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TEMPERATURE CONTROLED SYSTEM THREE POINT BY MICROPROCRESSOR

MANUSSAWEE BOONPRASERD
SONSAK CHEARSERTXVN  ADViISOR
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ABSTRACT

This project is a computur application on stove
temperature control system. The senser are termocouple that
will generate each voltage in each temperature. This
voltage 1is amplitied and decorated by diffential amplifier.

The measureel signal transmit to the computur by anslog to
digital circuit, and the computer compares with the set-
point. In operation, by program in memory umit receiving
date from wuser and showing the result on display, then
sends the calculated digital signal back to the system by
digital to analog circuit, This control signal will
control +trigging controled of SCR +that is phase angle.
Phase angle will control paid of energy to teat conductor,

depends on the control signal.
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77 National
Semiconductor

ADCO0808, ADC0803 8-Bit uP Compahble A/D

With &Channel Multipléxer

General Description
The ADCG808, ADCCB0S data acquisltlon component is a

mcnolithic CMOS device with an &bl analog-to-cigital .

converier, &-channel muitiplexer and micioprocessor
compatlble control logic. The 8-bit A/D converier uses suc-
cessive approximation as the conversion technique. The

- converier features a high Impedance chopper stabilized

comparator, 3 255R voltage divider with analog switch tree
and 2 succeasive approximation register. The 8-channe!
multlplexer can clrectly access any of B-smgle-ended ana-
log signals,

The device eliminates the need for external zero and fulk-
scale adjustments: Easy Interfacing to microprocessors
Is provided by the latched and decoded multiplexer ad-
dress inputs and latched TTL TRI-STATE?® outputs.

The design of the ADCOE08, ADCOBOS has been optimized -

by Incorporating the most desirable aspects of several
AJO conversion techniques. The ADCOE08, ADCO809 of-
fers high speed, high accuracy, minimal temperature
dependence, excellent long-term sccuracy and regeatabl-
lity, and consumes minimal power. These features make
this device ideally suited to applications.from process and
machine control to consumer and automotive applica-
tions. For 16chanhel multiplexer with common output
{samplethold port)see ADCCB16 data sheet. (See AN-~247
for more information.

]

=

B No missing codes
i

=

| 4

MAKUIN

AtoD,Dto A

Converters
Features -

Resolutlon — 8-bily
Total unadjusted erne, =121SBand = 11S8

Conversion time — 10
Slngla supply — § v‘, .

Operates ratiometris, oy Y
4 Yy or with 5 Ve of snalog s
adjusted voltage feferance o o8 span

X B-channel multiplesar wih latehed control logic
B Easy interface to a) micr
CProcessors, or operater
“stand alone" P perater
]

Outputs meet T Viltage level specifications

& OV 10 5V analog gyt voltage range wilh single SV
supply

. B Nozsroor full-scate 2djust required

Stangard hermetle o1 mpiaeg 28-pin DIP package

& Temperature angye . 40°C 1o +85°C or —85°C
+126°C wete

B’ Low power Consum.oiig,n 15 mw

B Latched TRI-STAT(* Lulput

Block Diagram

SIARY cLoex

mpumpua ) FA- TN MRTIA
- Fian i ]
Ao | 1
ERD O COFYERLDR
. } CONTRDL B Tiiag ‘ peTIRRUPT)
o~ | l 1
e § CHAMNELS : :
1424106 APUTS 7t v i .
O—  SWNITKLS /u.m !
—— — ! ! ]
ZGMPARATOR —
O l f YAk poad
— ane® o
seTruT +81T QUTPUTS
{ & R [—°
| (17273 T a4
4 ' :
]
l SWITCN INEE :
SHTsooats o 00— | ¢
e ' oApDREZS | ———— 1
L4720 ] {
- anD .
u"_‘:’;::ﬁ D1C00ER ] !
; WA RESTION LATOER s .
‘ |
| : !
1 1 | S S - i l
Vg CAD AfHe} L T 4 \

g Toee

TELSTATES 14 re5ittereg adem st O Nahiome: 7 o=
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Absolute Maximum Ratings otes and2)

-— el e

Operating Ratings potes 1 ang 2

- - —Supply Von.qntvcc')(mm 3J) 8s5v Temperatyre Rmp.(Nou-‘l) . T,,,,;s'r;s'ruu
Voitage atAny Pin ~03Vio(Veg + 0.3v) ADCO80RCY ~55'CxTax+125°C
Except Control Inputs ADCDE0SCC, ADCOSGSCCN, '
Voitage st Contro! Inputs . . -03vio 415y * ADCOBOCCN | ~4rCsTrx+85°C
(STARY, OE. CLOCK ALE ADD A ADD 8, ADD C) : Range of Ve iNote 1) 43Vpe108.0vpe
Storage Temparature Range -85°Cto +150°C N Te s
P-enonnlnlpal!ennTAub’c_' - 875 mw ) o . . .. e .
LeagtT (Solcering, 10 ) 300°C .- - - -
<! - : . .
Electrical Characteristics . .
Converter Specifications: Ve =5 Vi Vg, Vagr-,= GND, TUNSTAS Tyax AN fe = 64O KHz - - - o . .
unless otherwise stated. . . - .
A N .
Parameter. ... - _ Condltions Rin Typ- - |*. Max. [Unig
. . Am' . 7 R S iy . c e PO - .- .
.+« + - .. Total Unadjusted Error . . .| 25°¢ MU L A . =12 | Lss
iR {Note 5) Tuin 10 Tyeax . . =24 Ls8
ADC0803 o =Y = .
N * Total Unadjusted Error 0°Cte70Cc . . . ppand NS Y LS8
{Note 5) Taan 10 Tax X o8 ’ =114 |[LsB
R Input Resistance From Ref(+) to Ref(~) 1.0 25 . kg
; Analog Input Voltage Range | (Note'd) V(+)orvi=) ~ | GNB-0.10 A Vec#0.10 | Voo
VReF(4) Voltage, Top of Ladder Measured at Ref(+) Vee. Vee+0.1 v
‘%’ Voltage, Center of Ladder VeeR-03 | Veer |Veere0a| v
Vaeri) Voltage, Bottom of Ladder Measured at Ref(—) -o1 | o, . v,
’ ‘Comparator fnput Current 1= 640 kHz, (Note 6) -2 |=o058 2. A

Electrical Characteristics

Digital Levels and DC Specifications: ADCO808CJ 4.5V < Vees55Y, - 55°CsT,s +125°C uniess otherwise noted
ADCO808CCY, ADCOBOBCCN, and ADCOS0SCCN 4.75<Vecx5.25V, - 40°C< Ta= + 85°C unless otherwise noted

Parameter '

Conditions l Min I Typ I Max ]Unlll

ANALOG MULTIPLEXER

1oFF(e) OFF Channe! Leakage Current | Voo =5V, Vin=5V, . .
. . Ta=25C . - 10 200 nA
" - ¢} T 10 Tax . 1.0 pA
loFF(-) CFF Channe! Leakage Current | Ve = 5V, Vi =0, '
Ta=25C s -200 |2-10 nA
Taa 10 Tusax -10 “ XA
CONTROL INPUTS i
Vingy Logical *1" Input Voltage Vee15 .- v
Vineg, Logical “0” Input Voltage ; 15 \'4
tingyy Logical “1" tnput Current Vin= 18V T 1.0 rA
(The Control Inputs)
Ny Logical 0™ input Current Vin=0 -1.0 rA
{The Contro} Inputs) .
lee Supply Current fouk = 640 kHz 03 3.0 mA

608004V ‘80800QYV
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Electrical Characteristics (continueq)

- - Digital Levels and DC Specifications: ADCOBOECJ.4.5VsVep 5.5V, — 85°C 5T, < 4 125°C unless otherwise noted _
ADCO808CCJ, ADCOBOSCCN, and ADCOB0ICCN 4.75 < Ve x5.25V, ~ 40°C=<T, = + 85°C uniess otherwise noted

