°_\‘\__o .

FIGURE 6.
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LM2524D/LM3524D

Typical Applications

VO
‘V‘V‘v
Ny Fr 4
- [ ]
< 5k IN¥ Vil
NI Vin 3 lLi
>
Iksk  Oose Ep M
|J - cl CB "— PO VD
J LM3524D
-G s
Re Ey
Cr )] 2]

) ! —aND COMP i b

< R T

o0 (:.T S0k

T 0.001 pF
GND O : T O GND
omss011
Dealgn Equations

v
=i (Yo _
Rr 5"(zs 1)

1
loso = 557

U= 2.5Vp? (Vo — Vind)
fasdle Vo2
lg Vo — Y}
Tosc AVe Vo
Vin

loguaxy = ’:N'\‘Tu'

Co =

FIGURE 7. Positive Reguiator, Step-Up Basic Configuration (iyguax, = 80 mA)

iNO

-0 ¥y

GND O > > > > O GND

D0BG5012

FIGURE 8. Positive Reguiator, Step-Up Boosted Current Configuration
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Typical Applications (continued)

ry
Rp
Yy O
PIN 1
S sk y
:h INY VR
NI Vi
$ 5 5k 0sc ] o
L -
L 2
! + % esap B 0
T0 Ret -0 Ca —
Ry Es Y Y a3 ¥y
¢ sof-o
GND COMP i A
Sk D1 T
>l ¢ 50k
—[- 0.001 uF T
—s 4 () GND
RETURN O~ v Ay .
' R ]
0 ~C, PN 10 #¢, PN
D0BSS0N3
Design Equations
A = 5Kk (-;35 - 1)
Current Limn
Sense Voit
FioL = ——
o(AX)
1
fosc = g—=- o
Ly = 25V (Vi =~ Vo)
lo Vin fosc
_ Vi —¥gd¥T?
G B AV, VLT
o{MAX) = HN Vn

FIGURE 9. Positive Regulator, Step-Down Basic Configuration {kymax) = 80 mA)}
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L M2524D/LM3524D

Typical Applications (Gontinued)

RF e
Vo ff[ﬂ.—ﬁ?\— —0 ¥
P 1 J 2
< .
g5k WY Ve
N' v.‘ 1.
>
sk Oose By T
1% Gt
LM3524D
i Ca —I
kr & A0
o sb =0
&—] GND WP by
2R @ =
T o 50K
T 0.001 uF
¢ T &0 GND
OORRSDT4

FIGURE 10. Posiive Reguletor, Step-Down Boosted Current Configuration
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=
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FIGURE 11. Boosted Current Polarity inverter
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Typical Applications (continued)

BASIC SWITCHING REGULATOR THEQORY

AND APPLICATIONS

The basic circuit of a step-down switching regulator circuit is
shown in Figure 12, along with a practical circuit design
using the LM35240 in Figure 15.

FIGURE 12. Basic Step-Down Switching Regulator

The circuit works as follows: Q1 is used as a swilch, which
has ON and OFF times controlled by the pulse width modu-
lator. When Q3 is ON, power is drawn from ¥y, and supplied
to the load through L1; V, is at approximately V., D1 is
reverse biased, and C, is charging. When Q1 tums OFF the
inductor L1 will torce V, negative to keep the current fiowing
in it, D1 will stant conducting and the load current wili flow
through D1 and L1. The voltage at V 4is smoothad by the L1,
C, filter giving a clean DG output. The curent Howing
through L1 is equal to the nominal DC load current plus
some Al, which is due to the changing voltage acress it. A
good ruls of thumb is to 58t Al g p = 40% X |,

.AIL+\ AIL-
L b N N~ o
G'VN
le—ton——vf= ’01-"}""
LY e OV -
l |
o 1

FIGURE 13. Relation of Switch Timing to Inductor Current in Step-Down Regulator

d Vi T
From the relation V| = L— Al = ——
relation V| dttu_s T
(Vin — Vol lon Vo lorr
A+ o= Y SR A =
t L1 Al L1

Neglecling Vgar, Vp. and sstlling Al ¥ = AL~

Vo v - i ()

where T = Total Period

The above shows the relalion betwesn V., V, and duty
cycle.

_tO.N..__)’

ingc) = louTipo) (ton T torr

as Q1 onky conducts during ton.

VIN

ton
PIN = ivoc) Vi = (—-)
N = tivoc) Yin = (oo | -7 —

Po = loVe

The efficiency, 7, of the circuit is:

TMAX = -2 = loVo
Pin (ton) (VsaT lon + VoilorP)
b= Vin + la
T T
Vo
= =¥ = R
Vot for Vsar D1 = 1V

nMAX will be funther decreased due 1o swilching losses in
Q1. For this reason Q1 should be selected to have the
maximum possible fy, which implies very fast rise and fall
times.

GALCULATING INDUCTOR L1

(Al +) x L1 _ @y xu
fo = MVin— Vo) - O Vo
@A) x U al—) X L

+ F=T= +
fon + for Vin - Vo) Vo
_ 0Lt 0dlgl
(VIN = Vgl Yo

Since Al + = Al,~ = 0.4,
Solving the abave for L1

www.national.com
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LM2524D/LM3524D

Typical Applications (continued)

- 25V (ViN — Vo)
lo Vi f

L1

where: L1 is in Henrys

f is swilching frequency in Hz
Also, see LM1578B data sheet for graphical methods of in-
dugctor selection.

