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SENSING MULTIPLEX BY MICROCOMPUTER
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ADVISOR MR. VIRIYA KONGRATANA

ABSTRACT

This thesis present the design and contruction of analog
data aquistion system for measuring analog signal by micro-
conputer.’And use microcomputer to application in receive signal
from 16 external input. The interface card built for comforta-

bler save and accuracy in design HARDWARE.

Use the "C" language for develop SOFTWARE Which -
the softwar has been being popular and it has the practical
for the component supports, S0 the stability of HARDWARE
and SORTWARE operating are high accuracy. The basic datails

has proposed in this thesis.
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main(
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ne POORT_A 0x300 /¥ Port A on the B255. */
ne PORT_C 0x302 /% Port C on the B255. */
ne CTRL 0x303 /% 8255 control register. %/
)

{

char input 3

int off_time , on_time = 8 3

outp(CTRL, 0x90) ;. /% Set the B255 to mode 0 with
port A as %/
/% 8n input port and other
ports as ¥/
/¥ output ports. ¥/
('kbBhit()) /% Repeat loop until the

keboard is hit., %/

{

input = inp (PORT_ A) /% Read from DIP switches. ¥/
off_time = input & O0xf0 3 /¥High bits Used for off time. ¥/
ofdf_time = off_time >> 4;/%Shift bits to lower hslf of %/

/¥ off_time.¥/

outp(PORT_C, INPUT) 3% /% Trun LEDs ON. %/
delay(on_time) /¥ Wait a while. %/
outp(POTY;C.OxOO) H /% Turn LEDs off. %/
delay(off_time) /¥ Wait awhilw. %/

}
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delay(time)

int time

{
rnbiaie iy
for(i=time;i>0;--1 /%Repeat specified number of

times. %/

for(j=03 j<10003++3) 3
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A1A64L 21N N.
BT
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National PRELIMINARY |
/20) A s
Semiconductor 5
e m
N
S
(4]
¢ - >
¢ DIM74AS245A Octal TRI-STATE® Bus Transceivers
General Description
< agvanced Schottky device contains 8 pairs of TRI- & Switching response specified into 5000/50 pF
~1E logic elements configured as octal bus trans-  m Specified to interface with GMOS at Von=Vec —2V
. These circuits are deSjgned for use in me_zmory, B PNP inputs reduce input loading
rocessor systems and in asynchronous bidirec- B Switchi ificati YT full
*--z! cata buses. Two way communication between tw»c mtgrspec;l\(;a 101 gUeW eecioveriy
=5 ic controlled by the (DIR) input. Data transmits ARCPLLle gne VecTrange
¢ ez fromthe Abustothe Bbus or fromthe Bbustothe A
:- Boin the driver and receiver outputs can be disabled - Absolute Maximum Ratings
. = tne (G) enable input which causes outputsto enter the A
- cnimpedance mode so that the buses are effectively = SupplyVoltage, Ve v
:2lated. Input Voltage 7V
Operating Free Air Temperéture Range
Features DMT74AS - 0°Cto70°C
St _gE® B
B Advanced oxide-isolated, ion implanted Schottky TTL SQRge TemRRIzITiE Range F Clon 5050
Jr0cess Lead Temperature (Soldering, 10 seconds) 300°C
8 hop- mver“ng 'Ogic output Note 1: The “Absolute Maximum Ratings™ are those values beyond
B TRISTATE outputs independently controlled on A and  which the safely of the gevice can not be guaranteed The device should
8 buyssas nat be operated al these mils The parametric values defined in the
Y . 32 ‘1 : S o “ Electrical Characleristics’ table are not Quaranteed at the absolute
" Gutputimpedance to drive terminated transmission maximum ratings The "Recommended Operating Conditions” table wil
iines 19,1830 cefine the concitions for actual device operation
Connection Diagram Function Table J
. f
Dual-In-Line Package
Yoo 6B on o gE s g Bt ek aTE
2 | |8 |17 s |15 lu |13 ]12 ln
Edniine oo |
! ‘ ‘ Control ;'
Inputs Operation |
G DIR l
| L L B Data to A Bus |
| L H A Data to B Bus { &
| | H X Hi-z
) P e e B ) s | |
DIRC 1A~ aas iognss ga i isa e A BA |
TLIFI6299 1 i
DM74AS245A (J, N) : ’
i
|

= d9cument contains information on & product under development. NSC reserves the right to change or discontinue this product without notice

3111




-

152

wn
v . saw

¢ | Recommended Operatin Conditions

4

Sr DM74AS245A

K- | Symbol Parameter -

= Min Typ ' Max
ue) Vee ’ Supply Voltage 45 5 [ 5.5
C?J Viy J High Level Input Voltage 2 ] l

2 Vi ' Low Level Input Voltage J 0.8
¥ o , High Level Output Current l ‘ =15
g loL l Low Level Output Current ’ , 48 l ;

Electrical Characteristics over recommended operating free air temperature range (Note 1)

Symbol Parameter [ Conditions ’ Min Typ
Vi Input Clamp Voltage [\Vor= WAl —idima l
Von High Level Output Voltage | Vec=45V,lon=—3ma b %d 3.2
/ Ucc=4.sv, loH= ~ 15 mA =1 % 23
] loH= -2mA, Vec =45V to 5.6v [ Veo-2
Vou | Low Level Output Voltage | Vec=45V, o, = Max | 035 0.5
l) Input Current at Max Vec=6.5V, V=7V 0.1 m
I Input Voltage I (Vin=5.5V for A or B Ports)
Iy High Level Input Current Vec=5.5V, Control Inputs 20 ‘
I I WEE |7 aenBemuns 50
e Low Leve! Input Current Vec =55V, | Control Inputs -0.1 n
l VN &Y e orBPorts —0.75
Io Output Drive Current 4] Vec =55V, Vour = 2.25V -30 -112 m
leo Supply Current Veo=5.5V lﬁutputs High 62 r
Z (i)utputs Low 75
| TRISTATE | e )

Switching Characteristics overrecommended operating free air temperature range (Notes 1 and 2)

Parameter Circuit F DM74AS245A Un
(Propagation Delay Time) Configuration Min Typ Max

tein, High-to-Low Level Output 6 I
teuL, High-to-Low Level Output '”@ww 5 !
tpz, Output Enable to Low Level 8 f
tpzn, Output Enable to High Level‘{ wE 8 2
tpi2, Output Disable from Low Leveﬂ L 5 l S
tprz, Output Disable from High Lev;, asi :

Note 1: See Section 1 for test waveforms and output load.
Note 2: Switching characteristic conditions are Voo = 4.5V 1o 5.5V, R =5000, C| =50 pF.
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DM54LS154/DM74LS154 4-Line to 16-Line

Decoders/Demultiplexers

| General Description

! Each of these 4-line-to-16-line decoders utilizes TTL cir-
| cuitry to decode four binary-coded inputs into one of six-
| teen mutually exclusive outputs when both the strobe
i inputs, G1 and G2, are low. The demultiplexing function is
| performed by using the 4 input lines to address the output
| line, passing data from one of the strobe inputs with the
| other strobe input low. When either strobe input is high, all
cutputs are high. These demultiplexers are ideally suited
for implementing high-performance memory decoders. All
inputs are butfered and input clamping diodes are provided
to minimize transmission-line effects and thereby simplify
| system design. 4

Features

E Decodes 4 binary-codedinputsintoone of 16 mutually
exclusive outputs

B Performs the demultiplexing function by distributing
data from one input line to any one of 16 outputs

E Input clamping diodes simplify system design
E High fan-out, low-impedance, totem-pole outputs
E Typical propagation delay
3 levels of logic 23 ns
Strobe 19 ns
E Typica! power dissipation 45 mW

Absolute Maximum Ratings (ot 1)

Supply Voltage 7v
Input Voltage v
-65°Cto150°C

Storage Temperature Range

Note 1: The "Absolute Maximum Ratings™ are those vaiues beyond
which the safety of the device cannot be guaranteed. The device should
not be operated at these lim'ts. The parametric values defined in the
“Electrical Characteristics™ table are not guaranteed at the absciute
maximum ratings. The "Recommended Operating Conditions' table will
define the conditions for actuz! device operation.

i Connection and Logic Diagrams

Dual-In-Line Package
INPUTS OUTPUTS

Yec A By N BAG2\G1 15 fds 13 V12 a9
22 {21 |20 Iw l1a 117 l1s |15 l‘“ |‘3

(N

-

24 |23

]

")1 lz Is la 4]5 ls

1 2 3

TLIF/63941

74LS 154 (N)

OUTPUTS
5415154 (J)

INPUTS

7 3
A ST
B (o)
°ls
A — (2)
— 1
¢ .
(3)
G1 S
G2 @)
| 3
(19) u|
: = | (5)‘
(5
(23 A ¢ 4
A = 2| ©
L ] /
B(2’2) _B — (7,e
B
¢
8)
(21)D [: c & Q
c = =
(< — e
el @
[ (10) ¢
(20 D —
L/ = —
D (11)
D 10
o= (13)
c 1
o1 (14)
12
B \ e (15)
B
A
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Symbol I Parameter

Recommended Operating Conditions

[ DM74LS154

Max

DM541LS154
Min I Nom

Supply Voltage

High Level Input
Voltage

Low Level Input
Voltage

DM541.S1 54/DM74LS154

5.5

High Leve! Output
Current

lox J

Low Level Output

lov
Current

Free Air Operating

Ta
Temperature

N~
LN
| N
— 55 I I 125

|
|
|
|

Electrical Characterisﬁcs over recommended operating free air temperature (unless otherwise note

Symbol Parameter Conditions Min Typ Max U
(Note 1)
V) ] Input Clamp Voltage l Vec=Min, | = —18 mA ’ -1.5 I
Von High Level Output Vee = Min @454 | 25 I aa | |
Voltage lon = Max DM74 2.7 34
ViL=Max
Vin=Min
Vor Low Leve! Output Ve =i DM54 I ] 0.25 ] 0.4 '
Voltage oL = Max DM74 0.35 05
V,L =Max
Vin= Min
lot’=4mA DM74 0.25 0.4
VCC = Min
Iy Input Current@ Max Vec=Meax, V=7V 0.1
Input Voltage 7
Iy High Leve! Input Vec=Max, V,=2.7v 20
Current
m Low Level Input Vee =Max, V= 0.4V -04 J
Current
los I Short Circuit I Ve = Max [omse |20 | [ - 100 m
Output Current - Note 2
P ( ) [oM74 | “20 | [ =100
lcc | Supply Current | Vec=Max Note 3 | B m
Note 1: All typicals are at Ve =5V, Tp=25C
Note 2: Not more than one output should be shorted 21 a time. a1d the duration should not exceed one second.
Note 3: Icc is measured with all outputs open anc 2! inputs greunded
4-166
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DM54LS154/DM74LS154
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6253/8253-5
PROGRAMMABLE INTERVAL TIMER

& Count Blnary or BCD

e MCS-85™ Compatible 8253-5

e 3 Indepsndent 16-Bit Counters

= DCto 2.6 MHz

® Programmaple Counter Modez

[The Intet® 8253 is a programmable counter/timer device designed for use as an Inte! ml

technology with a single +5V supply and is packaged in & 24-pin plastic DIP.
nters, each with & count rate of up to 2.6 MHz. All modes of operation ere softwars

{Itls organized s 3 Independent 16-bit cou

‘Jprogrammabla

& Single +5V Supply

E Avallable In EXPRESS
—Standard Temperature Range
—Extended Temperature Range

crocomputer psripheral. It uses nMOS

{
|

}
H
H
|
!

