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ABSTRACT

This thesis is improve to harmonics of transmission power Syste

to nonlinear load , such as power electronics equipment . It is an effect to lower power
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factor . harmonics current injection active filter is developed of this problem .

simulated by computer program ,then making prototype and compared the results with

computer simulation , harmonics current control is used for a prototype

rectifier and bridge rectifier loads at 220 volts rated voltage.
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Current Transducer LA 25-NP

For the electronic measurement of currents : DC, AC, pulsed,
mixed, with a galvanic isolation between the primary circuit
(high power) and the secondary circuit (electronic circuit).

g

| Electrical data

b Primary nominal r.m.s. current 25 At
Iy Primary current, measuring range 0,236 At
Ry Measuring resistance Rifor = R
with £ 15V @=*25At 100 320 Q
@+36At_, 100 190 Q
I Secondary nominal r.m.s. current 25 mA
Ky Conversion ratio 1-2-3-4-5 : 1000
Ve Supply voltage (£ 5 %) +15 Y
I Current consumption 10 + g mA
Vv, R.m.s. voltage for AC isolation test, 50 Hz, 1 mn 2% kV
v, R.m.s. rated voltage ", safe separation 600 Y
basic isolation 1700 \
[ Accuracy - Dynamic performance data |
X Accuracy @], . T,=25°C +0.5 %
& Linearity <0.2 %
Typ | Max
Iy Offset current? @ I, =0, T, = 25°C +0.05/£0.15 mA
lons Residual current ?@ I, = 0, after an overload of 3 x I, | £ 0.05/+ 0.15  mA
Is: Thermal drift of I 0°C..+25°C |+0.06(+0.25 mA
+25°C..+70°C [+0.10{£0.35 mA
t Response time® @ 90 % of I, <1 s
di/dt di/dt accurately followed > 50 Alys
f Frequency bandwidth (- 1 dB) DC .. 150 kHz
r General data J
e Ambient operating temperature 070 °C
T Ambient storage temperature -25..+85 °C
R, Primary resistance per turn @ T, = 25°C <1.25 mQ
Rg Secondary coil resistance @ T, = 70°C 110 Q
R, Isolation resistance @ 500V, T, = 25°C > 1500 MQ
m Mass 22 g
Standards ° EN 50178

Notes : " Pollution class 2

2 Measurement carried out after 15 mn functionning

3 The result of the coercive field of the magnetic circuit

4 With a di/dt of 100 A/us

5 A list of corresponding tests is available

Features

e Closed loop (compensated) multi-
range current transducer using the
Hall effect

e Insulated plastic case recognized
according to UL 94-V0.

Advantages

e Excellent accuracy

e Very good linearity

e Low temperature drift

e Optimized response time

e Wide frequency bandwidth

e No insertion losses

e High immunity to external
interference

e Current overload capability.

Applications

e AC variable speed drives and servo
motor drives

e Static converters for DC motor drives

e Battery supplied applications

e Uninterruptible Power Supplies
(UPS)

e Switched Mode Power Supplies
(SMPS)

e Power supplies for welding
applications.

1980909/8
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Dimensions LA 25-NP (in mm. 1 mm = 0.0394 inch)
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Standard 00
or N° SP..

Year Week

Secondary terminals Connection
g Aeil T Terminal + : supply voltage + 15V
= i 4 Terminal M: measure
I Terminal -': supply voltage - 15V
Number | Primary current | Nominal Turns Primary | Primary insertion Recommended
of primary | nominal | maximum | output current ratio resistance | inductance connections
turns | I [A] |1, [A] | lg [mA] Ky R, [mQ] | L, [uH]
54321 IN
0—0—0—0—0
1 25 36 25 1/1000 0.3 0.023
OuUT 6 7 8 910
54732204 IN
o0—0—0
2 12 18 24 2/1000 1) 0.09 T
OUT 6 7 8 910
§4321IN
3 8 12 24 3/1000 2.5 0.21 iy o
ouUT 6 7 8 910
6542321 5IN
4 6 9 24 4/1000 44 0.37 N
oOuUT 6 7 8 910
54413251 IN
5 5 7 25 5/1000 6.3 0.58 NNy
outT 6 7 8 910
Mechanical characteristics Remarks
e General tolerance +0.2 mm e I  is positive when I, flows from terminals 1, 2, 3, 4, 5 to
e Fastening & connection of primary 10 pins 0.7 x 0.6 mm terminals 10, 9,8, 7,6
e Fastening & connection of secondary 3 pins @ 1 mm e This is a standard model. For different versions (supply
e Recommended PCB hole 1.2 mm voltages, turns ratios, unidirectional measurements...),

piease contact us.

LEM reserves the right to carry out modifications on its transducers, in order to improve them, without previous notice.
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Internally Trimmed
Integrated Circuit Multiplier

AD332

FEATURES

Pretrimmed to +=1.0% (AD532K)

No External Components Required

Guaranteed +1.0% max 4-Quadrant Error (AD532K)
Diff Inputs for (X; - Xz) (Y1 - Y2)/10 V Transfer Function
Monolithic Construction, Low Cost s

APPLICATIONS

Multiplication, Division, Squaring, Square Rooting
Algebraic Computation

Power Measurements

Instrumentation Applications

Available in Chip Form

PRODUCT DESCRIPTION

The AD532 is the first pretrimmed single chip monolithic mult-
plier/divider. It guarantees a maximum multiplying error of
+1.0% and a +10 V output voltage without the need for any
external trimming resistors or output op amp. Because the
ADS532 is internally trimmed, its simplicity of use provides design
engineers with an attractive alternative to modular multpliers,
and its monolithic construction provides significant advantages
in size, reliability and economy. Further, the AD532 can be used
as a direct replacement for other IC multipliers that require
external trim networks.

FLEXIBILITY OF OPERATION

The AD532 multiplies in four quadrants with a transfer func-
tion of (X; — X,)(Y; — Y5)/10 V, divides in two quadrants with
a 10 VZ/(X; - X,) transfer function, and square roots in one
quadrant with a transfer function of +{10 VZ. In addition to
these basic functions, the differential X and Y inputs provide
significant operating flexibility both for algebraic computation and
transducer instrumentation zpplications. Transfer functions,
such as XY/10 V, (X% -Y%/10 V,+X%10 V, and 10 V Z/(X, — X»),
are easily attained and are extremely useful in many modulation
and function generation applications, as well as in trigonometric
calculations for airborne navigation and guidance applications,
where the monolithic construction and small size of the AD532
offer considerable system advantages. In addition, the high
CMRR (75 dB) of the differential inputs makes the AD532
especially well qualified for instrumentation applications, as it
can provide an output signal that is the product of two transducer-
generated input signals.

REV.C

Information furnished by Analog Devices is believed to be accurate and
reliable. However, no responsibility is assumed by Analog Devices for its
use, nor for any infringements of patents or other rights of third parties
which may result from its use. No license is granted by implication or
otherwise under any patent or patent rights of Analog Devices.