CALCULATING OUTPUT FILTER CAPACITOR C_:
Figure 13 shows L1's current with respect to Q1's tg,, and
torr times [V, is at the coliector of Q1). This curent must
flow to the load and C,. C_'s current will then be the difter-
ence between |, and |

I, =1 -1,
From Figure 13it can be saen that current will be fiowing into
C, for the second hatf of iy, through the first half of toeg, or
a time, tg/2 + 1oe/2. The current flowing for this time is
Al /4. The resulting AV, or AV, is described by:

1
ﬁvop_p=«_xﬂx(m+_lgff)

¢ 4 2 2
_ AL (tON + toFF)
aC 2
Vol — ton)
L1
(-%)
AV, = Yor VN7 (I) _ Vi — Vo) VT2
o8P 411 2 BVINC,L1

Vol
and ION:_Q_

Since Al =
ViN

(Vin — Vol Vo T2

Co = = aavovinlt

1
switching frequency
AV, is p-p outpul ripple

where: Cis in farads, T is

For best regulation, the inductor's current cannot be allowed
to fall to zero. Some minimum loagd current |, and thus
inductor current, is required as shown below:

(Vin — Vo) Vo
2Lt

(Vin — Vol ton
lotmity = I =

(Y~ Yol ton
K]

'o\l A
~N N e by {MIN)

COBs5019

AiL“‘ =

FIGURE 14. Induclor Current Slope in Step-Down
Regulater

A complete step-down switching regulator schematic, using
the LM3524D, is illustrated in Figure 15. Transistors Q1 and
Q2 have been added to boost the output to 1A. The 5V
reguiator of the LM3524D has been divided in half to bias the
error ampiifier’s non-inverting input to within its common-
mode range. Since each output transistor is on for half the
period, actually 45%, they have been paraileled to allow
longer possibte duty cycle, up to 80%. This makes a lower
possibie input voltage. The output veltage is set by:

R1
Vg =V, 1 +—).
° ”'( R2

where V, is the voltage at the error amplifier's non-inverting
input.
Resistor A3 sets tha current limit to:

200mV _ 200 mV
R3 0.15

= 1.3A.

Figures 16, 17 and show a PC board layout and siuffing
diagram for the 5V, tAreguiator of Figure 15. The regulator’s
perdormance is listed in Table 1.
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Typical Applications (continued)

.I""'
R L1
5k 500 uH Vo =5V
Ve . e YY) By =14
>8y =20 kHz
2R10
3 a2
1:R9
R& RS 15 o >
ko Sk e ™ 12
_W V‘v‘v VREF CA
21 i
RZ »
7 LA Sk Ll o3 [y by
oW T aT | 26 LRFT 2
0.1 uf 6.5k LM3524D » 500 uf
A RT EB 4
1 4 b1
00 uF 4 4 MRB50
Cr 0y
9 5
CONP -¢
2 GND L
0.01 F
R7 &
30k
¢ O GND
R3
RETURN A
OOBES020
*Mounted to Staver Heatsink No. V5-1.
Q1 =BD34
Q2 = 2N5023

L1 = >40 tums No. 22 wire on Fermoxcube No. K300502 Torroid core.,

FIGURE 15. 5V, 1 Amp Step-Down Switching Regulator

15

www.natonal.com

arZseEN/arZsTN



LM2524D/LM3524D

}

Typical Applications (continued)

TABLE 1.
Parameter Conditions Typical
Characterigtics
Qutput Voltage Vie = 10V, 4, = 1A Y
Switching Frequency Vin =10V, 1, = 1A 20 kHz
Short Circuit Vi = 10V 1.3A
Current Limit
Load Regulation Vi = 10V Imv
l,=02~1A
Line Regulation AVy, =10 = 20V, & mV
l,=1A
Efficiency Vg =10V, I, = 1A 80%
Qutput Ripple Ve =10V, 1, = 1A 10 mVp-p

00865021

NATIONAL

FIGURE 16. 5V, 1 Amp Switching Regulator, Foil Side

FIGURE 17. Stuffing Diagram, Component Side

www.national.com
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Typical Applications (continued)

THE STEP-UP SWITCHING REGULATOR

Figura 18 shows the basic circuit for a step-up switching
regulator. In this circuit Q1 is used as a switch to altemately
apply Vy, across inductor L1, During the time, Ly, Q1 is ON
and energy is drawn from V,, and stored in L1; D1 is reverse
biased and |, is supplied from the charge stored in C,,. When
Q1 opens, toe, voltage V1 will rise positively to the point
where D1 tuns ON. The output current is now supplied
through L1, D1 to the load and any charge lost from C,
during 5y, is replenished. Here also, as in the step-down
regufater, the cumrent through L1 has a DC component plus
some Al_. Al is again selected to be approximately 40% of
I, Figure 19 shows the inductor’s cumment in relation to Q1's
ON and OFF times.

‘orrl | PWM

PCBGHI4

FIGURE 19. Relation of Switch Timing to Inductor Current in Step-Up Regulator

In calculating input current ly, ey, which equals the induc-

From al_ = V_IL_I Al = Vitzom tor's DC current, assume first 100% efficiency:
- FiN = Ivp0) YIN
and Al — = Vo - Vin) torF NDC)

L Pour = loVa = lo Vin (1 + -t°—“~)
toFF

Since Al + = Al~, Vindon = Volorr — Vintorr,

and heglecting Vg,r and Vp, for n = 100%, Pour = Piy
ton lg Vin (1. + _.._) = hn \A
N
lin = | (1 + ——)
(0C} = o toFF

The above equation shows the relationship between V,, V,
and duty cycle.