{
DATA
} 0,0, <:. & e /\:> /L—"> cou’v;nn
i o BUFFER
!

fo— CLKX O

GATE O

—————=0uT 0

gp-—.—:_,c

i wn

E3}

s ——,C\K'Y

[ GATE.

{ CONTROL
wORD
REGISTER

i ;] neaot <:‘;:> COUNTER

| 5

| Ao Srnaisea B oG

3 }——— OuT 1

i ‘I :

i cs -‘—j ——J
/‘—“ COUNTER
N— .2

CLKk2

fa= QaTE2

——— 0UT 2

|

1

|

|

|

| :

| P

'5 INTZARAL BUS J |
| :
i

Figure 1. Block Diagram

0,0 o) bvcc
0,2 2 [J¥%R
of0la? | 2[0m
o, afjc
0,0 s L L
0,00s¢ 2253 1304,
0,001 whDeox2
‘0,0 ® v iJour 2
ctxo(] e 6 [JoATE2
“ouio[d e 1wlilcix
aarzol] 1 16 {Joaven
ano(] 12 nHhoury

Figure 2. Pin Configuretion
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias ........ 0°Cto70°C
Storage Temperature ..... PR —-65°Cto+150°C
Voltage On Any Pin

With Respectto Ground .............. =0.5Vto+7V
Power Dissipation ... oo  cosssssssusm, 1Watt

‘NOTICE: Stresses above those listed under "Absol.
MaxImum Ratings" mey ceuse permenent demage to t.
device. This Is a stress rating only end functionél ope
J'on of the device at these or &ny other conditions abc
those Indicated In the operational scctions of t1.
specification Is not Implied. Exposure to absolute me:
mum r&ting conditions for extended periods mey &fic
device rellabliity.

D.C. CHARACTERISTICS (15 = 0°Cto 70°C, Ve = 5V 210

8ymbol Parameter Min. Max. Unit Test Condlitione
ViL Input Low Voltage -0.5 0.8 \%

Vin Input High Voltage 2.2 Veet.5V \

Vor Output Low Voltage 0.45 \ Note 1

VoH Output High Voltags \ Note 2

e Input Losd Current 110 HA ViN =Vce to OV
loFL Qutput Floet Leakage 110 LA VouTt = Vce to 45V
lec Ve Supply Current 140 mA

CAPACITANCE (1 = 25°C, Ve = GND = 0V)

Symbol Parameter Min, Typ. Max. Unit Test Conditions
Cin Input Capzcitancs 10 pF fc= 1 MHz
Ciro 1/0 Capacitance 20 pF Unmezsured pins returned to Vgs

A.C. CHARACTERISTICS (Ta = 0°C to 70°C, Vge = 5.0V = 10%, GND = ov) *

Bue Paremeters (Note 3)

READ CYCLE
8253 82535
éymbol Parameter Min, Max. Min. Max. Unlt
tAR Address Stable Before READ 50 30 ns
tRA Address Hold Time for READ 5 5 ns
tRR READ Pulse Width 400 300 ns
trD Dats Delay From READI(4) 300 200 ns
toF READ to Data Floating 25 125 25 100 ns
tav Recovery Time Between READ
and Any Cther Control Signal 1 1 &3
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A.C. CHARACTERISTICS (Continued)
WRITE CYCLE
8253 8253-5
Symbol Parameter Min. Max Min. M&T Unlt
taw Address Stable Before WRITE 50 30 ns
twa Address Hold Time for WRITE 30 30 ns
(o WRITE Pulse Width 400 300 ns
tow Data Set Up Time for WRITE 300 250 ns
twp Data Hold Time for WRITE 40 30 ns
tAv Recovery Time Between WRITE l ; HS
and Any Other Control Signal
CLOCK AND GATE TIMING
8253 82535
Symbol Parameter Min. Meax Min. Max. Unlt
toLk Clock Period 380 dc 380 dc ns
tpwH High Pulse Width 230 230 ns
thwi Low Pulse Width 150 150 ns
tow Gate Width High 150 150 ns
6L Gate Width Low 100 100 ns
tGs Gate Set Up Time to CLK? 100 100 ns
tGH Gate Hold Time After CLKt 50 50 ns
top Output Delay From CLK{[4) 400 400 ns
topg Qutput Delay From Gate [4) 300 300 ns

NOTES:
1. loL = 22 mA.
2. Ioy = —400 pA.

3. AC timings measured at Vou 2.2, Vg = 0.8.

4. C_ = 150pF.

* For Extended Temperature EXPRESS, use M8253 electrical perameters.

A.C. TESTING INPUT, OUTPUT WAVEFORM

A.C. TESTING LOAD CIRCUIT

—

e

08VFOR A LOQICO.

A C TESTING INPUTS ARE DRIVEN AT 2 av FOR A LOGIC "1"AND O ¢5VFOR A
LOGIC '0" TIMING MEASUREMENTS ARE MADE AT 22V FOR A LOGIC 1" AND

DEVICE
UNDER
TEST

: 1‘&-"‘”
1

C IWCLUDE S 3 CAPACITANCE




WAVEFORMS

1

39

WRITE TIMING

Ao-1 C“i

READ TIKING

Ko.y. CE ¥

|

b

o e Enae
| ] = =t
DATA BUS 5 l B RD
L
tow ———==— ‘wn‘"{ 'aar‘ ‘or }~—
|
wR ~1_ 4 DATA nusv,,/"//j’(';/’j;"ijrdn"l»ér(dlxuér 774 vauo HIGH ",“i"‘bé",cf
I

|
|
|

|

CLOCK AKD GATE TIMING
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National
Semiconductlor

Sample and Hold

LF198/LF298/LF398, LF198A/LF398A
Monolithic Sample and Hold Circuits

General Description

The LF198'LF298/LF398 are monolithic sample and
hold circuits which utilize BI-FET technology to obtain
ultra-high dc accuracy with fast acquisition of signal and
low droop rate. Operating as a unity gain follower, dc
gain accuracy is 0.002% typical and acquisition time is
as low as 6us to 0.01%. A bipolar input stage is used to
achieve low offset voltage and wide bandwidth. Input
offset adjust is accomplished with a single pin and does
not degrade input offset drift. The wide bandwidth
allows the LF198 to be included inside the feedback
loop of 1 MHz op amps without having stability
problems. Input impedance of 1010Q  allows " high
source —impedances to be used without degrading
accuracy.

P-channel junction FET’s are combined with bipolar
devices in the output amplifier to give droop rates as
low as 56 mV/min with a 1uF hold capacitor. The JFET's
have much lower noise than MOS devices used in pre-
vious designs and do not exhibit high temperature
instabilities. The overall design guarantees no feed-
through from input to output in the hold mode even
for input signals equal to the supply voltages.

Features

E Operates from 25V to 18V supplies

B Less than 10us acquisition time

B TTL, PMOS, CMOS compatible logic input

® 0.5mV typical hold step at C, = 0.01uF

Low input offset

0.002% gain accuracy

Low output noise in hold mode

Input characteristics do not change during hold mode

High supply rejection ratio in sample or ho!d
®  Wide bandwidth

Logic inputs on the LF198 are fully differential with
low input current, allowing direct connection to TTL,
PMOS, and CMOS. Differential threshold is 1.4V. The
LF198 will operate from %5V to #18V supplies. It is
available in an 8-lead TO-5 package.

An “A’ version is available with tightened electrical
specifications.

Functional Diagram

—

INPUT o—g{ﬁ
I

Loctc o]
|
LOGIC 7l
REFERENCE O] ]

Typical Applications

Typical Connection

—F—O OUTPUT

|
|
|
Saw '
) |
|
|
_____ -
G
HOLD
CAPACITOR
Acquisition Time
1
I vin= o770 vov
T 725 ¢
1T T
10 ==Sa ]
=
H =
= =
===
1000 ==

0001 0.01 01
HOLD CAPACITOR (.F)

7-5
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LF198/LF298/LF398, LF198A/LF398A

Absolute Maximum Ratings

Supply Voltage

Power Dissipation (Package Limitation) (Note 1)

118V
500 mw

Operating Ambient Temperature Range

LF198/LF198A

LF298

LF398/LF398A :
Storage Temperature Range

-55°C t0 +125°C
~25°C to +85°C
0°C t0 +70°C
—65°C 10 +150°C

Electrical Characteristics (note 3)

Input Voltage

Logic To Logic Reference Differential Vi

(Note 2)

Equa! 0 Supply .

Output Short Circuit Durztion

Hold Capacitor Short Circuit

Lead Temperature (Soldering, 10 seconds)

Durztion

oltage

v

Inze

PARAMETER CONDITIONS L 198/ F2%5 [ —£398
MIN T Tvp MAX | NN TYP | MAX e
- —
Input Offset Voltage, (Note 6) Tj=25°C 1 3 2 7 -
Full Temperature Range 5 10 -
Input Bias Current, (Note 6) Tj=25°C 5 25 0 50 :
Full Temperature Range 75 100 -
Input Impedance Ti=25°C 1010 1010 7
Gain Error Tj= 25°C, R =10k 0.002 0.005 0.004 co
Full Temperature Range 0.02 c.02 -
Feedthrough Attenuation Ratio Tj=25°C, Cp, = 0.01uF 86 96 80 90 2=
at 1 kHz
Output Impedance Tj= 25°C, "HOLD" mode 05 2 0.5 4 L
Full Temperature Range 4 € £
“HOLD" Step, (Note 4) T,* = 25°C, Ch = 0.01uF, Vout =0 0.5 2.0 1.0 25 =
Supply Current, (Note 6) Tj>25°C 4.5 5.5 4.5 €E e
Logic and Logic Reference Input Tj=25°C 2 10 2 10 %
Current
Leakage Current into Hold Tj=25°C, (Note 5) 30 100 30 200 2
Capacitor (Note 6) Hold Mode
Acquisition Time 10 0.1% AVoyT = 10V, Ch = 1000 pF 4 4 j i
Ch = 0.01uF 20 20 P
Hold Capacitor Charging Current ViN = VouT = 2V 5 5 il
Supply Valtage Rejection Ratio VouTt =0 80 110 80 110 =
Differential Logic Threshold T‘* = 25°C 0.8 1.4 24 0.8 14 24 b
76
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o
 giectrical Characteristics (continued) (Note 3)
LF198A LF398A
MET CONDITIONS UNITS
PARA ER o o MIN TYP MAX MIN TYP MAX
_- 0#set Voltage, (Note 6) Tj=25°C 1 1 2 82 mV
Full Temperature Range 2 3 mV
_+ 2 a Current, (Note 6) Tj=25°C 5 25 10 25 nA
Full Temperature Range 75 50 nA
- impedance Tj=28%C 1010 1010 Q
Tj= 25°C, R = 10k 0.002 0.005 0.004 0.005 S
Full Temperature Range 0.01 001 %
rough Attenuation Ratio Tj=25°C,Ch = 0.014F g6 96 86 90 dB
©kHz

o .-zut Impedance Tl =25°C, "HOLD" mode 0.5 1 0.5 1 Q!
Full Temperature Range 4 [ Q
~5LD" Step, (Note 4) Tj=25°C, Ch = 0.014F, VouT = © 0.5 1 1.0 1 mv
22y Current, (Note 6) T‘ >i25:C 4.5 55 45 6.5 mA
.2z znd Logic Reference Input T;j=25°C 2 10 2 10 uA
zge Current into Hold Ti 25°C, (Note 5) 30 100 30 100 pA