PIN CONFIGURATIONS
—

z[1]e [1a] +Vs
ouT 2] [13] Y4
V5[l ppszn [AY2

TOP VIEW Ne [4] ropview [11] Vos

(Not to Scale) NC E (Not to Scale) [10] aND
Ne [¢] o] X,
x [7] [s]ne

NC = NO CONNECT

AD532

TOP VIEW
(Not to Scale)

9 10 11 12 13

OWZn0 0 B
=z XUz z X

NC = NO CONNECT

GUARANTEED PERFORMANCE OVER TEMPERATURE
The AD532] and AD532K are specified for maximum multiplying
errors of +2% and +1% of full scale, respectively at 25°C, and
are rated for operation from 0°C to 70°C. The AD532S has a
maximum multiplying error of £1% of full scale at 25°C; itis
also 100% tested to guarantee a maximum error of +4% at the
extended operating temperature limits of -55°C and +125°C. All
devices are available in either the hermetically-sealed TO-100
metal can, TO-116 ceramic DIP or LCC packages. ], K, and
S grade chips are also available.

ADVANTAGES OF ON-THE-CHIP TRIMMING OF THE
MONOLITHIC AD532
1. True ratiometric trim for improved power supply rejection.

2. Reduced power requirements since no networks across sup-
plies are required.

3. More reliable since standard monolithic assembly techniques
can be used rather than more complex hybrid approaches.

4. High impedance X and Y inputs with negligible circuit loading.

5. Differential X and Y inputs for noise rejection and additional
computational flexibility.

One Technology Way, P.0.Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 781/329-4700 World Wide Web Site: http://www.analog.com
Fax: 781/326-8703 © Analog Devices, Inc., 2001



ANALOG
DEVICES

Internally Trimmed
Integrated Circuit Multiplier

AD532

FEATURES

Pretrimmed to +1.0% (AD532K)

No External Components Required

Guaranteed +1.0% max 4-Quadrant Error (AD532K)
Diff Inputs for (X; - Xz) (Y1 - Y2)/10 V Transfer Function
Monolithic Construction, Low Cost 5

APPLICATIONS

Multiplication, Division, Squaring, Square Rooting
Algebraic Computation

Power Measurements

Instrumentation Applications

Available in Chip Form

PRODUCT DESCRIPTION

The AD532 is the first pretrimmed single chip monolithic multi-
plier/divider. It guarantees a maximum multiplying error of
+1.0% and a £10 V output voltage without the need for any
external trimming resistors or output op amp. Because the
AD532 is internally trimmed, its simplicity of use provides design
engineers with an attractive alternative to modular multipliers,
and its monolithic construction provides significant advantages
in size, reliability and economy. Further, the AD532 can be used
as a direct replacement for other IC multipliers that require
external trim networks.

FLEXIBILITY OF OPERATION

The AD532 multiplies in four quadrants with a transfer func-
tion of (X; — X,)(Y; - Y,)/10 V, divides in two quadrants with
a 10 V Z/(X; - X,) transfer function, and square roots in one
quadrant with a transfer function of V10 VZ. In addition to
these basic functions, the differential X and Y inputs provide
significant operating flexibility both for algebraic computation and
transducer instrumentation zpplications. Transfer functions,
such as XY/10 V, (X2 - Y?/10 V,+X¥10V, and 10 V Z/(X; — X,),
are easily attained and are extremely useful in many modulation
and function generation applications, as well as in trigonometric
calculations for airborne navigation and guidance applications,
where the monolithic construction and small size of the AD532
offer considerable system advantages. In addition, the high
CMRR (75 dB) of the differential inputs makes the AD532
especially well qualified for instrumentation applications, as it
can provide an output signal that is the product of two transducer-
generated input signals.

REV.C

Information furnished by Analog Devices is believed to be accurate and
reliable. However, no responsibility is assumed by Analog Devices for its
use, nor for any infringements of patents or other rights of third parties
which may result from its use. No license is granted by implication or
otherwise under any patent or patent rights of Analog Devices.

PIN CONFIGURATIONS
-

z[1]e [14] +Vs

ouT 2] 13] Y4

Vo[ apszy [
TOP VIEW Ne[&] topview [ Vos
(Not to Scale) ne [5] (Not to Scale) [10] aND

N €] o] x,

x [7] 5] ne

NC = NO CONNECT

18Y,
17 NC
16 Vos
15 NC
14 GND

TOP VIEW
(Not to Scale)

8 10 11 12 13
- o~
EEEE

NC = NO CONNECT

GUARANTEED PERFORMANCE OVER TEMPERATURE
The AD532] and AD532K are specified for maximum multiplying
errors of £2% and +1% of full scale, respectively at 25°C, and
are rated for operation from 0°C to 70°C. The AD532S has a
maximum multiplying error of £1% of full scale at 25°C; it is
also 100% tested to guarantee a maximum error of +4% at the
extended operating temperature limits of -55°C and +125°C. All
devices are available in either the hermetically-sealed TO-100
metal can, TO-116 ceramic DIP or LCC packages. ], K, and
S grade chips are also available.

ADVANTAGES OF ON-THE-CHIP TRIMMING OF THE
MONOLITHIC ADS532
1. True ratiometric trim for improved power supply rejection.

2. Reduced power requirements since no networks across sup-
plies are required.

3. More reliable since standard monolithic assembly techniques
can be used rather than more complex hybrid approaches.

4. High impedance X and Y inputs with negligible circuit loading.

5. Differential X and Y inputs for noise rejection and additicnal
computational flexibility.

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 781/329-4700 World Wide Web Site: http://www.analog.com
Fax: 781/326-8703 © Analog Devices, Inc., 2001



[D 532-—SPEC I F l CATI 0 NS (@25°C, Vs = =15V, R > 2 kQ Vg grounded, unless otherwise noted.)

ADS32] ADS32K ADS32S
{odel Min Typ Max Min Typ Max Min Typ Max Unit
{ULTIPLIER PERFORMANCE
. (X- X, (Yi-Y2) (X - X )XY -Ya) (X %= Ya)
Transfer Function _d—l T == __l oV e SNy O_V_ Y
Total Error (<10 V<X, Y<+10V) 1.5 +2.0 +0.7 +1.0 +0.5 *1.0 %
T, = Min to Max 2.5 +1:5 +4.0 %
Total Error vs. Temperature 10.04 +0.03 +0.01 +0.04 %I°C
Supply Rejection (15 V + 10%) 10.05 +0.05 +0.05 %/ %
Nonlinearity, X X =20V p-p, Y=10V) 10.8 +0.5 +0.5 %
Nonlinearity, Y (Y =20 Vp-p, X=10V) 10.3 +0.2 +0.2 %
Feedthrough, X (Y Nulled,

X =20 V p-p 50 Hz) 50 200 30 100 30 100 mV
Feedthrough, Y (X Nulled,

Y =20 Vp-p 50 Hz) 30 150 25 80 25 80 mV
Feedthrough vs. Temperature 2.0 1.0 1.0 mV p-p/°C
Feedthrough vs. Power Supply 10.25 +0.25 +0.25 mV/%