17 www.national.com
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LM2524D/LM3524D

Typical Applications (continued)

This equation shows that the input, or inductor, current is
larger than the output current by the factor {1 + tonftors).
Since this factor is the same as the relation batween V. and
Vins by ©an also be expressed as:

v
NSy = lo (ﬁ)

So far it is assumed n = 100%, whera the actuai efficiency or
Thuax Will be somewhat less due to the saturation voltage of
Q1 and forward on voltage of D1. The intemal power loss
due to these voltages is the average |, current flowing, or |,
through either Vg . of V. For Vgar = Vi, = 1V this power
loss becomes lyne) (1Y), Nyax is then:

P Valo Vel

Py Volo + by (1V) to
IN oo T hN oK
Yolo * o (1 ¥ o )

Max =

From V¥, = V|y (1 + L'-"—‘-)

torr
_ _Vin
Timax Vin + 1

This equation assumes only DC losses, however Mex 1S
turther decreased because of the switching time of Qt and
D1.

www.national.com
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Typical Applications (continued)

In calculating the output capacitor G, it can be seen that C,
supplies |, during to. The voltage change on C, during this
time will be some AV, = AV, or the output ripple of the
regulator. Calculation of G, is:

loton loton
AV, = 20 = SN
o Co or Co AVO
T VIN
From Vg, = VN (—), F=—1T
¢ loFF ‘o Vo
1
where T = 1oy + tOFF =<
. IN Vo — Vin
t0N=T-——T—T( v )therefore
o 1]
IoT (Vo - VlN)
C. = Vo _|loVo ~ Vin)
@ AV, fAVeVe

where: G, is in farads, f is the swilching frequency,
AV, is the p-p output ripple
Calculation of inductor L1 is as follows:

Vinton

L=
Apt’

since during oy,
V |y is applied across L1

v
Allpg =041 = 0.41 4y =041, (V—°),ﬂ19rafore:
IN

Vi —
L = —TNON oy since oy = TV — Vi
0.4l h) Vo
ViN
Ly = 2.5 ViNZ (Vo — Vi)
floVo2

where: L1 is in henrys, f is the switching frequency in Hz
To apply the above theory, a complete step-up switching
reguiator is shown in Figure 20. Since Vi i5 5V, Vree is tied
to V. The input voltags is divided by 2 to bias the arror
amplifier's inverting input. The output voltage is:

R2 R2
Vour=|1+==Ixwvwnw=25x|1+—
o= (14 55) x v =25 (14 32)

The network D1, C1 forms a slow stan circuit.

This holds the output of the eror amplifior initially low thus
reducing the duty-cycle to a minimum. Without the slow star
circuit the inductor may saturate at turn-on becauss it has to
supply high peak currents to charge the output capacitor
from OV. it should also be noted that this circuit has no
supply rejection. By adding a referance voltage at the non-
inverting input to the error amplifier, see Figtire 21, the input
voltage variations are rejected.

The LM3524D can also be used in inductorless switching
reguialors. Figure 22 shows a polarity inverler which if con-
nected to Figure 20 provides a —15V unregulated output,

www.national .com
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LM2524D/LM3524D

Typical Applications (continued)

AAN
¥y

R2 Lt
i 12k 300 uH . Vp=15Y
ates 1 ’s o g g W ’_’02' O 0054
< NRE50
Sk 2240
‘_QMS
[IN9148
¥y
Ver e, 2N2210
S Re
i 2.4k
NI G 1k
éfﬂ R
s T4 24 135240 *
SuF== == A NV E, ¢ 00 uf T2 == 500 uf
0.1 uf
3K
———AA———1 &
T Ey b1
o.c;z L.ur NS14
il G b CoMP >
50k
+
Ct
0.001 uf T -[_ 8 uf
GND O . ¢ O GND
CORASIDS

L1 = > 25 tumns Mo. 24 wire on Fermuxcuba Mo, K300S02 Toroid cors.

FIGURE 20. 15V, 0.5A Step-Up Switching Regulator

VNO—pm = = mmmmmm e

TO NON-INVERTING
MPUT OF LM3524

(vy o 2.49Y)

C0BE5026

FIGURE 21. Replacing A3/R4 Divider in Figure 20 with Reference Circuit Improves Line Regulation

100 uF  INS148
FROW JUNCTION + =15¥
OF L1, D2 @25 mA
1N914B
GND O * i CGND

FIGURE 22, Polarity Inverter Provides Auxiliary ~15V Unregulated Output from Circuit of Figure 20
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Physical Dimensions inches (milimeters)

uniess otherwiss noted

(A}4—— 3902008 ——————+

{9.91%0.1)

1000000 g,
:

228-, 244

i58-¢"21 Q i1
| TH0TUU0d

PIN 1 1D

[1.35-1.75) .21 I I
TYp ! !
1 I I} o
E : l 1 0s7: 0025] h
[1 4520.0
et B N i e 1 .\ i
e g 1
uu4-_mo—l c1§g:o?g?c]; Tep SEL DETAIL A/\ 0075-. 0698

[G {0.19-0 25]
{0 10-0.25) -
18 [#1.01¢ (0. 2568 B[AEI 5] Tre

! L

CONTROLLING DIMENSION IS INCH
VALUES IN [ ) ARE MILLIMETERS

M164 {Rev J}

Molded Surface-Mount Package (M)
Order Number LM35240M
NS Package Number M16A
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LM2524D/LM3524D Regqulating Pulse Width Modulator

Physmal Dimensions inches (millimeters} uniess otherwise noted (Continued)