‘tor (Note 6) Hold Mode
sition Time to 0.1% AVQuT = 10V, Ch = 1000 pF 4 6 4 6 s
Ch=0.01uF 20 25 20 25 ks
=:¢ Capacitor Charging Current ViN - VouT = 2V 5 5 mA
$.02'y Voltage Rejection Ratio Vout =0 80> § 110 90 110 d8
D#fzrential Logic Threshold Tj=25°C 0.8 1.4 2.4 0.8 1.4 24 \

Note 1: The maximum junction temperature of the LF198/LF 198A is 150°C, for the LF298, 115°C, and for the LF398/LF398A, 100 °C. When
»£°zting at elevated ambient temperature, the power dissipation must be derated based on a thermal resistance (G),-A) of 150°C/W.

2: Although the differential voltage may not exceed the limits given, the common-mode voltage on the logic pins may be equa! to the
y voltages without causing damage to the circuit. For proper logic operation, however, one of the logic pins must always be at least 2V below
2sitive supply and 3V above the negative supply.

h:he 3: Unless otherwise specified, the following conditions app!y. Unit is in "sample’’ mode, Vg= 15V, Tl
<-=001uF,and Ry = 10 k2. Logic reference voltage = OV end logic voltage = 2.5V.

Note 4: Hold step is sensitive to stray capacitive coupling between input logic signals and the hold capacitor. 1 pF, for instance, will create an
ional 0.5 mV step with a 5V logic swing and &8 0.01uF hold capacitor. Magnitude of the hold step is inversely proportional to hold capaci-

25°C, =115V < Vi < #11.5V,

ue.
'\JIE S: Leakage current is measured at a junction temperature of 25°C. The effects of junction temperature rise due to power dissipation or
ted ambient can be calculated by doubling the 25°C value for each 11°C increase in chip temperature. Leakage is guaranteed over full input

f:7e' range.
Note 6: These parameters guaranteed over a supply voltage range of =5 to 218V,

Typical Performance Characteristics

Ceapacitor Hysteresis

Dynamic Sampling Error

£ Aperture Time*

L ey 100 i POLYPRDPYLENE 22 100
i 450} VH = VT = 15V EHV TeREsls =3[ AND POLYSTYRENE
|5 a00} SVour <1 mV 7/ T4 TIME CONSTANT -
i AV = 10V 1 - d " T =
i 350 2 et | il =
38 L feil] RN — [ 5
; 7 30— NEGATIVE 7 G = SLUTE
= 1 INPUT STEP © WP 511 . P A1 z =
s :50 i 1 & 81 T E e
= 00 (s v i o<
> POSITIVE 2 s MIAR L—J::I»'a:e\ iy, = s
b P wpuTSTEP | oot ===
1007 ——--~~ﬁ:”rmvrnumf £ o
sofF—! 4= ANDPOLYSTYRENE
| nvsrmtsvs' ‘11‘
01 S 01 -
-50 -25 0 25 50 75 100 125 150 o T 0 e o~ g 7 - 1000
JUNCTION TEMPERATURE (°C} SAMPLE TIME (ms) INPUT SLEWV RATE IV/ms

"See Definition of Terms

V86£471/V86L4T ‘86£471/862471/86141
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< . i
% | Typical Performance Characteristics (continued
(32 Output Droop Rate Hold Step “Hold"" Settling Times
L 0
10 100 2
i | e VeV ey | i
| SETTLINGT0 1 my T
E 16
10! 10 14 .
(o8] - s
(o)) v £ 12
¢ -
b s 20 =) e
L 3 s Y
a o
-1 g = 06
10
e 01 5
o) 1074 00 ‘ 0
™M 100 pF~ 1000 pF 0.01,F  p1.f 1.F 100pF 1000 pF 0014F  01,F 1.F “50-25 0 25 50 15 g
L HOLD CAPACITOR HOLD CAPACITOR JUKCTION TEMPERATURE 1,
weed *See definition
(o] .
(o)) Leakage Current into Hold Phase and Gain (Input to Output,
N Capacitor Small Signal) Gain Error
51, % s
-J ) z =
S £ S &
[o0) P = =
(-]
2] £ e \\:
> S =
- = e 3 s
o = £
lL = 2 =
= 2 e
el g > T
= 2 w
' 5 < 04
z ! -
= > S -06
[z} % >
3 = -0
2
=] .
%0 -25 0 25 50 75 100 125 15p 1k 10k 100k ™ 100 =15 -10.-5 g .5 ‘g9 m
JUNCTION TEMPERATURE ( ¢) FREQUENCY (H2) INPUT VOLTAGE (v}
Power Supply Rejection Output Short Circuit Current Output Noise
E =
= s
z £
& w
[ @
=] =3
o =
100 1k 10k 190k LY =50 =250 25 50 75 100 125 150 10 100 1k 10k -
FREQUENCY (H2) JUNCTION TEMPERATURE (C) FREQUENCY (Hz)
! Feedthrough Rejoction Ratio :
Input Bias Current (Hold Mode) Hold Step vs Input Voltage
25 -130 T
VievT sy =
20 -120 VIN =10 Vpp 2
V7g=0 =
s LU <y Tje25'C H
=3 <
£ 10 = -100 ‘”, &
£ £ L] 5
w 5 o -9 c
Z o { il =
£ = 1 e
f i) = -80 z
L ! &
-5 -1 I m =
L il i
-10 -60
T =
[ L 2
-15 -50
<50 -25 0 25 50 75 100 125 450 1100 08 1k ok 00k 4
JUNCTION TEMPERATURE (') FREQUENCY (Hz) INPUT VOLTAGE (V)
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Application Hints

Hold Capacitor

~ald step, acquisition time, and droop rate are the
~zior trade-offs in the selection of a hold capacitor
.siue. Size and cost may also become important for
1zrger velues. Use of the curves included with this data
f';”l should be helpful in selecting a reasonable value
¢ capacitance. Keep in mind that for fast repetition
-ztes or tracking fast signals, the capacitor drive currents
~zy cause a significant temperature rise in the LF198.

A

rold circuit is dielectric absorption in the hold capacitor.
A mylar cep, for instance, may “'sag back’* up to 0.2%
2fter a quick change in voltage. A long ‘‘soak’’ time is
required before the circuit can be put back into the
hold mode with this type of capacitor. Dielectrics with
very low hysteresis are polystyrene, polypropylene, and
Teflon. Other types such as mica and polycarbonate
zre not nearly as good. Ceramic is unusable with > 1%
nysteresis. The advantage of polypropylene over poly-
styrene is thatit extends the maximum ambient tempera-
ture from 85°C to 100°C. ““NPQ"’ or “COG" capacitors
zre now available for 125°C operation and also have low
dielectric absorption. For more exact data, see the
curve labeled dielectric absorption error vs sample time.
The hysteresis numbers on the curve are final values,
tzken after full relaxation. The hysteresis error can be
<ignificantly reduced if the output of the LF198 is
dig'tized quickly after the hold mode is initiated. The
hysteresis relaxation time constant in polypropylene,
‘e instance, is 10—50 ms. If A-to-D conversion can be
mede within 1 ms, hysteresis error will be reduced by a
fector of ten.

4 significant source of error in an accurate sample and

C and AC Zeroing

0T zeroing is accomplished by connecting the offset
adjust pin to the wiper of a 1 k{2 potentiometer which
has one end tied to V7 and the other end tied through a
resistor to ground. The resistor should be selected to
give 0.6 mA through the 1k potentiometer.

~C zeroing (hold step zeroing) can be obtained by
3dding an inverter with the adjustment pot tied input
‘o output. A 10 pF capacitor from the wiper to the
"Q’d capacitor will give #4 mV hold step adjustment
with a 0.01uF hold capacitor and 5V logic supply.
For larger logic swings, a smaller capacitor (< 10 pF)
may be used.

Logic Rise Time

Fer proper operation, logic signals into the LF 198 must
heve a minimum dV/dt of 1.0 V/us. Slower signals will
Cause excessive hold step. If a R/C network is used in
f]"’m of the logic input for signal delay, calculate the
$'0pe of the waveform at the threshold point to ensure
iatitis at least 1.0 V/us.

Sampling Dynamic Signals

Szmple error due to moving input signals probably
Csuses more confusion among sample-and-hold users
1an any other parameter. The primary reason for this
s that many users make the assumption that the sample
aﬂd_ hold amplifier is truly locked on to the input signal
while in the sample mode. In actuality, there are finite

phase delays through the circuit creating an input-output
differential for fast moving signals. In addition, althouzh
the output may have settled, the hold capacitor has an
additional lag due to the 300 series resistor on the chip
This means that at the moment the “hold’’ command
arrives, the hold capacitor voltage may be somewhat
different then the actual anzlog input. The effect of
these delays is opposite to the effect created by delays
in the logic which switches the circuit from sample 1o
hold. For example, consider an analog input of 20 Vpp
at 10 kHz. Maximum dV/dt is 0.6 V. us. With no analog
phase delay and 100 ns logic delay, one could expect
up to {0.1us)(0.6V/us) = 60 mV error if the "hold”
signal arrived near maximum dV/dt of the input. A
positive-going input would give & +60 mV error. Now
assume a 1 MHz (3 dB) bandwidth for the overall analog
loop. This generates a phase delay of 160 ns. If the hold
capacitor sees this exact delay, then error due to analog
delay will be (0.16us)(0.6 V us) = =86 mV. Total out-
put_error is +60 mV (digital) —96 mV (anslog) for a
total of —36 mV. To add to the confusion, analog delay
is proportional to hold capacitor value while digita!
delay: remains constant. A family of curves (dynamic
sampling error) is included to help estimate errors.

A curve labeled Aperture Time has been included for
sampling conditions where the input is steady during
the sampling period, but may experience a sudden
change nearly coincident with the ‘‘hold” command.
This curve is based on a 1 mV error fed into the output.

A second curve, Hold Settling Time indicates the time
required for the output to settle to 1 mV after the
“hold’ command.

