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Special Project Title P-E Hysteresis Loop Tracer

Name Miss Pornsri  Tangpattanakitcharoen

Miss Sudtida Lavangkul

Special Project Adviser Assist. Prof. Wichit Sirichote
Assist. Prof. Dr. Aree Wichienchai

Department Applied Physics

Academic Year 1995

The purpose of this special project is to develop an instrument for measuring the
characteristic of piezoelectric materials. The principlé of the measurement is based on
“Sawyer-Tower circuit . By applying external electric field to the piezoelectric specimen, the
current is then induced in the sample and is integrated to be an electronic charge which in
turn is proportional to the polarization. The instrument consists of 1) an analog programming
generator, 2) a high voltage DC supply, 3) an electrometer and 4) an X-Y recorder. The
analog programming generator provides triangular waveform output used to program the
output voltage of the high voltage power supply. The electrometer is used to integrate the
induced current and the output is then put the Y-axis as the amount of electronic charge
induced in the specimen. Test has been done with a piezoelectric samples ; Barium titanate
and PZT disc. By applying voltage across the electrode ranging from SOV to 200V. Results

have shown the different of minor hysteresis loop for such sample.
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ASPOLED ELEMENT ASPOLED ELEMENT
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2.1.4 u33uNeluBidANn3n ( Piezoelectric Voltage )
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COMPRESSIVE FORCE TENSILE FORCE
a POLING - c
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OUTPUT VOLTAGE OUTPUTVOLTAGE
OF SAME POLARITY OF OPPOSITE POLARITY

AS POLED ELEMENT AS POLED ELEMENT
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Vibrations and Displacements )
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Tnondnu3oveuwaiivell Tamufsanilmsonas Tawuddluld ashlinsSosfiannedin
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Poled Ceramic
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VIRGIN CURVE

~ Field - Field

«— Field 0 — Field

¥ Strain
(8)
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2.2.1 anudslsuud uazlnuanIdu (Resonant Frequency and Vibration
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Mode)
4 A A ¢ Qo (=Y () A L
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d : AnesnnunT savesasiie 1¥o@aANSn ( Piezoelectric Strain Constant) 95170 U
1ide 2.2.3
g @ ANfiusIAUBINWM ( Voltage Output Constant ) 8310 Turiade 2.2.4
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i i Resonant Material Constant Symbol
&':;am“ Shape/Vibration Mode Frequency Y
e () k d g YE €T N
1y &
) d¢ a>15t N E
Radial Mode P - Deection of eaton = Kr dsy ga Yii &h N,
E : Direction of electric field
Thn dsk with radal vi mode. Polanization s orx
along the thickness of the disk.
——
o 27T
Ll
Length Mod kY e 5 :
eng oage 2% DR 7 K dy gn 1 €33 N2
Thin rectangutar plate, with the directa Vibrals
10 the polsrization axis and with a single pomi of escnance,
Longitudinal N .
Mode @ ﬁ] es Kss das gas Yas LA N,
€>2.52.2.5b.2.5d
Square and eyfindrical coumns, Vibraton i3 oriented 2long the
duecton of pofarization. Only a single pomt of resonance.
Thickness N
Mode 1 torgald 14 Kt dss 933 Ys €3 Na
Disk and rectangular plates which ara 1hin compared 1o their
surlace areas. They have muliile poinly of mgonance m
longitudinal vixation mode, .
[
—
?
¥ ’
Shear Mode . —-f‘ 15 Ks dis 915 YE &l Ny
| 1>a>
Drsk o lec!angular plates, with (he electrc ﬂeld
orthogonal to the dwection of polarization, 9 a shear

viration along the surface.
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Rl R; - -‘i
i kY 4
T

Osc : Oscdator .

FC. . Frequency Counter

i Rv :Varable Resstor

i TP, : Transducer

i V :Vohmeter

! R, 100k {Reterence Vale)
| Ry in the outpud cieuit

@ may be omitted.

Valtmeter Asading
—_—

Frequency

; o v 9 a o
i 218 mawdis Tauwudonmsadeitnssuansd

2.2.2 fnAsiinud ( Frequency Constant : N )
<3 & * ] - | o a o ' Y
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d=k ?—E (mv) 2T)
fe & = mnsiileddansn
Y = fueganves Young(N/mz)
k= dulse@ngrumeiviing

r T r
’6‘ £ ’6‘

dy =k o dy=ky s ds =k e(2.8)
su=EgE O = fyfpE 1s = Fisy 7

(b) MAINLTIEUE NN g
1 4 L 5 - &
fnsfiuseduemiyn Neadestuamuduvesau ldfhduiiunasinastlounny

; A A:I 1 ] a
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g= -7 (V.mI N) -(2.9)
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= =— =— (2.10
&a P 53 > 833 6,313 > 8is 6‘{1 (2.10)
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2.2.4 ﬁuﬂizﬁnﬁ‘fjﬂmmﬂﬂm-na (Electromechanical Coupling Coefficient k)m
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2.2.5 AuBena ( Mechanical : Q)
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2.2.6 ﬂ'meqé’mm Young ( Young 's Modulus : lﬁ)

& o o \ 1 A 1 =
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vV fe anusSudes (m/s)

E
2.2.7 8@318I4ve4 Poisson ( Poisson 's Ratio : O )
A A -4 1 . ¥ - -
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Distortion Rate Orthogonal to Stress
B Distortion Rate along Stress
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035 ¢