YYNAMICS
Small Signal BW (Voyr = 0.1 rms) 1 1 1 MHz
1% Amplitude Error 75 75 75 kHz
Slew Rate (Vour 20 p-p) 45 45 . 45 Vips
Serntling Time (to 2%, AVqyt = 20 V) 1 1 1 s
JOISE
Wideband Noise f = 5 Hz to 10 kHz 0.6 0.6 0.6 mV (rms)
f=5Hzto5MHz 3.0 3.0 3.0 mV (rms)
JUTPUT
Output Voltage Swing +10 113 10 +13 +10 +13 A%
Ourput Impedance (f < 1 kHz) 1 1 1 Q
Output Offset Voltage 140 +30 +30 mV
Output Offset Voltage vs. Temperature 0.7 0.7 2.0 mV/°C
Ourput Offset Voltage vs. Supply 125 an/s 8] k2.5 mV/%
(NPUT AMPLIFIERS (X, Y, and Z)
Signal Voltage Range (Diff. or CM
Operating Diff) 110 +10 +10 \
CMRR 40 50 50 dB
Input Bias Current

X, Y Inputs ) 1.5 4 1.5 4 pA

X, Y Inputs Tun to Tmax 10 8 8 pPA

Z Input +10 5 =15, +5 +15 PA

Z Input Tups 10 Tmax 130 +25 +25 A
Offset Current 10.3 0.1 0.1 PA
Differential Resistance 10 10 10 MQ

DIVIDER PERFORMANCE
Transfer Function (X; > X,) 10V ZIX;-Xy) 10V Z/I(X,-X,) 10 VZ/X;-X,)
Total Error
(Vg =-10V,-10 V< Vz <+10V) +2 +1 +1 %
Vx=-1V,-10V<V;<+10V) 4 +3 +3 %
SQUARE PERFORMANCE

: 2 2

Transfer Function (_X‘;XL) (_XL_XL) M

10V 10V oV

Total Error 0.8 +0.4 +0.4 %
SQUARE ROOTER PERFORMANCE

Transfer Function ~N10VZ —~N10VZ ~10VZ

Total Error (0 V<V;<10V) 1.5 +1.0 +1.0 %
POWER SUPPLY SPECIFICATIONS

Supply Voltage

Rated Performance t15 +15 +15 A%

Operating +10 +18 +10 +18 +10 $22 v
Supply Current

Quiescent 4 6 4 6 4 6 mA

PACKAGE OPTIONS

TO-116 (D-14) AD532]D AD532KD AD532SD

TO-100 (H-10A) AD532JH ADS532KH AD532SH

LCC (E-20A) AD532SE/883B
Specifications subject to change without notice. THERMAL CHARACTERISTICS
Specifications shown in boldface are tested on all production units at final H-10A: 8;c = 25°C/W; Oj = 150°C/w
electrical test. Results from th d to calcul, i li : = - =
levels. le :r:sin arc:iu:ax ::::cif:?:tiﬁ;saizcg‘;?ra;?:cdf :lta}:uogl:go‘;:;gtg:cus};lown ED'21(3}1}éejc_—zggé%y,eem_—sgosocw
in boldface are tested on all production units. G 3 8 = 85°C/W

=2- REV.C



AD332

ORDERING GUIDE CHIP DIMENSIONS AND BONDING DIAGRAM
Contact factory for latest dimensions.
Temperature Package Package Dimensions shown in inches and (mm).
Model Ranges Descriptions Options
AD532]D 0°C to 70°C Side Brazed DIP D-14
AD532]D/+ 0°C to 70°C Side Brazed DIP D-14
AD532KD 0°C to 70°C Side Brazed DIP D-14
AD532KD/+ 0°C to 70°C Side Brazed DIP D-14
AD532JH 0°C to 70°C Header H-10A
AD532KH 0°C to 70°C Header H-10A
AD532]JCHIPS 0°C to 70°C Chip
ADS532SD —55°C to +125°C | Side Brazed DIP D-14
AD532SD/883B —55°C to +125°C | Side Brazed DIP D-14
JM38510/13903BCA| -55°C to +125°C | Side Brazed DIP D-14
AD532SE/883B -55°C to +125°C | LCC E-20A
AD532SH -55°C to +125°C | Header H-10A
AD532SH/883B -55°C to +125°C | Header H-10A
JM38510/13903BIA | -55°C to +125°C | Header H-10A
ADS532SCHIPS —55°C to +125°C | Chip
FUNCTIONAL DESCRIPTION

The functional block diagram for the AD532 is shown in Figure
1, and the complete schematic in Figure 2. In the multiplying
and squaring modes, Z is connected to the output to close the
feedback around the output op amp. (In the divide mode, it is
used as an input terminal.)

The X and Y inputs are fed to high impedance differential = X

amplifiers featuring low distortion and good common-mode X z
rejection. The amplifier voltage offsets are actively laser trimmed y, o—*

to zero during production. The product of the two inputs is vy{ il
resolved in the multiplier cell using Gilbert’s linearized trans- ¥ Jor
conductance technique. The cell is laser trimmed to obtain = Xp) (¥q = V) R 5

Vout = X; — X5)(Y; - Y,)/10 volts. The built-in op amp is used e N T e ¢ L
to obtain low output impedance and make possible self-contained (WITH ZTIEYTO OUTPUT)
operation. The residual output voltage offset can be zeroed at

Vos in critical applications . . . otherwise the Vg pin should Figure 1. Functiqnal Block Diagram

be grounded.
X0——m—
> O+Vg
R2 *R6 2 R8 2R16 $R23 s
¢ 0 A oz
at @ ; ZLct
a7 astelataaisl ¢—ats 17 Q21 3R33
= [5 = S
R22 ® :
% L 15 Q1o oVos
. Ri S
x1O——4M—E13 04’— R13
R3
como
$r0 O OUTPUT
SR19
R32 Ri1 :
ER14)J
Q13
R& 2RS5 Pm $R12 S, l\l
R18 0-Vg CAN
Yo
Figure 2. Schematic Diagram
REV. C Qg



D532

D532 PERFORMANCE CHARACTERISTICS
ultiplication accuracy is defined in terms of total error at
;°C with the rated power supply. The value specified is in
rcent of full scale and includes Xy and Yy nonlinearities,
=dback and scale factor error. To this must be added such
plication-dependent error terms as power supply rejection,
:mmon-mode rejection and temperature coefficients (although
Jrst case error over temperature is specified for the AD532S).
otal expected error is the rms sum of the individual compo-
:nts since they are uncorrelated.

ccuracy in the divide mode is only a little more complex. To
‘hieve division, the multiplier cell must be connected in the
edback of the output op amp as shown in Figure 13. In this
nfiguration, the multiplier cell varies the closed loop gain of the
5 amp in an inverse relationship to the denominator voltage.
hus, as the denominator is reduced, output offset, bandwidth
1d other multiplier cell errors are adversely affected. The divide
ror and drift are then ey X 10 V/X| — X;) where €, represents
wltiplier full-scale error and drift, and (X;-X3) is the absolute
ilue of the denominator.

ONLINEARITY

{onlinearity is easily measured in percent harmonic distortion.
e curves of Figures 3 and 4 characterize output distortion as
function of input signal level and frequency respectively, with
ne input held at plus or minus 10 V dc. In Figure 4 the sine
-ave amplitude is 20 V (p-p).

