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Abstract

A simple scanning tunneling microscope for jmaging of matenal
surface in air has been consfructed. The system consisis . of an
electrochemical etched tungsten probe tip about 100 nm in diameter, a
four stage vibrafion-isolation wunit and a FPZT-5A piezZoelectric tube
actuator capable of horizontal and vertical motion of -4564 nm/V and
4.256 nm/V respectively. After applying a fixed voltage between the probe
tip and material surface an approaching mechanism proceeds until
tunneling current ogour. The mic[pcomputer fhen collected  the current
data while controlling the horizontal scan For goid film sample and newly
“prepared tip, the current has been measured to be in the range of
0.0GnA to 1nA and decrease slowly with time, Which may caused by the

oxidation of tungsten in air.
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2.3 Piezoelectricity
. ) ot W-J o o A S A
Piezoelectricity Thspnuast@nuanstiriinresiagiiihungn  Weurmng

nagnlWiundagil asinlilanaimadnairussuiifudndousiausmang
fha uszndii dlTauninidil i Sasiiasin iz orednn fe
gl dhunaWilasinssesiag el '?a@,md’nﬁ%qgnﬁ”mﬂ%ﬂu
nsnanutaiaannsatindna  { electromechanical transducer )

2.3.1 Piezoclectric Ceramics

o 74 A Qs R - t (=) ¢
Tunninneresianiilnnani® Piezoslectricity dausnnnagMitaniind
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1 Polarization
Remanent
Polanzaton
b
VIRGIN CURVE
«~ Field 5 ~ Field
(A
— Field Q — Field
S
Y
| Stain
8

71213 aninanladiriuuss arateToafizuiuansini

’
Y o

w o 4 4' 2 1 X N .
2.3.4 s dnuamzmIoanu e uaa mamuiinuas 3ag Piezoelectric

—— T =

A <y - os a] . @ [ E .
miram 21 dhdtudneoii HuassnnantiRaed Gan Pezoslectric

_ Indicates that compliance is measured

L d
D __ Indicates that compliance is measured with electrode E
. with electrodes-connected together

circuitopen

S

1 1 — Indicates that stress or strain is in direction 1 36 — indicates that gtress or strain is in shear

l fromaroundaxis 3
Indicates that strain or stress is in direction 1

Indicates that strain or stress is in direction 3

Comoii _ Strain
ompliance = gtress Compliance = S
ompliance = giress

{All stresses, other than the stress involved in one subscript

1All stresses, other than the stress involved in one subscript
are constant)

are constant)
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4 4 jod s A ascy o .
A1eh 2.1 (e udtydneoinHuaaenuusadifions 3as Piezoelectric

T __ Indicates that all stresses on material are-constant - s _ Indicates that all strains in the material are constant
for example: zero external forces . ’ forexample: material completely blocked
preventing.deformation in any direction
1 — indicates that electrodes are perpendicular to axis 1 3

t— Indicates that electrodes are perpendicular to axis 3

ielectri £ , F
Relative dielectric constant = -E—‘— Relative dielectricconstant = E—L
0 0
E: Indicates that stress or strain is in shear form g Planar, used only for thin discs. It indicates
; around axis 2 l electrodes perpendicuiar to axis 3 and stress or
1 5 p strainequa' ins all directions perpendicular to axis 3

L Indicates that electrodes are perpendicular to axis 1

Electromechanical coupling Electromechanicai coupling

d — Indicates that the piezoelectric induced strain, or d — Indicates that stress is applied equallyin 1, 2, and
the applied stress, isin direction 3 3directions (hydrostatic stress; and that
33 h electrodes are perpendicular to axis 3)

l— Indicates that electrodes are perpendicular to axis 3 short circuit charge/electrode area
{_ strain _ shortaircuit charge/electrode area applied stress
spplied fieid applied stress

(All stresses, other than the stress involved in the second subscript,
are constant)

Indicates that applied stress, or piezoelectrically Indicates thatapplied stress, or

g [_ induced strain is in direction 1 ; g I piezoelectrically induced strain
31 ) 15

isin shear form around axis 2

[ ——— indicates that eiectrodes are perpendicuiar 10 axis 3 l
field _ strain indicates that electrodes are perpendicular
3ppiied stress - apphied charge/electrode area toaxis 1
field = _ strain
appiied stress - applied charge’electrode area
{All stresses. other than the stress involved in the second (All stresses, other than the stress involved in the second

subscript, are constant) subscript, are.constant)
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Piezoelectric
Property Definition MKS Units
Electro-mechanical Coupling Coefficient
/ mechanical energy stored
electrical energy applied - -
k or
electrical energy stored
mechanical energy applied .-
Piezoelectric Constants
strain c.ieve'loped metreNolt
appiied field
d or or
short CerUl't charge density Coulomb/Newton
applied stress
open Fnrcunt field Volt/Newton
applied stress
g or or
sFram developed. eté/tolidnd
applied charge density
Relative Dielectric Constant
K (permittivity of material} e
{permittivity of space)
Modulus of Elastucity 4
Y Stre§s Newton/metre?
Strain
Density
P mass kg/métre?
volume
~requency Constant
Controlling Din ion
N ontrolling Dimensio Hzmetres

x Resonant Frequency
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Analog controller Tmeiflusnitiandnas control Aatl

Process
Actual
E m under
mn:mw J control output
Power Sansor
inmriace
Signs!
Ti conditioner
Process
variabie
{actual
Set point output}
(desired
output)

v

d .
711 3.1 unuRNNYT control

Analog controller mmmLm'sifi'mmmmmm‘lumi’nmquLﬂwﬁmmn%u
Augmiluiedmans 1 Fiih

- on-off controller

- proportional controller

- integral controller

- proportional-integral controller
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eaziBnTed controller uAazTiinezlAiintrefunesely

204zt Analog controller ﬁwmﬁuéqﬁmﬁmﬂﬁunammm:muquLﬂm‘n
namﬂqmmmquﬁ"umuamqmauﬁmmﬂuusiaz‘;mmﬁuﬁq Sample HM4 -
iR PC axiiAudidting ADC Lﬁﬂ%’una'ﬂmm:nmquﬁ’uua:v’imchu DAC &
Digital a0 PC futladlthfhs Analog ezt Aeniqmansiiufa Sample Waitite
?unmmmmmqnﬁﬁﬂwﬁ\ﬂuﬁﬁudm ADC Snuuine wszasiihumiias
§nanniie Analog controller WAZNIBUMEANAL N NIATRY PC  Intiaznan
Tureazidemanitlinaaurdinaigl

3.1_Analog controller

(iledann controller 81N TATLANTAENENENAAAN eror Wiintaite
Wirirudananauwanfenindideiusdfesn mniigaestiusn eror &
WhidaudrAtyundmiu controller Faunnrazei nenamineaed controller ¥
dnlalureszifeaddlFatdantmineees OP-AMP Faantminendlusudu
wniligeninm As

L = Al
¥)n controller FiaaGufatinmraiadnyoyos
SP A8 Set point
PV A® Process-value

error IINAFANTZUIN set point LAY actual value WIN9" actual value

tinenfinlilazyinl error hetian uadin emor Thiatiuamnedn actual value gandn
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o
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b o+ -

Vo = —l=Vg + Vi = Vg = Vpry

v

4
s 32 nsa¥wdnynyns error

fiatinaean lunrairdunun eror Tnauanaliitiugy 2 38Aanm 3.2

FusnAe difference amplifier 2a971l 322 Lo winAn

R
Vow =2~ 2 = V1) 3.1)
o 1
R=R,=R, Ail} Vo=V,
V=V,
A A (3.2)

lne R>>R

add . .
An@edAe inverting summer 9971 32b R niynAe

R, R, J
=——V +—V. 33
Vo [Rx 4 Z, 2 (3.3)
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R=R,=R,=R, AU V=V,
V=V,
VotVior “Vip~Vi (3.2).

uaved R AiduiAaaiinaued difference amplifier Ag R>>R_,

Faf UM R, selifemmimenatenluss unzwinfufiner
umwmﬂﬂqmﬂmﬁﬁumuv‘?mumﬁviaﬁ inverting terminal vertual ground
flan inverting 184 inverting summer ‘wenanfuusazBunmuas feedback loop
fusnanfiiiennfususssanudnm s biliiefsumiud
nrusinaniuiiaslslihiesad miu difference amplifer