0.5 ¢

0.15

P=oms pc/omt
E: ¢ KV/cm

OVa,Ve) = 613,81

y- E(V)

Ola,vz) = (0325, -80)
P z -0848 )4¢/cm"

€ = -g0 KV/cm

20

[ ] v,
manat = 0.0112
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Symbols

Symbol Description Units

c Capacitance farad

d; Piezoelectric constant m/V=coul IN
d, Inner diameter meter (inch)
dia Diameter meter (inch)
d. Mean diameter (d, + d) /2 meter (inch)
d, Outer diameter meter (inch)
E Electric field V/im

€ Permitivity of space (8.85 x 107'3) farad / meter
F Force Newton

f Frequency of minimum impedance Hz

f Frequency of maximum impedance Hz

g Piezoelectric constant vm N =m?/coul
h Height meter (inch)
‘:g Electromechanical coupling coefficient

Relative dielectric cofistant

¢ Length meter (inch)
N Frequency constant Hz'm (KHz-inch)
n Number

p Density kg m’

P Pressure N m?
Q_ Mechanical Q

tan & Dielectric loss factor

S Strain - . m m

s Elastic compliance coefficient m: N

T Stress N m?

t Thickness meter (inch)
v Voltage volt

w Width meter {inch)
Y Modulus of elasticity N m*

z impedance at {_ ohms

3
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Frequency . (Static) {Static)
Capacitance Displacement Vealtape
AW = d3,VW \/~ - s Fy
£ = Ny T thk W
' LorW T ,
K€ LW d,, VL F
Cap = 2 0 AL = 3 ve Sz
thk thk L
F e
, = - Fathk
(n Athk = dgsV = _Smhal
tw
N 2d;,vr .F
Fo= 6 ar= I3 ve S
(o]0] KL § o2 thk 27t
t 0,5 Fathk
Fo= —= = vo SuT
thk Athk Ay V —
. N, A d3, V{OD-I1D} 9s:F,
.= —— r —_— e
‘ {OD~ID} 2 2thk 2x(0D-ID}
Cap = KL €,mOD-IDY) "
4thk
Ny 4g5,F4thk
F = Athk = dysV —_
‘ thk ® = (0D2-D?)
W, 2d4,VL F,(OD-iD)
F, = ' AL 31 O31F
L {OD-ID) L {OD+1D}
Fo 2Ny, Cop — K1, € q7L{OD-+ID)
(0D—1D) (OD—1D} £ (ODID
-1D)
Ar = v Sk Mt
_ N, 2{0D2-i0%
T {OD+ID}
2
S Athk = dgqV n/a
' {OD—ID}
KI5 € gw{OD+ID)2
Cap = _"_"'_0.7.—(—)
4(0D—1D)
F o= .____zrk__ Ar = 2d5,Vr n/a
' {OD+IDj thk
NB < isphere} = 0.8 x F, (hemisphere)
KIEaLW Cisl e
o= [ Cano= ,__,;i)_;_- L= 4.V Vo= Sl e —_—
tni nk = W
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LENGTH
" Mutltiply
Number
of
- I .
8Y Millimetres Centimetres  Metres " Thou Inches Feet
To !
Obtain |
Millimetres 1 10 108 2.540-102 2.540-10 3.048-102
Centimetres - 10" 1 10?2 2.540-103 2.840 2.048-10
Meotres 107 102 1 2.540-10% 2540102 3.048-10"
Thou 3.937-10 3.937-10? 3.937-10¢ 1 108 1.200-10*
inches 3.937-107 3.937-16' i 3:937-10 10° 1 1.200-10
Feet 3.281-10% 3.2811 0\‘ 3.281 8.333-10% 8.333-102 1
INVERSE LENGTH
Mulitiply
Number
of
. - .
BY XPer XPer XPer XPer X Per X Per
To Millimetre Ceantimetre Metre Thou Inch Foot
Obtain |
X ParMillimetre 1 10" 103 3.937-10 3.937-102 3.281-103
X PerCentimetre 10 1 102 3.937102 3.937-10" 3.281-102
X Per Metre 108 102 1 3.937-10¢ 3.937-10 3.281
XPerThou 2.540-10° 2.540-102 2.540-10% 1 103 8.333-10%8
X Perinch 2.540-10 2.540 2.540-10 109 1 8.333-102
X PerFoot 3.048-107 3.048:10 3.048-10°7 1.200-10* 1.200-10 1
AREA
Multiply
Number
of
B8Y Square Square Square Circular Square Square
To Millimetres Centimetres Metres Thou inches Feet
Obtain |
Square .10~ 902 .
Millim 1 10? 108 5.067-1072 6.452-20 9.290-10*
Square -2 . 2
Centim 10 1 10t 5.067-10% 6.452 9.290-10
Square 8 4 .10-10 104 110
™M 10 10 1 5.067-10 6.452-10 9.290-10
Circular . . .10° R .108
Thou 1.97310% 1.973-10° 1.973-10 1 1.273108 1.833-10
ls"'“’“’ 1.550-103 1.550-10" 1.550-10° 7.854:107 1 1.440-10?
nches
f.f“'“"“ ' 107610% 1.076-10° 1.076:10 5.454-10° 6.944-107 1