1.0
T A
/
e %
0.1 /V/// +

PERCENT DISTORTION

0.01
- 2 3 4 5 6 7 8 % 10 11412743 1

PEAK SIGNAL AMPLITUDE — Vots
Figure 3. Percent Distortion vs. Input Signal .
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7l
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10 100 1k 10k 100k 1M
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Figure 4. Percent Distortion vs. Frequency

0.1

AC FEEDTHROUGH

AC feedthrough is a measure of the multiplier’s zero suppression.
With one input at zero, the multiplier output should be zero
regardless of the signal applied to the other input. Feedthrough
as a function of frequency for the AD532 is shown in Figure 5. It
is measured for the condition Vx = 0, Vy = 20 V (p-p) and Vy = 0,
Vx = 20 V (p-p) over the given frequency range. It consists
primarily of the second harmonic and is measured in millivolts
peak-to-peak.

1000
oS
Vi
%
= Y FEEDTHROUGH
€ 100 =
1 ya
= =
K
2 ¥
E X H“lOU"
ﬂ 10 DTHR GH
w
1

100 1k 10k 100k ™ 10M
FREQUENCY — Hz

Figure 5. Feedthrough vs. Frequency

COMMON-MODE REJECTION

The AD532 features differential X and Y inputs to enhance its
flexibility as a computational multiplier/divider. Common-mode
rejection for both inputs as a function of frequency is shown in
Figure 6. It is measured with X; =X, = 20V (p-p); (Y1—-Y2) =
10 Vdcand Y; =Y,= 20V (p-p), X;—-X3) =10V dc.

70 =

\\
1 \\
60
1 NJN
/ ‘\:
50 AN | Y COMMON-MODE REJ
\\ (Xq—X,) = +10V
g |
T 40
' i
o L
€3 X COMMON-MODE REJ \N
o (Y1=Yp) = +10V NN
\t\
20 N{
\
10
0
100 - 1k 10k 100k 1™ 10M

FREQUENCY — Hz
Figure 6. CMRR vs. Frequency
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1.0 T
1
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R, = 2kQ C; = 1000pF J|
- 1
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o
> } Y
! R, = 2kQ C, = OpF
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2 R
2 \
=
<
0.1
10k 100k 1™ 10M

FREQUENCY — Hz
Figure 7. Frequency Response, Multiplying

DYNAMIC CHARACTERISTICS

The cdosed loop frequency response of the AD532 in the mult-
plier mode typically exhibits a 3 dB bandwidth of 1 MHz and
rolls off at 6 dB/octave thereafter. Response through all inputs is
essentially the same as shown in Figure 7. In the divide mode,
the closed loop frequency response is a function of the absolute
value of the denominator voltage as shown in Figure 8.

Stable operation is maintained with capacitive loads to 1000 pF
in all modes, except the square root for which 50 pF is a safe
upper limit. Higher capacitive loads can be driven if a 100 Q
resistor is connected in series with the output for isolation.

Vz=0.1 x Vy SIN &T

AMPLITUDE - Volts .
)

N L i~

3 o Vx =10V

\

A\

ve=1v\| S
N \I’x=5"
o1 A |

10k 100k ™ 10M

FREQUENCY — Hz

Figure 8. Frequency Response, Dividing

REV. C

POWER SUPPLY CONSIDERATIONS

Although the AD532 is tested and specified with £15 V dc
supplies, it may be operated at any supply voltage from £10 V

to +18 V for the J and K versions, and £10 V to £22 V for the

S version. The input and output signals must be reduced pro-
portionately to prevent saturation; however, with supply voltages
below +15 V, as shown in Figure 9. Since power supply sensitiv-
ity is not dependent on external null networks as in other
conventionally nulled multipliers, the power supply rejection
ratios are improved from 3 to 40 times in the AD532.

:12L

SATURATED OUTPUT
SWING
/MAX X OR Y INPUT

/ ” FOR 1% LINEARITY

L

+
-
o

PEAK SIGNAL VOLTAGE - Volts
L4 1
) @

T 12 14 16 18 20 22
POWER SUPPLY VOLTAGE — Volts

Figure 9. Signal Swing vs. Supply

NOISE CHARACTERISTICS

All AD532s are screened on a sampling basis to assure that
output noise will have no appreciable effect on accuracy. Typi-
cal spot noise vs. frequency is shown in Figure 10.

5

S

N

SPOT NOISE — pV/VHZ —
w

-

0
10 100 1k 10k 100k
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Figure 10. Spot Noise vs. Frequency
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PPLICATIONS CONSIDERATIONS

‘he performance and ease of use of the AD532 is achieved
1rough the laser trimming of thin-film resistors deposited
irectly on the monolithic chip. This trimming-on-the-chip
-chnique provides a number of significant advantages in terms
f cost, reliability and flexibility over conventional in-package
rimming of off-the-chip resistors mounted or deposited on a
ybrid substrate.

first and foremost, trimming on the chip eliminates the need for

hybrid substrate and the additional bonding wires that are
equired between the resistors and the multiplier chip. By trim-
aing more appropriate resistors on the AD532 chip itself, the
econd input terminals that were once committed to external
rimming networks have been freed to allow fully differential
peration at both the X and Y inputs. Further, the requirement
or an input attenuator to adjust the gain at the Y input has been
liminated, letting the user take full advantage of the high input
mpedance properties of the input differential amplifiers. Thus, the
\D532 offers greater flexibility for both algebraic computation and
ransducer instrumentation applications.

%inally, provision for fine trimming the output voltage offset has
seen included. This connection is optional, however, as the
\D532 has been factory-trimmed for total performance as
lescribed in the listed specifications.

REPLACING OTHER IC MULTIPLIERS

Ixisting designs using IC multipliers that require external
rimming networks can be simplified using the pin-for-pin
eplaceability of the AD532 by merely grounding the X,, Y, and
/os terminals. (The Vs terminal should always be grounded
vhen unused.)

APPLICATIONS
VMULTIPLICATION

X 0—
X, O—1—

—O Vour

Yyyo—+
Yo O—1 — Vos
2 1 Vg KX -Y)
(OPTIONAL) ¢—=Xa- 1ov
20kQ
o) o
+Vg -Vs

Figure 11. Multiplier Connection

For operation as a multiplier, the AD532 should be connected
as shown in Figure 11. The inputs can be fed differentially to
the X and Y inputs, or single-ended by simply grounding the
unused input. Connect the inputs according to the desired
polarity in the output. The Z terminal is tied to the output to
close the feedback loop around the op amp (see Figure 1). The
offset adjust Vs is optional and is adjusted when both inputs are
zero volts to obtain zero out, or to buck out other system offsets.

SQUARE

X4

AD532 out

Yq
Y, +Vg Vos Vg

} T (oPTIONAL)
20kQ

o [o}
+Vg -Vg

Figure 12. Squarer Connection

The squaring circuit in Figure 12 is a simple variation of the
multiplier. The differential input capability of the AD532, how-
ever, can be used to obtzin a positive or negative output response
to the input . . . a useful feature for control applications, as it
might eliminate the need for an additional inverter somewhere else.