3.1.2 ON/OFF controller

\Wivynaes ONJOFF controller aziihs 2 nacilde Elaiadivdelinuia
Fasiis actuator amnsoFFLWEsmet v andLMs actuator aZlallAFL

WANTUIAY

Controller
output

-AE o] +AE Error

;ﬂJ‘?"l 3.3 tranfer curve 183 ON/OFF controller
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733 AR tranfer curve 189 ONJOFF controlier sxihul&dn controller
ua_mﬂqzﬁ’mﬁ hysteresis ué’qu‘ja error Lﬂuﬁﬂaumnqﬁ'uﬁ'aﬁq process vanable
4NN set point ¥ controller Tim100% u&2#" process variable ariuannea
nzeAs error hatin (@n a ‘il b uaztl ) vl controller Fln100% uazaidhs
Watinsaiiewdnszazuilarmiudn emor anawnne process variable Radn
 error (hamuel controller dslaiflnfdten e Wiyntes controller axTlnuaa
&N error FANAAN error AEhALIA M @n g e by |

NATATLANTEY ON/OFF controller WAmIAdZL34  OP-AMP U, Aa
error amplifer e Wiwnees U, ifhideyoynu eror é«:tﬂuﬁmmm U, e
U, B comperator wW¥aumis hysteresis 6 man v, iWhistrinieniwnaes U,
dndursiunniuda  fadimnu R, uas B, sielSifeWunnimes B s

. 4. J
Mannanma  eed

Voy o0 v
iy 22k0

1kQ 22kQ

p_lﬁSA NA7ATUANLEN ON/OFF controller
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Feussiu emor nanedhannunnt v, soinWienwiynues U,
dndusssinsBusalntfliaminnaesussile Bud M 3 98e Uy Ae B,
waztindoynyod emor Whimnuannda -Bv,, & OP-AMP U, sxWhemiyniidhs
tan@nafai

s U, 8ahusial¥¥ hysteresis aangil3.4 Ae

+AE =+4V,, {3.5)
OP-AMP U, ThifiindLsnssflaTn UMAE Zener diode sziflusndniaursiuie

Wnggnaedcontroller
-3.1.3 Proportional controller

a7n ON/OFF controller 1@ WiWn1ex controller AeLAWENFRAT error U
Lo A & : o ¢J
annuy hysteresis AW ON/OFF controller ainmaths controller inauRen
. o % =T, N
dAmfurnnmimfeuiuaru@esfifiunn fdiesnasidiawiwnaes controller

- U . A P ¥

ROLALEITLAT eror T hysteresis satnrasuuidhadaduuasiiliun oN-

P . .
Off  controller qztﬂué‘ngﬂummmﬁ%ﬂﬁﬂnm proportional controlier Tmerdl

transfer curve uansAaeizLl 3.5

Controlfer
outpyr

100% —

= Error min b 0
Error

< .
71135 transfer curve 184 proportional controller
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tmileu ONJOFF controller Aadin eror fiuihiaunan proportional
controller sxllm 100% {79 a ) Hdhutnaniewipnaed controller sxaen
41 100% (fi9m d ) ha'l§1 proportional controller SLzanufimet munsatinadhy
@adu (flan b c) nmulAuulasees eror dhiliietnafntionazyith
LOWiWNLe4 controller e laslufmevinldr proportional  controller
aruAN{ARANN ON-OFF controller

10k

1k 22kQ

5.1kQ

Error amp Inverting summer Inverter

o :
711 3.6 29aTAILANTEY proportional  controller

71l 3.6 AB29QTATLANYEY proportional  controller  OP-AMP U, 1
Arynuneu error andiynmuey  setpoint (V,) UAT process variable (V)

. . o - . .

dm U, A inverting summer A¥inW¥ proportional band uaz U, e invertor
o

1edrygyneinynean U,



30

v s v B v
=— +—
o R T R, (3.6)
v R V. 4V
R=R, AU o R o™ (3.7)
tilaidl error Vieor =0
Vout - Voa

udi4n proportional controller a¥@N91 ON/OFF controller Wi4@1 error N

Liawnsoudinldetwanysal

3,14 Integal controller
& 4 ot ] 1
ansninilaeuuLlaue wiwneed integal controller iThidmduseasa error

o 5
ANANnTAdEe L

dV ‘
—_—= 8

Lﬂm’nmaq controller

out

! ‘J o o
ATANNLBINITRUNIINT R

UMY error

eor

] 1 ° 4 (] 4 1
WINAI emor FAWIN az¥ia i controller WiatatiWIImFANORRNAT

4 ] ' ° A ]
error uazAnUETIAN error fAMIBLATiTW e Wiwneed controller Wiatatingdi
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71 3.7 transfer 184 integral controller

1 1 . A
angil 3.7 fmnAn error finanszudw a waz b axvinlievinwnilae
[} o J ‘J ] o LA “l 3
wtladlilatingamiia An emor fiamadrsud N b usz d axvinbliewiyifiain
. L. 3D b ” ol
atind - audlan error lLAUETIA d o Winaes controlier arliulAem
] ° [ :lr 4 ¢=‘ 4 :‘4 [ 3
ulsusiazyinWiieninniuadiinen W eror wWuthiguel nndn eror sy
1 o o ‘J a
ITNINRN e uay f RN T lase miynaes controller Whiat 1T
P (4
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nsuewiwnaes controller Mitfhuwariduresan eror vinlneiutlavan

nnaArinarataazesannz3.8) hfluannduiinia
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dt - Kle
dV,, =KV, dt
fav, =[kw,  at
v.=Klv.  dt+v,

V, @0 offset (Gusitiaas controlier 4IN13LYI1 Laplace tranform 844:N17 (3.9)

(3.9)
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. ) 14
A1 tranfer function An ~ (3.10)
V orrer i

o V-
71 3.8 Na7 OP-AMP integrator \LIBgAIU

, P 2 4.0 fh
7138 AenNas OP-AMP integrator Wieds navuasunniiti R, @0

i, =—- (3.11)

C
EL . i (3.12)

V, AeusrduilizqGusuiniiafitniizq aniuunuannag (3.11) us (3.12) slA
1 (¥

V=] gt 47,

G / R ° (3.13)

1
=—— V¥, dt

whedenaunari (3.9) fu (3.13) el
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1

Ky =—27 (3.14)
R G
<4 ' < a o 1 o 1 = <4 a o
K, reAasiinnsduiitngm (wuoenihs sie9uil ) usr RC, AR LiannsBuiiings
(miaenths i )
+ c| i
?‘E? R
o b —— AW — = 10kQ
+v
+V
Lo ] L[]
Vo O —AMA = g i 2 .
+V 22k 3l Y AW = P 13 |‘<§z
—AAAA—— + 3 / 3 +FET 0, WW
Voo 4
1k ‘ 22k -y
Ve 5
5k
Integrator Inverter

Error amp

gﬂﬁ 3.9 NRINNTATLIAN integral controlier

71l 3.9 AeATN1IATLAN integral controller  OP-AMP U, T
drynynns error 49 U, A integrator dmFL emor fhiLanazyialy
e wiwnues U, dhiau é’ryrmcﬁmuquﬂ;ﬂuam{qzﬁm inverter U, uazgn
Simdiatl Zener diode  FTMNT Ry, Winszualudasnenis bypass C s

alUudaziaen T
Roomp > 10R;
. o ' a ] . 104
integral controller IWENBENLALINITADLAUBIABNTIY transcient azlsim
#7U Proportional controller mavAKewt A nua MLl eror ﬁ'qmmvu'wmm

) A v . ]
proportional controlter Ahidmdas Aas  proportiona-integral controller fuihd
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. o . <
nrandiannes proportional controller unrreuaueiLNI transcient AIR

[ A P A 4 t
il integral controller TitdmAn error (¥ating

Proportionsl controller

=y Vo

i 10kQ 10k

10kl

J 3
71 310 29szATLANTEY proportional-integral controller WLALITWMW

) p o
p.l 3.10 ﬁ'awmﬂmqmm proportional-integral controlier wLulne®
- < o
OP-AMP U, An error amplifier U8 Vs o fldannirAanie
Verror = VspVpy
¥ =‘ -1 ° [ -y . .
AN error wiﬁ'ﬁgnmmaﬂuﬂunmm proportional WA integral controller

OP-AMP U, tuAerror azlifudmsnwenaie
R
K, = 2
Rl
- - . W J
daw Uy YiTWIR eror 189nsBuiinda Tned
v=-£lv._dt+v,
1