) 0.740 - 0.780 ;
{(18.50- 1531}

PIN NO. 1
IDENT
0.13040.005 Teat
0.15020.005 0.060 4° TYP 0.300 - 0.320 {1651}
e 0.300-0.320
i (330220127} -“! [“ {1.524) "\r\ OPTIONAL "‘ {7.620- 8.126) I {
0,145+ 0.200 |
3,683 - 5.080) i J
950 a5° 0.008~0.016
k-3 e
Do) MN— =—— 2 [ 0280 0203-0406} "
0.125=0.150 0.03040.015 712
(3.175-1810) 't M ez 20381} WIN
0.014=0.023 0.100£0.010 o 375+0.040
(0-55$_;P0«534) 0.050 £0.010 {254020.254) __.__:g-_g_:% NIGE (REY F)
+1.
31273#3.2543 (8.2557 5 3p3

Molded Dual-in-Line Package (N)
Order Number LM2524DN or LM3524DN
NS Package Number N16E

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

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

UFE SUPPORT POLICY
NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FORUSE AS C

RITICAL COMPONENTS IN LIFE SUPPORT DEVICES QR SYSTEMS

WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL COUNSEL OF NATIONAL SEMICONDUCTOR

CORPORATION. As used herein:

i. Life support devices or systems are devices or systems
which, (a) are intended for surgical implant into the body, or
{b) support or sustain life, and whose Failure to perform when
properly 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 criical component is any component of a life support
device or systern whose failure to perform can be reasonably
expected to cause the failure of the life support device or
system, or to affect ils safety or effectiveness.

BANNED SUBSTANCE COMPLIANCE

Naticnal Semiconductor manufactures products ard uses packing materials that meet the provisions of the Customer Products
Stewardship Specification (CSP-9-111C2) and the Banned Substances and Materials of Interest Specification (C5P-3-11152) and conlain

no “Banned Substances” as defined in CSP-9-11182.

Hatianal Samiconductor
Americas Customer

Suppart Center

Email: new.feadback @ nsc.com
Tat: 1-800-272-9959

Natlonal Semiconductor
Europe Customer Support Canter
Fax: +49 (] 160-530 85 86

o

wwi_national.com

Dautsch Tel: +49 (0) 6 9508 6208
English Tet +44 (0) B7¢24 02171
Frangais Tel: +33 (0) 1 41 91 8730

Email: europe.support@ nac.com

National Semiconductor

Japan Customsar Suppart Center
Fax: 81-3-5639-7507

Email: jpn.ieadback @ nsc.com

Tel: 81-3-5839-7560

Mational Semiconductor
Asia Pacific Customer
Support Canter

Email: ap supporl @ nsc.com




International PD-91339A

TSGR Rectifier IRF520N

HEXFET® Power MOSFET

Advanced Process Technology o
Dynamic dv/dt Rating

175°C QOperating Temperature
Fast Switching

Fully Avalanche Rated

Vpbss = 100V

RDS(on} =0.20Q

Description Ip=9.7A
Fith Generation HEXFETs from Interational Reclifier 5
utilize advanced processing techniques to achieve
extrernely low on-resistance per silicon area. This
benefit, combined with the fast switching speed and
ruggedized device design that HEXFET Power
MOSFETSs are well known for, provides the designer
with an extremely efficiant and reliable device for use
in a wide variety of applications.

The TO-220 package is universally preferred for all
commercial-industriat applications at power dissipation
levels to approximately 50 watts. The low thermal
resistance and low package cost of the TO-220
contribute to its wide acceptance throughout the
industry.

TO-220AB

Absolute Maximum Ratings

Parameter Max. Units
ip@ T =25°C Continuousg Drain Current, Vgs @ 10V 9.7
Ip @ Tc =100°C| Continuous Drain Current, Vgg @ 10V 6.8 A
lom Pulsed Drain Current ® 38
Pp @Tg = 25°C Power Dissipation 48 w
Linear Derating Facior 0.32 wrc
Vos Gate-to-Source Voitage +20 \4
Eas Single Pulse Avalanche Energy® 91 mJ
AR Avalanche Current® 5.7 A
Ean Repetltive Avalanche Energy® 4.8 mJ
dvi/dt Peak Diode Recovery dvidt @ 5.0 Vins
T, Operating Junction and -55 to + 175
Tsta Storage Temperature Range *C
Soldering Temperature, for 10 seconds 300 (1.6rnm from case )
Mouniing torque, 6-32 or M3 srew 10 Ibfein {1.1N+m)

Thermal Resistance

Parameter Typ. Max, Units
Rauc Junction-to-Case —— 31

Racs Case-to-Sink, Flat, Greased Surface 0.50 —_— ‘CW
Rasa Junction-to-Ambient —_ 62

5/13/98



IRF520N ' international

TGR Rectifier
Electrical Characteristics @ T, = 25°C (unless otherwise specified)
Parameter Min. | Typ. |Max. |Units Conditions

Vierjpss Drair-to-Source Breakdown Voltage 100 | — | — | V | Ves =0V, Ip = 250uA

AVerpss/aT; | Breakdown Voltage Temp. Cosfficlent | —— | 0.11| — | V/°C | Reference to 25°C, Ip = TmA
Ros(on) Static Drain-to-Source On-Resistance | — | — [0.20 | Q | Vgg= 10V, Ip=57A®

Yosin Gate Threshold Voltage 20 [—1{ 4.0 V | Vpos = Vgs, Ip = 250pA

Ots Forward Transconductance 27 | —— — S | Vps=50V, Ip=57A

. — | —1{ 25 Vus = 100\/, VGS =V
Inss Draindto-Source Leakage Cument 13250 WA Vos = 80V, Vs = OV, T)= 150°C
loss Gate-to-Source Forward Leakage — | — 1 100 nA Vgg = 20V
Gate-to-Source Reverse Leakage — | —1-100 Vag = -20V