DIVISION
z 1
O wole Vour= -—-‘;(VZ
X o—%4 z
X2
ADS32 out —O Vour
Ys
Y2 s s
= $1kQ
A 2 (SF)
22k0 % 47kQ l  10kQ
" 20kQ
= 6 X o =
+Vg -Vg

Figure 13. Divider Connection

The AD532 can be configured as a two-quadrant divider by
connecting the multiplier cell in the feedback loop of the op
amp and using the Z terminal as a signal input, as shown in
Figure 13. It should be noted, however, that the output error is
given approximately by 10 V e/(X; — X;), where €q is the total
error specification for the multiply mode; and bandwidth by

fn X Xy —X,)/10 V, where f, is the bandwidth of the multiplier.
Further, to avoid positive feedback, the X input is restricted to
negative values. Thus for single-ended negative inputs (0Vto
—10 V), connect the input to X and the offset null to Xy; for
single-ended positive inputs (0 V to +10 V), connect the input

. to X, and the offset null to X;. For optimum performance, gain

(S.F.) and offset (X,) adjustments are recommended as shown
and explained in Table L.

For practical reasons, the useful range in denominator input 18
approximately 500 mV < | (X;—X;)| < 10 V. The voltage offset
adjust (Vos), if used, is trimmed with Z at zero and (X, - X,) at
full scale.

Table I. Adjust Procedure (Divider or Square Rooter)

DIVIDER SQUARE ROOTER
Adjust Adjust
With: for: With: for:
Adjust X Z Vour Z Vourt
Scale Factor | <10V +10V -10V +10V -10V
X, (Offset) | -1V +0.1V -1V +0.1V -1V
Repeat if required.
REV. C
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SQUARE ROOT
z
Vour = VAOVZ
X4
X2
AD532  OUT —OVour
Y4
Y2 +¥% Vs
2 L 1ko
e  (5F)
22kQ A7kl l S 10kQ
L (g 20k ol b
= o) O =
+Vg -Vg

Figure 14. Square Rooter Connection

The connections for square root mode are shown in Figure 14.
Similar to the divide mode, the multiplier cell is connected in
the feedback of the op amp by connecting the output back to
both the X and Y inputs. The diode D is connected as shown
to prevent latch-up as Zyy approaches 0 volts. In this case, the
Vos adjustment is made with Zpy = +0.1 V dc, adjusting Vops to
obtain —1.0 V dc in the output, Voyt = — V10 V Z. For optimum
performance, gain (S.F.) and offset (Xo) adjustments are recom-
mended as shown and explained in Table L.
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DIFFERENCE OF SQUARES

X0O— X4
AD532 ouTt Vour
L1y
20kQ  20kQ 1 X2 - Y2
Y S v Y, 4Vg Vos -V, CE et Sl
—vL2*s T _5\ ouT = g7
10kQ L (OPTIONAL)
20k
= AD74IKH ¢
+Vg Vs

Figure 15. Differential of Squares Connection

The differential input capability of the AD532 allows for the
algebraic solution of several interesting functions, such as the
difference of squares, X, — Yo/10 V. As shown in Figure 15, the
ADS532 is configured in the square mode, with a simple unity
gain inverter connected between one of the signal inputs (Y)
and one of the inverting input terminals (<Ym) of the multiplier.
The inverter should use precision (0.1%) resistors or be other-
wise trimmed for unity gain for best accuracy.
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OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).

Side-Brazed DIP
(D-14)

0.005 (0.13) MIN 0.098 (2.49) MAX
- k= s > |-

T

0.310 (7.87)

0220 (5.59)
0.320(8.13)
0290 (7.37)

|<—u7as(1994)mx—-|0060(1 .52)

o0 (5 m) 0.015(038) |

o 150
0.200 (5 os (a 81) Ll
01ZE@18) 0.015 (0.38)

ooza(osa) T0.100 oo70(1 73) SEATING 5508 (6.20
0.014 (0.36) (254)0030(076) PLANE 08 (0.20)

Leadless Chip Carrier

(E-20A)
0.200 (5.08)
0.358 (9.09) 0.100 (2.54) a'g"f; BSC
r 0.342 (8.69) 0.064 (1.63) REF la——- 0.100 (2.54) BSC
A "| - § iy \'& 0.015 (0.38)
= 0.095 (2.41) N
= 1 0.075 (1.90) = H“_("_"‘)
TOP 9.09] 0.011(0.28) 0.022 (0.56)
VIEW (MAX) 0.007 (0.18) | Al F
sa RTYP y = ggSCO (1.27)
¥ oo75(191) ¥ TRIRINIA I3
na 45° TYP
0.088 (2.24) 0.055(1.40)  0.150 (3.81)
0.054 (1.37) 0.045 (1.14) BSC
Metal Can
(H-10A)
— REFERENCE PLANE
|, 0.750 (19.05)
0.185(4.70)| 0.500 (12.70) 60‘ e

0.
0.165 (4.19) [« 0250(635)MIN 455575 7g)

_——

_.1

0.370 (8.40)
0.335 (8.51)

(.

0.335 (8.51
0.305 (7.75)

2
_J 0.019 (0.48) 0.230 (5.84)

0.016 (0.41) gs(\/

0.040 (1.02) MAX—>] |+ b

0.045(1.14) | ‘: 0.016 (0.41)
0.010(0.25
1023 BASE & SEATING PLANE
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1¢R| Rectifier

PD-9.458C

IRFP450

HEXFET® Power MOSFET

e Dynamic dv/dt Rating
Repetitive Avalanche Rated
Isolated Central Mounting Hole
Fast Switching

Ease of Paralleling

Simple Drive Requirements

® & 6 0 o

Description

Third Generation HEXFETSs from [nternational
with the best combination of fast switching, ruggedized device design, low

on-resistance and cost-effectiveness.

The TO-247 package is preferred for commercial-industrial applications
where higher power levels preclude the use of TO-220 devices. The TO-247
is similar but superior to the earlier TO-218 package because of its isolated
mounting hole. It also provides greater creepage distance between pins to

meet the requirements of most safety specifications.