- T Parameler - l Conditions [ Min ' v T Max J Units
8 DATA OUTPUTS AND EOQC (INTERRUPT) ° ! .
8 " Voutm Logicat 1" Output Voltage lg= =360 xA 1 Veo-04 . v g
(&) Vourm Logicai *0" Output Voltage lo=1.6mA ) 0.45 v
2 Voura Logical 0" Output Voltage EOC | lg=12mA . . 0.45 v
Tout TRISSTATE® Output Current Vo=5V LAY NPT W W EY
N VO =0 -3 I‘A {
SR N A - !
. Electrical Cheracteristics
Tlml'nq S;;;cl!ic.:tlons: Vee= Yaeri+)= 5Vs Vaer(—)= GND, t,= ;= 20 ns ﬂl:ld”TA -=.§'5:c.h-nles; ot.her.wI;e noted. -
. Symbol . Perameter Condlitions S Min Typ Max | Unlts
tws - T . Minimum Start Pulse Width (Flgure 5} . 100 200 ns '
i tWALE Minimum ALE Pulse Width (Figure 5) ) _ ’ ) 100 200 ns ;
ty - | Minimum Address Set-Up Time | (Figures) -7+ " & "1 uste ‘25 50 ns
ty Minimum Address Hold Time | (Figure 5) ¢ 28 ne
QD. v Analog MUX Delsy Time Rg=00 (Fléure 5) 1 25 5
R From ALE - R . . ) -
tun tho OE Control to Q Logic State | Cy_ = 50 pF, R_= 10k {Figure 8) .o 128 250 | -ns
tawe ton - OE Control to Hi-Z -~ Cy =10 pF, R, = 10k (Figure 8} 125. " 250 ns »'I
[]
te Conversion Time {. =640 kHz, (Figure 5) (Note 7). &0 100 118 ') \
; AR ' !
1c Clock Freguency 4 10 640 1280 kHz
teoe . EOC Deley Time | _MFiguresy” * y @ 0 Y leszus|Clock |
5 P, . Pericds ;
Cin Input Capacitance At Control Inputs 10 18 pF i
Cout TRISTATE® Output AUTRISTATE® Outputs,(Note12) =~ | 10 | 15 | pF !
Vet Capacitance e : |
- Note 1 Absclute maximurn ;atings are those valuer beyond which the His of the device may be Impaired.
Nots 2 All voltages are measured with respect 10 GND, uniess otherwise specified. .- - .. - . - B
Nots I: A zener dlode exiats, Internally, from Vo to GND anc has & typical braskdown vollage of 7 Y. A . . . ,
Note &4; Two On-chip diodes are tied 10 each anaiog Input which will forwars eonduct for analog input voitages one dlode drop below gr‘oundu one giodedrop ¢
Greater than the Voo supply. The spec ailows 100 mV torward blas of either diode. This maans that as iong as the analog VN Soes not exceed the supply
* votiage by more than 10C mV, the cutpul code will be correct. To achieve snabeolyte 0Vpe to 5 Vpg input voltage range will therelors requirs a minimum sup-
ply vollage of 4.800 Vi over lemperature nmn?m, Initial 1olerance and loading. ‘ : .
Note 6: Tota! unadjusiec error Incluces offset, tull-scale, linearity, and multiples o1 orrors. See Figum 3. None of these ADs requires & 1910 of fulkacale adjust
Howevet, if anall2ero code is Cesired for an ansiog input Other than 0.0V, o if & narrow fulkscale span exists {for sxample: 0.5V 10 4.5V fulk-scale} the referance
voltapes Con be adjusied to achieve this. See Fizure 12, ’
Note & Comparatorinput current is s blas current Into or out of the chapper d P . The blas curtent varies 0l y with clock freq; ysnd
has Hitle ternperature cependence (Figure 6] Sea satagraph 4.0, .
Note 7: The outputs ¢f the cate regisler are updated one clock cycle befors the rlsing edge of EOC.
4 . . . L .. R, - R
!
3 - - .
: -




Functional Description

Multlplexer: The cevice contalns an B-channel slngle-
ended analog signal multiplexer. A particular fnput chan-

nel Is selected by-using the address decoder. Table |-

shows the Input states for the address lines to select any
channel. The acdress Is laiched Into the decoder on the
low-to-high transition of the address laich enabte signal.

: : -+  TABLEl ¥

SELECTED /- [ ADDRESS LINE
ANALOG CHANNEL™ | C | B | &

- IND
N1
IN2
IN3
IN
INS
ING
IN7

T XTI ITITrrrerr
XTI rr-r X.Ir
IrXr Xr X

CONVERTER CHARACTERISTICS

The Converter . . = . .

The heart of this :fngle chip dats acqulslf!on sysiem!s its
8-bit analog-to-digital converter. The converter is designed

CONTROLS FROM SAR. T .0 ~ 0
A ;

to give fast, accurate, and repeatable conversions over a
wide rangs of temperatures. The converter Is partitioned
Into 3 major sections: the 256R ladder network, the suc-
cessive approximation register, and the comparator. The
converters dnghal outputs are posmve trus.

The 256R ladder nelwork approach (Figure 1) was choaan
over the conventional R/2R ladder because of Its Inherent
monotoniclty, which guarantees no missing digital codes.
Monotonlclty Is particularly important In closed loop 1eed-
back control systems. A non-monotonic relationshlip can
cause oscillations that wiil be catastrophic for the
system. Additionally, the 256R network does not cause

load variations on the reference voltage.... T I

The bottom resistor and the top resistor of the lidder
network In Figure 1 are not the same value as the
remainder of the network. The difference In these
resistors causes the output characteristic to be sym-
metrical with the zeroand full-scale points of the transfer
curve. The first output transition occurs when the analog
signal has reached + 1/2 LSB and succeeding output
transitions occur every 1 LSB later up to full-scale.

The successlve approximation register (SAR) performs 8
lterations 10 approximate the Input voltage. For any SAR
type converler, riterations are required for an n-bit con-
verter. Figure 2 shows & typical example of a 3-bit con-
verter. In the ADCD828, ADCO809, the approximation
technique is extended 10 8 blts using the 256R network.

REFlo) O /
L IR,

znu : .

10,
. > COMPARATOR
.t NPYT-

REF{=) Ormmemeed

FIGURE 1. Resistor Ladder and Switch Tree
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ADC0808, ADC0809

Functional Description (continued)

The A/D converter's successive approximation register
(SAR) Is reset on the positive edge of the start conversion
(SC) pulss. The conversion is begun on the falling edge of
the start conversion pulse. A conversion In process will be
Interrupted by recelpt of a new start conversion pulse.
Continuous conversion may be accomplished by tylng the
end-of-conversion (EOC) output 10 the SC Input. If used in
this mode, an external start conversion pulse should be
applied atter power up. End-of-conversion will go low be-
tween 0 and B clock pulses aMer the rising edge of start
Eonversion. s e T T e ’

Seas W Dett ey
The most Important sectioh of the A/D converter is the
comparator. It is this section which Is responsibie for the \
ultimate accuracy of the entire converter. It Is also the -

VIt e .- . c . .
LB ey b A . . .
cm—. . -
- ;
T OT.o el TRaGR ot gen el
4, - an L - L
- -7 bl rucseate
o I IDEAL CURVE 4 ERAOR=- 172158
. R L - k™ i
R 3
g-
5w - < *
a~
S m ;
e L= NOKLINEARITY = 172 LS8
g mf s

- NONLINEARITY « 172 LS
= = 2ERO ERROR - ~1/s LSB

202 Vin
111 21 313 4n 32 A N

comparator drift whichhas the greatest Influsnce c‘mﬂ
repsatabllity of the device. A chopper-steblilized co
parator provides the most effective method of satisfyir
all the converter requirements. e e

The chopper-stablilzed comparator converts the DC inp
signalinto en AC signal. This signal Is then fed through
high gain AC amplifier and has the DC leve! restored. Th
technique limits the dritt component 6f the amplifier ging
the drift Is a DC component which Is not passed by the A
ampiltler. This makes the entire A'D converter exiteme
Insensltive to temperature, iong ten drift and Input of !s.
errors. - ¢ . o |

. L . . .
Figure 4 shows a typlcal error curve for the ADCO808 »
measured using the procedures outlined in AN-178,

T HIM% UL INFINITE RESOLUTION.
u PERFECT CONVERTER
i se IDEAL 3417 EORVERTER™ !
w 0 ToTAL_, PR L !
2w | wwansustel o4 ) - R
_® .t ERROR~ R Y
E 10 . g s :
2 ARSDLUTE
S m ACCURACY
g m -1z
OUANTIZATION
01 - ERROR
© v0o Vix

M\Ilmlfllfl!/lill]ll

Vi AS FRACTION OF FULL-SCALE Vin AS FRACTION OF FULLSCALE

FIGURE 2. 3-BItAD Tunsfc{ Curve FIGURE 3. 3-Bit A/D Abgolute Accuracy Curre

’ REFERENCE LINE
““‘"E“nz;;:{”ll”l”l””l”hnununuulIHHHH;HHM{M;.....H“”Hll”””uunmu:um””.‘””.’”l“l:um;

I L ) L P e T T R T !
) . FuLL

INPUT OV

VOLTAGE SCALE

.