INVERSE AREA

Maultiply
Number.
of

—

BY \
To
Obtain |

XPerSquare XPerSquare XPerSquare XPerCircular XPerSquare XPerSquare

Millimetre Centimetre . Metre Thou inch Foot
X PerSquare » ¢ .10 3
s 1 102 10% 1.973-10° 1.550-10° 1.076-10%
X porSquars 102 104 187310 1.550-10" 1.07610°
:l:;;s““"‘. 108 10¢ 1 187310° 1.550-10° 107610
XPar Circular 5.067-104 5.067-10% 5.067-10"0 1 7.854-107 5.464-10°
XPerSquare 6.452-102 6.452 6.452-104 1273108 1 £.944-10°
:‘;’: Square 9.290-10° 9.200-107 9.290-102 1.833-10° 1.440-107 1
ANGULAR MEASURE INVERSE ANGULAR MEASURE
Muitiply Muttiply
Number Number
of of ‘
- — XPer XPear XPer X Per
Secon Deg Radian
BY Seconds Minutes Degrees Radlans BY d Minuts roe  Fad
To To
Obtain) Obsain
Saconds 1 6.000-10 3.600-10° 2.063-10° Pl 1 1.667-107 2.778-10% 4848109
. . . X Per . 102
Minutes  1.687-102 1 6.000-10 3.438-10° et 6.000-10 1 1.667102 2.908-10%
Degrees 2778104 1667102 1 5.730-10 g:;r'" 3.600-10° 6.00010 1 1745107
2 XPer .
Radians  4.848-10% 2909104 1.745-10" 1 P 2.063-10° 3.43810° 5.730-10 1
VOLUME INVERSE VOLUME
Multiply Muitiply
Number Number XPer X Par XPeor X Per
of Cublc Cubic Cubic Cubic of Cubic Cubic Cubic - Cubic
— Centi- Metres iInches Feot — Centi- Moetre Inch Foot
(' motres ay metre
To To \
Obtain! Obtain}
Cubic X PerCubic . |
1 106 1.63910 283210 RporCuble 108 6.102107 3315109
Cubic , : X Peor . .
apic 109 1 1.639-10° 2.832-107 e 108 1 6.102.10¢ 353110
Cubic XPer
pubie 6102107 6.102:10¢ 1 1.72810° e ey 163910 1639105 1 5787-10°
Cubic 1ns ¢ 1Lk XPer R ) Y16 |
v 3.531-10% 3.531-10 5.787-10 1 O Foot 283210 2832107 1728100 1




FORCE .

Muitiply
Number
of
-
[:3 4 Dynea Newtons Grams Kilograms Qunces ... Pounds
To '
Obtain |
Dynes 1 10°% 9.807-102 9.80710° 2.780-10% 4.448-10°
Newtons o s 1 9.807-103 9.807 2.780-10" 4.448
Gm 1.020-103 1.020-102 N 1 10 2.835-10 4.536-102
Kilograms 1.020-10¢ 1.020-10" 109 1 2.835-102 4.536-10"
Ounces 3.597-10° 3.597 3.527-10? © 3.527-10 1 1.600-10 ~
Pounds 2.248-10€ 2.248-10° ~ 2.205-107 2.205 6.250-102 1
INVERSE FORCE
Multiply -
Number
of

BY \ XPerDyne XPerNewton XPerGram XPerKilogram XPerOunce XPerPound
{

Yo -
Obtain
X PerDyne T 108 1.020-107 1.02010€ 359710 2248109
X PerNowton 105 1 1.020-102 1.020-10" 3597 2248101
XPerGram 9.807-10? 9.807-103. 1 10? 3527107 2.205-109
X Par Kilogram 9.807-10° 9.807 10° 1 352710 2.205
XPerOunce 2.780-10¢ 2.78010° 283510 2.835-102 1 6.250-102
XPerPound 4.448-10° 4.448 4.536:102 453610" 1.600-10 1
TORQUE

Mauitiply

Number

of

BY Dyne Newton Gram Kilogram Ounce ° Pound
To Centimetre Metre Centimetres Metres Inches Feet
Obtain |
Dyne 1 10° 9.807-102 9.807-107 7.062-10° 1.356-107
Centimetres : : ) .
Newton ; 105 .10
Metron 10 1 9.807-10 9.807 7.062:10 1.356
Gram i .
Contimetros 1.020-103 1.020-10° 1 10 7.201-10 1.383-10°
;"“"’“‘ 1.020-10¢ 1.020-10" 10% 1 7.201-10° 1.383-10"
ounta 1416105 1.416:10? 1.389-10? 1.389-10° 1 1.920-102
inches ’ . : - .
Pound 7.376-10¢ 7.376:10" 7.233-10% 7.233 5208103 1