Digital Feedthrough

Fast rise time logic signals can cause hold errors by
feeding externally into the znalog input at the same
time the amplifier is put into the hold mode. To mini-
mize this problem, board layout should keep logic lines
as far as possible from the analog input. Grounded
guarding traces may also be used around the input
line, especially if it is driven from a high impedance
source. Reducing high amplitude logic signals to 2.5V
will also help.

Guarding Technique
v

OFFSET

A0JUST

LOGIC

LOGIC
REFERENCE

GUARD TOF AND
BOTTOM OF BUARD

HOLD
CAPACITOR L
BOTTON VIEW

Use 10-pin layout. Guard around Cy, is tied to output.

V86541/V86k4T ‘866471/86247/96141
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LF198/LF298/L F398, LF198A/L F398A

Logic Input Configurations e
3V < V| (Hi State) <7V v

SampLE M E
’ l HCLD
KoL i ‘ ]
SAMPLE

Threshoid = 1.4y Threshold = 1.4V
*Select for 2.8V at pin 8 =

cMos
7V < V| (Hi State) < 15V 3

v
@)
20k
2.
sampLe M6 0 HOLD
HOLL L ﬂswnz 3.
Threshold = 0.6 (V?) + 1.4V Threshold =0.6 (v¥) — 1.4y L
Op Amp Drive
7
+13V SANPLE
13V HOLD
RS 75 [ = e
X HOLD S
Threshold = +4v -13v SANMPLE ERL
' Threshold = —4v L
Typical Applications (Continued)
X 1000 Sample & Hold
e Sample and Difference Circuit
(Output Follows Inputin Hold Mode)

Vi o e e O Vour
15v B ou
Vour:vs - vy 0D

R1

100k
OFFSET 0,01..F
ADJUST Vin b ’
N
Vi
-15v O Vour
J—-Lmsn
TRACK
Vin -
*For lower gains, the LM108 musi be frequency compensated
100 g
Use = —— pF from comp 2 to ground
Av
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}'pica, Applications (Continued)
Ramp Generator with Variable Reset Leve!

15V
Q

R1
E2h

RESET i
LEVEL O

INPUT

AvV 1.2V
*Select forremp rate = — = ———
R > 10k a5 (R2)(Ch)

Output Holds st Average of
Sampled Input

Select (Rp)(Ch) >>

276 (Min)

Reset Stabilized Amplifier (Gain of 1000)
1k

1%

™
1%

™ <_ RESETPULSE
z2ms

Vos < 20uxV (No trim)
Z|N = 1 MO

4Vos
~ 30uV/sec

At

AVps
& 0.1uV/°C

Integrator with Programmable
Reset Leve!

2 D1
M3 ReseT VR
“ 12y LEVEL ouTPUT
INPUT
ouTPUT
R
2004
RESET — 7
mucant—-’ I— A
15V
3
O— MWW + ,
[
DIFFERENTIAL ™
INTEGRATING 1%
INPUT
O—AWWV
R3
i
1%

Vour (Hold Mode) =

O OUTFUT

12V

0.01.F

1 t
(R1)(Cp) /o

+

VR

Vind t

Increased Slew Current

02

Ch -:-L— ING5T

Fast Acquisition, Low Droop Sample & Hold

1
§ 5 5V T0 15V
—~—{ 12m '*
LM3905 = T
2 qmen
33
3

1}

|

7-11
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Typical Applications (Continued)
Synchronous Correlztor for Recovering
15v
O

OUTPUT FREQUENCY
SET BY SWEEP RATE

10 pF

l AC (HOLD STEP) 2ER0

Signals Below Noise Level 2-Channel Switch

LL
<
Y SIGNAL _ 3
LL INbUT O O output "R INPUT O
o*
~ A" SELECT

(o0] sV —
o SYNCHRONOUS ; I l

CLOCK INFUT il W
™ —]_.LJ._ B SELECT
|
(o]

1 B N i 2" 8 —-—i "._ 105
(o)) 4 o A
N - p5 10k
II 12k Gain 1:002%
= B O
[oa) A : BW =1 MHz
(22} 20h 47k Crosstalk -80d8
Ar A \ @1 kHz
4 10 1
w 4 W) WAL Offset < 6mv
- » 6
’u c3
e a3 SAd 470 pF £
’ 500 [
‘l‘ *Select C1 to filter lowest frequency
umgse’sﬁc?l’f[f;: component of input noise
TOOBTAIN - 070 3v “"SelectC2@~ 5 x 10781
ATPING.
DC & AC Zeroing Staircase Generator
oc 15v
Vos
ZERD 15V
O
"/
RESET
sV —
ov —-' L
cLoCK
O Vour 359
ov

NS18 :[—300 oF

*Select for step height
50k = = 1V Step




LM101A/LM201A/LM301A

- . v
National Operational Amplifiers/Buffers
Semiconductor

o = Ly 4

LM101A/LM201A/LM301A Operational Amplifiers
General Description
The LM101A series are general purpose operational capacitor. It has advantages over internally com
amplifiers which feature improved performance pensated amplifiers in that the frequency compen- ;
over industry standards like the LM709. Advanced sation can be tailored to the particular application,
processing techniques make possible an order of For example, in low frequency circuits it can be 3
magnitude reduction in_input currents, and a overcompensated for increased stability margin. Or H
redesign of the biasing circuitry  reduces the the compensation can be optimized to give more :
temperature drift of input current, Improved than a factor of ten improvement in high frequen- $
specifications include: cy performance for most applications. "
& Offset voltage 3 mV_maximum over tempera- ‘
ture (LM101A/LM201A) §
B [nput current 100 nA maximum over tempera- In addition, the device provides better accuracy ;
ture (LM101A/LM201A) and lower noise in high impedance circuitry. i
= Offset current 20 nA maximum over tempera- The low input currents also make it particu- ;
ture (LM101A/LM201A) larly well suited for long interval integrators : ]
) 4% or timers, sample and hold circuits and low fre-
® Guaranteed drift characteristics quency waveform generators. Further, replacing
® Offsets guaranteed over entire common mode circuits where matched transistor pairs buffer 5
and supply voltage ranges the inputs of conventional IC op amps, it can 4
® Slew rate of 10V/us as a summing amplifier give lower offset voltage and drift at a lower cost. ¢
This amplifier offers many features which make its
application nearly foolproof: overload protection The LM101A is guaranteed over a temperature
on the input and output, no latch-up when the range of —55°C to +125°C, the LM201A from :
common mode range is exceeded, freedom from —25°C to +85°C, and the LM301A from 0°C ;
oscillations and compensation with a single 30 pF to 70°C.
AU . g 1 H
Schematic ** and Connection Diagrams (Top views) ; ;
§
Metal Can Package £
. cowtenrion
} I Dual-In-Line Package
; ) — U "
“ M 7 — ”
. SALARCE/
7 0 : Order Number LM101AH, cowiviition  —] [ SOt IiA T 3
b LM201AH or LM301AH Ut ¢t v
J T J J sl See NS Package HOBC LER] R
& i - . voe— —1  sawance z
B "I d = d b—1 ?
EnE Il e f
Dual-In-Line Package §
r' ), Note: Pin 6 connected to bottom of package. t
o bitaner /1y — 'O O der Number LM101AJ-14 vae §
w & 4 ; LM201AJ-14 or LM301AJ-14 {
S % il B See NS Package J14A 4
o “ w3 — ¢ ovrrmr z 3
2 1
Order Number g
LM101AJ, LM201AJ, LM301AJ ¢
See NS Package JOBA %
Order Number LM301AN 3
See NS Package NOSA i
* *Pin connections shown are for metal can. J ¢

o T
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i
{ Absolute Maximum Ratings

o

VIOENT/YI0ZIN T/ LOLIN

¢ LM101A/LM201A LM301A
: : -z, Voltage 222v 118V
+ i..Dssipation (Note 1) 500 mw 500 mW
5 tial Input Voltage 230V 130V
£ . Uoitage (Note 2 =15V 115V
i _:z.:Short Circuit Duration (Note 3) Indefinite Indefinite
+ g Temperature Range -55“C 10 +125°C (LM101A) : &
g ) 5 7
~25°C 10 +85°C (LM201A) 9iC10270:C
-32¢ Temperature Range —65°C to +150°C —65°C 10 +150°C
¢mperature (Soldering, 10'seconds) 300°C 300°C
Electrical Characteristics (ot 4)
LM101A/LM201A LM3014
PARAMETER CONDITIONS UNITS
MIN  TYP  MAX [ MIN  TYP MAX
O¢rset Voltage TA=25°C
i Rg <50 kQ 0.7 2.0 20 75 mv
TA=25°C 15 10 30 50 nA
TAa=25°C 30 75 70 250 nA
7.t Resistance Ta=25°C 15 4.0 05 2.0 w0
3.z v Current TA=25°C
3 Vs =420V 1.8 3.0 mA
£ Vg = £15V 18 30 mA
; Voltage Gzin TA =25°C, Vg = 215V 50 160 25 160 V/mV
VouT = 210V, R > 2 k2
2.7 0“set Voltage Rg <50 k2 S 30 10 mV
RS < 10kQ mv
emperature Coe!ti- Rs <50 kQ 3.0 15 6.0 30 pV/oC
I=put Offset Voltzge Rg <10 kQ uvc
* O¥set Current 20 70 nA
TA = TvAX nA
TA =TmIN nA
; ¥ “eex Temperature Coetfi- 25°C<TA < Tuax 001 0.1 0c1 03 nA“C
. § et 1nput Offser Cutrent TMINS TA < 25°C 002 02 002 0.6 nA/C
£ ? : Current 01 0.3 HA
¥
¥ 22y Corrent TA = TMAX. Vs = 220V -2 25 mA
| Vg =215V, VouT = £ 10V, 25 15 Vimv
¢ 3 AL > 2k
i S Veltage Swing Vs = 215V
; RL = 10k o 11 212 218 v
i RL=2kQ 10 13 210 213 v
B >Votge Range Vg = 220V 15 v
! Vg = #15V +15,-13 212 415,- 12 v
. . 7w Mode Rejection Ratio Rg < 50kQ2 80 96 70 :[1] dB
; Rs < 10k dB
F =1 Veltage Rejecuon Ratio Rs < 50 k&2 80 9 0 9% dB
Rg < 10kQ 1B
= N ;
- 3 'l The maximum junction temperature of the LM101A is 150°C, and that of the LM201A/LM301A is 100°C. For operating at elevated
g .-

‘ures, devices in the TO-5 package must be derated based on & therma! resistance of 150°C/W, junction to ambient, or 45°C/W,junclion 10
¢ thermal resistance of the dual-in-line package is 187°C/W, junction to ambient,
For suppiy voltages less than + 15V, the absolute maximum input voltage is equal to the supply voltage.
Continuous short circuit is allowed for case temperatures to 125°C and ambient temperatures to 75°C for LM 101A/LM201A, and 70° C
"Crespectively for LM301A.,
Unless otherwise specified, these specifications apply for C1 = 30 pF, 5V <V
5 1VS <420V end-25°C < Tp < +85°C (LM201A), 15V SVg<215Vend0°C < Ta <

§ £ 220V and -55°C < Tp < 4125°C (LM1014),
+70°C (LM301A).
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LM101A/LM201A/LM301A