FISURE 4. Typleal Error Curve
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S| Typical Perfformance Characteristics :
o

- 0O- - e em e = - - - - R
o 1.5 2
-< ’ l;-_llbﬂjﬂh TA-ISI'C
o t
o - -z
D T o /K/ H AN
8 k= . AM-WIH:' :"E' ‘ \

o é -2 ".“W f 1 § . / | \\\
> 3. 1 s . .
e "< . . R . Ta" ~45°C
=] f* 1200 kH2 - \ | .
15 I | T N '
L] 125 28 b & 1] ) L] 128 b2 1 s §
: vix (V) . . vix (v}
FIGURE 8. Comparator iy, va Vi © ™ FIGURE?. Multiplexc Roy va Vi
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TRI-STATE® Test Circuits and Timing Diagrams
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Applications Information_
OPERATION :
1.0 Reztiometric Conversion ) .
The ADCSBOB..ADCOBDQ Is designed as a complete Data
Acquisition System (DAS) for ratiometric" conversion
systems. in ratiometric systems, the physical variable
being measured s expressedas a percentage of full-scale
which Is notnecessarlly related to an absolute standard.
The voltage Input to the ADCOBOS is expressed by the

. equation "

FETE

Yim . Dx :
Va—Vz  Duax—Duw
V= Input voltage Into the ADCO808
Vi = Full-scale voltage ’
Vz=2Zero voltage
Dx = Data point being measured
Dyuax = Maximum data limit
Dyuun = Minimum data limit

M

A good example of a ratiometric trensducer Is & poten-
tlometer used a8 & position sensor. The position of the
wiper Is directly proportional to the output voltage which
ls a ratio of the full-scale voltage across It. Since the data
Is represented as a proportion of full-scale, reference
requirsments are greatly reduced, eliminating a large
source of error and cost for many applications. A major
advantage of the' ADCOS08, ADCOSS Is that the input
voltage range Is equal! to the supply range 8o the
transducers can be connected directly across the supply
8nd thelr outpuls connected directly into the muitiplexer
Inputs, (Flgure §). -~ - *

Ratiometric transcucers such as potentiometers, strain
Qauges, thermistor bridges, pressure transducers, etc.,
are sultable for measuring proportional relationships;
however, many types of Mmeasurements must be referred
to an absolute standard such as voltage or current. This
means a system reference must be used which relates

the full-scale voltage 1o the standard volt. For example, It
Voo = Vpee =512V, then the full-scale range is divided In-

to 256 standard steps. The smallest standarg step Is 1
LSB which isthen20mv. .. . i

20 Rnls‘tor Ladder Limitations '

The voltages from the resistor ladder are compared to the
seiected Input 8 times in & conversion. These voitages are
coupled to the comparatorvia an anzalog switch tree which
Is referenced to the supply. The voltages at the top, center

and bottom of the laddsr must be controlled 1o malntain

proper operation.

The fop of the ladder, Ref{+ ), shou!d not be more positive
than the supply, and the bottom of the ladder, Ref(-),
should not bs moa negative than ground. The center of
the ladder voltage must also be near the center of the
-- supply because the analog switch tres changes from
N-channel swlitches 1o P-channel switches. These limita-
tlons are automatically satisfied In ratiometric systems
and can be easlly met In ground referenced systems,

Figure 10 shows a ground referenced system with a

= Separate supply and reference. In this system, the supply
-Mmust be trimmed to match the reference voltage. For In-
stance, if 25.12V s used, the supply shouid be adjusted to
the same voltage within 0.1V,

I Y

— AAA—

]

Y Vee
I_. REF(+) M2
Iny
. DIGITAL
. & QuTPUT
s Oyt PROPORTIONAL
: TD ANALOG
. INPUT
.
Inp v .
REF(-) 513 o IN _ Vv
! T G Ve
. I oH 475V sVoc e Vpep st 2sy
* Ranl
- ADCOLOS Ratlometric transoucers

FIGURE 9. Rztiometrc Conversion System "
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Applications Information continveq)

The ADCOS08 neads less than g milllamp of supply currant
s0 developing the supply from the reference Is readlly
accomplished. In Figure 11 2 ground referenced systemls
shown which generates the supply from the reference. The
butfer shown can be an op amp of sufficient drive to
supply the milllamp of supply current and the desired bus
drive, or If 8 capacitive bus is driven by the 6utputs a large
capacitor will supply the transient supply current 2s seen
In Figure 12. The LM301 Is overcompensated to insure
stability when loaded by the 10 4F output capacltor.. .

The top and bottorn ladder voltages cannot exceed Vee
and ground, respectively, but they can be symmetricaily
less than Ve and greater than ground. The center of the
ladder voltzge should always be mesr the center of the
supply. The sensitivity of the converter can be Increased,
(l.e., size of the LSB steps decreased) by using & sym.
metrical reference system. In Figire 13, 2 2.5V reference
Is symmetrically centered about Veo2 since the same
current fiows In identical resistors. This system with s
2.5V reference allows the LSB bit to be half the slze of #
5V reference system. N

i -
I A - By
. - .
Ld "‘-
) Y ovee S
suriy vee R

’ . Pl £
Vage - REF(s) * BIGTAL o =
- - P ouTPuY i I ~
REFERENCED i
. O— 0 s ek
Vin{o— 2 - CROUND o

. : o
O—tg Tug ) . w
J-— REF(=}) . -
ViN "

&~ GND JIN_ -
' Cout= YREF . R
ADCOS08 4.78V sVeo = VREF S525V - -, -

. < A R - »
. FIGURE 10. Ground Relerenced

Conversion System Using Trimmed Supply

! Veo
v NS
DIGITAL BUTPUT
VREF » REF() - Coyr REFERENCED T0
VREEt) . o—dy GROUND
Vin{C— &
L]
Ot o
J——l REF(-) 84
Vin
+ (1] N
. ¢ A0 - Cour~ Vegr — -
AD22I08 > 478V sVecs VRep s 5.8

FIGURE 11. Ground Refsrenced Converzion Systemn with
Refersnce Generating Ve Supply
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Vee
AEF(s)
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- SOl
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N

REF(-)
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. e
FIGURE 12. Typica! Reference and Supply Clreuit
- sV
Ra
sy
-
L 3
125V
25V
REFERENCE Rg

V- s
Yeel 9 -
REFLe)
tay
L3
Y DIGITAL OUTPYT
o PROPORTIONAL TO
o ARALOG INPYT
o) 125V g VN ¢ 325
l‘q
REF(-) y
cND * Ra=Rg

* Ratlometric transducers

FIGURE 13. Symmetrically Contered Referance

3.0 Converter Equations

The transition between adjacent codes N and N+1 is
piven by:

]

N 1 :
Vin={ (Vagr(a)— Vnsn-))[;—,,—s + 5;2}= Vrug )+ Vage)

The center of 2n output code N Is given by:

N
Vin=] Vagr(y)— Veer-)) [2?6:,: Vrue} + VRer(-) @
i : )

The output code N for an arbitrary input are the integers
within the range: ) .

foVig—V
N =- i REF(-) ¥ 256 = Absolute Accuracy (4)
_VRerie)— Vrgr(-,) .- L.

where: V= Voltage a1 comparator Input
VREF(.)" Voltage at Ref(+)
V};EF(_,.-. Voltage at Ref(—)
Vrue = Total unacjusted error voltage (typically
Vegrie)= 512)

4.0 Analog Comparator Inputs

The dynamic comparator input current is caused by the
periodic switching of on-chip stray capacitances. These
are connected alternately to the output of the resistor
ladder/swilch tree network and to the comparatorinputas
partof the operation of the chopper stabilizeo comparator.