Absolute MaXimum Ratings

Rectifier provide the designer

TO-247AC

Parameter Max. Units
Ip@ Tc=25°C Continuous Drain Current, Vas @ 10V 14
Ip @ Tc= 100°C | Continuous Drain Current, Vs @ 10 V 8.7 A
lom Pulsed Drain Current ® 56
Pp @ Tc=25°C |Power Dissipation 190 W
Linear Derating Factor 1.5 W/°C
Vas Gate-to-Source Voltage +20 \
Eas Single Pulse-Avalanche Energy @ 760 mJ
AR Avalanche Current © 8.7 A
Ear Repetitive Avalanche Energy ® 19 mJ
dv/dt Peak Diode Recovery dv/dt @ 3.5 V/ns
iy Operating Junction and -55 to +150
Ts16 Storage Temperature Range °C
Soldering Temperature, for 10 seconds 300 (1.6mm from case)
Mounting Torque, 6-32 or M3 screw 10 Ibfein (1.1 Nem)
Thermal Resistance
Parameter Min. Typ. Max. Units
Reuc Junction-to-Case — — 0.65
Recs Case-to-Sink, Flat, Greased Surface — 0.24 — °C/W
Rou Junction-to-Ambient e 40 o
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IRFP450

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

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

® Vpp=50V, starting Ty=25°C, L=7.0mH
RG=25Q, Ias=14A (See Figure 12)

{ Parameter | Min. | Typ. | Max. | Units Test Conditions &
VigRr)oss Drain-to-Source Breakdown Voltage 5007 == . V | Vas=0V, Ip= 250pA
AV (srpss/ATy| Breakdown Voltage Temp. Coefficient — | 063 | — | Vv/rC |Reference to 25°C, lp= 1mA
Ros(en) Static Drain-to-Source On-Resistance — — | 040 Q |Vas=10V,p=8.4A @
Vasith Gate Threshold Voltage 2.0 — | 4.0 V | Vps=Vas, lo=250¢A
dis Forward Transconductance 93 | — — S | Vps=50V, Ip=8.4A @
loss Drain-to-Source Leakage Current | = - 2o uA Vos=$QOV, VG50V
— — 250 Vps=400V, Vas=0V, Ty=125°C
leee Gate-to-Source Forward Leakage —_ e 100 o Vas=20V ;
Gate-to-Source Reverse Leakage — — | -100 Vas=-20V
Qq - Total Gate Charge — — | 150 Ip=14A
Qgs Gate-to-Source Charge — | — | 20 | nC |Vps=400V :
Qgd Gate-to-Drain ("Miller") Charge — — 80 Vgs=10V See Fig. 6 and 13 @
to(on) Turn-On Delay Time — 17 | — Vpp=250V :
tr Rise Time — 47 — h lp=14A
taof) Turn-Off Delay Time ={9-@ T & Ra=6.2Q
ts Fall Time — 44 = Ro=17Q See Figure 10 ®
| Lo internal Drain Inductance — | 50 | — g?nw,;e?& ;_65?: )
nH | from package G{
Ls Intemal Source Inductance — 18/ gl and center of
die contact s
Ciss Input Capacitance — | 2600 — Vas=0V
hCoss QOutput Capacitance — 720=Fn pF | Vps= 25V
Crss Reverse Transfer Capacitance — 3408 s f=1.0MHz See Figure
Source-Drain Ratings and Characteristics
| Parameter ' Min. | Typ. | Max. | Units Test Conditions
Ms Continuous Source Current o\ L 14 MOSFET symbol N
(Body Diode) s showing the
Ism Pulsed Source Current / o 56 integral reverse ¢
(Body Diode) ® p-n junction diode. s
Vsbp Diode Forward Voltage — — 14 | V |Ty=25°C, Is=14A, Vas=0V ®
ter Reverse Recovery Time — | 540 | 810 | ns |Ty=25°C, l,=14A
Qe Reverse Recovery Charge — | 48 | 7.2 | pC |di/dt=100A/us &
ton Forward Tum-On Time Intrinsic turn-on time is neglegible (turn-on is dominated by Ls+Lo)
Notes:

@ Isp<14A, di/di<130A/us, Vop<V(BR)DSS,
TJ<150°C

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

1020



TSR] IRFP450

TOP Egg TOP :gz /
a.ov 8.0Y
7.0V 7.0V
L L4 A
— BOTTON 4.6V L —_ BOTTOM 4.5V I
8. e 3 :
£ E
= L o
s el
c =
o 10 L
3 =] 4.5VF
O (&) -
= yi— [
@ i
Qa Q
5 E /
L 4.5V
’-"‘"_""'—"—’ 1
20us PULSE WIDTH / 20us PULSE WIDTH
Tc = 25°C Tc = 150°C
100 h 100 .
100 101 100 10!
Vps, Drain-to-Source Voltage (volts) Vps, Drain-to-Source Voltage (volts)
Fig 1. Typical Output Characteristics, Fig 2. Typical Output Characteristics,
Tc=25°C Tc=150°C
- 2 iz Ip = 14A
v G
v ay b7 3.0
n A 6
g— 150°C /// % 2.5 v
< ! =i = O ~
= 7 —25% 2B waalk
o A =] bl g 2.0 /
= 74 Ty p.
O / / U.) g 1.5 A
(e}
= by 7
® - 7
a & 1.0 =
= 0
o6 1 a )
7 z =i
0 0.5 t—>
Vpg = S0V 2
20us PULSE WIDTH o L vGs = 10V
d 5 6 ! 8 9 10 "260 -40 -20 0 20 40 60 B0 100 120 140 160
Vgs, Gate-to-Source Voltage (volts) T;, Junction Temperature (°C)
Fig 3. Typical Transfer Characteristics Fig 4. Normalized On-Resistance

Vs. Temperature
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IOR)

S Vas = OV, f = 1M1z

\ Cic. = * Coiy Cos SHORTED
\ Crss
X

5000

ng
N {Coss = Cds * Cad

N
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L 4000
& \\ Ciss
[0} N
e 3000 > \ [~
8 s
S L Bl
g— \\ COSS
© 2000 N
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Nl q

b

Crss \
~N
1000 - N

\\_

9100 101
Vps, Drain-to-Source Voltage (volts)

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

L~ 1

101 -

/
25°C

/ / Ves = (0)Y
100

0.4 0.8 1.2 1.6 2.0
Vsp, Source-to-Drain Voltage (volts)

Isp, Reverse Drain Current (Amps)

Fig 7. Typical Source-Drain Diode
Forward Voltage
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e U
VDS = 400V —
VDS = 250V ]
16 VjS = 100V
P
y

v

-
n

8 By

FOR TEST CIRCUIT
SEZ FIGURE 13
0 20 40 60 80 100 120 140

Qg, Total Gate Charge (nC)

Vgs, Gate-to-Source Voltage (volts)

Fig 6. Typical Gate Charge Vs.
Gate-to-Source Voltage
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BY Rps (oN)

2 A . I
) I
Q. 7102
&
< 5 =
== | BTG S, {10us
- | N S
5 2 4 \‘~ '\q
€9, d M TS B
8 = 100us]
(= 3 Z I .
" 7 . 44
@ > N 1',"5
c ]
_@ i 10 ;_1':'

5
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L SINGLE PULSE
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Vps, Drain-to-Source Voltage (volts)

Fig 8. Maximum Safe Operating Area
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D.UT
14 ’K> L
I Voo
12 ‘\\
- B $10v
g— 10 Pulse Width < 1us
Duty Factor £ 0.1%
= e T
o X Fig 10a. Switching Time Test Circuit
5 N :
O S 6 ‘\ V
c DS
g . - N 90% \l / WI /2
a : X | |
2 ! l I
- I I l
025 50 75 100 125 150 Vst ; ]\ I ji \i
Tc, Case Temperature (°C) WYon) Y tdiot) Y
Fig 9. 'Maximum Drain Current Vs. Fig 10b. Switching Time Waveforms