K =—
&G
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> . A
dryeynnured controller maqugmqunuﬁ‘qa U, #iths inverting summer a5
I MunAe
V=K, +K|V . d+V,
W Laplace domain A1 V,, naeiihy

KI Vmor
Vit =K pVrw + 3
. 4 o™ . ” d
transfer function @71 proportional-integral controller WL AB
|4 ¢

;.“_. - KP + ,_}

Vrn S

Y error S

22ka R
10kQ
22 kﬂ _vam A'A'A'A'
IPV O A'A'A'l'
oz 10k Y
yyve o
- WA~ _eh, Y
: {4 v
1k 22kQ .
Ve G <10 S10kQ p
ke /J;
Error amp Proportional - e Summer

L4

controiler \
2 +
Uy
Kp Ky Ivm dt+V,

Integrator

o
gtl‘n 311 NATAILIANLNY proportional-integral controller WLILIBYNTH

. ' —
gﬂ‘ﬂ 311 NA7ATUANYEY proportional-integral controller WLILIBYNTH
< . .
g‘i_l‘n 311 An NATATIANLBN proportional-integral controller WimIaYNIN U, An

. g J Id
error amplifier uaz V,, #lFannsAmanie



36

Veror = Vs Voy

A1 error FsudhiBunwnlali proportional controller U, Intidmrnueneivey U,

&

AB

\eWiWn1eY proportional controller (-KpVr) arlLIel integrator U, uazanaunag
(3.13) ezl
v=-k v d+v, ' (3.15)

WV, = KV, Wannas (3.15) Aneiwnied integrator Ae

V=K.k, ¥, dt+7,

o [ ]

< ' 4
U, Aadiaraniudhs difference amplifier

V=Kol +KoK, NV, dt +7, (3.16)
Laplace transform 4894A4N17 (3.16) AB
K. K
Vg =KoV +%Vm (3.17)

V. S+K, . LS+l

transfer function A T = K, s ~Ke=7g {3.18)
error t
< 1
N ‘(= fz RG
- (4
- R,
By &4
t4 R‘

-Intinvseanuininas control 1azn UM controller U4 term 194 transfer function
o ) o - -
4N Analog controller Alfna WM 4 wndiawronanesuazRgad
] o~ z A
1Hlpeinzrie OP-AMP  2-3 fia AwaarasuAuiiewiAiaueli uaznndan

:’/ : o 1) A ] ol L A
controller uLlan R MRAEALIFeINInrAcLANTiub Tz AL A

-y ] d . oy, &

m [ & lE[ l :E ;
d 2 oA -
el BM/PC I inreenuuanurofasRuAnnersumnaiinadi

° o~ ' o &l 9 L ° [
T luneuddld Tnakiunradeafiegiuuuuesm (Main Board) AwiaRemiu
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. « XYY 72 ¥
T 97 A24 ARSI M NAMIINTEARERTN 24 (TLNN WA MARTBUATE)
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o . \
AN 1 Wld sy, dudymouananirinsmidatang wazdtygo
AMTUNTATINAALANNEANAR (1720 CHCK)
1 3 o L c‘ 1 - 1 1
wanandudygnuvatiiude sdemunsLeiataTanse sy
o
IWsing 7 A lussi@ndan A +5Vdc, -bvdc, +12Vdc use -12vdc
o = < o a] 3
OSC (Oscillator; 41 B30) -
’ c’i‘ o] '3 cJ d [} [ % - ch ] J '3
ptuhie winnilmense LAty urGeNNHAIANNDGRALNLLIS A
AR 14.31818 MHz TaflAuiaanilszanns 70 nanosec. uazil Duty Cycle
Uszunns 50 %drynynumdenau - sy it afenitlewldin 8088 wie
= 1 :Jl J o ‘3 1 L3 \
Tdwwainan 7 duazgnairaulpenimnsdtyoyuedeni adwlainiuds
: A Ld - X 1}
wikshazsinsAiienglunns Meudtygin 0SC fde doyorouiiazla
. o c‘ v [ l:z <t ] d:J °
Synchronize fiLideyryowens - Lutiasessziy Aniladliaarhasidygosn

— L [ o © - J A o i -
- 11 0sC FlMilhudtynrourfandmiesssuanty 4 iiemdaunussin
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Rear Panel

Signal Name Signal Namae
cxo H~—n T .!;JLF— vocHex
+AESET DAY 4 ] — A 0}
oV H- = ] *0E
waG2 = . —t a o
~$¥0C 5 =, = 04
<DRO2 =y j— s 03
-1y ¥ . o= (1.}

Not Used e - - 0t
aw —— - 00
cxo F--00 A0 . /0 CH RDY
~MEmw - — = - AEN
“MEMA = -ty sATS
-tow e PN (231
108 ] [P = —{- an
=0ACK3 B - i . . «AlE
10803 - -] - an$
~packt . - —H ‘Al
+DA01 - - -t d 1A13
«DACKO ..-L —r sl
tuack H-n  an— At
L] 2 e ad (T3] ]
“AQ6 T - w7
*IRQS . L «A§
IRO4 .1.-. - A}
<IRQ3 bt = = A
~DACK2 b —td (147
o . 1 v
aLE . bt -1 *A) -
:W r-—— V’ —4 142 -
«0s$C - - E ] Al
ochD - . M~ an ..‘L - a0 r

s . ——
Component Side

CLK {Clook; 11 B20)
Xy P e « A s X
indtyasiifhueninn  Srerudugsdeniignai~iuleaanimis
dtyryans OSCAae WinlilF A waLrznnns 4.77 Mhz (14.31818 MHz/3) wied]
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d2a9a71 1 AL ( F209811B9AGEN 1 gn) I 210 nanosec. (1/4.77 MHz)
dMFUAT Duty Cyde tedtynnaiiasiidnlzunns 13 Aol 1 Avuaziites
e Tithieedn *1” winfl 1/3 TedALIaa N vierlranas 70 nanosec. -
uaztuaaithinedn “0” winfu 2/31|ﬂ~1ﬂ’|1_mmv:|"~mm vierlrzancs 140
nanosec.

ﬁ’ruruﬂmﬁtfmﬁ'tytyﬁmﬁgn’l"ﬁihmﬁﬁnﬂa«nm

RESET DRV (11 B2):
dryoniithuenign Seazuaniin (aedn “17) TutadisGuseiniy

fursin uazazioasuaafinlulaundnsziising 1 el IBMPC axwianilas
ﬁwﬂu‘lﬁmnﬁuﬁ’mmqmﬁﬁqzaﬂémné’mﬂuaa‘ﬁn 0" Tﬁﬂf;'q’lﬂué'qé'tu:mmﬁ
aginlWnnsdidnasardumedinaviequingal 10 An 7 ludaefiGasnsln
Wirtuszin %«:Lﬂunﬁsﬁﬂﬁwqm‘éﬁqﬂnmfm'dmi’ugnﬂi‘u‘lﬁmjhanmzﬁu.ﬂ.i
wew riewiasGudunmin sz
A0 - A19 (Address Bus; 11 A31 - A12):

ndtyenouia 20 rildhieyiyn S MR muALeAATaTan
AN viseqiingal 110 i 8088 faensindadan Tnefidtyoyos AQ axihit
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Bit) AMFLIANLEAATALUTTALAALAZE ADATS & azgnimunlme 8088 Tu
sewinauauntzend Afeudiegasdlumisuanudnizequngel 10 usludaees
" auounts DMA s DMA- Controller qmﬂuﬁﬁ'mumfhuﬂmmauuﬁauﬂmma
w9 (uszwing] 8088 REQNANBANINITLILY)

sedildindmnduuennraiiaciog 20 du Fewnmflasduenin
sazeicnanmaléte 1 Moyte usstindlsimuasilueninsaLnauemasadi
anlfewlng IBM/PC atifauuia ABLEAIATATEMUIMIAMINGT RAM 1Y