The average value of the comparator input current varjes
directly with clock frequency and with Vin 35 shown in
Figure 6,

I no filter capacitors are used atthe analog inputs anc the
signal source impedances are low, the comgparator input

“current should not Intrecuce converter errors, as the tran-

sient created by the capacitance discharge will'die out
before the comparator output is strobed.

i Input tilter capacitors are desired for nolse recuction
and signal conditioning they will tend to averzge out the
dynamic cbmpara!or indut current. It will then tzke on the
characteristics of 2 DC bias current whose effect can be
predicted conventicnally, -

.
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© | Typical Application
o _ -
O o - Tt LT T
D -
e So—3- WTIRRUIY
e3 ‘ _J w
> £k ot .
o n‘ro;m VAEF EOC |~ ———-INTERRUPT -
Q {20¢-AD18)* Vagk(-) T
(o] . rV——bom ']
<. START ;. -2l pps
wRITL ME LD ri—boes :
= —— 014
T o
$ * Apcozos " 28 [———-0m2
L -7 —on

- ———> 000 LS9

sysum.vt_ - RV :
Vee . — Vixd

In7 H
11 . .
- v/ -, .2.: 0-5V
. GROUND " i e . ANALOG
s = | =D .. oo .- | INPUT RANGE
. .
R N Y L

ae e e t [hd
- - . - e . ® Address latches needed for 8385 snd SCrMP Intertacing the ADCOBOE to a microprocessor *

MICROPROCESSOR INTERFACE TABLE

PROCESSOR AEAD - WRITE - INTERRUPT (COMMENT) 7
8080 MEMR ~ MEMW INTR (Thru RST Clreuit)
8085 RO . WR INTR (Thry RST Clreutt)
z-80 1) WA " | TRT hew ST Circutt, Mode 0)
SC/MP NRDS NWDS SA (Thry Sense A)
€800 VMA-e 2- AW VMEo2FAW | IRGA or TRGE (Theu PIA)

Ordering Information

TEMPERATURE RANGE ~40°Cto +£&5°C -55'C to +125°C
Error = 12 Bit Unadjusted ADCO80BCCN ADCO8OECCY ADC0B08CY
=1 Bit Unacjusted ADCOEQ2CCN R .
Package Outline N2BA Mclcec DIP|J28A Hermetic DIP | J2EA Hermetic DIP

.

2
=
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= National : AtoD,Dio A
- S Semiconductor - - : -
Q | DACO0808, DACO807 DACOSOS 8-Blt DIA Converters
[
8 General Description Features S
o The DACOBO3 series is an 8-bit monolithic digital-1o- = Relative accuracy: .20.19%  error  maximum
O analog converter (DAC) featuring a full scale output * {DACOBOB) ! B T
< current sertling time of 150 ns while disipating only = Full scale current match: 21 LSB typ
33 mW with 25V supplies. No reference current {IRgF) -
' D trimming is required for mpst applications since the full = Z and 6- :m sccuracy available {DAC0807, DAC0806)
o3 | scele output current is typically 21 LSB of 255 Iggp/ % Fastsenlingtime: 150 nstyp
o 256. Relative sccuracies of better than 20.19% assure - N°"'“"¢“'"ﬂ f“ﬂlﬂ' lnplm are. TTL-lnd CMOS
[ee) B-bit monotonicity and linearity while zeto tevel output compatible Teomeene
o current of less than 4 LA pronde-s 8-bit zero accuracy 8 High speed multiplying input slew rate: 8 mA/us
O for 1pEF 2 2 mA. The power supply currents of the [ Power supply voltage range: 24.5V 10 218V
. < DAFQBOB sznfs are m'c‘iepende.nt of bit. codes and n Low power comumpu'on 33mW@‘5V-.
(o) exhibits essentially constant device characteristics over iy e
. * the entire supply voltage range. “ Uy 9 . . \
The DACDB08 will interface directly with popular TTL,.
DTL or CMOS logic levels, and it 8 clirect replacement
for the MC1508/MC1408. For higher speed apphcnnons, :
see DACOBOO data sheel. 4

Block and Connechon Dnagrams

. 4 gy g t] . - -
o o . U
i j ? ? ? ? ? T ? B RETL X el . cowtarinon
- "
“-,;;;:o_| coanter perreae 5% ey Mliade
i . Vi~ ‘—'-'-mq
. ”
I o o o
% st u—' b i’ .2“ [* ]
| . ) "
Ynrr © o O ver v—’ —'n
JOUACT PR - - .l_
Yair1-) O Iy . . “
Ll
Rt T, 8 s
v Tor vy
. . . \
Typical Application i
2
' -
) no—:- :-O——-Af-:y—-——oum-v."
e
~ 0
oicnaL MO tirmm
s a8 O—i
u o:-:-
AT Oy
[ETart] oi —0 :n."m
3
= A1 A
Vo=~ 10V (—4—‘{0 ia—)
o ) 2 4 255
FIGURE 1. +10V Output Digital 1o Analog Corrverter
Ordering Information
ACCURACY OPERATING TEMPERATURE ORDER NUMEBERS*®
RANGE D PLCKAGE {D16C) JPLCKAGE Ul6A) N PACKAGE (N1EA)
E-bit ~£5°C < TA < +125°C DACO808LD | MCT508LE .
8-bit 0°C<TaAL~75C DACOBLELLY Mﬂﬂo&u DACCEIELEN | MC1408P8
7ot g'CgTaAS+75"C DACOBOILC) | MC1408L7 DACOSSILEN | MC1408#7
6.t 0'C<TA<~75'C DACOBOELCY | MC1408LE DACORXSLIN | MC1£0BPS
“Note. Devices Mmav he mvwormrt ha 10ing eist e arder omber ——