Guaranteed Performance Characteristics tmi01a/Lm2014

INPUT VOLTAGE RANGE (+V)

Guaranteed Performance Characteristics tm301a

INPUT VOLTAGE RANGE (+V)

SUPPLY CURRENT (mA)

Input Voltage Range

Output Swing

= 20
" i 4
s -
&« v 5 Ny
12 <N A z 2
S iy
L O E 1w N A
\ \ O
& - o
' « 5 >
A A £ ) ,
vV 7 Y S o=l |
J—A 45]‘: gr.l < u:"c——« L= BE°C ST, <126°C
: i . I
5 10 15 20 5 10 15 2

20

25

SUPPLY VOLTAGE (V)

Input Voltage Range

SUPPLY VOLTAGE (V)

Output Swing

20
= A1 T
> 1
| 2 -
! 4w z
) = v
S Tt ‘ L
Tl 5
A || £
ISPl i il
; " Teoccvacnc |
L T IRt N - ) ;
5 10 15 5 10 15
SUPPLY VOLTAGE (- V) SUPPLY VOLTAGE (*V)
Typical Performance Characteristics
Supply Current Voltage Gain
Tie] 120 I
)
1.0 550 |
% s 1 Ty = 55°C —
5
e :  —
< T,28°C
& = .
g ]
T, 125°C = +-
;5 = Lt 1,—1“'!-
}
I
: I
5 1 15 2 5 10 18 7

SUPPLY VOLTAGE (V)

SUPPLY VOLTAGE (V)

VOLTAGE GAIN (d8)

VOLTAGE GAIN (dB)

POWER DISSIPATION (mW)

Voltage Gain
180
]
]
Y
W
|+ ‘\“““
%
-55°C <T. <126°C
. ]
§ 10 18 2
SUPPLY VOLTAGE (2V)
Voltage Gain
100 T T
T
o 1
il
t
“ |
teel
f A UL =
@ //
bt ¥ i
7% ‘ . o
J { [ 0C<T. <70
T
b i & S R |
5 10 15

SUPPLY VOLTAGE (+ V)

Maximum Power Dissipation

= f
- |
METAL CAN]
400 \
N
300 -
1 N
200 : A\
1
100 i
|
[}

25 as 85 85 105 125
AMEBIENT TEMPERATURE (“C)
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4

LR Bl S P D o A P

-

INPUT CURRENT (nA)

MEAN SQUARE NOISE CURRENT (A2/Hz)

Typical Performance Characteristics (Continued)

Input Current, LM101A/

LM201A/LM301A Current Limiting
2 TElslelal 15 T
b - BIAS Lm:au}.ﬂ: Vg = 215V
60 ey .
o e[m[u[=]a N ] s N
Ve e ned v Vi e 1 &
a0 BIAS, LMIGIA/LMZ01A g
30 ~ - = E
20 e ’ 2 !
0 £ T us‘cJ Tas28 f
4 OFFSET, LM301A 2 , ! 4 ]
3 !
Hatasl i
2 L= 0F FSET, LMI0TA/LMZ01A
1 - Ay ) ’ l ‘
0 I[P T ] .
-50 0 S0 w0 180 200 0 /8 10 15 - 25 3
OUTPUT CURRENT (smA)
TEMPERATURE (°C)
Input Noise Current Common Mode Rejection
10 TR T 120 l
R e I A S
= =25°C_|
I = A ’ :
IBRIINE SR £
WL 5L ‘
10-2 ! ! L] 3 Vew < 10V
: S g / o
iu T Inu ;” e 60
01777 Ty f '
NEEHIB G e
HET e § o —— L
wewe [T 3 | ]
wal b ) ! 20 [EREg]
10 100 1t 10k 100k 0100 k10 1008 1M
FREQUENCY th:) FREQUENCY (H2)

OUTPUT IMPEDANCE ()

Ciosed Loop Output Impedance

10° J ]
107 l T 1 —
Ay = 1000
0 / (A S
\/[ !
10° T Ay r 1
{ |
107" SINGLE POLE ——]
COMPENSATION
€1 = 30pF
-2
10 Tar25C
3 [ louy * 5 mA
10-

10 100 T 10k 100k

FREQUENCY (Hz)

MEAN SQUARE NOISE VOLTAGE (V/H2)

SUPPLY REJECTION (48)

‘u"l z 8 11T 11T )
11T 117 1 I
1] T 1T i
IR 1
[0 i
1
' I
T J 1T , T
! 1
1i
s
1
|
Ta=25°C H
10" JE) L
10 100 | 10k 100k
FREQUENCY (Hz2)
Power Supply Rejection
1oc o]
2
8 %,
&, |
<
o P T\% |
AN N\
% :
AN i
G |
22
%,
1 )
20 |- SINGLE POLE__!
| COMPENSATION _|
C1=30pF | i
Ta=25°C 1
100 1k 10k 100k 1M 10w

Input Noise Voltage

FREQUENCY (Mz)
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Single Pole Compensation

Open Loop Frequency Response

7 1T 71
l Ta=25°C
4 I Vg = 215V — 225
¢ { l__
s N e J— PHASE — 180 2
= e, Z
z o EERY; i
T & . ——F—13
© | 4
& ) / 2
e & 7 o =
5 cAm:g\
Sz s &
A N
SINGLE POLE \
\[&- 1 N’

100 1k 10k 100k IM 10M
FREQUENCY (Hz)

Large Signal Frequency Response

**Pin connections shown are for metal can.

VOLTAGE GAIN (d8)

Typical Performance Characteristics
for Various Compensation Circuits * *

Two Pole Compensation

Open Loop Frequency Response

120 T T
NPPD 3
" \ AX 22
L] 180 2
¢ QEIPRRs
I/ 5~
J \ Nt >
L] [
GAIN—] ‘
20 1, =25°C a5 .'.,
Vg = 215V
0 |-C1 =30 pF (]
T2 = 300 pF
20 1 1
1 10 100 1k 10k 100k 1M 10M

FREQUENCY (Hz)

Large Signal Frequency Response

VOLTAGE GAIN (4B)

Feedforward Compensation

[+
Rl
Vi
Vour
t 1
R I
c1
S 180 pF
1
“-rm
1, = IMH:
Open Loop Frequency Response
120 T
N Ta=25°C
L N Vg = 215V 22
AN ] e
80 N I t
8 ‘ N mm% 13
40 l \f 0
20 GAIN \ a5
[ J PN [}
FEEDFORWARD l B
20 i A A
10 100 Tk 10k 100k 1M 10M 100M

FREQUENCY (Hz2)

Large Signal Frequency Response

(reasop) DV ISVHA

1 16
T 7P 16
[T H Ul H LT WAl
o Vg = 215V - oL | Vs ® 215V _L_
B 12 ” : [;H B 12 \ ! g;_’lﬁv" = 12 n.zs]c 8
o Tt = 1 T =~
i TN {10 i I il g i |
bt : e ‘ (2 t J m E e X
g ”[ ‘ jw | SINGLE __L E ! 4 11: = o] I l
= = Cy ‘%}L\E [ If Pﬁ:.( I 5 2 TWO POLE I\ g 2 N ||| FEEDFORWARD
1T NICTNIT Il I NS
, LI 1 : il :
X 10K 100K ™M 10k 100k ™ 100k i 1
FREQUENCY (H2) FREQUENCY (H2) FREQUENCY (Hz)
Voltage Follower Pulse Response Voltage Follower Pulse Response Inverter Pulse Response
7 10 19 TT
] f ' ] ouTPUT
= +- 6 5
s — -/ e e ! F s , FEA-=tA
H 5 INPUT -] /' z 4 P ™~ il DIUYPIUT © o / I
2 u z 2 £ 2 e
E N \ ey £ /
c o8 T E o WO POLE -] L)
L) 1 & \ | e Ta=26°C |
e \ Ji] = L = Vs =5V
g 4 s - Ta=25C o S
= =\ Il g - Vo - 215V > - Sy e g
o2 SINGLE L o €1 -30pF 7] 2 FEEDFORWARD
=) POLE —‘ Yez2ioy - €2 = 300 F a
=T ET) | 1 10 | 3 L 2| -10 1 I ] I
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80 01234 586 11
TIME (15) TIME (us) TIME (us)
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r i : 3 * %
| Typical Applications

Simulated Inductor Fast Inverting Amplifier With High
Input Impedance

Variable Capacitance Multiplier

"

"

2 (o p—ourer

RS

VLOSIN /Y LOZIAT/ Y LOLIN

Inverting Amplifier Sine Wave Oscillator
with Balancing Circuit

cosimt ouTA1

*Adjust for zero integrator
8 dnft. Corrent drift typecally
0.1 nA/ Cover 55 C to
4125' C temperature range

May be zetc of equal 1o parallel =
combination of R1 and R2 for
1o = 10kHz

minimum offset &
i

)

- Application Hints **

ke
7 Protecting Against Gross Although the LM101A is designed for trouble free operation, experience has
Fault Conditions indicated that it is wise to observe certain precautions given below to protect the
devices from abnormal operating conditions. 1t might be pointed out that the
vt advice given here is applicable to practically any IC op amp, although the exact
reason why may differ with different devices.

When driving either input from a low-impedance source, a limiting resistor should
be placed in series with the input lead to limit the peak instantaneous output
current of the source to something less than 100 mA. This is especially important
& when the inputs go outside a piece of equipment where they could accidentally be
JSTpoiRt connected to high voltage sources. Large capacitors on the input (greater than
0.1 uF) should be treated as a low source impedance and isolated with a resistor.
Low impedance sources do not cause a problem unless their output voltage ex-
ceeds the supply voltage, However, the supplies go to zero when they are turned
off, so the isolation is usually needed.

*Protects input
Thotecty output
“Protects output—not needed when Ra 1y used

e i i 4 it

§ ; Compensating For Stray Input The output circuitry is prolgcled against damage ’ronr\ shPrts to ground.However,
i Capacitances Or Large Feedback when the amplifier output is connected to a test point, it should be isolated by
¥ 4 Resistor a limiting resistor, as test points frequently get shorted to bad places. Further,
; when the amplifier drives a load external to the equipment, it is also advisable
f-—l to use some sort of limiting resistance to preclude mishaps.
s Precautions should be taken to insure that the power supplies for the integrated
pa Ly D circuit never become reversed—even under transient conditions. With reverse volt-
: ages grester than 1V, the IC will conduct excessive current, fuzing internal
s e aluminum interconnects. if there is a possibility of this happening, clamp diodes
2 with a high peak current rating shou!d be installed on the supply lines. Reversa! of
LT AIe the voltage between V" and V™ will glwavs cause a proplem, although reversals
I ) c2- SrE with respect to ground may also give difficulties in many circuits.
RTO The minimum values given for the frequency compensation capacitor are stable
Isolating Large Capacitive Loads pnlv 4!or source resistances less (P?a‘n 10 k€2, stray capacitances on the summing
Junction less than 5 pF and capacitive loads smaller than 100 pF. If any of these -
! conditions are not met, it becomes necessary to overcompensate the amplifier
I with a larger compensation capacitor, Alternately, lead capacitors can be used in
| . the feedback network to negate the effect of stray capacitance and large feedback
I resistors or an RC network can be added to isolate capacitive loads.