Feet




INVERSE TORQUE

Muitiply
Number
of
- .
BY XParDyne XPerNewton XPerGram XPerKilogram XPerOunce XPerPound
To Cantimetre Metre Centimetre ‘Metre Inch Foot
Obtain |
XPerDyne ' 7 y ’ . ' y
Centimet 1 10° 1.020-103 1.020-10° 1.41‘6 108 7.376-10°
XPorNewton 107 1 1.020-10¢ 1.020-10" 1.41610? 7.37610°
X Per Gram )
Centim 9.807-102 9.807-10% 1 108 1.389-102 7.233-10%
X PerKifogram 107 .
" 980—7- 10. o 9_307 108 1 1.389 103 ) -7.?'33
XParQunce 7.062-10¢ 7.062-10° 7.201-10 7.201-10% 1 £.208-109
X PerPound 1.356-107 1.356 1.383-10¢ 1.383-10° 1.920107 1
PRESSURE
Muttiply
Number
of
- Dynes’ Newtaons Killograms Pounds Centimetres Festof Festot
BY PerSquare PerSquare PerSquare PerSquare ofMercury FreshWster SeaWater®
To Centimetre Metro Metre inch @o0°C @4°C @0°C
Obtain |
DynesPer . Qac. R N .
Square Centim 1 10 9.807-10 6.895-10° 1.333-10* 2.989-10* 3.07310¢
Newtons Per g8o- 3
SquareMet 101 1 9.807 6.895-103 1.333-103 2.98910°7 3.073-103
Kilograms Per . X 031. . . .
Square M 1.020-102 1.020-10! 1 7.031-102 1.360-107 3.048-102 3.133-107
Pounds Per ’
Squarelinch 1.450-10% 1.450-104 1.422-103 1 1.934-101 4335107 4.457-10"
Cantimetres of . -
Mercury @0°C 7.501-10% 7.501-104 7.356-103 517 1 2242 2.305
Feetof Fresh X -
Water @4°C 3.346-10% 3.346-104 3.281-107 2.307 4.460-10" 1 1.028
FestofSea 3254105 3254104  3.191-109 2244 433810 9.727-10° 1

Water® @0°C




INVERSE PRESSURE

Muitiply
Number
of

t— X PerDyne

XPer

X Per

X Per

X Per

X PerFootaf XPerFootaf

BY PerSquare NewtonPer KilogramPer Pound Per Centimetre FreshWater SeaWater®
To Centimetre Square Metre Square Metre Squareinch Mercury @4°C @o0°C
Obtain | . @o°c e
X PerDyne .
PerSquare - 1 10" 1.020-102 1.450-10% 7.501-10% 3.346:10° 3.254-10%
Centimeatre -
X Per
" Newton Per 10 1 1.020-10" 1.450-10¢ 7.501-10% 3.346-104 - 3.254-10%
Square Metre
XPer -
Kilogram Per 9.807-10 9.807 1.422:10? 7.356-10° 3.281-103 3.19110°
Square Metre '
XPer
Pound Per 8.895-10¢ 6.895-10° 7.031-107 1 5.171 2.307 2.244
Squareinch
- XPer B
Centimetra of 1.333-10¢ 1.33310° 1.360-107 1.934-10" 1 4.460-10" 4.339-10"
Mercury @0°C . : :
XPerFootof ’ > .
Fresh Water 2.989-10¢ 2.98910° 3.048107 4.335-10° 2.242 1 9.727-10"
@4°c o T
XPerFeetof : \
SeaWator® 3.073-10¢ 3.073:10° 3.133-102 4.457-107 2.305 1.028 1
@0°C ' ) S
DENSITY
Muitiply
Number
of
- Grams Kilograms Grams _ Ounces Pounds . Pounds
BY PerCubic PerCubic PerCubic PerCubic PerCublc PerCublc
To Centimetre Metre Inch Inch Inch inch
Obtain { ..
Grams Por 1 10 6.102102 1.730 2.768-10 1.602-102
Cubic Centimetre . : : ) .
Kilometres Par .
Cubic Matre 103 1 6.102-10 1.73010° 2.768-10° 1.602-10
Grams Per ' 102 | 102 1t
Cubicinch 1.639-10 1.639-10 1 2.835-10 4.536-10¢ 2.62510
Ounces Per . 27 " .
Cubicinch 5.780-10" 5.780-10¢ 3.5627-102 1 1.600-10 9.259-10°
Pounds Per v . .10 .
Cubic Inch 3.613-102 3.613-10° 2.205-107 6.250-107 1 . 5.787-10% .
Pounds Per y .
Cubic Foot 6.243-10 6.243-107 3.810 1.080-102 1.72810° 1
-
COMPLIANCE LINEAR MECHANICAL IMPEDANCE
Muitiply Muitiply
Number Number
of Centimetres Meton Inches of Dynes Per Newtons Per Ounces Per
- Per (Metres Por Per ~ Centimetre Metre Pe InchPer
BY \ Dyne Newton) Ounce 8Y PerS [ S
To To
Obtain | Obtain |
Centimetre Dynes Per
Per 1 103 9.136x10° Centimetre 1 103 1.095x 104
Dyne Per Second
Meton Newtons
(Maetres Por 103 €136x 107 PerMetre 103 1 1.085x 10
Newton) PerSecond
Inches Ounces
Per 1.095 x 104 1.095x 10 1 Perinch 9.136x10% ' 9.136x10? 1
Ounce Par Second
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LM124, LM224, LM324,A, LM2902
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NOTES

- 125 C for LM124
-85 C for LM224

Thigh

- 40 C for LM2902
-25C for LM224

= 0°C for LM324.A
2! The input common-mode voltage or either input signal voltage

‘1 Tiow ¢ ~55Cfor LM124

~70 C for LM324 A
- 105 C for LM2902

should not be allowed to go negative by more than 0.3 V. The
upper end of the common-mode voltage range is Voe ~ 1.7 V.