b
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Absolute Maximum Ratings o . >
- power Supply Voluge - Power Dissipstion (Package Limitation} 1000 mw o
vee *18Vpe Derste sbove Ty = 25°C €7 mw/C (@)
: VEE -18Vpe Opersting Temperature Rangs (o]
" Digital Input Voltage, V5—V12. ~10Vpgto +18 Vpe DACOSOBL =58°C < Ta < +125°C 8
Applied Output Voltage, Vg * =11 Vpgto+18 Vpe DACO80BLC Serins 0< Ta <+75°C S
Reference Current 114 5mA Storage Temparsture Range ~€5°C to +160°C
Reference Ampliifier Inputs, V14, V15 Vee. VEe U
Electrical Characteristics B ‘ : : : 2
(Vcc = 5V, VEE = =15 VpC, VREF/R14 = 2mA, DAC0808 Ta = ~55°C to +125°C, DACOBOSC, DAcoao7c .- =]
DACOB06C, To = 0 *C 10 +75°C, and all digital inputs at high logic level unless otherwise noted.) . C e - ,?J
r;.ms‘r:a CONDITIONS MIN TYP MAX uats | O
TE = Relutivs Accurscy (Emor el i) = — - o I B < | >
4 . |onns=lk'0! . . cas e, PEE AN .. % .. - -1 0
. CACDB0SL [LM1508-8), o - 20.19 | ©O
DACDSOSLE (LM14088) : : 8
DACOBOTLC {LMM4O8T), iNow 1) | . R | 2039 L3 .O)
DACO86LL (LMI‘ 1. (Noll ‘l) . 20.78 % -
Settling Time 10 wmtn 1, x_ss' i Ta = 25°C (Note 2), 7 =
. [Includes tpg gl = =" 20 wp (Figurs 5} iy
1PLH.  Propsgation Delay Time . | . Ta~ 25'_C. {Figure 5) Y- FRE - 100 ™
VHL‘ * ':‘—'.".“ - . % ¢ N
TClp Output Full Scale Cursant Dritt L . 220 pom/ C
MS8  Digital Input Logic Levels . - . " (Figure3) N - -\ 1
ViK High Level, Logic ~1° ] d’ 2 5 2 voe
viL Low Level, Logic oo . ¥ e ‘Wl . [+ ) vpe
(1] Dighal Input Current - © = * o * AFigure 3) S )
Migh Level . ViH* §V o 0.040 . mA
Low Level = P ViL=0.8v -0.003 -0.8 mA
"hs Reference Input Bias Current (Figure 3} -1 . =3 WA
Ouiput Current Rangs - (Figure 3) ¢
I N VEE*~5V 509 B [} 20. 21 mA |
L VEE® =15V, Ta - 25°C | 0 20 . . 42 mA
10 ©  OutputCurrent . VREF * 2.000, [ ° 5
... : . R14 = 100002, - A e
{Figure 3} 19 199 2.1 T mA
[
Qutput Current, Al Bits Low (Figura 3) . 0. 4 BA [
Output Veltage Comptiance Er €0.19%, T = 25°C
Pin 1 Grounded, . —0.55,+04 * wvpe
VEE 2¢low =10V ° 5.0, +0.4 - Voe |
SRIREF Reference Current Slew Rawe (Figure 6)° 4 ‘8 mAlu
Output Current Power Supply -5V < VEE < -16.5V - “0s 2.7 ANV
Sensitivity
Power Supply Current {All Bits {Figure 3)
Low)
lcc , 23 22 mA
‘eg T -3 -13 mA
Power Supply Voltage Range TA = 25°C, (Figure 3) . -
vee - . 45 5.0 5.8 Voe
VEE . . . =45 -15 -16.5 voe
Power Dissigation . N
Al Bits Low Vee 5V, Vi = -5V . k& 170 mw
-—— .. — - Vec v V. VEg e —18V - - 108 N 306 mw
Al Bits Migh " Veg e 18V, Vg - -5V 2] mw
Vee = 1BV, VEg = =15V 160 mw
Note 1: -All current switchet are teroed 1o guarantss ot I-n BO% of reted current.
Nots 2: AH bits switched, .
Kote 3: Range eontrol is not roqQuired,

et
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- é Typical Performance.Characteristics . - e L
8 Vee = 5VL VEE 7 =15V, TA = 25°C, unless otherwise noted
< Logic Input Currem v raco e Logic Threshold Voltage vy .
Q . “Input Voltsge . Bit Tranrfor Charactaristica . | . Temperature . | .
Tl T g E R I g2
o 3 s T 12 dhacle : = "
Poe) H l L A =
= £ =E g ~
M = - > .
2 = i a 32
o « 3 - Pyy ~q -
O - s ] @, .1 4- T~ :
) 5 ] CoEC
< = 5 s s :
N E [] . W n E . I A2 ~= gy
() g AL THADUGN AT g T 1 . = !
g 2 AN Y ] T + ARy ] “
< ;. A1) oa ) =—tulo~— N vy N
- - e B . o
o O . ‘ . T e Ty — e YT
- ' - L e o5 o L
o SRe10-2-04-202 4 S T UIT2006 08 S12-104-6420 248 S WU NN R R R U IR P RE TR (R,
() . Vi~ LOGIC INPUT VOLTAGE (V) "L - LOBIC INPUT VOLTAGE fv) . o Ja - TeurtaTuRg £y .
'< Output Current vs Outpat . . . .
-Q "Voltage (Output Voltsge Output Voltage Compliance -
- IR Compliance) . . v Tempersture ** s b
: 1 S ] : .
. 1 mon ] ' - I {1
= 24 ‘: { i . 18 x_.\\\ XN \\;~\A\Q R
=
2 , paesny jvege-iv 4 s &\\Q\\\\\\
& T e 2ma - AN
£ ! ' S 3 [—IsHane0 antA mDIcATES
. ] T & . ..'; - PEAVISUBLE DUTPUT
a2 v 3 VOLTAGL RANGL FOR
- — 2 0= YEiE" -1V hji=2mA = .
3wt AR IR NI AN |
. NI
LAY s 2mA - i N \“\\ N
. AN AR NANN]
H R 1! Wl : o I 1
: L M4~ 2 8 18 WwN . CE oo i s we e
¥g - DUTPUT VOLIAGE (V) . | TEMPERATURS ('€
Typicsl Power Supply | b . Typical Power Supply . Typical Power Supply
Current vg Temperature Currentvs Vg A Current v Vee
o vy SITSMIGH OA Low ' oo ucnoniow | ] ¥ [tamswion osLow l
3T Mphezea o - -3 ? gL WITH 1+ 2 mA ™) g 7 "]'""‘ T
£ s lu" T E S TTT111 x : ! Tt
.- £ 40 ! 1\ % EEWITH g 1 ma H
e ] . | 3 { o 5
4—;.\‘ : .“ . > ) ' T : 4
LA £ .. 1] £, Ll duommngenzaa] || &, |
2 ; : ' 2 T 1 v ] a !
Fu Ny £ ! e P2 Iee
€ < L g !
‘s . [ . -
T 0 108 138 0 -2 -4 5 4101214361020 L R B R T TR |
TEMPLALTURE ) Vg - MCATIVE POWER SUPPLY (V) Veg - POSITIVE POWTA SUPPLY vy
Reforence Input
Frequency Resporas
¢ Unless ctherwise soecified: R14 = .
. Lt T T R15<1 k2, C = 15 oF, pin 16 10 Vg ;
: (U e R( = 500, pin 4 to ground.
g ! '_‘l/\ Ix Curve  A: Large Signsl Bendwicih
s 4 IS, \ Method of Figur- 7, VRgp = 2 Vpp . .
£ NN\ R 1\ otfset 1 V above ground
2 .
- -5 N\ Nt - Curve B:'Small Signal Bandwicth
g L, HE NF N Method of Figure 7,.R| = 25071,
= | NAY VREF = 50 'mVpp offser 200 mv
€ : AL .. Aboveground.
. t h L Curve C: Larpe and Small Signal
" | } 1 Nan Bendwidih Method: of Figure 9 (no
e 03 ' 3 " o0 amp, Ry = 507), Rg = 50N,
. VRAEF = 2V, Vs = 100 mVpop cen-
~ . f- FREQUENCY tertz} tered ot OV,
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DAC0808, DAC0807, DAC0806

R R

and AN = =1° I Ay is 8t high level
* 3 . .
I OAN=U'H Ay it atlow tevel

. ——— e

- - ot
»
e - T
Test Circuits :
Yeo
- [ PR L — . -
. R N Viand 1y aoply 10 inputs A1—AB, - -
B e s . .. e .
- a o.l kol “Vagy The resistor tied 10 pin 15 is 10 temperature compensate the
.,o_: I :‘g . bias current and may not be Y for oil applicats
h - g s
!ltﬂl‘: MO pacmm —'O*d - * ek (A! . A2 AL " AS . A6 . A7 . A8
st aogy uea 2 T TR R e twm
ioS rypdel s : .
where K & ~PEF
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KT A, YO CH0 0K Tues DI
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e
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* FIGURE 2. Notstion Definitions Test Clrewit -
- 21
e S T e S
= siom
P 04
] o] wan -f... .
. aul T4 s o=
Sy L) “;:';"—O—.nlmom “ .
. a5 | EARORMAL) | | -y
* gr————— ~ .
AY -
_01“ -
e $AS A90AT1A
1% -1
. vagrory "%
e Y “¥ -t
o -u' Veo
. .
7 A ol -
mee {10 L J
s =
4
- —C ' .
Sy O 63
syt O —O— sacma s . .
| covena | o o4 s O
A — ' ¢
12 ] )’ ’
O e e O]
2 s
o) wiwlals
" [ .
— v
- ok T .
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SEEIEXT FOR VALUES OF @ -°
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* FIGURE 6. Refarsnce Current Stow Rate Measuremant « REF
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N When Vs = 0, 1342 2.0 ma -
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- . - FIGURE 8. Programmable Gain Amplifier or Digital Artenuator Circuit

Application Hints

REFERENCE AMPLIFIER DRIVE. AND COMPEN.
SATION ... T T
The reference amplifier brovides-u'vohage at pin 14 for
converting the reference voltage 10 a current, and a
um-around circuit or current mirror for feeding the
ladder. The reference emplifier input current, {14, must
always flow into pin 14, regardless of the set-up method
or reference voltage polarity. - T -
Connections for a positive voltage are shown in Figure 7.