J © © -~ 1 3
sufangnlnessun 49U 64 Kbyteuazusmimsad mimisea e ROM
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8in 48 Kbyte Begndntutosiequaminzainigali 1Mbyte A OFCOOH quils
OFFFFFH (AW IBM PCXT azifhueakbyte)

dmAnIEuesmTaTameR 10 T sxMfiduuemasaies 16 i
Aa A0 -A15 BrainWiduammraemafnld 64K nafn Tﬁﬂﬁmﬂwﬂﬁﬂﬁ"q
N uaz OUT daudiuamarafivdsde A16 - Atoruarlignitivm atdlefl
mmnets IBMPC axlfiduuamimsalunizérauenimsatamainies 10 u
A8a7n A0 - A9 uazAuaAATAT IMIazFievetlutas 0200H audle 03FFH win
P
DO -D7 (Data Bus; 11 A9 - A2)

ity rosiazifhiuLn Bi -Directional  Hesafiniadinyatesziy e
Fmini bnwasimidinyassninaved 10 fu 1BMPC Tnein DO asiiiadndty
Agauazin D7axiintdAtygeqn

dmilialnAssenindnudiayeiafreiulng 8088 i dayaazgnds
senuiadiays neufdyonn 707 (unsdififesnddisyaiimed)
vide MEMW (wnsdindeinsasdioyaWiiimnionarudn ) azilfeuanasdn
“0" Thiandn “” (w89 %Tﬁﬂﬁ"q“lﬂmum%ummé’zutmm Iowvia
MEMW W scgnWideddinem 10 wewmistarmdiiiueninsanseiien
unsmsaL AL AATALAL Baya UL

dmiluielnAatenssndisyafiaiviulae 8088 1 wefn 10 vide
s ignindeasfewddiayasenunmaliogs rewidoyoyes 708
(unsdififesnendisyaanned) e MR (unsclifennemndioys
amistATwS) anLlAEuanasdn 0 dhiaedn “1° (zevLIE)

ALE (Address Latch Enable ; 911 B28)
ﬂﬂd’mmﬂmﬁﬂuﬁtymﬁmﬂﬁﬂﬂﬁ‘ 8288 Bus Controllera¥1anuile '

dmiLuanineGusiutenialafa wazuandigunrointeuenniiwenmsa

o

a sy 2 . o X
i 8088 HannrazFnsadaetiugndseanuuiawds Inendnynn ALE dss -
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wiaeuanasdn =17 dhs 0" WeAuemarafigniesgndweanuiiadioya
Genfenuda Fufuaeymnaseesdoim ALE ﬁngni"ﬂummawﬁmuﬂnmm
sntiauemmsa/ finya (Address/Data Bus ; ADO - AD7) 184 8088 ¥inliawra
uENAUBALATA (AD - A19) uazdiaya (AO - A7) eananild etiwlrinny
&oyrynns ALE szuspiiviannzlutialadafiaiwtulng 8088 vimiu Inearls
wapfinluszuiNTLunng DMA
I/0 CHCK(I/O Channel Cheok ; 11 Al) :

mﬁ'rgrmmiﬂuﬁuwwﬁ‘lﬂummammﬂuﬁmwmmﬁmﬁ’mﬂ?g ffin
lunminmissaBumefinaitegunmel 10 dardryn nillifussan
“0* az¥inlif 8088 gnBumaFmyiuins  Non- Maskable (NM) atindlsfimsis
awnrofazimuntissasnie e BMPC fintsueSumednT vie i1y
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Aefin D7 weswany 00A0H Tunsdifitm D7 seswary 00A0H gnidividhy =1» f
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00AOH gnifinidhs “0”  fiazihinwAaieidia (Disable) n1rrefumesFnviuL NMI
i

Enable : WiAnde OUT daliana 8OH tiifowasn 00AOH

Disable : Wifnda OUT dedisys 00H 'ltiiaman 00AOH

IO CHRDY (/O Channel Ready ; 11 A10)
S a dey a o a o P
ndryeynstiihidunni MRstesen s laAalunsdinguneal 110

<4 [l o c‘ A A (Y] a da é’ 5 ] ©
e wdssanudinestissiummumnialnAsfifintuiy lisansarinem
LA [ L 4 < :’l o~ o A A LA !
Vusatewsinfreaialandadi 9 16 @daaeaialafsfitheoiimion
AN MitasaswiniLanswindLdasaan1esAden 4 gn 13n 840 nanosec,
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1 © 4 q' o =
fleguinsal 10 vdauissarmdFeanrfiazintanaai s lnAal
unidudni acawmoilElaentstlouasdn “0” Wikt 10 CHRDY tuda

A 1 bl A hd : o
a1 10 e wisaarudmgniwuntis BFLdygruennralAnueninsa
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y X I T a e
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Yeyanenuniatioys Insdieyaasdesgndseensinitiateyarieuseint

unefityrynns TOR  Alszainns 30 nanosec. e Wifda 1441 8088 @wnsady
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Anyoyns JOR 184 Tmﬂﬁﬁmﬂmmaﬁﬂtjmﬁauﬂmtmfaqzs,fmﬁﬂuﬂmtmfaﬂm
" nmpndn (wnsflazdhiuemmsazemed 10} finen O fize DMA
Faanrazindiayalihiu rmﬁwﬂfwhqquﬁﬂqaﬂahumﬁaﬁagaﬁu L
anAeftyoynns DACK an DMA Controller fhisiarmun  idunsaifdnyoynd
DACD1 uspfinfiazuamyimedn 10 fardevdsdieyasanunniiadoyaiie

W /O e DMA HMmNUTUUUST 1 (DRQ1) Fhidi
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I0W (IO Write ; 11 b13)

mqﬁwﬁmétﬂutﬂﬁvfmuaﬂﬁﬂﬁaa‘ﬁn “0» Fegnatriulng 8288 Bus
Controller e WuanvintialmAaiiismdihinAasesnmitueyaanmei
Vo etmad 10 Afluemmransaiiuemaratiauenmrai Filinyeiiet
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ﬁq:gndqﬂanmtﬁﬂlﬁuﬂqamwéﬂﬁu@ﬁLmamqﬁ'uﬁ'luﬁmm?auuﬁ’auﬂmma
s vinsiudieysfieguuriadioyslthfuly taevsltmisanudnaziutioyaly
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/% This is seneir projected program (Scanning Tunneling Imaging) %/
include<stdio.h>

include<conio.h>

include<dos.h>

define maxcaol &4

define maxrow &4

nt MAXROW =64;/% Row scaned number,can vary with new specification %/

nt MAXCOL =&4;/% Colome scaned number,can vary with new specification’*/

ILE ¥%scanfile;/% Declare stream %/

A Declare Variable-———-~---———cr—u—— X/
char fname{2017;
int datalmaxcol]l]lmaxraowls
int vol tage_X,voltage_Y,VOLTAGE_X;
float BB,CC;
int A,PORT_X,PORT_Y;
unsigned char dl,d2,hil,lol,hi2,l02;
int ch,i,ii,row,caol;
int to0,HI ,LO1 ,HI1,L02,HI2,LO03,HI3;
R e htalenten Declare subfunction-———————————eewe-——- X/

nt scan_right(void);
nt scan_left(void);
nt file_scan_right(vaid);
nt file_scan_left(void);

At main(void)

voltage_X=0,PORT_X=0x270; /% D TO A second card %/
vol tage_Y=0,PORT_Y=0x278; /% D T0 A first card %/
ch=0,row=0,col=0;
/X voltage_X with voltage_ VY are data at 270h with 278h from DAC %/
/7% col with row , are array of scaned point %/
/% You can vary voltage X and Y for specification PZT %/
/¥ You can vary scaned areas from 2 dimension arrays of datal 1[ 1 %/
clrscr();
printf("Please' enter filename(X.dat):");
scanf("%s", fname) ;

scanfile = fopen(fname,"wb"): /% Open filename %/
while(row<MAXROW)
{

LO=voltage_Y%25&;
Hi=voltage_Y/256;
outport(PORT_Y+&6,L0);
outport(PORT_Y+7,HI):
scan_right();
voltage_Y=voltage Y+455;
row++ 3 v
VOLTAGE_X=BB;
LO=vol tage_VY%25&6;
HlI=voltage_Y/256;
outport(PORT_Y+6,L0);
outport(PORT_Y+7,.,HI )
scan_left();
voltage_Y=voltage_Y+4355;
rowt++ 3
voltage X=CC;
}
fclose(scanfile);
return(Q);

1t scan_right(void)

int i=0;
while(col<MAXCOL)
{

cal++;



LOl1=voltage_X%256;