:21 Short circuits from the output to Vo can cause excessive heating

and eventual destruction. Destructive dissipation can result from

simultaneous shorts on all amplifiers.
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LM124, LM224, LM324,A, LM2902

REPRESENTATIVE CIRCUIT SCHEMATIC c :"r'“ ::c‘:‘::u
{One-Fourth of Circuit Shawn) Output ™ r

y . Amplifiers .
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CIRCUIT DESCRIPTION

The LM124 Series is made using four internally com-
pensated, two-stage operational amplifiers. The first stage

SINGLE SUPPLY

3.0V 1o Veo(Max.)

——i——vcc

ISP

11191999
3

'——————2 vge/Gnd

of each consists of differential input devices Q20 and
Q18 with input buffer transistors Q21 and Q17 and
the differential to singie ended converter Q3 and Q4.
The first stage performs not only the first stage gain
function but aiso performs the level shifting and trans.
conductance reduction functions. By reducing the trans:
conductance a smaller compensation capacitor {oniy 5 pF)
can be employed, thus saving chip area. The transcon-
ductance reduction 1s accomplished by splitting the col-
lectors of Q20 and Q18. Another feature of this input
stage I1s that the wnput common-mode range can include
the negative supply or ground, 1n single supply operation,
without saturating either the nput devices or the dif-
ferential to single-ended converter. The second stage con-
sists of a standard current source foad amplifier stage.

Each amplifier is biased from an internai-voltage regu-
lator which has a low temperature coefficient thus giving
each amplifier good temperature characteristics as well as
excellent power supply rejection ' )

SPLIT SUPPLIES

"CCO—'_J
t—o

o
o— = 1.5V 1o VeoiMax.)
o
o o
o
o L vy

=1 to VEE(Max.)
?.Z o

Vee
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LM124, LM224, LM324,A, LM2902

TYPICAL PERFORMANCE CURVES

FIGURE 1 - INPUT VOLTAGE RANGE

FIGURE 2 — OPEN LOOP FREQUENCY

+20 0 T 1.1
100 EE" at
~ 21§ g nY Ta= 259C
2 // = =z N
o ! / > z = 80
E 212 . a4 E ] \\~
2 N | A" giw N
210 \ / v <3 |
S 0 P Vs 22
. >
g 160 /}< <3 20 T
= Positive x
= Z | N
H 4.0 / [ N
" A 0
+2.0
) 20 :
0 :20 :40 160 80 210 212 14 15 =18 220 10 10 100 10k 0% o0t 10M
VCC/VEE, POWER SUPPLY VOLTAGES (VOLTS) 1, FREQUENCY (H2)
FIGURE 4 ~ SMALL-SIGNAL VOLTAGE FOLLOWER
PULSE RESPONSE
FIGURE 3 — LARGE-SIGNAL FREQUENCY RESPONSE {Non-Inverting)
1 T 550
‘r ! I { Vec v
= ! 500 Vee-Grd
Zﬂ- 12 + I tgut Ta = 25°C
2 \ s B CL=%0pF |
2 | AL =2k E a0 I i
2 P Veee 15V | - AL
w ! | \ Ve = Gnd b = 40
2 8 GAIN = -100 : = Butput i
= ] ] ] P !
5 | Ay =1k L] > 30 :
S 60 .f . A 5 \" | ;
5 R s e ~
40 O D\ A
3 [l N ‘ S 20
2—_,:' 20 I N ;
> 7 N ) N i : 200
HE l \ ol g o '
: . . :
10 10 100 1000 0 10 20 30 40 S0 &0 70 B9
1. FAEQUENCY (kHz) 1, FIME (ug)
FIGURE § — POWER SUPPLY CURRENT versus
POWER SUPPLY VOLTAGE FIGURE 6 — INPUT BIAS CURRENT versus SUPPLY VOLTAGE
24 I
21 Ta = 259C ,
- Ry =eo - :
£, 2 %0 .
5 = ~ -
15 = \ i
s S| E ~N 1
> 12 11 | a i
g : '
o 4
3 09 = & i
o« a. .
£ 2 !
S 08 = |
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S |
0 . ] |
1
0 50 0 s 2 % 0 po 0 20 40 60 8 10 12 14 16 18 20
vee, POWER SUPPLY VOLTAGE (VOLTS) Ve, POWER SUPPLY VOLTAGE (VOLTS)
— /
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LF355, LF356, LF357, LF355B, LF356B, LF357B

MAXIMUM RATINGS

LF355B/
Rating Symbol 356B/357B LF355/356/357 Unit
Supply Voltage vee +22 ~18 v
: VEE -22 -18
Differential input Voltage Vi =40 =30 \
Input Voltage Range {Note 1) VIDR =20 l =16 v
Output Short-Circuit Duration Ts Continuous
Operating Ambient Temperature Range TaA 0to +70 °C
Operating Junction Temperature Ty 150 °C
Storage Temperature Range Tstg -65to +150 °C
Note 1. Unless otherwise specified, the absolute maximum negative input voitage is equal to the negative power supply
voltage.
CIRCUIT SCHEMATIC
Offse: Nul
17 s
— e e & e . - -
“
Q1
i
s
—
—_——
J3 :—v—-—%
e o Q2
— “a .
—iJa —— a3
—— .
— - c2 = -
—-—————— Jg *-—— l ' .' ——
() b 10pF°s | . ¥ o1l
2o—— Ay e
Inv, taput . ._“05 I I
- ™~ ’—[‘““'—
(+) L ! i —
3 o J1iJ2 r—e 1 !
Non-nv, i i Vee '
Input [ i LT 7 ~ ; E 9
nev i v ‘a6 | Qg —e -
ford o N L, 7, b
| ! v R2 A3 I ! ;
: ] 97 30 30. oaj« | -
: : N p o g —~ H | :
1 [ Q12 ——+————4
1 !
P i Qi3 }.__ ‘{14 Q1s
c1 -
J10 J1 pe »~
T R4 RS RE 0a¥Y Yos 06
10pF* $10k {50k 5.0 k 1