The teference: voltage source supplies the full current

I14. For bipolar reference signals, as in the multiplying
mode, R15 can be tied 1o 8.negative voltage corres
ponding to the minimum input level. It is possible to
eliminate R15 with only » small sacrifice in accuracy
and temperzture drife. )

. The compensation capacitor value must be increased

with increases in R14 10 meintain proper phase margin;
for R14 values of 1, 2.5 and 5 kQ, minimum capazitor
velues are 15, 37 and 75 pF. The capacitor may be tied
to either VEE or ground, but using VEE incresses
negative supply rejection, :

' 90800V ‘20800va ‘80800vd




DAC0808, DAC0807, DAC0806

.

- -
- :
>
- - -
£
- .Application Hints (connuea. . _ .. o
A 'negative reference voltage may be used if R14 is ot the monolithic resistor ladder. The reference cu;rrenl
grounded and the reference voltage is applied to R 1S as may drift with temperature, causing # change in the
shown in Fipurz_ 8. A high input impedance is the main absolute acturacy of output current. However, the
advantage of this method. Compensation involves a DACOB08 has a very low full-scale current drift with
capacitor to VEE on pin 16, using the values of the temperature. .
. previous paragraph. The negative reference voltage must e . !

be at least 4V above the VEE supply. Bipolar input - Gt T e et
signals may be handled by connecting R14 10 a positive The DACOB08 ”';“ 15 guaranteed accurate to within,
reference voltage equal 1o the peak positive input level 2172 LSB at a fullscale output surrent of 1.992:mA. .

2t pin 15. This corresponds 10 a reference amplifier output current_
— - - . drive 10 the ladder network of 2 mA, with the loss of 5
e . . . 1 LSB (8 gA) which is the tadder rermainder shunted 10

When a DC reference voltage is used, capacitive bypass ground. The input current 16 pin’ 14 has s gusranteed”

to ground is recommended. The SV logic supply is not - ivslue of between 1.9 and 2.1 mA, allowing some mis.'?
recommended as 3 reference voltage. If 8 well requlated -~ 2° match in the NPN current source pair;-The sccuracy test™
5V supply which drives logic is o be used as the refer.--: - circuit is Shown in Figure 4. The 12-bit tonverter is
ence, R14 should be decoupled by connecting it to . ;. colibrated for a full-seate output current of 1.992 mA.
5V through another resistor and bypassing the junction ™ Thi i an optional step since the DACDBOB accuracy is
of the 2 resistors with 0.1 uF to ground. For reference™ - .assentially the same between 1.5'and 2.5 mA. Then the
voltages greater than 5V, a2 clamp.djode is recommended’ DACDB08 circuits’ full-scale current it trimmed to the
between pin 14 and ground. 2 " safne value with R14 50 that 3 zero value sppears at the

p : i error amplifier output. The counter is activated and the
If pin 14 is driven by 3 high impedance such as » error band may be displayed on an oscilloscope, detected
transistor current source, none of the above compensa- . by comparators, or stored in a peak detector.
tion methods apply and the amplifier must be heavily
compensated, decreasing the overall bandwidth.

4 e

-

Two 8bit D-to-A converters may not be used 1o
B ¥ 3 . construct 3 16-bit sccuracy D-10-A convener. 16-bit
OUTPUT VOLTAGE RANGE S y _ sccuracy implies 8 total error of £1/2 of one part in

oy - ©TT T 65536, or *0.00076%, which is much more sccurate
The voltage on pin &is restricted 10 a range of ~0.6 10 - than the 20.018% specification proviced. by. the
0.5V when VEE = —5V due to the current switching Dacosos. i R
methods employed in the DACO808." - v ceer.r. 1

- : s 1*% MULTIPLYING ACCURACY. - -
The negative output voltage compliance of the DACDS0DS -’ -

is extended to ~5V where the negative supply voitage is -.*
more negative than —10V. Using a full-scale current of -
1.992 .mA and load resistor of 2.5 kQ between pin 4 ..
and ground will yield s voltage output of 256 levels
between O and —4.980V. Floating pin 1 does not affect
the converter speed or power dissipation. However, the
value of the load resistor determines the switching time

The DACOB08 may be used in the multiplying mode
with B-bit accuracy when the reference current is varied
over a range of 256:1. If the refererice current in the
multiplying mode ranges from 16 pA to 4 mA, the-
additional error eontriuutions are less then 1.6 pA: This
is well within 8-bit accuracy when referred to full-scale..

due 1o increased voltage swing. Values of RL up 10 - . -~

50002 do not significantly affect performance, but a A monotonic converter is one which supplies an increase

2.5 kN1 load increases worst-case settling time to in current for each increment in the binary word.

1.2y -{when all bits are switched ON). Refer to the Typiczlly, the DACCS08 is monotonic for all values of

subsequent text section on Settling Time for more reference current above 0.5 mA. The recommended

details on output loading,. . o T - range for operation with a DC reference current is 0510
. B 4 mA, . :

OUTPUT CURRENT RANGE

T T e e " -7 SETTLING TIME

The output current maximum rating of 4.2 mA may be

used only for negative supply voltages more negative The worstcase switching cendition occurs when all

than =7V, due 10 the increased voltage drop across the | bits are switched ON, which corresponds to l‘!ow-!o-hligh
resistors in the reference current amplifier, . - transition for all bits. This time is typically -152 ns
7 - ‘ . for semling to within $1/2 LSB, for B-bit accuracy,

ACCURACY ~ - ¢ o+ - - and 100 ns to 1/2 LSB for 7 and 6-bit accuracy. The
. ) turn OFF is typitally under 109 ns, These times apply

- . wh 000 < 25gF.
Absoluts accuracy is the measure of each output current o RLS 5 and Co S4cF

level with respect to its intended value, and is dependent

upon relative accurscy and full-scale current crif Extra care must be taken in board layout since this is
Relative accuracy is the measure of each ouUtpuUt current usually the cominant_factor in satisfactoy test results
level as a fraction of the fuli-scale current. The reiative when measuring .sectling time. Short feads, 100 uF
accuracy of the DACOBOE is essentially constant with supply bypassing for low frequencies, and minimum

lemperature due 10 the excelient temperature racking scope lead lengh are all mandatory.
. 7
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Semiconductor
LM134/LM234/LM334

' 3-Terminal Adjustable Current Sources

General Description - .

The LM134/LM234/LM334 are 3terminal adjustible
current sources featuring 10,000:1 range in operating
current, excellent currentregulation and s wide dynamic

:  voltage range of 1V t0 40V. Current is established with : -

one external resistor md no cother parts are required.
! Initial current accurscy is £3%. The LMI34/LM234/
© LM334 are vue floating current sources with no separate

power supply connections. In addition, reverse applied
t voltages of up to 20V will draw only a few microamperes
of current, allowing the devices to act & both a rectifier
and current source in AC applications.