Although the LM101A is relatively unaffected by supply bypassing, this cannot
be ignored altogether. Generally it is necessary to bypass the supplies to ground at
least once on every circuit card, and mare bypass points may be required if more
than five amplifiers are used. When feed-forward compensation is employed, how-
ever, it is advisable to bypass the supply leads of each emplifier with fow
inductance capacitors because of the higher frequencies involved.

**Pin connections shown are for metal can.
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Standard Compensation
Otfset Balancing Circuit

Fast Voltage Follower

Power Bandwidth. 15 kHz
Stew Rate 1V 1

Fast AC/DC Converter®

W o
200 o

¥ ¥ ol

y el A

z o [ A

" " o P
..

Typical Applications™ * (continued)

and
Fast Summing Amplifier

v,

Powe- Bandwidth: 250 kHz Il
Smat” Signat Bandwidth. 3.5 MHz
Siew Rate: 10V/us

Bilateral Current Source

)
-
. b
»
e
! = RIV,y T
T RTRS — tour
R3*Re+ RS
R1=R2

Instrumentation Amplifier

we

Integrator with Bias Current Compensation

ourru

RRCRRY

A ae s

*Feedforward compensation
can be used to make 3 fast
full wave rectifier without

Tl ————e 4 *, tMatching determines CMAR.

a filter

Low Frequency Square Wave Generator

LOm et DaNCH
oLl

Coaweto
ourret

*Adjust for zerc integrator
dnift. Current drify
typically 01 nAZC over
0.Cte70 Ctemperature
fange

Voltage Comparator for Driving

RTL Logic or High Current Driver Low Drift Sample and Hold

o
R

ouTrT

Voltage Comparator for Driving
DTL or TTL Integrated Circuits

outeyr

[

e o
o e miset
L * *Pin connections shown are for metal can.
3-134
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National
Semiconductor

with 1&Channel Multiplexer

General Description

The ADC08B16, ADCOB17 data acquisitioh component is &
monolithic CMOS device with an B8-bit ‘analog-to-digital
converter, 16.channel multiplexer and microprocessor
compatible control logic. The 8-bit A/D converter uses suc-
| cessive approximation as the conversion technigue. The
converter features a high impedance chopper siabilized
ccmparator, a 256R voltage divider with analog swlichiree
&nd a successive approximation register. The 16-channel
mulliplexer can directly access &ny one of 16-single
ended analog signals, and provides the lopic for addi-
tional channel expansion. Signal conditioning of any
gnalop input signal is eased by direct access 10 the
multiplexer output, and 1o the Input of the 8-bit AD
ccnverter.

The device eliminates the need for exiernal zero and full
scale adjustments. Easy interfacing to microprocessors
is provided by the latched and decoded muliiplexer ad-
Cress inputs and latched TTL TRI-STATE® outpuls.

The design of the ADC0816, ADCOB17 has been optimized
by incorporating the most Gesirable aspects of several
A’D conversion techniques The ADC08B16, ADCOB17 of-
fers high speed, high accuracy, minimal temperature
dependence, excellent long-term accuracy and repeatabil-
ity and consumes minimal power, These features make
this device ideally suited fo applications from process and
machine control 1o consumer and automotive applica:
tions. For simllar performance in an 8-channel, 28.pin,

ADC0816, ADC0817 8-Bit pP Compatible A/D Converters

AtoD,DicA

8-bit A/D converter, ses the ADC0808, ADCOB0S data
sheel. (See AN-258 {or more Information.)

Features

B Resolution — 8-bits

E Tota! unadjusted error — = 12 LSB and = 1LSB

B No missing codes

B Conversion time — 100 us

& Sinple supply — 5V

B Operates ratiometrically or with 5 Vpe or analog span
edjusted voltape reference

B 16-channel multiplexer with latched control logic

B Easy Interface to all microprocessors, or operales
“stand alone"

® Outputs meet T2L voltape leve!l specifications

& 0V fo 5V analog input vollage range with single 5V
supply

B No zero or full-scale adjust required

B Standard hermetic or molded 40-pin DIP package

B Temperature range -40°C to 4B5°C or —55°C fo
+125°C

B Low power consumption — 15 mW

® Laiched TRI-STATE® output

& Directaccess 1o ‘comparatorin™and "mulliplexer out”

for signal congitioning
TRISTATE is 8 repiaterec 1iademerh of Nalions! Semiconducior Corp

£1800aV ‘91800av

Block Diagram

CONFAKRIDR IN O

MULNIRLEXER

COMFARATOR

out
[oN]
Ot
o— |
o— |
O |
[ —
:: N t‘u:».-lml:c |'
3 ' e URIIJNE Y]
ANELOD INPUYS o—j 'A“hﬂltl’?‘ci
O—o
o—
o—d
o—
[ —
9—4

8]

S1ART cuocx

:’..::r""]--—]*——-. E

ENDOF CONVERSION

CONTROL & VIMING I (INTERRUPT)

AR

—0
TR L —o
s1aT¢ 0

outrul o 8817 DUTPUTE f

LATCN

BUFFLR © i

i
0

[ [
|
|

=

O—
[ S—
€3I ADDR
M ABOALES ol Bonrss
O—t LATCH
AND
ALOHILL AT IM I NARL] O DICODIR l

vee OND AU

i

|
|
SWITCH YREF :
|
|
|
|

E2VARLION CONYHOL
|
[

IHER RISISTOK LADDI R
3 [TRLI]
_..___..__J taantl J

RIF(-)

871
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ADCO0816, ADC0817

Absolute Maximum Ratings notes 1ana2) Operating Ratings (otes 1and2)

Supply Voltape (Vo) (Noted)  * ; (X1 Temperature Range (Note 1) TminsTa ﬂuu';
Voltape at Any Pin O ~0.3Vio(Vpe + 03V) ADCO0818CY 5 =85CsN s 4125°C ]
Except Control Inputs ADCO216CCJ. ADCOBIGCCN, ~40°CxTa 5 «85°C
Voltage atControl Inputs . -0.3Vio18V ADCOB1?7CCN :
(STARY, OF, CLOCK, ALE, EXPANSION CONTROL, Range of Vo (Note 1) 45VpC1o60Vpe
ADD A, ADD B, ADD C, ADD D) Voltage st Any Pin OViovep-

Storspe Temperature Range -65°Clo 4 150°C Excep! Control Inputs
Packape Dursipation st T4 & 25°C 875mw Voltage 2t Control inputs OVio1sv
Lnﬂ'ltmpruluw(smcwln; 10s¢conas) 300°C (START, OF. CLOCK, ALE. EXPANSION CONTROL.
ADD A, ADD B.ADD C, ADD D) !
. i
Electrical Characteristics : :
Converter Specifications: Vee=5Vpe= Vg F«) VRer(-)= GND, V)i = Veomraratorine Tuine Tas Twmax 8nd
fcin= 640 hH2 unless otherwise stated. i
Parameter Conditions Min Typ Max Units ‘
ADCOB16 i
Tota! Unagjusted Error 25°C 2172 LSB
{Note 5) Tasin 10 Tasax = 3i4 LsSB ;
ADCO0B1? '
Tota! Unadjusted Error 0'Cto70°C =1 Lse
(Note 5) Ty 105 Thax ER R LSB
Input Resistance From Rel(4) to Ref(-) 1.0 45 ki) i
Analog Input Voltage Range (Note €) V(4 ) or V(- GND-010 Vee+ 010 | Vpe
Vi o Voltage, Top of Ladder Mcasured a! Rel{+) Vee Vee+ 01 1%
Ve ol 1 yon o €0 bt L, Vee2-00 | Veero [veerze 01| v !
2 ‘
Vi, Voltage, Botlom of Ladder Measured st Reli-) -0 0 v 4
Comparator Input Current fc = 620 hHz, (Note 6) -2 =05 2 »A {
: ' |
Electrical Characteristics !
; i
Digital Levels and DC Specitications: ADCOBI6CJ 4.5V < Vec=55V, - 55°C< Ta= 4 125°C unless otherwise noted i
ADCOB16CCJ, ADCOBIGCCN, ADCOB17CCN 4.75V=Vee=5.25V, - 20°C< Ty + 85°C unless otherwise noted. i
1
i
Parameter J Conditions l Min l Typ ' Max J Units !
i
ANALOG MULTIPLEXER i
Ron Analog Multiplexer ON (Any Selected Channel) i
Resistance T4=25°C, R, = 10k 15 3 k0
Ta=85°C 6 k)
Ta=125C 8 kN
SRoy 3 ON Resistance Between Any | (Any Selected Channel) 75 o]
2 Channels R = 10k
lotia) OFF Channel Leakage Cutrent | Ve = 5V, V= 5V,
Ta=25C 10 200 nA
T 10 Thax 1.0 wA
lors<) OFF Channel Leakage Cuitent | Ve = 5V, Vin=0,
Ta=25°C - 200 nA
T 10 Tuax -1.0 wA
CONTROL INPUTS
Viny Logical "1 Input Voltage Vee-1.5 v
Vino Logical 0" Input Voltape ; 15
hiniyy Lopical 1" Input Cutrent VinE 15V 1.0 WA
(The Contro! Inputs)
v, Logical 0" Input Curient Vine 0 -i.0 »A
(The Control Inputs)
lec Supply Current foix e 640 kHz 03 30 mA

872 2 i




158

’—fElectrlcal Characteristics (continusg) e

Digltal Levels and DC Speclficafions: ADC0816C) — 4.5V < Ve € 6.5V, —55°C € Ty € +125°C unless otherwise noted.
ADCODB16CCJ, ADCOB16CCN, ADCOBI7CCN — 4.75V < V¢ € 5.25V, —40°C € +85°C unless otherwise noted.

Parameter : ] Conditions ] Min. l Typ. l Max. ] Units
DATA OUTPUTS AND EOC (INTERRUPT)
Vouy) Lopical “1" Output Voltage lo= ~360uA, Ty = B5°C Ver—04 v
. lp= =300pA, Tp = 125°C CC s
Vouto) Loglcal “0" Output Voltage lo=16mA 0.45
Voutio) Logical “0" Output Voliege EOC | 1o = 1.2mA 0.45
lonn TRI-STATE® Output Current Vo = Vee 3.0 KA
VO =0 -30 FA

Electrical Characteristics

Timing Specificetions: Veee Vaer(«)= 5V VRegoy= GND, 1, = 1,= 20 ns and To=25°C unless otherwise noted.