*C1 = 5.0 pF on LF357.
*¢C2 = 2.0 pF on LF357.
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LF355, LF356, LF357, LF355B, LF356B, LF3578B

DC ELECTRICAL CHARACTERISTICS (vVce = 151020V, VEg = — 15 to —20 V for LF3558/356B/357B; Ve = 15V, VEE =
—15 V for LF355/356:357; TA = 0°C to +70°C uniess otherwise noted)

LF3558/68/78 LF355/6/7
Characteristic Symbo! Min Typ Max Min Typ Max Unit
Input Offset Voltage (Rg = 50 Q, Vo = 0) vVio mV

(Ta = 25°C) ) - 3.0 5.0 - 3.0 10

{Over Temperature) —_ - 6.5 —_ — 13
Average Temperature Coefficient of input Offset | AV|Q/AT -_ 5.0 - — 5.0 - uv=C

Voltage

(Rg = 50 Q)

Change in Average TC with V| Adjust ATC/ AVl — 0.5 — - 0.5 —_ uv=eC

{Rg = 50 Q) (Note 2) per mV
input Offset Current (Vepm = 0) (Note 3) o

(Ty = 25°C) - 30 20 — 3.0 50 pA

{Ty = 70°C) — - 1.0 — — 2.0 nA
Input Bias Current (Vcp = 0) (Note 3) B i

(Ty = 25°C) - 30 100 — 30 | 200 PA

(T = 70°C) — - 5.0 — — . B8O nA
Input Resistance (Tj = 25°C) fi —_ 1012 —_ — 1012 —_ [§]
Large Signat Voltage Gain AvoL vVmv

(Vo = =10V,R = 20k Vge = 15V,

VEE = -15V)
(TA = 25°C) 50 200 - 25 200 —
(0°C = Tp = +~70°C) 25 - —_— 15 - ! -
Output Voltage Swing Vo \

(Vee = 15V, VEE = -15V. R = 10kl 12 =13 - 12 =13 -

(Veec = 15V.VEg = 15 V. R = 2Kk(]) 10 =12 — 10 =12 '@ -

Input Common-Mode Voltage Range VICR =1 ~151 - =10 151+ — v

(Vee = 15V, VEg = -15V) -12.0 -12.0
Common-Mode Rejection Ratio | CMAR 85 100 ! — 80 100 — . dB
Supply Voitage Rejection Ratio (Note 4) PSRR 85 100 ¢ — 80 100 — dg8
Supply Current (T = 25°C, Vgg = 15V, ) ) mA

VEg = -15V) '

LF3558 355 - 20 4.0 —_ 2.0 4.0

LF3568 3578 - 50 , 7.0 — - -

LF356°357 — - i - - 50 ;, 10
AC ELECTRICAL CHARACTERISTICS (Vcc = 15V, Vgg = -15V, Tp = 25°C)

LF3558/355 LF356B/356 LF3578/357
Characteristic Symbol | Min ) Typ | Max | Min | Typ | Max | Min | Typ | Max Unit
Siew Rate (Note 5) SR V us

(Ay = 1) LF355356 - 5.0 - 1.5 12 - —_ —_ -_

(Ay = 5) LF357 -} -}l -}t =] =1 — 13150 | —
Gain-Bandwidth Product GBW — {25 | — | — |50} — }| — 20 | — MHz
Settling Time to 0.01% (Note 6) ts —J4o | — | — 15| — [ — |18 — us
Equivalent Input Noise Voltage en nViVHz

{Rg = 10002, f = 100 Hz) -]l - =115 =111 ] —

{Rg = 100 (), f = 1000 Hz) — 20 —_ —_ 12 — _ 12 _
Equivalent Input Noise Current in PAVHZ

(f = 100 Ha) — {00Vt — { — 001} — ] — JOO1] —

(f = 1000 Hz) — 1001 { — — {001} — - 1001} —

Input Capacitance G — 130} —}~—~)})30)} — | — 30— pF
NOTES

{1} Unless otherwise specified, the absolute maximum negative input
voltage is equal to the negative power supply.

{2} The temperature coefficient of the adjusted input offset voitage
changes only a small amount {0.5 uVFC typically) for each mV of
adjustment from its original unadjusted value. Common-mode re-
jection and open loop voltage gain are also unaffected by offset
adjustment.

(3) The input bias currents approximately double for every 10°C rise in
junction tempareture, Tj. Due to limited test time, the input bias
currents are correlated to junction tempaerature. Use of a heat sink
is recommendad if input bias current is to be kept to 8 minimum.

4} Supply voitage rejaction ratio is measured for both supply magni-

tudes increasing or decreasing simuitaneously, in accordance with
common gractice.

(5} The Min. slew rate limits apply for the LF356B and the LF3578; but
do not apply for the LF356 or LF357.