" The sense voltage ‘used 0 stablish opennng mrrent in
the “LM134 is 64'mV at'25°C and ‘isdirectly propor-
“tional to absolute temperature-{® K). The'simplest one -
external resistor connection, then, generates a current
with %+0.33%/C tempersture ‘dependence. Zero drift
operation can be obnmed by nddmg one extra resistor

and a diode. - . : N t-

Apphcat:ons for the new currenl sources mdude bus
networks, surge protection, low power reference, ramp
generation LED dnver and temperature :ensmg The

LM134-3/LM234-3 and LM134. 6/LM234-6 are specified

33 true temperature sensors with guarameed initial

. eccuracy of +3°C and 26° C, respectively. These devices

are idea! in remote sense applications because “series
sl resistance in fong wire runs does not lﬁrct aacuracy
In addition, only 2 wnre: sre required., - et T

The LM134 is guaranteed over a temperature range of
=55°C 10 +125°C, the LM234 from ~25°C to +100°C
and the LM334 from 0°C t0,+70°C. These Oevices are
svailable in TO-46 hermeuc and TO. 92 plastic packages.

oy e U eiT .o

" Features—;> & - -
-8 Operam from !V to 40V . T
" 0.02%/V' wrrent requlmon

_ ®°Programmable trom 1 BA 10 10 mA

e -True 2-terminal operation R
L] Avmhble [ fully specified temperature unsor

® . 23% initial accuracy .

' Typlcal Applications

8-:: 2:Terminsl Carrent Souvu
et |

r.

Tonnuulmg Remots Sensar for Vi hage Outau‘l

Vin
v
!
)
Rsev
=
4
1
Your® Uspyhs)
LR M7y 1
Rggy e 20
L Reetsan -

. . N Rt

" 2oro T-n'npomm. .Cocmz.i-m Current Sourcs

- Teviy t
r’ L

v

+ [
0n s <
|um¥ 2 =18 Rgpy -
=Yin

Selm retio of R1to RSET 10 obtain 2ero drift. I* = 2 IseT

ernd Rnfvrnd Fahranheit Thermometar

Vig2dv

Ypyr = W mvrt
WESTSNTT

“Select A3 » VREF/EBI4A. VREE may be any suable positive voltage 2 2V

Trim

RJ to calibrate

YEEWTTHECINTIVELINT
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LM134/LM234/LM334

Absolute Maximum Ratings ' .
V*¥10 V™ Forward Voltage _ _ e - - - : - - T -
-~ LM134/LM234 aov ae . )
LM334/LM134-3/LM134-6/LM234.3/LM234.6 30v "L cee
V* 10 V- Reverse Voltage R 20V’ . _ .
R Pin 10 V™ Voltage ° L sv - -
Set Current, T ~-10 mA L.
Power Dissipation . R 200 mw .
"Operating Temperature Range S, . - R o
LM134/1M134.3/LM134-5 C ~55°C 10 +125°C
LM234/LM234-3/t M234.6 ) ~25°C 10 +100°C S L
LM33s | . . 0°C 1o +70°C . . Y -
Lead Temperature (Soldering, 10 seconds) 30°C - - .- = .
Electrical Characteristics (Nowfi).” S
; * LM134/LM238 . LM334 .
PARAMETER CONDITIONS MIN_ T Tvp [ MAX [min T 7vF [oax] UNITS -
SetCurrent Error, V* = 25V, | 10pA<iser<ima 4] . A - 6 %
{Note 2} .| TmA<iIsET <8 mA & —f[==1 s\ S Bt - 2N A
: . | 2vASISET <1004 y' ‘8 N 12, x -
Ratio of Set Current 10 10pA<ISET< 1 mA ol 14 18 23 14 18 26
V™ Current . TMA<SISET< 5mA . 4 g1 e .
T 2UALIGET < 10 4A 18 23" | 14 18 26
Minimum Operating Voltage 2uA<IseT <100 A o8 | Tl les | v
100 pA<ISET < 1 mA 0.8 ) \ 0.9 ) v
1mA<ISET<5mA 1.0 : 1.0 v
Average Change in Set Current | 1.5< v* SEAVASASANA 0.02 [ oos 002 | 01 %V
with Input Voltage y 2pA<ISET< 1 mA | 7 I 0
L svevtcaov y 0.01 | o0.03 001 | 005 wv
1.5V<V<sY : 0.03 0.03 %V
ImA<ISET<EmA o
5V< vV <aov 0.02 . 4 0.02 %V
Temperature Dependence o; 25}1A <IseT< 1 mA 0.96T| T 1.04T [ 0.96T{ T 1.047T,
Set Current (Note 3)
Effective Shunt Capacitance 15 15 ° pF

Note 1: Uniss otherwise 2ecified, rests are performes at T‘ = 25°C with pulte:testing so that junction tempersture does not change during test,
Note 2: Set currant is the current flowing into the V* pin. 1 i determined by the {ollowing formula: ISET = 62.7 MVIRSET 1€ 25°C). Set
current error is expressed as a percent devistion from thes amount. Ige T increases at 0.336%/°C @ Tj=25°C..

Note 3: Iget iy direztly proportional 10 staolute temperature (*KJ. Ige T ot any tmperaiure can be czlculated from: ISET = g (T/To) where [P
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lectrical Characteristics (continued) Note 1)

~
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| — . LM134-3, LM234.3 LM134.6, LM234-6
CONDITION. e
PARAMETER ONS - IWIN [ Yve | wMaX [ min [ Tvp | max] UMTS
" et Cutrent Error, V¥ =25V, | 100pA<ISET<ImA” . +1 R P %
{Note 2} Tj=25C )
Equivsient Temperature Error ) ; +3 *6 c
Ratio of Set Currentto V™ I00pA<ISET<S 1 mA 14 18 26 14 18 26
Current 3 R - A B
. l -
Minimum Operating-Volitsge 100 pA IseT< I MA 08 : 0.9 v
Average Chﬂr;ge in Set Current | 1.5 g"v* < 5V 0021 005 |~ " "{op2t 0.1 Y
with Input Voltage 100 A< IgET < T mA
sv<vt<aov 0.0t | 003 0.01 | 0.05 %V
_ Temperature Dependence of . | 100 A< ISeT< 1 mA 08T | T 1021 | o877 | T vosr|
Set Current {Note 3) and ‘s o> .
Equivalent Slope Err_or 2 - L 22 ' 23 . 3
Etfective Shunt Capacitance Y - 15 - ST " pF
: ! { ~ 8 2 «" ,-. 2
Typical Performance Characteristics - \ ..
oo b’ d AN 2 )
. o o Maximum Slew Rate for .
. Owvtput Impedance LI Linesr Operwtion ~e.StnlUp. L 2
o —yr—r " x
' i : ; L T
=18 ) I - 287¢ /= .
[QRL] N = 7
5 w v ! -z i i L L 1
o 1 =3 - =t [
‘:' l-lnlu,n\‘ é u ; BN
Iw 1 LN =] : \ S -
. + + TS —T = |1 -d -
T, v P
N I N qil
" It U0 R 1T S 1| W . T
Cow " n Y 1sh MM MEA teA YA . vo J.
FREQUERCY (W2} =y o VIME {Kow mals shangss ot b guenat end)
Trarsient Rmporas Voltage Acrems RgeT " Current Noise -
111 "
]-—J -—h-[ ! ] 1 2 V/ 'il
1 -imA H ]
) A I lv‘ 1‘::5- v . = ow o {
- werav ) 5 :: § = t5g7 > bk T
AN v mR : . 1 e
§a ira=d L Fugeicu R pd F T T igry = 06 WA
il > u :5: ? T Ty ﬁ :
‘: N 0 s e L Gyt L
- Tagr ek « LA TN
$31amt T 1T o P T A L T
42 8 n OW OB OE o u  wm nom
TIVE (Nete seaie shangm for mch weorvet) TIMPLRATURE (D) * . PREDUINCY (w2}
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§ Typical Performance Charactleristics (continveq) - DL
e — = - ’ Turn-On Veltsge ’ - Ratio of s to V= Current -
od 1t Terse i R ] T
=3 e . .
: !
Cc?l‘ _ 1ma = Po—yere— " v
B 7 -
= 3 / Lol -
- = :
s 104 [ —fta i "
- . y 7 i T : Y
L E 10k ljl : Jl b
| TeAl w12t Wet' A D pea et 7t
i v'nv-v.mnn v .. L key . -
: Application Hints S . .