Symbol [ Parameter Condltions Min Typ Max | Units
tws Minimum Start Pulse Width (Figure 5) 100 200 ns
TWALE Minimum ALE Pulse Width (Figure 5) 100 200 ns
1y Minimum Address Set-Up Time | (Figure 5) 25 50 ns
1y Minimum Address Hold Time (Figure 5) 25 50 ns
to Analog MUX Delay Time Rg =00 (Figure 5) X 2.5 ¥S

From ALE
tey tho OE Control to O Logic State C, = 50 pF, R = 10k (Figure 8) 125 250 ns
ik tow OE Control 1o Hi-Z Cy=10pF, R, = 10k (Figure 8) 125 250 ns
1 Conversion Time fe= 640 hHz, (Figure 5)(Note 7) 80 100 116 »S
fe Clock Frequency 10 640 1260 | kHz
teoc EOC Delay Time (Figure 5) 0 B+ 2 s | Cloch
Periods
Cin Input Capacitance Al Control Inputs 10 15 pF
(e TRI-STATE® Output | AUTRISTATE Outputs. (Note 7) 10 15° ||\ b
Capacitance

Note 1: Absolute masrimum 1etings are those values beyond which the life of the device may be impaired.

Note 2. AN vollapes are messured with respect to GND, unless otherwise specified

Note 3: A zene: 0i00¢ ex1sta, Internally, from Vcc 1o GNDang has 8 typice! breahdown voltage of 7 Vpe.

Nole &: Two on-chipgioses are tied to esch snalog Input which will forward conduct for 8nalog input vollapes one d100e drop below ground of one diode Orop
Qreater than the Vee supply The spac aliows 100 mv forward biss of olther diode This means that o long a: ¢ analog V) does not exceed the supply
voltage by more than 100 mv, the outputcode willbe correct Toachieve anabsolute 0 VDL 1S Vpe Inputvoliape tanpe wili therefore require 8 minimum sup
ply vollage of 4 900 VDC Over temperature vatistions, Initial {olerance and loaging

Note §: To1a unagjustec erior IncluGes offset tull-scale, and linearity errors See Figure 3 None of these A/Ds requires s 2e10 of full-scaloar’. 51 However, il
8nalizero cooe is oeaires for an analog input other than 0.0V, of I 8 narrow full-scale span exists (forsxample 0.5V 104.5V {uli-scsle; the relerence voltages
€an be adjustec io achieve this Bee Figure 13

Note 8: Comparator {nputcurrent is a bias current inlo or oul of the chopper s1sbilized comparator The bias current varies directly with cloch frequency and
has little femperature cependence (Figure 6) Goe parapraph 4.0

Note 7: The outputs of the dats repister are updaled one ciock cycle belfore the rising edpe o! EOC,

873
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Functional Description :

Multiplexer: The devics contalns & 16-channel single- . Additional single-ended a
ended analop signal multiplexer. A pariicular Input chan. plexed to the A'D converter
nel Is selected by using.the address decoder. Table | Inputs using the expansion
shows the input states for the address line and the expan- nal signals are connected to
slon control line 1o select any channel. The address Is device pround. Additional signal condltioning (le_-:
latched Into the decoder on the low-to-hiph transition nf prescaling, sample and hold, instrumentation amplifica- .
the address latch enable sipnal. tion, etc.) may also be added between the analog inpun -
slgnal and the comparator Input. i
TABLE | 1
i | ;
SELECTED ADDRESS LINE EXPANSION CONVERTER CHARACTERISTICS ! ’L
ANA |
LOGCHANNEL | p | ¢ B | A | CONTROL Tho Converier i
IND (Gt it H it 1
: The heart of this sinple chip data acquisition systemisils I
IN1 L Lt g 8-blt analoptogigital converter, Thecenverter is designed f
IN? L L H il H 10 give last, accurate, end repeatable conversions overg | 'i
IN3 L L v f e " wide range of temperatures. The converter is partitiones
Into 3 major sections: the 256R jagder network, the suc. !
IN4 L HI L} H cesslve approximation register, and the comparator, The :
INS L H L1 K H converter’s digital outpuls ere positive true. i
ING 1 H H L H The 256R ladder network approach (Figure 1) was chosen ;
T { " N over the conventional RIZR lagder because of its inherent :
) H monotonicity, which guarantees no missing digital codes.
INE H b L L H Monotonicity ic particularly important in closedloop feed -
ING H L L H H back control systems. A non-monoltonic relationship can
tause oscillations that will be catasticphic for the
INig bl L — et [ H fyslem. Additionally, the 256R network. does not cause
INTY H L H | H H lozd vatiations on the reference voltage. ]
iN12 H | H L L H The bottom resistor and the top 1esistor of the lagder i
IN13 HIH| L] w H network in Figure 1 are not the same value as the :
temainder of the network. The dilference in these
IN12 R Helatafle H 'esistors causes the output characteristic 1o be sym-
IN15 HIHIH|H H melricalwhmnezeroana1un-scalepoimsonhetranslel :
2. The tirst output transition occurs when the analog |
All Channels OFF X X X L N !
: A : signal has reached 4 172 LSB anog succeeding oulput :
X = con't care lransitions occur every 1 LSB later up 1o full-scale.

CONTKDIS tROM S A R 1

nLi(e) T s
)~ i

] !

i

mR |

i

{

() N |

i . 4oh ‘

. . .

4 |

N . . |

S 0 ;

FIYT . . . o~ COMIARATDR i

o INPUY 5

¢ H ° ° ° : x:

i

° L] ° N I

'y ° . ° ;,

° ° "l
~ =2
T NG 1 %
e :

NIH-)()-—J

FIGURE 1. Reslistor Ladder and Swiich Tree
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Functional Description-continued

The successive approximajlon register (SAR) performs 8
iterations to approximate the Input voltage.'For any SAR
type converter, n-lterations are required for an n-bit
converler. Figure 2 shows a typical example of a 3-bit
converter. In the ADC0B16, ADC0817, the approximation
technique Is extended to 8 bits uzing the 256R network.

The A/D converter's successive approximation registet
(SAR) Is teset on the positive edge of the start conversion
(SC) pulse. The conversion Is begun on the falling edpe of
the starl conversion pulse. A conversion in process will be
interrupted by receipt of & new star conversion pulse.
Continuous conversion may be accomphished by tying the
end-of-conversion (EOC) output 10 the SC input 1! used in
this mode, an external start conversion pulse should be
applied after power up. End-of-conversion will go low be-
tween 0 and 8 clock pulses afier the tising edge of start
conversion,

v
= FULL.STALE

IDLAL CURVE *7 FRROR-1218B

=1

=3

=]
<

;
= NONLINEARITY » 177 tSB
ogf  ee—d.S

= |~ NDNUINEARITY = <172 LSB
001 | - ==
~-'}— 2RO FRROR » —1/4 LS8
000 ViN
O 1A 27 3% &R WA &% N
Vin RS FRACTION OF FULL SCALE

A’D QUTPUT CODE
o

FIGURE 2. 3-BItA/D Transfer Curve

<172 LSB TOVAL UNADJUSTED lHRDN\

ouakvizwe T .— IR L
e A o o

INPUT BV

VOLTAGE = — — __,_7 —_——————
-12158101AL UNADJUSTED ERROR

et Pl T e e R AN S0 T,

The most important section of the A/D converter Is the
comparator. It is this section which s responsible for the
ultimate accuracy of the entite converter. It is also the
comparator drift which hes the greatest Influence on the
repeatabllity of the device. A chopper-stabllized com-

parator provides the most effective method of satisfying

ell the converter requirements.

The chopper-stabilized comparator converts the DC input
signal into an AC signal. This signal Is then fed through a
high gain AC amplifier and has the DC level restored T his
technigue limits the drift component of the amplificr since
the driltis 8 DC component which is not passed by the AC
amplitier. This makes the entire A’D converter extremely
Insencsitive o temperature, fong termdrift and input offs et
€rrors.

Figure 4 shows a typical erior curve for the ADCOE16 as
measured using the procedures outlined in AN-179.

Z __ INTINITE RESDLUTION

m FIRILCY CONVERTER

't 172 1SB —— IDEAL 3 BN CONVERTER
o 10141 g
€ wr | ukenuustin T4 )

ERROR 1

S g -1 LSE
£ - RESDLUTE
S om ACCURALY
[=]
S o l —1m e

i — |=- puARTZATION

oot [RROR

oo Vin

0
UF VB 27k 3/t ak 5% €1 In
Vin AS FRACTION DF FULL STALE

FIGURE 3. 3-B}{ AID Absolute Accuracy Curve

REFERENCE LINE

FIGURE 4. Typica! Error Curve
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Connection Diagram : = s o

2 -
. .
.
Dualin-Line Package 3
&
- 3
1 ) =
w—i e = 3] 29}
ING e — ) i
n !
INY —he i
o [~ ¢ x+ansi0n CONTRDL ;
t
g INY —d | — sota !
; % |
M gt — app g
Ty pans — ann ¢ i
n :
INTE —e — 400D }
I Y d b &1 1 i
el ADCONIL, 314 e :
1) &DCORN 30 1 'S
N} g — ,-3 i
¥ {
TN pb— 2 b 1
12 n i
100 —t — 74 i
s *Y _”_,_5 :
(SUSTLATE T3 W O
M 1oy !
12RY i
1y 0
Vil — — s
A
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Fi e — — {1000 1
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Typical Performance Characteristics -

i .

fc* 1200 hMs
1
= A A/ g
e g
x
= 4 1, B0 MM 2
Sy -
o 1, » a0 AH: -
£ : £
& i ' i3
A {(* 1200 kHy
]
0 128 28 s [
Vin (V)

FIGURE 6. Compsrator I, vs Viy
(Vec = Vrge=8V)

TRI-STATE® Test Circuits and Timing Diagrams

RS

Vin (V)

FIGURE 7. Multiplexer Rpy, vs V,y,
(Ve = Vagr = 5V)

‘Hh CL= 50 pF

LRTVI f¥N LPTS CL=1DPF
Vec — -
Vec ;
DUTPUT 'i;\
ENRBLE 2,
10
CND —- -
ouIPUY 0 :
ENABLL 12 o
9 10 Vo
oUIPUY 50%
=i W oy CND
ton: tho ton, Cp=10pF tyo. CL = 50 pF
Vee Vee _.'“r —I1, f—
EO T T
oUTPUT 5
0 ENABLE SO 0%
- CND A3 10%
ouTPUT o
ENABLE S THO—
0%

[ 9] Voo
l outerLY
= — Yol

FIGURE 8
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Applications Information
OPERATION

1.0 Ratiometric Conversion

The ADC0B16, ADCOB17 is designed as s complete Data
Acquisition System (DAS) for satiomelric conversion
systems. In ratiomotric systems, the physical variable
being measured is expressed as a percentage of full-scale
which Is not necessarlly related to an absolute standard.
The voltage input 10 the ADC0816 Is expressed by the
equation

B Vin @ Dy

\_/l:,';‘ VZ - o

DMA)« o DMIN

V= lzput voltage into the ADCOB16
Vi, = Full-scale voltage
V;=Zerovoltage

D, = Data point being measured
Dyssx = Maximum data limi!