{6} Settling time is defined here, for a unity gain inverter connection
using 2.0 k resistors for the LF355/6. it is the time required for the
error voltage (the voltage at the inverting input pin on the amplifier)
to settle to within 0.01% of its final value from the time a 10 V step
input is applied to the inverter. For the LF357, Ay = —5.0, the feed-
back rasistor from output 1o input is 2.0 k and the cutput step is 10
V {see settling time test circuit).
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LF355, LF356, LF357, LF355B, LF356B, LF357B

TYPICAL DC PERFORMANCE CHARACTERISTICS
{Curves are for LF355, LF356, and LF357 series unless otherwise specified)
INPUT BIAS CURRENT versus CASE TEMPERATURE

FIGURE 1 — (LF355 SERIES)

Vee. Vg, SUPPLY VOLTAGE (- VOLTS)

FIGURE 2 — (LF356 AND LF357 SERIES)

Vee. VEE. SUPPLY VOLTAGE (: VOLTS)
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Tc. CASE TEMPERATURE 11C: T CASE TEMPERATURE 19C)
FIGURE 3 — INPUT BIAS CURRENT FIGURE 4 — OUTPUT VOLTAGE SWING
versus INPUT COMMON-MODE VOLTAGE versus SUPPLY VOLTAGE (LF355B/356B/3578)
80 30 T .
Veg o tiSV ! ¢
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FIGURE 5 — (LF355 SERIES) FIGURE 6 — (LF356 AND LF357 SERIES)
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100k

Ayot. OPEN LOOP VOLTAGE GAIN (VIV)

LF355, LF356, LF357, LF355B, LF356B, LF357B

TYPICAL DC PERFORMANCE CHARACTERISTICS (continued)

FIGURE 7 — NEGATIVE CURRENT LIMIT
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FIGURE 9 — POSITIVE COMMON-MODE
INPUT VOLTAGE LIMIT
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FIGURE 11 — OPEN LOOP VOLTAGE GAIN
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FIGURE 8 — POSITIVE CURRENT LIMIT
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AW, GAIN BANDWIDTH PRODUCT {MH.)
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LF355, LF356, LF357, LF355B, LF356B, LF357B

TYPICAL AC PERFORMANCE CHARACTERISTICS
GAIN BANDWIDTH PRODUCT

FIGURE 13 — (LF355 SERIES) FIGURE 14 — (LF356/357 SERIES)
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LF355, LF356, LF357, LF355B, LF356B, LF357B

TYPICAL AC PERFORMANCE CHARACTERISTICS (continued)

FIGURE 25 — COMMON-MODE REJECTION RATIO

FIGURE 26 — UNDISTORTED OUTPUT
VOLTAGE SWING
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FIGURE 31 — DRIVING CAPACITIVE LOADS
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Due to a unique outpul stage design these amplifiers have the
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FIGURE 33 — INPUT OFFSET VOLTAGE ADJUSTMENT

LF355, LF356, LF357, LF355B, LF356B, LF357B

TYPICAL CIRCUIT CONNECTIONS

FIGURE 32 — LARGE POWER BANDWIDTH AMPLIFIER
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FIGURE 34 — SETTLING TIME TEST CIRCUIT
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® For potentiometers with temperature coetficient of 100
ppm/OC or iess the saditional drift with adyust 1s > 0 5 uV
°¢/mv of adjustment.
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FIGURE 35 — NONINVERTING UNITY GAIN
OPERATION FOR LF357
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FIGURE 36 — INVERTING UNITY GAIN FOR LF357
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LF355, LF356, LF357, LF355B, LF356B, LF357B

TYPICAL APPLICATIONS

FIGURE 37 — WIDE BwW, Low NOISE,
LOW DRIFT AMPLIFIER

FIGURE 38 — ISOLATING LARGE CAPACITIVE LOADS
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FIGURE 41 — LONG INTERVAL RC TIMER
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FIGURE 40 — PRECISION CURRENT MONITOR

FIGURE 42 — HIGH IMPEDANCE, LOW DRIFT
INSTRUMENTATION AMPLIFIER
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MC140208

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss)