The LM134 has been designed for ease of spphcmon
but a general discussion of design festures is presented
here to familiarize the designer with device characteris-
tics which msy not be immediztely obvious. These _
include the etects of slewing, power dlxsupatnon capa-
citance, noise, and contact resistance.

SLEW RATE

At slew rates above 2 given threshold (see curve) the
LM134 may exhibit non-linear current shifts. The slew-
-ing rate at which this occurs is direcrly proportional to .
ISET. At IgeT =-10 pA, maximum dV/dt is 0. 01V/us; -

.- BUISET = 1 mA, the limit is 1V/us. Slew rates above

. the limit do not harrn the LM134, or cause lorge currents
toﬂow S evEee L >
THERMAL EFFECTS \
e T
- - Internal heating can have a significant eHect on current
- regulation for ISET greater than 100 pA. For example,
each 1V increase across the LM134 5t 'SET = 1 mA will
ncrease junction temperature by = 0.4°C in still air.
Output current (ISET) has a temperature coefficient of
= 0.33%/°C, 50 the change in currentdue 10 temperature
rise will be {0.4)(0.33) = 0.132%. This is a 10:1 degrada-
tion in regulation compared to true electrical etects.
Thermat etfects, therefore, must be taken into account
when DC regulation is critical and.IgET exceeds 100 yA.,
Heat sinking of the TO-46 package or the TO- 92 leads
can reduce this eﬂect by more than 3:1.

SHUNT ca_\?AqxjrAucs

In-certain applicatiéns, the 15 pF shunt capacitance of
the LM134 may have 10 be reduced, either because of
Ioading problems or because it limis the AC output
impedance of the current source. This can be easily
accomplished by buffering the LM134 with an FET as
shown in the applications. This can recuce capacitance
10 less than 3 pF and impreve regulstion by at least. an
order of magnitude. DC characteristics (with the excep-
tion of minimum input voltage), are not affecied.

NOISE

Current noise penerated by the LM 134 is appreximately
4 times the shot noise of a transistor, 1f the LM132 is
used is an active loed for a transistor amplifier, input

referred noise wnll be increased by about 12 dB. In many
cases, this is acceptable and s single stage amnplifier can. - |
be built with s volitage gain exceedlng 2000

-

LEADRESISTANCE T '. " T

The sense vo!uge which determines operating crient-of--
the LM134 s less than 100 mV. At this Tevel, ‘thermo- -
-+ couple or lead resistance effects should be minirmized
™~ "by locating the current setting resistor physically‘close
;7o to the device. Sockess should be avoided if-—possible.
It takes oniy 0.702 contact resistance to reduee output
current by 1% st the T mA level

. Cm—

& SENSINGTEMPERATURE' % N

The LM134 make: an ideal’ remote nmpenture sensor
because it current rmode- operation does not lose
accuracy over long wire runs. Oumm current is directly
proportional to absolute temgerature in degrees Kelvm
accordmg to the following formulr

1227 pva)m *
RseT

Calibration of the tM134 is greatly simplified becauss of
the fact that most of the initial i inaccuracy is due 10 a8
" gain term (slope error) and not an offset. This means
that a calibration consisting of a, gain adjusimient only
will trim both slope and zero 2t the same time. in addi-
tion, gain adjustmient is a one point rim because the
" ouput of the LM134 extrapolates to zeto at 0 K
mdependem of RgeT or my initial i ma.wracy

(7] WITIAL QUTPUT,

tH

2

rx

This property of the LM334 is illustrated in the accom-
panying gre~~ linm 2bc is tne sensor current tefore
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Application Hints (continved).”

trimming. Line a'b'c’ is the desired output. A gain trim
done at T2 will move the output from b to b’ and will
simultaneously correct the slope so that ‘the output
3t T1 and T3 will 'be corréer. This gin trim can be done
on RSET or on the load resistor used 10 terminate the
LM134. Slope error after trim will normally be lesg
than 21%. To maintain this accuracy, however, a low
temperature coefficient resistor must be used for RSET.

Typical Applications (continvea)

- e e .

A 33 ppm/°C drift of RSET will give a 1% slope error
‘because the resistor will normally see about the same
temperature variations as the LM134. Separating RgeT
from the LM134 requires 3 wires and has lead resistance
problems, so is not normally recommended. Meta! film
resistors with less than 20 ppm/°C drift are readily
available. Wire wound resistors may also be used where
best stability is required. .

Low Output Impedance Thermometer

My zdav

v

Vout * 18 mV/ K - .
2oyt S 1000

® Output impedance of the LM134 a1 the “R" pin is

~Rq 1
16

approxirmnetely

. where Ry is the equivalent

external resistance connected 10 the V™ pin. This

with the output.

Low Output Impedance Thermometer

Vi
nt R2
p Al 309
v
3L . D) R Voytr® 18 mv/K
0.0622 ~—7— Zour<22
R} -
100
v
At
. . &5k

negative resistance can be reduced by a factor of 5 or .
° more by inserting an equivalent resistor in serias

Higher Output Current

Vin

82508

— ~Vin

*Select Rt and €1 for optimum subility - -

VEEINTVESINIVELINT
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LM134/LM234/LM334

Typical Applications (Continueg)

Micro‘pown Sias
¢

*Yin ..
ey ’
LMe250 >
4 .
. 1A
v .
g Rser
* —AAA—S
85k
=
ey .i ¥
“Vix

i eViN2VRgpe X mV

Low Input Voltage Reference Driver

 VgupeVzesimvest
foyT<3mA T
D1

tmizs
(R 3
113
[ 319

L - -

nser— Lo

1.2V Reference Dperstes’'on 10 uA snd 2V

Vin22v
. r-\.- .. .
: i A3
. sk
. A Voyt= 12V
'OUT S1pA
u.
: TR .
v 1%
I T e me
€1 L Qe
0.003 o T
l . NasT

“Selsct ratio of R1 10 R2 1o obuin zero temp=rature drift

1.2V Regulstor with 1.EV Minimum Input

Voyr=12v
louT 22004

®Select ratio of R1 10 A2 for 2ero temperature drift

. e —————— "
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Typical Applications ceniiniéa . -
-- 4 Zener Blasing oo Alramats Trimming Technique - -
*Vin
S L
. .
a .
v —_-"
Bser . : . | .
v i 1 %
vy 8 Vout ’
s v -
- : :
Ly 173 N oonef o Q .
— . Sl ' ) .
- .. “For 210% sdjustment, select RgeT : .
.. 10% high, snd make R1 = 3 RgeT
FET Cascoding for Low Capacitance snd/or Ultrs High Output Impedance.*
. :. . ) Vi
. BEER “ T
- T sery
- . v v L4
(1} - ’
- v 4
[ %
Rser
3 ‘ \ e -
N
.
=Vix .

®Select O1 or 02 to ensure ut fesst 1V scross the LM134. Vp {1 = IsgT/Ipss) 2 12V.

Ganersting Negrtive Cutput lmp«hm‘

*“Vin
<
v
[ 04
[
RseT
=
) .
-Vix

*ZoyT * -16 + AT (R1/V)K must nat exceed 15eT)

In-Line Curvent Limirer

l 8
v* l v
“Vin _.L_ .
L

® Use minimum value required 1¢ ensure sability of protected
cevice. This minimizes inrush current 1o 8 direct shore,

T pESINTIVETINTIVEINT




_ 'LM134!LM234ILM_334

Schematic and Connection Dsagrams

Metal Can Package o
v f
R v 5
J BOTTOM VIEW s

Pin 3 is eiectricaily connectrd to cass 3
Order Number LM134H, LM134H.3, LM132H.6, LM234H.

LM234H-3, LM234H-6 or LM334H
" See NS Fackage HO3H

5OTTOM v'n‘svir"—

Order Number LM3342. szuz 3 or LM23424
. See NS Packngo 203A
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