Qg Total Gate Charge — —1{ 25 Ip=5.7A

Qs Gate-to-Source Charge — | —1{ 48 | nC | Vpg =80V

Qga Gate-to-Drain ("Miller”) Charge — | —{ 11 Vgs = 10V, See Fig. 6 and 13 @
ijon) Tum-On Delay Time — |45 — Voo = 50V

t Rise Time — [ B{—1] |k=57A
 tagom) Turn-Off Delay Time — 1 32 | — Rg =220

t Fall Time — | 23 | — Rp = 8.60Q, See Fig. 10 ®

! Beiween lead,
Lo Intemal Drain Inductance — | 45 | — " 6mm (0.25n.) E
from package e

L internal Source Inductance —| and center of dle contact i
Ciss ‘nput Capacltance — | 330 | — Vs =QV

Coss Output Capacitance — | 92 | — | pF | Vps=25V

Cres Reverse Transfer Capacitance — | 4 | — I =1.0MHz, See Fig. 5

Source-Drain Ratings and Characteristics

Parameter Min.| Typ. | Max. | Units CondHitions
Is Continuous Source Curment 6.7 MOSFET symbol °
{Body Diode) NS T A | showing the
[ Pulsed Source Cumrent 38 integral reverse G
{Body Diode) @ R p-n junction diode. s
Vo Dicde Forward Voltage — —1 13 V | T4s=25°C,Ig=57A, Vs = OV @
ter Reverse Recovery Time —1 99 | 150 | ns [ T;=25°C,lg=57A
Qi Reverse RecoveryCharge —— 1} 390] 580 { nC | dlidt = 100A/us @
Notes:
O Repelitive rating; pulse width limited by @ lgp < 5.7A, difdt < 240A/ps, Vg < Vigripss.
max. junction temperature. { See fig. 11) T,5175°C
@ Vpp = 25V, starting T,=25°C, L=4.7mH @ Pulse width < 300us; duty cyde < 2%.

Rg = 250, las = 5.7A. {See Figure 12)



International IRF520N

TSR Rectitier

100 vy 100 s
Tob A5V TOP 1SV
v 10V
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= 58V A = 5.0V
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5 = 5
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:'d L
e g
5 10 L S 1
o 111 [=]
o 1] 9
2 71 2
'E A p———— ‘E
e = o
o a 4.5V
- 45V -
) T !
20ps PULSE WIDTH 20us PULSE WIDTH
. T = 25°C ; Tc = 175'C
0.1 1 10 100 (X 1 10 100
Vpg. Drain-le-Source Voltage (V) Vpg. Drain-to-Sowrce Voitage {V)
Fig 1. Typical Qutput Characteristics Fig 2. Typical Qutput Characteristics
10 o i T
L]
=
—— m
< w 2.8
= o
[ ] o=
=2 el
s el Py o 20
o Ta=25C o] o —
@ /;f o 2 -g
] A = 175°C 3 5 P
= 10 A4 = i
o 7 w = I
W e E /
o £z Pad
0 m = 10
£ S pr
o - -
o / E s 27
i (2]
/ V ps= 50V ;
, 20ps PULSE WIDTH - Vgg =10V
4 5 & 7 ] ] 10 -60 -40 -20 0 20 40 80 8D 10¢ 120 140 160 189
Vgs . Gate-lo-Source Voltage (V) T; . Junction Temperature (°C)
Fig 3. Typical Transfer Characteristics Fig 4. Normalized On-Resistance

Vs, Temperature



IRF520N International

TR Rectifier
800 Ves= OV,  f= 1HHz il AT 1
6 -
Cisg = Cgs + Cgd, Cas SHORTED Vpg = 80V 3
s00 I\ Crss = Cgd =) Vpg = 50V \\‘
T |Cogs = Cds + Cad @ 16 Vos = 20V
i Ciss o »>
© 2 /
2 400 g o ///7
o A, e - o 12 77, .
E \ -‘-"'"‘-- lg’ Vi A/
g 300 —Cops 3 V4 V
2 AN 2, //'A
2 e \‘ R % /| A/
o Crss N o y
Y o4
100 ~u .y =
)
— FOR TEST CIRCUIT
) . SEE FIGURE 13
1 110 10¢ 1} 5 10 1§ 20 25
Vps . Drain-to-Source Voitage (V) Qg, Total Gate Charge (nC)
Fig 5. Typical Capacitance Vs. Fig 6. Typical Gate Charge Vs.
Drain-to-Source Voltage Gate-to-Source Voltage
190 100 pr— B
OPERATION IN THIS AREA LIMITEDEHH
— — BY Rosfon)
$ - wt — -:
5 ,4;?’ . e :’ N I prs
5 T ol Ll
U -— v 1
= it "J
'g Ty=175°C / 2 < > = 00
a A o > AT
® 1= 25¢ = M
@ 7 b L ims
z 4 = ~L
o F i 5 ! i
C-l I l - 10ms:
< /
To =25°C
T, =175°C
] Ves =0V y Single Puise
0.4 0.6 0.8 10 12 14 Ty 10 100 1000
Vgp . Source-to-Drain Voltage {V} Vpg . Drain-to-Source Voltage (V)
Fig 7. Typical Source-Drain Diode Fig 8. Maximum Safe Operating Area