Case Temperature

1 I o
1 i
—_ :O-O.U— =
2 L
-—,‘— /
u - k0.2 ; —LFP /
@ 0. 4
g 0.1
o =
Q L 0.0 7.7l
8 1 L7
0: /”— } v
TR 002 Al SINGLE PULSE
& o.of LATII|| (rHermaL ReEsPONSE)
A= 10 = ! | : T
g E LT
t
[ tol tz.l
) NOTES: :
- 1. DUTY FACTOR, D=ti/t2
3 2. PEAK Tj=PDH X Zth]C + TC
100
1073 107 1073 1072 0.1 1 10

t1, Rectangular Pulse Duration (seconds)
Fig 11. Maximum Effective Transient Thermal Impedance, Junction-to-Case
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TR

Vary tp to obtain
required las

Vps > -—0
D.U.T.
!1}‘) *
T.Voo
las
T 0.01Q

Fig 12a. Unclamped Inductive Test Circuit

Vps

lag ol

V(8R)DSS

Vbb

—_— e ———

Fig 12b. Unclamped Inductive Waveforms

10V|— — — A & —

Va

Charge —

Fig 13a. Basic Gate Charge Waveform

Eas, Single Pulse Energy (mJ)

1600

1
QP 6.34A
8.9A

1200 \

BOTTOM 14A

800 M

BN
r

N

400

Bl
Bl

N
=~

Vpp = 50V
0 . s

TR
e

25 50

75

100 125 150

Starting T, Junction Temperature(°C)

Fig 12c. Maximum Avalanche Energy
Vs. Drain Current

Current Regulator

3mA I:ﬂ_

_ 1—‘_ Vos

c = Ip

Current Sampling Resistors

Fig 13b. Gate Charge Test Circuit

Appendix A: Figure 14, Peak Diode Recovery dv/dt Test Circuit — See page 1505

Appendix B: Package'Outline Mechanical Drawing — See page 1511

Appendix C: Part Marking Information — See page 1517
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SEMICONDUCTOR TOSHIBA PHOTOCOUPLER

TLP2540
TOSHIBA
TECHNICAL DATA GaA¢As IRED & PHOTO-IC
(TLP250)
TRANSISTOR INVERTER Haitinan
INVERTER FOR AIR CONDITIONOR
IGBT GATE DRIVE
POWER MOS FET GATE DRIVE
8 T 858
The Toshiba TLP250 consists of a GaAfAs light emitting diode and AL LI
a integrated photodetector. 8
This unit is 8-lead DIP package. “
TLP250 is suitable for gate driving circuit of IGBT or power MOS JTT I
FET.
e Input Threshold Current : Ip=5mA (Max.) =
e Supply Current(cc) : 11mA (Max.) ;—‘ﬂ £
e Supply Voltage (Vcg) : 10-35V ¢
e  Output Current (IQ) : 1£0.5A (Min.) ol oxdin
e  Switching Time (tp,H/tpHL) : 0.5us (Max.) E
e Isolation Voltage : 2500Vypg (Min.) vy <l pescew
e UL Recognized : UL1577, File No.E67349
e  Option (D4) type
VDE Approved : DIN VDE(0884/06.92, Certificate No.76823
Maximum Operating Insulation Voltage : 630VpK JEDEC 2
Highest Permissible Over Voltage : 4000VpK
EIAJ .
(Note) When a VDE0884 approved type is needed,
please designate the “Option (D4)” TO?HIBA 11-10C4
e (Creepage Distance : 6.4mm (Min.) Weight : 0.54g
Clearance : 6.4mm (Min.)
SCHMATIC PIN CONFIGURATION (TOP VIEW)
Toc
e Viea 10 15

8

o[ 17
Vo }r:
s[ 16

Vo
40 15
(Tr2)
© GND 1. (N.C.
A 0.1 uF bypass capcitor must be 5 2 : ANODE
connected between pin 8 and 5(See more 5). 3 . CATHODE
gd®:_ANC.
TRUTH TABLE 5 : GND
Tr1 Tro 6 : Vo (OUTPUT)
)
Input ON ON OFF 8 : V¢e
LED OFF | OFF ON
(© The information contained herein s presented only a3 8 guide for the sppiations of our products. No responsibility is assumed by TLP250 -1
TOSHIBA CORPORATION for any infringements of intellectual property oc other rights of the third parties which may result from its use.
No license is granted by implication or otherwise under any intellectual property o¢ other rights of TOSHIBA CORPORATION or others. ©) 1996 o 4 — 8
@ Theu TOSHIBA pﬂo.duds are Intended for use in general 2 (otfice " " 9
equipment, domestic appliances, etc). please make sure that you consult with us before you use these TOSHIBA products in equipment which TOSHIBA CORPORATION

requires extraordinarlly high quallty and/or rellabllity, and In equipment which may Involve IHfe threatening or critical application, including but
ot limited to such uses 33 atomic energy control, airplane or spaceship mstrumentation, traffic signals, medical instrumentation, combustion
control, sll types of safety devices, etc. TOSHIBA cannot sccept and hereby isclaims liability for any damage which may occur in case the
TOSHIBA products are wsed In such equipment or applications without prioc consultation with TOSHIBA.




SEMICONDUCTOR

TOSHIBA i
TECHNICAL DATA
(TLP250)
ABSOLUTE MAXIMUM RATINGS (Ta=25°C)
CHARACTERISTIC SYMBOL RATING UNIT
Forward Current Ip 20 mA
q | Forward Current Derating (Ta= 70°C) Al / ATa —0.36 mA /°C
E Peak Transient Forward Curent (Note 1) IFpT 1 A
Reverse Voltage VR 5 A%
Junction Temperature (Ty) 125 °C
“H" Peak Output Current (Pw=2.5us, f=15kHZ)Note 2) I0PH -15 A
«1” Peak Output Current (Pw=2.5us, f=15kHZ)Note 2) IoPL +1.5 A
~ =70°
cg) Output Voltage gi; Zgg; Vo ZZ
S O,
§ Supply Voltage g‘z; Z;’g; vVee zz v
A ["Output Voltage Derating (TaZ70°C) aVQ/ATa —0.73 V/°C
Supply Voltage Derating (Ta=70°C) avVgeg/ATa —-0.73 v/°C
Junction Temperature (Tj) 125 °C
Operating Frequency (Note 3) f 25 kHz
Operating Temperature Range Topr —20~70 °C
Storage Temperature Range Tstg —55~125 °C,
Lead Solder Temperature (10s) Tsol 260 5C
Isolation Voltage (AC, 1min., R.H.£60%, Ta=25°C) (Note 4) BVs 2500 Vrms

Note 1 Pulse width Pyw=1us, 300pps

Note 2 Exporenential Wavefom '

Note 3 Exporenential Wavefom, Iopg= —1.0A (S2.5us), IopL=E +1.0A (S2.5us)

Note 4 Device considerd a two terminal device : pins 1,2,3 and 4 shorted together, and pins 5, 6,
7 and 8 shorted together. .

Note 5 A ceramic capacitor (0.14F) should be connected from pin 8 to pin 5 to stabilize the

operation of the high gain linear amplifier. Failure to provide the bypassing may impair
the switching proparty. The total lead length between capacitor and coupler should not

exceed lcm.