HIl=voltage_X/25&;

outport (PORT_X+6,L01);

outport (PORT_X+7,HI1l);

printf("“DAC from COLUME %O03xH" ,PORT_X);

printf(" at data [#4d][%d] is %3d \n" ,row,col,voltage_X);

printf(“DAC from ROW ZO3xH" ,PORT_Y);

printf(" at data [4d1[%d] 1is %3d \n" ,row,col,valtage_Y);

sleep(2);

autport(PORT_X+3,0); /% Clear register %/
outpart(PORT _X+0,ch); /% A to D is zero channel X/

i=1;
while(i<100)
{
i++3;A=inpart (PORT_X+4);
2
ii=1;
while(i<100)
{
ii++; A=inport(PORT_X+35);
2
hil=inport(PORT_X+2);
lol=inport(PORT_X+1);
sleep(2);
di=hilxlol;
printf("ADC from Z_axis take in datal%d]{%d]l"
printf(" = “43d\n",dl);

sleep(2);
file_scan_right();
voltage_X =voltage_X+455;
Y} .
voltage_X=voltage_X-455;

BB=vol tage_X;

return(0);
3

1t scan_left(void)

while(col>0)
{
LO3=VOLTAGE _X%256;
HI3=VOLTAGE_X/256;
ogutport(PORT_X+6,L03)
outport(PORT_X+7,HI3);
printf("DAC from COLUME “O3IxH" PORT_X);

,row,col);

printf(" at data [“4d]([%d] is “3d \n" ,row,col ,VOLTAGE X);

printf(“DAC from ROW %03 xHT sPORT _Y)

printf(" at data [Ad][%4d] is %“3d \n" ,row,col,voltage_VY);

_sleep(2);

outport(PORT_X+3,0); /% Clear register %/
outport(PORT_X+0,ch}; /% A ta D is zero channel x/
i=1j3

while(i<100)

£

i++3A=inport (PORT _X+4);
3
ii=1;
while(i<100)
{
ii++; A=inport(PORT_X+5);
3
hiZ=inport(PORT_X+2);
lo2=inport (PORT_X+1);
sleep(2);
d2 =hi2%1lo2;
printf("ADC from Z_axis take in datal%d](%d]"

yrow,col);



(W) S N BN = o\ 40L)
printf("*-———-———r—————
sleep(2);
datalrow]{cal] = d2;
col-—;
VOLTAGE_X=VOLTAGE_X—-4535;
3
file_scan_left();
VOLTAGE_X=VOLTAGE _X+4595;
CC=VOLTAGE_X3;
return(0) ;

it file_scan_right(void)

if{col < MAXCOL)

{
fprintf(scanfile,"%3d,",dl);

}
else

{
fprintf(scanfile,"43d",d1);

fprintf(scanfile,"\n");
2

return(0);
t file_scan_left(void)

col=1;
while(col<MAXCOL)

{
fprintf(scanfile,"%3d,",datalrow]l{col]);

col++;
7
fprintf(scanfile,"43d" ,datalrow]{col]);
fprintf(scanfile, "\n");

col=0;

return(0);
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LOGIC DIAGRAM

CMOS:

P  BINARY UP/DOWN COUNTER]

L D D D e —
L
FEATURES &
¢ Internally Synchronous for High Speed CONNECTION DIAGRAM o
4 Asynchronous Preset Enable (all packages)
4 Asynchronous Reset
¢ Logic Edge-Clocked Design Vpp CL Q3 P34/ P2 02 U/O R
¢ 6MHz Counting Rate @ 10Vdc | 1 | | | | | | &
@ Carry Output for Cascading Stages ; 16 150140 13 12 11 1098 p
i SCLA45168 b
DESCRIPTION 1 7 K. 5 LD et 3 ....‘."’.‘.4>_I ‘
The SCL4516B consists of a four-stage Up/ 1 I 1 1 T L bY)
Down Counter with provisions for “look-ahead” PE/ g4 Pa P1 C)AQL=TO YES

carry in both gounting modes. The inputs consist
of a single Clock, Carry-in (Clock Enable), Reset, Ad fix —
Up/Down, Preset Enable, and four individual Jam dad sulfix 1grRpE RS
signals. Four soparate buffered Q signals and @ C. 16-pmn Cerdip

Carry-out signal are provided as outputs. D 16 pm Cerninic

A high Preset Enable signal allows information
or the Jam nputs to preset the counter 10 any
stale asynchronously with the Clock. A high on the
Reset lino resets all stages to the “"zero” state. The
counter is advanced one count at the positive
transition of the Clock when the Carry-in and
Prasot Fnabla signals are low, Advancement is
Inhibitod whan  the Coarry-in or Prosat Ennbla

E

16 pin Epoxy

] 16 pin Flat
It Clap

RECOMMENDED OPERATING CONDITIONS

For maximum reliability?

'”J\’"D’t?"'

signals are high. The Carny-oul signal s normally DEC Supply Valtage Vi Vs doh Vil
:u‘::' and goes |c.w when the counter veaf:h.es its Opdatthg TBnerature ™ 4 TIMING DIAGRAM
imum count in the Up mode or the minimum 3
count in the Down mode, provided the Carry-in C. D, R H Device 56 10 1125 °¢
signal is low. The Carry-in signal in the low state € Deyicy 4010 +85 Y
can thus be considered a “"Clock Enable.” The ~ -
Carry-in terminal must be connected 10 Vgg when qu_U_L—U_L_U—L"U"UPU”UM”u’U—Lj_—u—Uqu—um
not in use, ) EorvTn I
The counter counts Up when the Up/Down A | -NEN W) SO I
input is high, and Down when the Up/Down input 5 Ld
is low. Multiple packages can be connected in iy Resst r
either a parallel-clocking or 8 ripple-clocking ar- HEs et [ |
rangement. Parallel clocking provides synchronous »'g I
control and hence faster response from all counting 1,5 e
outputs. Ripple-clocking allows for longer clock BT 3 Voo
input rise and fall times. g 3 v
This counter finds primary use in up/down and BLOCK DIAGRAM r 1 L
differential counting and frequency synthesizer ol
spplications. It is also useful in A/D and D/A
conversion and for magnitude and sign generation. ; a1 '_“b_"_h__"—wr__j—-k__f— L—..J-_L_JP—'___lL_—' -
e s | L
s 1 —
LY G " a I
00 e
15 v ' ,,]’ wra o -
TRUTH TABLE s im [ e 1
CARAY P P'm pof ( ‘”: 1' M‘ Count 8 ¢ 7 @ & 1n =) [I_JT_'*L
g “" N} U ’D:)WN ¢ Muﬂ\' "'»(-‘" ACTION |:_',) ]:: =l WY 12 13 4 9 8 7 8 8 4 3 2 1 0 o0 1w o
R e o i iy
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Typical Electromechanical Properties
of Morgan Matroc Ceramics

Most material constants cannot be measured directiy on
ceramic parts designed and purchased for use in particular
transducer designs. Individual piezoelectric material constants
are measured with reasonable accuracy only when test
specimens are of a size and shape suitabie for each

particular constant to be measured.

Tables 3, 4, 5 and 6 list typical values for the piezoelectric,
dielectric, and elastic properties of various ceramics. These
typical values are provided for design information only.
Standard tolerances are approximately = 20% of these
values. Material properties are measured according to
standard IEEE and DOD definitions and measuring

techniques. All data shown represent nominal characteristics

24 hours after polarization at 25°C.