Forward Voltage



Intemational

IRF520N

TR Rectifier
Rp
Vps AN
10.0
N ,_>D.U.T.
80 \\ :LTVDD
- N
< n
E 6.0 \\ Pulse With 5 1 ps
-2 - Duty Fackr <01 %
3 AN T
T a0 Fig 10a. Switching Time Test Circuit
2.
- Vps
o \ 90% a
X N/
/ \ S(
o0 10% \

25 50 75100 125 150 175
Tc, Case Temperature {°C)

Fig 9. Maximum Drain Current Vs,
Case Temperature

Vos—' ’_“__’\___P/H__L

tafony tam 4

Fig 10b. Switching Time Waveforms

1©
3
£ o=
~N 1]
=
o — )
2
8. ==, 1 [
wm —_—
4 =gl x
= 002 A" SINGLEPULSE Pou
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E B= t 1-| I
-
]—
Notes:
1.Duy Bcor D= tyit s
2 Peak T =P pux Zipie + Te
om
0.00001 0.0001 0.001 om

ty, Rectanguiar Pulse Duration {sec)

Fig 11. Maximum Effective Transiert Thermal Impedance, Junction-to-Case
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IRF520N international
TR Rectilier
L
Vos i 200 T
DT E TOP 234
| =D > 504
Re |\ :j:‘ 1+ > a0 OTTOM 574
"'_VDD ﬁ \
wv [ Iag % \\
b T %.010 s '™ N
3——4—'\/\/\;4—:_ e N
1 s N
Fig 12a. Unclamped Inductive Test Circuit 2 o NONIN
o \ \ \
v = T N
(BRIDSS E u AN
o : ™
i Voo 2
for w o Vpp = 25V
/ ' / 25 50 75 100 125 150 475
VDS—l / Starting 7,, Junction Temperature (°C)
i i Fig 12c. Maximum Avalanche Energy
las b - — Vs. Drain Current

Fig 12b. Unciamped Inductive Waveforms

Charge ——

Fig 13a. Basic Gate Charge Waveform

Cument Regulator
Same Type as D.UT

Vas

T sma] [

@
I

o

Current Sampling Resistors

Fig 13b. Gate Charge Test Circuit



Infernational IRF520N

TR Rectifier

Peak Diode Recovery dv/dt Test Circuit

D.UT —<+ Circuit Layout Considerations
A « Low Stray Inductance
r_]_:% ® s Ground Plane
+ Low Leakage Inductance

Current Transformer

A

S ANN
o —
x
Rg « dv/dt controfied by Rg 1+
» Driver same type as D.U.T. T Voo

s igp controlled by Duty Factor D"
« D.U.T. - Device Under Test

@ Driver Gate Drive

. __PW.
S Reriad = Period
t
Vgg=1ov *
[J(J
)
Reverse
Recovery |
Curent

@ {D.UT vpg Wavatorm

Diode Recov
—/—‘ avigt Y N M
Do
| 4
Re-Appiied " ( -
Voltage Body Diode

Forward Drop

@ linductor Curent
\/-/\-SM

Ripple < 5% Isp
4

* Vgg = 5V for Logic Level Devices

Fig 14. For N-Channel HEXFETS



IRF520N Internationcl
TOR Reclifier

Package Outline

TO-220AB Outline
Dimensions are shown in millimeters (inches)
o1 HELD vl v
3 <20 {1E:
j = =15 o
P 1
15.24 (600} '
14,484 (584}
l 1.1:&015} LEAD ASSIGNMENTS
A o
{ l J 3-SDURCE
i-DRAMN
14.09 {.555)
1347 (530} 4.06 (150)
155149
ax 1400085) ~ % Teston i fare)
1.15{045) $i 036 (094] Bl A L zazins)
2.64 1.104)
NDTES =
1 DMENSIONING & TOLERANCING PER ANS! Y14 5M, 1882, 3 QUTLINE CONFORNSE TD JECEC OUTLRRE TD-2H-AB.
2 CONTROLLKG DMMENSIDN : INCH 4 HEATSINK & LEAD MEASUREMENTS DD NOT INCLUDE BURRS.
Part Marking Information
TO-220AB
EXAMPLE : THIS IS AN IRF1010
WITH ASSEMBLY § O )
LOT CODE 9$B1M INTERNATIONAL PART NUMBER
RECTIFIER \ T DTD-/
LoGo TOR9246
8B 1M DATE CODE
ASSEMBLY (YYWW)
LOT CODE YY = YEAR
WW = WEEK

IR Rectifier

WORLD HEADQUARTERS: 233 Kansas St., El Segundo, Calfomia 80245, Tel: (310) 322 3331

EUROPEAN HEADQUARTERS: Hurst Green, Oxted, Surrey RH8 9BB, UK Tel: ++ 44 1883 732020

{R CANADA: 7321 Victoria Park Ave., Suite 201, Markham, Ontario L3R 2Z8, Tel: (905) 475 1897

IR GERMANY; Saalburgstrasse 157, 61350 Bad Homburg Tel: ++ 49 6172 865080

IR ITALY: Via Liguria 49, 10077 Borgaro, Torino Tel: ++ 39 11 451 0111

IR FAR EAST: K&H Bldg., 2F, 30-4 Nishi-lkebukuro 3-Chome, Toshima-Ku, Tokyo Japan 171 Tel: 81 3 3983 0086
IR SOUTHEAST ASLA: 315 Qutram Road, #10-02 Tan Boon Liat Building, Singapore 0316 Tel: 65 221 8371
http:/fwww.irf.com/ Data and specifications subject to change without nolice. 5/98
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® Designed for Complementary Use with the
TiP3055 Series

90 W at 25°C Case Temperature
15 A Continuous Collector Current

Customer-Specified Selections Available

VE‘(——;—3

TIP2955
PNP SILICON POWER TRANSISTOR

JANUARY 1972 - REVISED MARCH 1997

SOT-93 PACKAGE
{TOP VIEW)

|- 3} SE— | =

c————1: (O O

=

Pin 2 is in electrical contact with the mounting base.