RECOMMENDED OPERATING CONDITIONS

CHARACTERISTIC SYMBOL MIN. | TYP. MAX. UNIT

Input Current, ON Ir (ON) il 8 10, mA

Input Voltage, OFF VF (OFF) 0 — 0.8 v

Supply Voltage vee 15 = 30 |20 v

Peak Output Current IopH/IOPL — — +0.5 A

Operating Temperature Topr —-20 25 70 ‘ - 85 ¢
TLP250 -2
1996-4-8
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SEMICONDUCTOR

TOSHIBA TLE2o0

TECHNICAL DATA

(TLP250)

ELECTRICAL CHARACTERISTICS (Ta = —20~70°C, Unless otherwise specified)

TEST
CHARACTERISTIC SYMBOL | CIR- TEST CONDITION MIN. |TYP.*| MAX. | UNIT
CUIT| .. B
Input Forward Voltage \%3) — [Ip=10mA, Ta=25°C 1.6| 1.8 v
Temperature Coefficient of
/ — = —_ -2, — o
Forward Voltage dVprale ' IOmA : ¢ LS
Input Reverse Current Ir — [VR=5V, Ta=25°C — 10 | pA
Input Capacitance Cr — [V=0, f=1MHz; Ta=25°C —_ 45| 250 | pF
Ip=10mA
“H” Level| Iopg | 3 ; G =a5 | -1.5] —
Output Current Yoe=30v |*8-6 A
Sl (*1) [F=0
L” Level | IoPL 2 Ve 5=2.5V 0.5 2] —
Veor=+15V, V; =-—15V
g Level | JdE | TiEE WWEEL 1128 &
Rp,=200Q), Ip=5mA
Output Voltage - ) T v A"
e CC1= » VEE1= —
L” Level | VoL 5 Ry =200, Vp=0.8V — | -14.2|-125
Voo=30V, Ip=10mA s
“H” Level | ICCH — [fa=25°C
Voe=30V, Ip=10mA - i 11
Supply Current £ g B mA
IVcc=30V, Ir=0mA
Niors — 7.5 —
“L” Level | Igcr, | — [Fa=26%C
Voc =380V, Ip=0mA — — 11
Threshold Input | “Output Vcc1=+15V, VEg1=—15V
Current 1—g | FLE | — IRy=200Q, Vo>0V 3 s i P
Threshold Input | “Output Veco1=+15V, VEg1=-15V
Voltage H—17 | "FHL Ry =200Q, VO <OV MEENL I 5V
Supply Voltage Vee — 10 — 35
Capacitance g V=0, f=1MHz
(lnput-Output) Cs ~ Ta=25°C - 10| &0 |g5F
- V5=500V, Ta=25°C (-
Resistance (Input-Output) Rg — RH=60% 5% 10 10 — Q

* All typical values are at Ta=25°C (*1) : Duration of I time=50us

TLP250 -3

1996-4-8
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SEMICONDUCTOR

TOSHIBA

TECHNICAL DATA

TLP250

(TLP250)

SWITCHING CHARACTERISTICS (Ta= -20~70°C, Unless otherwise specified)

TEST
CHARACTERISTIC SYMBOL | CIR- TEST CONDITION MIN. |TYP.* | MAX. |UNIT
CUIT| ..
Propagation L—H toLH Tp=8mA — 0.15 | 0.5
lay Ti — =
Delay Time H—L tpHL 6 IVoci=+15V, VEg1=—15V 0.15 | 0.5 =
Output Rise Time tr e il 4
Output Fall Time tr L% i S
Common Mode Transient 2 e 2
Immunity at High Level | OMH | 7 XCM:;gsvgril‘“_‘zg,?éA woooo] - Vs
Qutput cc= e
Common Mode Transient & iB
Immunity at Low Level CMmL 7 zCM:—; ()OSV”I‘:;I;;?:EA 5000 | — ZHN s
Output % :
* All typical values are at Ta=25°C
TLP250 -4
1996-4-8
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SEMICONDUCTOR

TLP250
TOSHIBA
TECHNICAL DATA
(TLPZSO)
TEST CIRCUIT 1 : TEST CIRCUIT 2 : IOPL
- B
1l s 1]
[ 1 0  pyow
I 1 [ e
——
: IorL
4[] 5 4[] Ves
TEST CIRCUIT 3 : IOPH TEST CIRCUIT 4 : VOH

1] g - 1] :
_l_ Vee p{e: 1)
] = 0.1uF = = 0.1xF —
Ip Vg6 Ip

Lrl

Sy
jas]

2

10 i1
<

&
e

4[
1/
—————JVEE1
TEST CIRCUIT 5 : VoL
8
1[0 }I——‘
—E—-{: :I = 0.14F ':.—VCC]‘
b T__E M A1,
VoL
<[ )
i r
T VEE1
TLP250 =5
1996-4-8
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SEMICONDUCTOR

TOSHIBA LT

TECHNICAL DATA

(TLP250)

TEST CIRCUIT 6 : tpLH. tpHL: tr.

el AuF
F i ]__01# e Ycel
i Ry,

003 [

—

_VEE1

TEST CIRCUIT 7 : CmH. CML

Sefis

8
1[] }I———
swIr 0.1uF
= L 1T vee

Ao'oB
T H—o
4 [ :I‘<
VeMm
i i
_ 600V
90%
vVem M— } 480 (V)
E AN 1 COmw = tr (us)
SW : A(Ip=8mA) o PTAE L)
v \f—zev ot
0 /\“—3V
G
SW : B(Ip=0) i

CMI, (CME) is the maximum rate of rise (fall) of the common mode voltage that can be
sustained with the output voltage in the low (high) state.

TLP250 -6

1996-4-8
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SEMICONDUCTOR
TOSHIBA

TLP250
TECHNICAL DATA

(TLP250)
I — VF AVR/ATa - Ip
100 — -26
Ta=25°C ~
50 « 5
it T 1 2 E‘ -24
S -2
£ SE
10 = {<hd
=gy 7 &g 22 w
E 3 7 Eg‘ N~ s
] 2ES T
1 Cq -20
& <
8 0.5 s SE
g 0 f SE 18
g g8
E w gk
2
S 005 28 -16
0.03 v o°
/ |9}
0.01 =14
1.0 12 1.4 1.6 18 2.0 0.1 0.3 .05 1 ST 30
FORWARD VOLTAGE VF (V) FORWARD CURRENT Ip (mA)
Ip — Ta vee — Ta
40 s 4
= Q
g %
8 30 § 30 N
8 g N
<< 3
ZE >
2= 0 L 2o
[ 8
® A %
2 7]
< ®
= 10] é 10
3 5
-
5 S
=}
0 < 0
0 20 40 60 80 100 0 20 40 60 80 100
AMBIENT TEMPERATURE Ta (*C) AMBIENT TEMPERATURE Ta (°C)

IopH, lopL — Ta
T T T T T
PW=2.6us, f<15KHz

IopH, lopL (A)
7

ALLOWABLE PEAK OUTPUT CURRENT

0 20 40 60 80 100
AMBIENT TEMPERATURE Ta (°C)

TLP250 -7*

1996 -4-8
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