Table 3. Typical Values of Lead Zirconate Titanate Materials

PZT4D PZT8 PZTS5A PZT5J PZTSH PZT5R PZT7A PT2
Coupling Coefficients =
kg 570 510 .600 600 .650 645 .520 <.020
Ky 675 640 710 .690 .750 n/a .670 .540
K, 325 -.300 -.340 -.360 -390 -.350 -.300 <.020
K .600 .550 .690 .630 .680 n/a 680 .360
Piezoelectric Charge Constants (x 1072 m/v.or x 102 C/N)
d 315 225 374 500 593 450 153 68
d,, -135 -97 -171 -220 -274 -195 -60 -3
d. n/a 300 585 670 741 n/a 360 70
d, 45 31 32 60 45 60 33 62
Piezoelectric Voltage Constants (x 10° Vm/N)
[ F8 246 25.4 248 21.7 19.7 25, 41 37
G5 -10.5 -10.9 -11.4 -9.6 9.1 -1156 -16 -2.0
Gye nla <289 382 35 28.8 nfa 50 34
g 3.6 3.6 2. 25 R 2.0 9.0 330
Figure of Ment (x 10
d,g, 162 11 64 150 68 120 297 2000
K. 1300 1000 1700 2600 3400 1950 425 210
K. 1475 1290 1730 n/e nfa n/a n/a 240
Tan & 004 002 .02 02 .025 .02 .025 .02
Q. 600 1000 75 75 65 80 600 1100
Density (P)
(kg/m?) 7600 7600 7700 7400 7450 7700 7700 63900
Curie Temp. (T )
(Celsius) 320 300 365 250 185 350 350 255
Approx. Maximum
Operating Temp 200 175 250 140 110 210 210 130
Frequency Constants (Hz-m)
N, 1515 1700 1400 1450 1420 1400 1750 n/a
N, 2180 2300 1960 1980 1965 2000 2340 2870
N, 230 1070 890 910 890.- 890 1070 n/a
Ng;. 2000 2070 1880 n/a 2000 n/a 2100 2145
Sound velocity is approx. twice the frequency constant of the controliing dimension
Elastic Constants Short Circuit (x 10 ?m?#/N)
s, Eeke 11.5 164 8.2 16.4 16.1 10.7 7.4
s_ 16.86 13,5 18.8 227 208 13.9 B
Elastic Constants Short Circuit (x 10 ON/m?)
YE. 75 87 61 6.2 6.1 6.2 9.3 &
Yz, 59 74 53 2.4 48 n/a 7.2 8
Elastic Constants Open Circuit (x 10 ?m?/N)
S[” 11.8 101 14 4 141 141 141 9.7 7.9
s ne 85 a4 na a n/a 9 g
tlastic Constants Open C.rcuit ix 10 “Nrm-
Y g5 99 69 7.1 7.4 71 10.3 3.7
Y, nia 11.8 106 n/a 11 n/a 127 6.4~
Poisson’s ratio (v} is approximately 0.31 for all ceramics d resulting strainfapplied field g = resulung field/applied stress
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Difet® Electrometer-Grade
OPERATIONAL AMPLIFIER

FEATURES

@ ULTRA-LOW BIAS CURRENT: 75fA max
@ LOW OFFSET: 500V max

© LOW DRIFT: §1V/°C max

® HIGH OPEN-LOOP GAIN: 110dB min

® HIGH COMMON-MODE REJECTION:
90dB min

® IMPROVED REPLACEMENT FOR AD515
AND AD549

DESCRIPTION

The OPA128 is an ultra-low bias current monolithic
operational amplifier. Using advanced. geometry
diclectrically-isolated FET (Difet®) inputs, this mono-
lithic amplifier achicves a performunce level exceed-
ing even the best hybrid electrometer amplifiers

Laser-timmed thin-film resistors give outstanding volt-

APPLICATIONS

® ELECTROMETER

©® MASS SPECTROMETER

©® CHROMATOGRAPH

@ ION GAUGE

® PHOTODETECTOR

® RADIATION-HARD EQUIPMENT

Casse (Guard)

age offset and drift performance.

-

BB At N e

A noise-free cascode and low-noise processing give
the OPA 128 excellent low-level signal handling capa-
bilities. Flicker noise is very low.

The OPA128 is an improved pin-for-pin replacement
for the ADSIS.

Difet® Burr-Brown Corp.

International Alrport Industrial Park -
Tel: (602) 746-1111 « . Twx:910-952-1111

Maliing Adoress: PO Box 1140
+ . Cable: BBRCORP

+ Tehex: 0666431

1 1

Noise-Free
Cascode

Tucson, AZ 85734

« FAX:(602)B89-1510 '«

2kN

+Vee

OPA128 Simplified Clrcult

+ Street Address: 6730 S. Tucson Bivd.

+ Tucson, AZ 85706
Immediate Product Info: (800) 5486132

-Vec

BURR-BRUWNT®

PDS 653B
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For Immediale Assistance, Contact Your Local Salesperson

SPECIFICATIONS

ELECTRICAL
AtV . =+15VDC and T, = +25°C unless otherwise noted. Pin 8 connected to ground.
OPA128JM OPA128KM OPA128LM OPA128SM
PARAMETER CONDITIONS MIN [ TYP l MAX | MIN ] TYP ] MAX | MIN l TYP l MAX | MIN I TYP LMAX UNITS
INPUT
BIAS CURRENT™
Input Bias Current Veu = OVOC,
R, 2 10k 1150 | 1300 175 | 1150 140 275 175 | £150 1A
OFFSET CURRENT'"
Input Offset Current Ve = OVOC,
R, 2 10k2 65 30 30 30 1A
OFFSET VOLTAGE"
Input Offset Voltage Veu = 0VDC 1260 {11000 1140 | 1500 1140 | 1500 1140 | 500 uv
Average Drift To=Ta 0T, 120 110 15 $10 | pvrC
Supply Rejection 80 120 S0 120 90 120 90 120 dB8
+1 +100 1 $32 11 132 11 132 nvv
NOISE
Voltage: f, = 10Hz 92 92 92 92 nVv/VHz
fo = 100Hz 78 78 78 78 nV/YHz
fo = 1kHz 27 27 27 27 nV/YHz
fo = 10kHz 15 15 15 15 nV/YHz
fg = 10Hz to 10kHz 2.4 24 24 24 uVrms
'a = 0.1Hz to 10Hz 4 4 4 4 uVp-p
Current: f; =0.1Hz to 10Hz 42 3 23 3 fA, p-p
fo = 0.1Hz to 20kHz 0.22 0.16 0.12 0.16 1A/VHz
IMPEDANCE
Ditferential 10 1.1 107211 107 1 107 | 1 Q| pF
Common-Mode 10 2 107412 10 || 2 10™ || 2 Q|| pF
VOLTAGE RANGE"
Common-Mode Input Range +10 | #12 £10 /] BIR 110 | 112 $10 | 112 v
Common-Mode Rejection V, =+$10VDC 80 118 50 118 0 118 90 118 daB
OPEN-LOOP GAIN, DC
1= & e
Open-Loop Voltage Gain | | Rz2xa ~ |-9s [ 128 [/ [wofvee]  [awo]aze ] o]z ] | o8
FREQUENCY RESPONSE
Unity Gain, Small Signal o 05 1 0.5 s 0.5 1 0.5 1 MHz
Full Power Response 20Vp-p. R, = 2k} 47 47 47 47 kHz
Slew Rate Vo = £10V. R =2k02| 0.5 <] 1 3 1 3 1 3 Vipus
Settling Time, 0.1% Gain = =1, R = 2K} S ~ 5 5 Hs
0.01% 10V Step 10 10 10 10 is
Overload Recovery.
50% Overdrive Gain = -1 S § 5 5 ns
RATED OUTPUT
Voltage Output R, = 2kQ $10 113 210 3 110 113 110 113 Vv
Current Output Vo =110VDC 15 110 |45 210 #5 410 15 110 mA
Output Resistance DC. Open Loop 100 100 100 100 Q
Load Capacitance Stability Gain = +1 1000 1000 1000 1000 pF
Short Circuit Current 10 34 55 10 34 S5 10 34 S5 10 34 55 mA
POWER SUPPLY
Rated Voltage £15 215 115 115 vDC
Voltage Range, v
Derated Performance 15 118 x| 218 S 18 15 118 vDC
Current, Quiescent I, = 0MADC 0.9 ] (03] 15 0.9 15 0.9 1.5 mA
TEMPERATURE RANGE —
Specification Ambient Temp 0 +70 0 +70 0 +70 -55 +125 °C
Opcrating Ambient Temp. -55 +125 | -55 +125 | -55 +125 | -55 +125 ‘C
Storage Ambient Temp. -65 +150 | -65 +150 | -65 +150 | -65 +150 °C
0 Junction-Ambient 200 20 200 200 ‘CwW
. (2) Sample

NOTES: (1) Oftset voltage, offset current, and bias current are measured with the units fully warmed up. Bias current doubles approximately every 11°C
tested. (3) Overload recovery is defined as the time required for the output to return from saturation to linear operation following the removal of a 50% input overdrive.
(4) It it is possible for the input voltage to exceed the supply veltage. a serics protection res:stor should be added to limit input current to 0.5mA. The input devices
can withstand overload currents of 0.3mA indelinitely without damage.

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes
no responsibility for the use of this information, and all use of such information shall be entre'y at the user’s own risk. Prices and specifications are subject to change
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any thied party. BURR-BROWN does not authorize or warrant
any BURR-BROWN product for use in life support devices and or systems.