MDTRAA
absolute maximum ratings at 25°C case temperature (unless otherwise noted)
RATING SYMBOL VALUE UNIT

Collector-base voltags (Iz = 0) Veso -100 v
Collector-emittar voltage (lg = 0} (see Note 1) Veoer =70

Emitter-base voltage Veso -7 1"
Continuous collector current s -18 A
Continuous base current : lg -7 A
Continuous device dissipation at (or below) 25°C case temperature {see Note 2) Piat 90 w
Continuous device dissipation at (or below) 25°C free air temperature (see Note 3) Piot 3.5 W
Undlamped inductive load energy (see Note 4) A 62.5 mJ
Operating junction temperature range Ti -65 to +150 "C
Storage temperature range Tag -65 to +150 °C
lL.ead temperature 3.2 mm from case for 10 seconds T 260 °C

NOTES: 1. This value applies when the base-emitter resistance Rge = 100

2. Derate lineary o 150°C case temperature at the rate of 0.72 W/°C.
3. Derate linearly to 150°C free air temperature at the rate of 28 mW/C.
4,

This rating is based on the capability of the transistor to operate safely in a circuit of: L = 20 mH, lgn) = -0.4 A, Rge = 100 €2,

VBE(uﬂ') = 0, RS =01 Q, VCC =-10WV.

PRODUCT INFORMATION

Information is current as of publication date. Products conform o specifications in accordance

with the terms of Power Innovations standard warranty. Production processing doas not
necessanly include testing of all paramaters.

Power
INNOVATIONS

2



TIP2955

PNP SILICON POWER TRANSISTOR

JANUARY 1972 - REVISED MARCH 1997

electrical characteristics at 25°C case temperature

PARAMETER TEST CONDITIONS MIN | TYP | MAX | UNIT
Collector-emitter
v = . = 5
(BRICEO bresa voitage e 30 mA lg 0 {see Note ) -60 v
; Collector out-off Vee = -30V ig=0 0.7 | ma
CEO  yment CE B .
Voltege between
| Ve =-100V Vge =15V -5 mA
Cev base and emitter CE BE
Emitter cut-off
I Veg= -TV i=0 -5 mA,
EBO . irent EB c
Forward current Vep= 4V o= 4A 20 70
hee ) ce c (see Notes 5 and 6)
transfer ratio Vee= 4V le= -10A 5
Collector-smitter ig= -04A lc= 4A K
\Y see Notes 5 and 6 v
CEsa)  gaturation voltage lg= -33A le= -10A ( © ) -3
Base-emitter
V Vep= 4V iIc= H4A see Notes Sand 6 -1.8 v
B ioimge cE c { otes }
Smal signal forward
Veg= - Ic= 05A f= 20
e cument ransfer ratio ce= -0V ¢ 1kHz
Small signal forward
Veg = -1 = -05A f=1q
el current transfer ratio CE oV tc= 05 MHz 3
NOTES: 5. These paramelers must be measured using pulse techniques, t; = 300 us, duty cycle < 2%.
6. These paramaters must be measured using voltage-sensing contacts, separaie from the cumrent carrying contacts.
thermal characteristics
PARAMETER MIN TYP | MAX | UNIT
Rgc  Junction to case thermal resistance 139 [ *Ciw
Rgia  Junction {o free aw thermal rasistance 357 | Cw
resistive-load-switching characteristics at 25°C case temperature
PARAMETER TEST CONDITIONS 1 MIN | TYP | MAX | UNIT
ton Turm-on time lc=-6A lgon =-0.6 A Ipm = 08 A 04 us
oy Turn-off tme Vagem =4V R =50 t, =20 ps, do < 2% 0.7 ps

t Voltage and current values shown are nominal; exact values vary slightly with transistor parameters.

PRO

DUCT

INFORMATION




TIP2955
PNP SILICON POWER TRANSISTOR

JANUARY 1972 - REVISED MARCH 1997
e

TYPICAL CHARACTERISTICS
TYPICAL DC CURRENT GAIN
VS
COLLECTOR CURRENT
TCSE38AD
1000

Vee= 4V

T. = 25°C

t, = 300 s, duty cycle < 2% H
E
¢
=
[
3 100 - —
Q
e
lE AN
£

KT
N
10
001 01 -1-0 -10

I, - Collector Current - A

Figure 1.

M

MAXIMUM SAFE OPERATING REGIONS

MAXIMUM FORWARD-BIAS
SAFE OPERATING AREA .

ASEIBAL
5 t, =300 s, 3
d=0.1=10%
L= 1ms, |
Al d=0.1=10% |
ﬂ -« 9 /tp= 10 ms,

N N dw=0,1=10% |
> DC Operation ]

-100

10

-

r

}. - Collector Current - A

c

01
40 10 100 1000

V., - Collector-Emitier Valtage - V

Figure 2.

PRODUCT INFORMATION Power,)
3
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TIP2955
PNP SILICON POWER TRANSISTOR

JANUARY 1972 - REVISED MARCH 1997

THERMAL INFORMATION

MAXIMUM POWER DISSIPATION
Vs

CASE TEMPERATURE
100 15637AB
3
13 -1}
2
i N
"
i . AN
QO
5 N
E \
F N
£ A
=
E
o

0 25 50 75 100 125 150
T, - Case Temperature - °C

Figure 3.