Dy = Minimum data limit

A good e>ample of a ratiometric transcucer is a poten:
tiometer used ay a position sensor. The postion of the
wipet is directly proportional to the outpul voltage which
is a ratio of the full-scale voltage across if. Since the data
is represented as 8 proportion of fullscale, reference
tequirements are greatly reduced, eliminating 8 large
source of error and cost for many applications A major
advantage of the ADCOB16, ADCOB17 is that the input
vollage tange s equal 1o the supply tange so the
transducers can be connected direct!y across the supply
and their outpuls connected gitectly inte the multiplexer
inputs, (Figure 9).

Ratlometric transducers such as potentiometers, strain :
pauges, thermistor bridges, pressure transducers, etc., .
are sultable for measuring proportional relationships; -
howevor, many types of measurements must be relerred i

to an absolute standard such as voltage or current. This |

means & system reference must be used which relates !

the full-scale vollage to the standard voll. Forexample, If !

Vee = Varr = 5.12V, thenthe full-scale range is divided in-

to 256 standard steps. The smallest standard step is 1
SB which is then 20 mV.

2.0 Resistor Ladder Limitations

The voltages from the tesistor ladder are compared to the

selected input Btimes in a conversion. These voltages are :

coupledto the compatator via an analog switchtree which
is referenced to the supply The voltages a1 the 1op, center
&nd bottom of the ladder must be controlied 1o malntain
proper operation.

The topof the ladder, Ref( 4 ), should not be more positive !

than the supply, and the bottom of the ladder, Ref(-),
shouid not be more nepative than ground. The center of

the ladder vollage must also be near the center of the :

supply because the analog switch tree changes from

N-channe! switches 1o P-channel switlches These limita:

tions are autometically satisfied in ratiometric systems
and can be easily mel in ground referenced systems.

Figure 10 shows a ground referenced system with @
separate supply and reference. In this system, the supply |

must be trimmed o match the reference voltage. For in
stance, if a 5,12V reference is used, the supply should be
edjusted to the same voltage within 0.1V,

rJLo

N

AAA.

FIGURE®. Ratlometric Converslon System

ol o
=
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. DICITAL 5
1 ourruy
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® Ratiomeltric transducers
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r’A;;HcaHons Information (continues)

L .

The ADCOB16 needs less thana milliamp of supply current
so developing the supply from the reference is readlly
accomplished. In Figure 11 a ground referenced syslemis
shownwhich generates the supply fromthe reference. The
buffer shown can be an op amp of sutliclent drive to
supply the milliamp of supply current and the deslied bus
drive, ot if a capacitive bus s driven by the outputs a large
capacitol will supply the transient supply current as seen
in Figure 12. The LM301 is overcbmpensated 10 insure
stability when loaded by the 10 ,F output capacitor.

The top and bottom ladder voltages cannot excesd Vee
and ground, respectivaly, but they can be symmetrically
less than Ve and greater than ground. The center of the
ladder voltage should always be near the cenier of the
supply. The sensitivity of the converter can be Increased,
(l.e., slze of the LSB steps decreased) by using a sym-
melrical reference system. In Figure 13, a 2.5V reference
Is symmetrically centersd about Veel2 since the same
current flows in identical resistors. This system with a
2.5V reference allows the LSB 10 be hal{ the size of the
LSBIn a5V reference system.

Cd
vee
SUPFLY Vee
MSE
VRit BELI) DIGITAL
OUTPUT
o REFERENCED
O— lny oyr 10
.
vindo— GROUND
.
o Inp
v
REF(- IN
l— [F(-) LSE ooure g
—0- GAD REF
475V = Ve s VREF s 5.25V
ADCORIE V7

FiGURE 10. Ground Relerenced
Converslon System Uslng Trimmed Supply

. Ve
¢ MSE
VRtr RIF(e) DIGITAL DUTPUT
1 Opyy REFERENCEDTD
O=1:20 GROUND
Vini0—1 ¢
O—{ 10
J— REF(-) (%13 = ViN
wIN
©— GND OUT® VRer
476V sVeo s VREF 55.25V
ADCOBIS, 17

FIGURE 11. Ground Referenced Converslion System with
Reference Genersting Ve Supply
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Applications Information continusg) AZ
. nt i
10-35 Vpe : !
i
1000 pF |
. |
|
: i
LMI29B Vee ;
L i
C LMI0) *—-E:um-) i
i
i
!
<+ 10.F
T S0LD !
T TARTALUM |
< $— GND i
— [—+ REFI-) ;;
FIGURE 12. Typicsl Reference and Supply Circult
. |
Rp
Vee
375V W\ U3
UXTY
Ll
b X DICITAL OUTPUTY
ke 0 PROPORTIDNAL 10
H ous ANALDG INPLY
7 1BV V- 30
.
P I
1.25v
: 2 RLFI-)
28V
REFERENCE Ry Lse Rax Rp
CND ® Ratiomeltic trensducers
FIGURE 13. Symmetrically Contered Refersnce {
3.0 Converter Equations
The transition between adjacent codes N and N4 1 is The output code N for an arbitrary Input are the in.egers -
piven by: within the range:
-V 1
N 1 @ Ne M. - x 256 2 Absolute Accuracy | (4)
VineE | (VRpra)— Vagr-y 256 + 512 2 Vayg i+ Veer-) Vher()— Vaer(-) i",,‘
|
! it i -
The center of an output code N Is given by: where. Viy=Voltage at comparator input f
VRer(q)= Voltage st Rel(4) * i
N VRik(- )= Voltage at Rel(-)
Vinr Y Vaer = Vi, ) [2‘ J: Viur 14 Vi) (3 Vyur = Total unsdjusted error voltage (typically
Viti(e)- 512) [
1

8-80
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Applications Information (continued)

4.0 Anslog Comparator Inputs  * ;

The dynamic comparator Input current Is caused by the
periodic switching of on-chip stray capacitances. These
are connecled alternately 1o the output of the resistor lad-
der/switch tree network and to the comparator input as

part of the operation of the chopper stabllized comparator.

The average value of the comparator input cUrrent varies
directly with cloch frequency and with V,,, as shown In

Figure 6

Typical Application
RTAD

I notilter capacitors are used at the analog or comparator
inputs and the signal source Impedances are low, the
comparator input current should not Introduce converter
errors, 85 the fransient created by the capacitance
discherge will die out before the comparator output is
sirobed.

1 input tilter capacitors ate desited for noise reduction
and signal conditioning they will tend to average oul the
dynamic comparator input current. It will then take on
the charactenstics of a DC bias curient whose effect
can be predicted conventionally. See AN-258 for furthes
discussion

IRYERRUFY
8004 Hr —{ CLK ot :
RDDRISS b OO0V — VRLH) Lot INYERRUPY
bitobt .
(ADL-AD1S)* B OOV ——VR{(-) :
> V—— 0B NSB
STARY 7-7}—— DBt
1
ALE -3 —— DB
wEm 2 é
i DBt

27— B3

A

B gpross 2t DB2
£D2—C ADCOEN? 27— DB

D

AD3— 278 —— DBD isB
PPLY
SV SUPPL [ XPAND i
i ] Vee INIEE—V)\ 18
GND °
0-8V
CROUND — ¥ P hle
COMNON OUT 3 INFUT RANGE
COMFARATOR
IN D= vy 1

® AdOress Isiches neeoed for BOBS and SC/MP interlacing the ADCOBYE, 17 10 » mictoprocessor

Microprocessor Interface Table

PROCESSOR READ WRITE INTERRUPT (COMMENT) .
8080 MEMR MEMW INTR (Thru RST Circuit)
8085 RD - { WR INTR (Thru RST Circuit)
2-80 RD WR " INT (Thru RST Circult, Mode 0)
SC/MP NRDS NWDS SA (Thru Sense A)
6800 VMA¢2-RW VMA®2 Ry IROA or [ROB (Thru PIA)
Ordering Information
TEMPERATURE RANGE -40°C 1o +85°C -55°C 1o 4+125°C
Eror L2112 Bt Unagjusted ADCOB16CCN ADC0816CCJ ADC0B16CJ
2 1 Blt Unadjusted ADCOB17CCN
Package Outline N4DA Molded DIP |J40A Hermetic DIP| JADA Hermetic DIP

881
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Applications Information continued)

10-15 Vpg

LM326B

®

1000 pf

Veo
REF(e)

4 10,F
— 50LID
TENTRLUM
—§—— GND

— I——+ REF(-)

FIGURE 12. Typica! Reference snd Supply Circult

Y
Ra
Vee
38V 1344
REF(s)
In1y
L]
\ 1 DICIVAL OUTPUT
A o PROPORYIDNAL 1D
. out ANALOC INPUY
: 125V L VN I8V
0 Iad
125V
— 4 REF(-)
25V
REFERENCE Ry A58 Ra= Rg
CND * Rstiomeliic transducers

FIGURE 13. Symmetrically Centered Reference

3.0 Converter Equations

The transition between adjacent codes N and N+ 1 Is
given by:

N 1
VinE VaEra) = Vaer- 0o # oo 2 Viue i+ Vaee- )
256 512

The center of an output code N is given by:

N
Vins Y Vaer o= Ve, ;’[256]1 Viur 4 Vairg-) 3

(e ONe

The output code N for an arbitrary Inpul are the in.egers - -

within the range:
ViN— Vher)
VRere)— Vaer-)

where. V= Voltage a! compatator input -

Virr(q)= Voltage at Rel(+)

VRit(- )= Voltage 8t Rel(-)

Viyut = Total unsdjusted error voltage (typically
Viiie)- 912)

8-80
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(/A;p;cations Information (continuea)

40 Anslog Comparator Inputs  * :

The dynamic comparator Input current Is caused by the
periodic switching of on-chip stray capacitances. These
are connecled alternately 1o the output of the resistor lad-
der/switch tree network and to the comparator input as
part of the operation of the chopper stabilized comparator.

W nofilter capacltors are used at the analog or comparator
inputs and the signal source iImpedances are low, the
comparator input current should not Introduce converter
errors, a5 the transient created by the capacilance
discharge will die out before the comparator outpul is
strobed.

i input tilter capacitors are desited for noise teduction

and signal conditioning they will tend to average oul the
dynamic comparator inpul current. It will then take on
the characteristics of a DC bias current whose elfect
can be predicled conventionally. See AN-258 for further

The average value of the comparator input current varies
directly with clochk frequency and with V,,, 8s shown In

218000V ‘9 LBOOGV

Figure 6.
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Microprocessor Interface Table

PROCESSOR READ WRITE INTERRUPT (COMMENT) 5
8080 MEMR MEMW INTR (Thru RST Circult)
8085 RD -4 WR INTR (Thiu RST Circuit)
Z-80 7D WR _INT (Thru RST Circult, Mode 0)
SCIMP NRDS NWDS SA (Thru Sense A)
6300 VMA-¢2RW VMA®2 Ry 1ROA or IROB (Thru PIA)

Qrdering Information |

TEMPERATURE RANGE -40°Cto +85°C -65°Clo +125°C

ADCO0B16CCN ADC0816CCJ ADC0816CJ
ADCO0817CCN

N4DA Molded DIP

2 1/2 Blt Unadjusted
2 1 Blt Unadjusted
Packape Outline

Error

J4DA Hermetic DIP| JADA Hermetic DIP
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