Burr-Brown IC Data Book—Linear Products

BURR - BROWN*®




Or, Call Customer Service at 1-800-548-6132 (USA Only)

ELECTRICAL (FULL TEMPERATURE RANGE SPECIFICATIONS)
AtV  =115VDCand T, = T, and T ,,, unless otherwise noted.

OPA128JM OPA128KM OPA128LM OPA128SM
PARAMETER CONDITIONS MIN l TYP ] MAX | MIN ] TYP ]MAX MIN ] TYP ]MAX MIN l TYP1 MAX | UNITS
TEMPERATURE RANGE
Specification Range | amvienttemp. [ o [ T o] o] Jew] o] [eo]-ss] [+125] <
INPUT
BIAS CURRENT™ .
Input Bias Current - V., = 0VDC 125 18 313 14 0.7 12 143 | $170 pA
OFFSET CURRENT'
Input Offset Current V., = 0VDC 1.1 0.6 0.6 18
OFFSET VOLTAGE™
Input Offset Voltage Ve, = OVDC 12 2mV +1mv 1750 +1.5mV]|
Average Dnift 120 $10 ) 15 110
Supply Rejection 74 114 80 114 80 114 80 106 dB

22 1200 12 100 12 1100 15 100 RNV

VOLTAGE RANGE™
Common-Mode Input Range $10.. £11 20| 1 $10 | 111 210 | 11 '
Commmon-Mode Rejection V, = £10VDC 74 112 80 112 80 112 74 104 ds
OPEN-LOOP GAIN, DC
Open-Loop Voltage Gain | R 22k | so | 125 | [r0s | 125 ] [ 104 | 125 ] [oo [a22 | K=
RATED OUTPUT
Voltage Output R, = 2k 110 $10 110 110 Vv
Curront Output V, = 1£10VDC 15 15 15 15 mA
Shon Circuit Current V= 0VDC 10 22 10 22 10 22 10 18 mA
POWER SUPPLY
Current. Quiescent [ reomaoc. | Tos] 18 I Jos. ] 18] [os [re] [oa] 2 | ma

NOTES: (1) Offset voltage, offset current, and bias current are measured with the units fully warmed up. (2) If itis possibie for the input voltage to exceed the supply
voltage, a series protection resistor should be added to limit input current to 0.5mA. The input devices can withstand overioad cuments of 0.3mA indefinitely without

damage.

CONNECTION DIAGRAM

ORDERING INFORMATION

- TEMPERATURE | BIAS CURRENT,
op View fA
Subsuanc@ea MODEL PACKAGE RANGE max (fA)
OPA128JM TO-99 0°C to +70°C 4300
Offset OPA128KM TO-99 0°C 10.+70°C 4150
Trim (7)*Vec OPA128LM TO-99 0°C 10470°C 175
OPA1285M TO-99 —65°C to +125°C £150
OPA128JD DICE 0°C to +70°C
-in (2 (&) Ouput
+In ?::f" - PACKAGE INFORMATION®™
PACKAGE DRAWING
~Vee MODEL PACKAGE NUMBER
OPA128JM TO-99 001
OPA128KM TO-99 001
OPA128LM TO-99 001
ABSOLUTE MAXIMUM RATINGS CPR{28SH 16:59 001
Supply 118V0C OPA128JD DICE -

Intemnal Power Disslpation"
Ditferential Input Voltage
Input Voltage Range
Storage Temparature Range
Operating Temparature Range.....
Lead Temperature (soldering, 10s) ...
Output Short Circuit Duration?® .
Junction Temperature...................

..=65°C 10 +150°C
..=55°C 10 +125°C

NOTES: (1) Packages must be derated based on 6., = 150°
200°C/W. (2) Short circuit may be to power supply common
applies to +25°C ambient. Observe dissipation limit and T,

CWorf, =
only. Rating

BURR-BROWN?®

Burr-Brown IC Data Book—Linear Products

NOTE: (1) For detailed drawing and dimension table, please see end of data
shest, o Appendix D of Burr-Brown IC Data Book.
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NICE INFORMATION '[

Al

FUNCTION

Offset Trim
-In
+In
SV
Offset Trim
Output
+V.
Subsvate ¢
No Connection

R
»
o

— e L LR LU
i/ !

gauaﬁmaum—

Substrate Blas: Isolated, normally con- ‘
nected 1o common.

MECHANICAL INFORMATION

MILS (0.001") MILLIMETERS
Die Size 96 x 71 15 2.44 x 1.80 1£0.13
Die Thickness 20 13 0.51 £0.08
Min. Pad Size 4x4 0.10 x 0.10
OPA128 DIE TOPOGRAPHY Backiog i

See "DICE PRODUCTS"™ Appendix C in Burr-Brown IC Data |
Book, or contact factory for cument information.

YPICAL PERFORMANCE CURVES

= +25°C, £15VDC, unless otherwise noted.

OPEN-LOOP FREQUENCY RESPONSE POWER SUPPLY REJECTION vs FREQUENCY
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BIAS AND OFFSET CURRENT

vs TEMPERATURE

Bias and Offset Current (fA)
o

Normalized Bias and Offsot Curront

TR

25 50

Ambient Temperature (°C)

GAIN-BANDWIDTH AND SLEW RATE
vs TEMPERATURE

w

i

;
\
f

N

Gain-Bandwidth (MHz)
n

Slew Rate (V. ysi

Gain-Banowidth (MHz)

0 4] 50

Ambient Temperature (*C)

SUPPLY CURRENT vs TEMPERATURE

3]

Supply Current (mA)

2
2}

PSR, CMR. Voltage Gain (dB)
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0 25 50

Ambient Temperature (*C)

TYPICAL PERFORMANCE CURVES (con)

AL T, = 425°C, +15VDC unloss otherwise noted.
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TYPICAL PERFORMANCE CURVES (conT)

At T, = +25°C, +15VDC unless otherwise noted.

LARGE SIGNAL TRANSIENT RESPONSE
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APPLICATIONS INFORMATION
OFFSET VOLTAGE ADJUSTMENT

The OPA 128 offset voltage is laser-trimmed and will require
no further trim for most applications. As with most amplifi-
ers, externally timming the remaining offset can change
drift performance by about 0.3uV/°C .for each 100uV of
adjusted effort. Note that the tnim (Figure 1) is similar to
operational amplifiers such as HA-5180 and ADS15. The
OPA128 can replace many other amplifiers by leaving the
extenal null circuit unconnected.

+Vee

+10mV Typcal
Trim Range

NOTE: (1) 10k to TM(2
Tnm Potentiometer
-Vee (100k$2 Recommended)

FIGURE 1. Offset Voltage Trim,

INPUT PROTECTION

Conventional monolithic FET operational amplificrs” inputs
must be protected against destructive currents that can flow
when input FET gate-to-substrate isolation diodes are for-
ward-biased. Most BIFET® amplifiers-can be destroved by
the loss of -V ..

Because of its diclectric isolation. no special protection is
needed on the OPAI128. Of course. the ditferentiad “and
common-mode voltage limits should be observed.

Static damage can cause subtle changes in amplifier input
characteristics without necessarily destroying the device. In
precision operational amplifiers (both bipolarand FET types).
this may cause a noticeable degradation of offsct voltage and
drift. ¥
Static protection is reccommended when handling any preci-
sion IC operational amplifier.

GUARDING AND SHIELDING

As in any situation where high impedances are involved,
careful shiclding is required to reduce “hum™ pickup in input
leads. If large feedback resistors are used. they should also be
shielded along with the extermal input circuitry. Leakage
currents across printed circuit boards can casily exceed the
bias current of the OPA128. To avoid leakage problems, itis
recommended that the signal input lead of the OPA128 be
wired to a Teflon standoff. If the input is to be soldered
directly into a printed circuit board, utmost care must be used
in planning the board layout. A “guard™ pattern should
completely surround the high impedance input leads and
should be connected to a low impedance point which is at the
signal input potential.

BURR - BROWN ¥

Burr-Brown I1C Data Book—Linear Products

The amplifier case should be connected to any input shicld or
guard via pin 8. This insures that the amplifier itsclf is fully
surrounded by guard potential, minimizing both lcakage and
noise pickup (sec Figure 2).

Non-Inverting Buffer

p BOARD LAYOUT

FOR INPUT GUARDING
Guard top and bottom of board.
Alternate: use Teflon® standoft

for sensitiva input pins.
Tefon® €1 Du Ponl ce Numours & Co

FIGURE 2. Connection of Input Guard.