PRODUCTY INFORMATION



TIP2955
PNP SILICON POWER TRANSISTOR

JANUARY 1972 - REVISED MARCH 1997

MECHANICAL DATA

SO0T-93

3-pin plastic flange-mount package
This single-in-line package consists of a circuit mounted on a lead frame and encapsulated within a plastic
compound. The compound will withstand soldering temperature with no deformation, and circuit performance

characteristics will remain stable when operated in high humidity conditions. Leads require no additional
cleaning or processing when used in soldered assembly.

SOT-93

4,00
"4'—70'— —W —
15,2 137
w% \" 17 385 w e
’ 4,15
> _
~ n
G/ |

F
12,2 MAX. 5

oo
N/

—>
N
4‘1 18,2 MAX.
31,0 TYP.

18,0 TYP. —

e
~
@

B

ALL LINEAR DIMENSIONS IN MILLIMETERS

NOTE A; The centre pin is in electrical contact with the mounting tab. MDXXAW

INNOVATIONS

PRODUCT INFORMATION POWEI")
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TIP2955
PNP SILICON POWER TRANSISTOR

JANUARY 1972 - REVISED MARCH 1997
L

IMPORTANT NOTICE

Power Innovations Limited (Pl) reserves the right to make changes to its products or to discontinue any
semiconductor product or service without notice, and advises its customers to verify, before placing orders, that the
information being relied on is current.

Pl warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with PI's standard warranty. Testing and other quality control tachniques are utilized to the extent PI
deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except as mandated by government requirements.

Pl accepts no liability for applications assistance, customer product design, software performance, or infringement
of patents or services described herein. Nor is any license, either express or implied, granted under any patent
right, copyright, design right, or other intellectual property right of Pi covering or relating to any combination,
machine, or process in which such semiconductor products or services might be or are used.

PI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, INTENDED, AUTHORIZED, OR WARRANTED TO BRE
SUITABLE FOR USE IN LIFE-SUPPORT APPLICATIONS, DEVICES OR SYSTEMS.

Copyright @ 1297, Power Innovations Limited

PRODUCT INFORMATION
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FAIRCHILD
SEMICONDUCTOR®

BC546/547/548/549/550

Switching and Applications

= High Voltage: BC546, Vopo=065V
« Low Noise: BC549, BC550
« Complement to BC556 ... BC560

NPN Epitaxial Silicon Transistor

Absolute Maximum Ratings T1,=25°C unless otherwise noted

TO-92
1. Collector 2. Base 3, Emittar

Symbol Parameter Value Units
Veeo Collector-Base Voltage : BCS546 a0 V'
: BC547/550 50 v
1 BC548/549 30 v
Veeo Collector-Emitter Voltage : BC546 65 v
: BC547/550 45 v
: BC548/549 30 v
Veso Emitter-Base Voltage  : BC546/547 & v
: BC548/548/5350 5 v
e Coliector Current (DC) 100 mA
Pe Collector Power Dissipation 500 mw
T Junction Temperature 150 G
Tst1e Storage Temperature 65 ~ 150 C
Electrical Characteristics 1,=25°C unless otherwise noted
Symbol Parameter Test Condlition Min. Typ. Max. | Units
Iceo Collector Cut-off Current Veg=30V, =0 15 nA
heg DG Current Gain Vee=dV, le=2mA 110 800
Veg (sat) | Collector-Emitter Saturation Voftage | io=10mA, Ig=0.5mA S0 250 my
1e=100mA, Ig=5mA 200 600 my
Vpe (8at} | Base-Emitter Saturation Voltage 1c=10mA, ig=0.5mA 700 my
le=100mA, |g=5mA 900 mv
Vge (on) | Base-Emitter On Voltage V=5V, Ig=2mA 580 660 700 mv
Vee=5V, Ic=10mA 720 my
fr Current Gain Bandwidth Product Vee=5V, lg=10mA, f=100MHz 300 MHz
Ceob Cutput Capacitance Veg=10V, =0, f=1MHz a5 & pF
Ci Input Capacitance Vegg=0.5V, =0, =1MHz 9 pF
NF MNaoise Figure  : BC546/547/548 Veg=5V, 1c=200pA 2 10 dB
: BC549/550 f=1KHz, Rg=2K0 1.2 4 dB
1 BC549 V=5V, Ig=200uA 1.4 4 dB
: BC550 Rg=2K0, £=30~15000MHz 1.4 3 dB
hgg Classification
Classification A B c
heg 10 ~220 200 ~ 450 420 ~ 800

€002 Fairchild Semiconductor Cofporedon

Rev_ A2 Augud 2007

0SS/61S/8VS/L¥S/9Y5041



Typical Characteristics
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Figure 1. Static Characteristic
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Sharp's NEBGEZE photovoitaic module is designed for large Features

electrical power requirements. Based on the technology of

aystal silicon solar celts cultivated for over 40 years, this m High-power module (80 W) using 125.5 mm square
module has superd durability to withstand sigorous operating polycrystalline sificon solar cells with 12.6 % module
conditions and is suitable for grid connacted systems. conversion efficiency

m Photovoltaic module with bypass diode minimises the
power drop caused by shade. Anti reflection coating and
BSF {Back Surface Fiefd) structure to improve ceft con-
version efficiency: 14.0 %

| Using white tempered giass, EVA resin, and a weatfier-
proof film along with an aluminium frame for extended
outdoor use

m DC 12V system

= Output terminal: Lead wire with waterproof connector
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