Vop —-5§5°C 25°C 125°C
Characteristic Symbol Unit
. . VS ["Min | Max | Min | Typ# | Max | Min | Max :
Qutput Voltage “0" Level 5.0 —-— 0.05 - 0 0.05 —_ 0.05
Vin = Vppor 0 VoL 10 - 0.05 —_ 0 0.05 _ 0.05 | Vdc
15 — 0.05 — 0 0.05 — 0.05
“1" Level 5.0 4.95 — 495 5.0 495 —_
Vin = 0or Vpp VoK 10 9.95 - 9.95 10 - 9.95 — Vdc
15 14.95 14.95 15 - 14.95 -—
Input Voitage “0" Level
(Vo = 4.5 or 0.5 Vdc) 5.0 1.5 225 1.5 1.5 Vde
(VO = 9.0 or 1.0 Vdc) viL 10 - 3.0 - 4.50 30 | — | 30
(Vo = 13.50r 1.5 Vdc) 15 40 6.75 40 4.0
' “1" Level
(Vo = 0.50r4.5Vde) - ViH 5.0 35 —_ 3as 275 — 35 vde
(Vo = 1.0 or 9.0 Vdc) 10 7.0 - 70 5.50 — 7.0 _—
(Vo = 1.5 or 13.5 Vdc) 15 1 - 11 8.25 - 1 —_
Output Drive Current .
(Vor = 2.5 Vdc) Saurce - 5.0 -3.0 - -24 -42 -— -17 -—
(VOH = 4.6 Vdc) ioH 50 | -064 -— -0.51 -0.88 - ~-036f§ — | mAdc
(VoH = 9.5 vdc) 10 -1.6 - -13 -225 -— ~-0.9 —
{VoH = 13.5 Vdc) 15 -42 —_ -34 -8.8 -~ -24 —
(VoL = 0.4 Vdc) Sink 5.0 0.64 - 0.51 0.88 - 0.36 —_—
(VoL = 0.5Vdc) loL 10 1.6 - 1.3 225 - 0.9 — | mAdc
(VoL = 1.5 Vdc) 15 4.2 —_ 34 8.8 —_ 24 —
Input Current lin 15 —_ =0.1 — | =0.00001] =0.1 - =10 | pAde
input Capacitance Cin - - —_ - 5.0 75 - - pF
Vin = 0 -
Quiescent Current Ipo 5.0 —_ 5.0 —_ 0.005 5.0 - 150 | pAdc
{Per Package) 10 —_ 10 - 0.010 10 - 300
15 20 - 0.015 20 600
Total Supply Current**t I 50 = (0.42 pAkHzZ) f + Ipp uAdc
(Dynamic plus Quiescent, 10 |-|- = (0.85 uA/kHZ) f + Ipp
Per Package) 15 It = (1.43 pAKH2) T + Ipp
(CL = 50 pF on all cutputs, aJ| - e e e B
buffers switching) -
- #Data labelled “Typ" is not 1o be used for design purposes but is e a L
intended as an indication of the IC's potential performance.
**The formulas given are for the typical characteristics only at 25°C.
1To caleulate total supply current at loads other than 50 pF:
(CL) = {50 pF) + (CL - S50) Vik
where: IT is in uA {per package), C_in pF, V = (Vpp - Vsg) in voits,
f in kHz is input frequency, and k = 0.001.
'
) PIN ASSIGNMENT
This devuce contains pl;otactlon clrcuitry to guard agalnst damage due to high static voltages — \ 2
or electric fields. However, precautions must be taken to avold applications of any voltage 1 —ja12 Voo 16
higher than maximum rated voitages to this high-impaedance circuit. For proper operatlon.
Vin and Vgt should be constrained to the range Vgg =< (Vin of Vout) < Vpp. ‘2¢jQ13 Q11515
Unused inputs must always be tied to an appropriate logic vo!tage level (e.g.. either Vgg or 3—jai4 Q10,114
VDD)- Unused outputs must be left open. ) . , - . acas ashkm13
; scjas Qef—112
) 6 a7 RED 1
- - S e e - - 7c]as cf—10
8 Vss Qt [Tg
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MC14020B

WNITCHING CHARACTERISTICS (C( =50 pF, To=25°C)

Vop
Characteristic Symbel Vde Min Typ # Max Unit
itput Riso and Fall Time T tTLH, ns
LH» TTHL={1.5 ns/pF) C + 25 ns tTHL 5.0 - 100 200 ’
LHs TTHL=(0.75 na/pF) Cy_+12.5 ns 10 - 80 100
LH. TTHL=(0.55 ns/pF) C +9.5 ns - 16 - 40 80
opagation Delay Time - tPLH, : 2:'
ack to Q1 tPHL . ns 5
'PHL. tPLH = (1.7 n&/pF) C_ + 175 ns 5.0 - 260 520 T
IPHL: tPLH = (0.66 na/pF) C_ + 82 ns 10 - 115 230
'PHL: tPLH = (0.5 ns/pF) C| + 55 ns 16 - - 80 160
ack to Q14 A ns
IPHL. tPLH = (1.7 n8/pF) C + 1735 ns 5.0 - 1820 3sc0
IPHL. tPLH = (0.68 ns/pF) C_ + 772 ns 10 - 805 1725
IPHL. tPLI = (0.5 na/pF) C + 53S ns 15 T - 560 1200 o
opagation Delay Time B tPHL - . ns E
180t to Qp ) ~:
IPHL = (1.7 na/pF) C_ + 285 ns . ) 5.0 - a7o 740 3
lpHL = (0.66 ns/pF) C + 122 ns 10 — 155 310
IpHL = (0.5 na/pF) C_ + 90 ns - 15 - 118 230 :
ack Pulse Width twH 5.0 500 140 _ ns
10 185 85 -
15 125 38 -
ack Pulse Frequency for 5.0 - 2.0 1.0 MHz
10 — 6.0 3.0
15 — 8.0 4.0
ack Rise and Fall Time tTLH, tTHL 5.0 -
) T 10 ’ No Limit )
15
1set Pulse Width . twi 5.0 3000 .{ -.320 - ns
10 550 120 -
15 420 8o —_—
1got Removal Time . tram 5.0 _ 130 65 -_ ns
' 10 80 25 -
15 30 15 - -
| tormulas given are for the typicai characteristics only at 25°C. [ e e - - . - .-
ta labelled " Typ" is not to be used for design purposes but is
snded as an indication of the IC's potential performance.
FIGURE 1 — POWER DISSIPATION TEST CIRCUIT AND FIGURE 2 — SWITCHING TIME TEST CIRCUIT AND
WAVEFORM WAVEFORMS
oV
600 uf = - i Pui
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- Generator c at

. Pulse
Gaenerator

10% ’ k_ vss
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; FIGURE 3 — TIMING DIAGRAM ;
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