Tnboclectric charge (static electricity generated by friction)
can be a troublesome noise source from cables connected to
the inputof an electrometer amplifier. Special low-noise cable
will minimize this effect but the optimum solution is to mount
the signal source directly at the electrometer input with short,
rigid. wiring to preclude microphonic noise gencration.

TESTING

Accurately testing the OPA 128 is extremely difficultdue toits
high‘level of performance. Ordinary test equipment may not
be able to resolve the amplifier’s extremely low bias current.
Inaccurate bias current measurements can be due to:

1. Test socket lcakage

2. Unclecan package

3. Humidity or dew point condensation

4. Circuit contamination from fingerprints or anti-static
treatment chemicals

W

. Test ambient temperature

(@)

. Load power dissipation

BIFET® Nunonal Seimiconductor Corp

(3]
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For Immediale Assistance, Confact Your Local Salesperson
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FIGURE 4. Piezoelectric Transducer Charge Amplifier.
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Or, Call Customer Service al 1-800-548-6132 (USA Only)

<1pF to prevent gain peaking.
|
11
10'°Q) M
B 100MQ 2kQ
Silicon Detector Cormp. +15V \ foe)
14-21- /

SD-020-11-21-011 Guard o ; \‘ 2 L N
— l N Current " . E
= ! Output

r Output Input \ [ tpu Q_
1 O O— O

N \ 9

N 7 0.1pF 5 x10° VW ] Vg = —1VinA

0.01pF - '
0.01pF —=
=15V
2 = Circuit must be well shielded
FIGURE 7. Sensitive Photodiode Amplifier. FIGURE 8. Current-to-Voltage Converter.
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FIGURE 9. Biased Current-to-Voltage Converter.
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MOTOROLA

MC34074,A
MC35074,A
MC33074,A

HIGH SLEW RATE, WIDE BANDWIDTH,
SINGLE SUPPLY QUAD OPERATIONAL AMPLIFIER

A standard low-cos: Bipolar technology with innovative design
concepts is employed for the MC34074 series of monolithic quad
operationat emplifiers. These devices offer 4.5 MHz of gain band-
width product, 13 V. us siew rate, anc ‘ast settiing time without the
use of JFET device tecnnology. In add:tion, low input offset voltage
can economically be achieved. Although these devices can be
operated from split supplies, they are particularly suited for single
supply operation, since the commeor mode input voltage range
includes ground potential (Vgg! The all NPN output stage, char-
acterized by no cdeadcand crossove: distortion and large output
voltage swing, also provides high cag 4citive drive capability. excel-
lent phase and gain margins, low ope’- loop high frequency output
impedance and symmetrical source s 1k ac frequency response

The MC34074 23074 35074 series of mevices are available i stan
darg or prime performance (A Suffix: grades and specified over
commercial, ingustriat vehicular or mililary temperature ranges
e \Wide Bandwidth: 4.5 MHz
®'High Slew Rates 13-\ s
® FastSettiing Time: 1 7 us10 0.10%

e Wige Single Supply Operating Range: 3.0 to 44 Volts

e Wide Input Common Mode Range Including Ground (Vgg)

e Low Input Offset Voltage: 2.0 mV Maximum (A Suffix)

e Large Output Voltage Swing -14.7 Vo - 140V iorVg = =15V
e Large Capacitance Drive Capability: 0 tc 10.000 pF

® Low T.H.D. Distortion C 02°%

e Excellent Phase Margins 60

e Excellent Gain Margir 1208

Al
SINGLE SUPPLY ' [ SPLIT SUPPLIES

QUAD HIGH PERFORMANCE
SINGLE SUPPLY
OPERATIONAL AMPLIFIERS

SILICON MONOLITHIC
INTEGRATED CIRCUIT

L SUFFIX
CERAMIC PACKAGE
CASE 632-02
TO-116
(MO-001 AA)

P SUFFIX
PLASTIC PACKAGE
CASE 646-05

D SUFFIX
PLASTIC PACKAGE
¥ CASE 751A-01
2 Dy S0-14

ST

PIN CONNECTIONS

(Top View)

ORDERING INFORMATION

| Temperature |
Device Range | Package

MC35074L AL -5510 - 125°C Ceramic DIF
MC33074L.AL -4010 ~85°C ‘ Ceramic DIP
MC330742.4° | -4010 +85°C Plastic DIP
MC34074 AL Oto +70°C J Ceramic DIF
MC34074P AP 0to +70°C |  Plastic DIP
MC34074D.AD 0to - 70°C ‘ S0-14

3-210

MOTOROLA LINEAR/INTERFACE DEVICES
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MC34074,A, MC35074,A, MC33074,A

MAXIMUM RATINGS

f

V T

| Rating | Symbol | Value | Unit i
[ Supply Voltagefrom Ve 1o Vee! i Vg - a4 i Volts |
| Input Differentia! Voltage Range | VIDF Note 1 Volts
| Input Vottage Range ViR Note 1 i Volts
| Output Short-Circurt Duration (Note 2) g indefinite | Seconds
I Operating Ambient Temperature Range Ta i i C

MC35074 A -5510 - 125 !

MC33074.A -40 1o - 85 i
{ MC34074.A 0to - 70 i
09
| perating Junction Temperature x Ty -150 1 -
| Storage Temperature Range Tory c
| Ceramic Pacxace - 6510 -150

Plastic Pacrage -5510 -~ 125 :

MAXIMUM DEVICE POWER DISSIPATION
| Ambient Temperature ’ - 25C =.70°C -'85:C -125C "C

i Power Dissipatior 1250 80C 650 250 mw

NOTES

1 Ertner ©” DOt™ 1nOUt vOTages Must NOT exceed the magnituo~ of \

2 Fower Or$si0ation mus®

c o Vge
D& CONs10erec 10 ensulte MaxiMmMum (uATHOoN IeEMmperature

Tl 15 not exceedec

EQUIVALENT CIRCUIT SCHEMATIC (EACH AMPLIFIER)

y o | !
' Q1S a2 »” Q3 Q4
K

> | NN N - ~

Bias

| Commonto
Circutn

At Ampilifiers ,

= "
Inputs = P D3

, N
e el © /4 & " Q10 — —F———=3.0n

-

. IOy
(s
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MC34074,A, MC35074,A, MC33074,A

FIGURE 3—NORMALIZED INPUT BIAS CURRENT FIGURE 4—NORMALIZED INPUT BIAS CURRENT versus
versus TEMPERATURE INPUT COMMON-MODE VOLTAGE
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FIGURE 5— SPLIT SUPPLY OUTPUT VOLTAGE FIGURE 6— SPLIT SUPPLY OUTPUT SATURATION
SWING versus SUPPLY VOLTAGE versus LOAD CURRENT
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MC34074,A, MC35074,A, MC33074,A

FAGURE 8—OUTPUT SHORT CIRCUIT CURRENT
Q versus TEMPERATURE FIGURE 10—OUTPUT IMPEDANCE versus FREQUENCY

| Source

Vs
R~

UTPUT CURRENT (mA)

70 OUIPUT IMPEDANCE (1)

|
J
¢ 2% £ %

T AMBIENT TEMPERATURE ! C t FREQUENCY (H2

FIGURE 11 —OUTPUT VOLTAGE SWING versus FREQUENCY FIGURE 12—OQUTPUT DISTORTION versus FREQUENCY
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FIGURE 13— OUTPUT DISTORTION versus

OUTPUT VOLTAGE SWING FIGURE %4—OPEN-LOOP VOLTAGE GAIN versus TEMPERATURE

- 15V |
210V -0V T T

THD. OUTPUT DISTORTION (°4)

8.0 1 -85 -2% -0 -7
Vg OUTPUT VOUTAGE SWING (Vp_pi Tz AMBIENT TEMPERATURE ( C

MOTOROLA LINEAR/INTERFACE DEVICES

3-215




©

MC34074,A, MC35074,A, MC33074,A
FIGURE 15—OPEN-LOOP VOLTAGE GAIN AND FIGURE 16—OPEN-LOOP VOLTAGE GAIN AND AG!
PHASE versus FREQUENCY PHASE versus FREQUENCY
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% FAGURE 21—PHASE MARGIN versus TEMPERATURE FIGURE 22_GaIn MARGIN versus TEMPERATURE
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FIGURE 23—NORMAUZED SLEW RATE
versus TEMPERATURE
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