15.1 Operational Amplifiers

15.2 Uses of Op Amps
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OAnalog uses employ negative feedback to drive + input to (nearly) the
same potential as the - input.

OFollower and Non-Inverting Amplifier Circuits:
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15.3 More Uses of Op Amps

15.4 Bias Currents

Olnverting Amplifier and Differential Input Amplifier

OResistance seen by the plus and minus inputs should be the same when

an op amp is configured for voltage gain.
OBias currents (relatively equal) times difference in input resistance look the same as an input signal.

Inverting Amp leferentlaIFlznput

OMany Op Amps have bipolar inputs.
OEmitter coupled transistor pair
OHigh differential gain

OBut sum of input currents = le/beta.

Input Stage of Op Amp
Op Amps with Op Amps with
+ - bipolar inputs FET inputs
stages draw some stages ha”ve
input (bias very smal
input (bias) input (bias)
currents.

Q/ current !




15.5 Positive Feedback

15.6 A to D Converters

O0Analog Comparator

Ols V+>V-?

OQutput is a DIGITAL signal.

OThe external pull up resistor is often forgotten.
OSchmitt Trigger squares up signals.

Analog Comparator: Analog to TTL Op Amp as Schmitt Trigger:

1k Simple D/A
Summing Junction:
k

If V+ is at zero potential

then so is V-.

The output voltage is

proportional to sum of currents.
Currents are inversely
proportional to the resistances

IF the input voltages are the same.

v
Analog Adder

364

Digital To Analog Converters: Use R — 2R Ladder.
Driving Point Impedance is 2/3 R.
Voltage Divider Ratio, Node—-Node, is 1/2.

v
LM 311 Needs Pull-Up Output has hysteresis out _2 _1 _1 2
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-~ in
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15.7 How to builda D to A 15.8 AD 558
OReal D to A converters use a voltage reference and switches. 08-Bit D/A Converter you will use in Lab 3.
ONote that the drlvmg point |mpedance (resistance) i |s the same for each cell. LsB — 8 [ Ladder LI
o | Latch Network 15 Vout
° sense
MSB —| o0 v AW Vselect
. L ref 13
AD558: CE Cs \/\— analog gnd
coe Much like a non—-inverting
BltO Bit 1 (1] B|tN ref Thisisa __ operational amplifier.
Latch: 95 :@, G Strap Output For Different Voltage:
1 1 1 1 Data goes CS
VOLIt = ref [B 7+ 286+ 4B 5+ + 28 BO ] through when G = HIGH

Output is very noisy when

input bits are settling
It's best to have inputs stable J\/@ %
before latching the input data.
0to 2.5 volts 0 to 10 volts
Needs a 12 volt supply!




15.9 Analog to Digital Conversion

15.10 Dual Slope

OHarder than Digital to Analog
O Several Different Methods are Used.

ODual Slope Integration
OUses time which can be measured accurately.
OTypically very accurate but slow.
ONot widely used any more.

OMultiple Conversions (FLASH)
OVery fast
OUsed for converting TV signals.
ODifficult to make in high precision.
OAD 775

O Successive Approximation
OMedium speed
OCan be economical
OAD 670

ODual Slope Integrating A/D
OAccurate but slow
ORequires accurate integrator
OAnd accurate counter and clock.

OFirst, Counts for known time
Owith input voltage at input to the integrator.

OThen counts with reference voltage at input

Oand measures time.
Dual Slope Integrating A/D: Accurate but slow

TITo=Vin/V ref

c ~ VSlopes:
in
Sample, R <* ~-V
V. —O ref
in " |Hold w i 2/
'
o1 kg

15.11 Flash Converter

15.12 AD 775 Functional Block Diagram

"Flash Converter"

Vrefi E :
Vet c 2-Bit Converter Needs
:Da 0-25 00 0 3C9mparators
25-5 0.0 1 8-Bit Converter Needs
5-75 01 1 255 Comparators
Vin b 75-1 1 1 1 (But is very fast)
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15.13 AD 775 Timing

15.14 Voltage Reference

OSimilar to other flash converters
ONeeds a stable reference voltage.

Medium Speed: Conversion Time is bounded by word width

T|“IHE S'PE{:“: I[IMIDHS OCan handle different ranges of voltage which
eI . Typ hlaz Undiw Ois defined by top and bottom of ladder.
Rt b, ks J ; Wik OCaution is required: the ladder is fragile!
Chock Pesiad in OVoltage range is < 2.8 volts.
L ': High a e OLinearity suffers if < 1.8 volts.
LuW 18 1 [} " "
Pousiran Cheliy o 5 p OAVss means "Analog Voltage" (supply).
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15.15 Successive Approximation A/D 15.16 Operation of Successive Approximation A/D
OSet one bit at a time.
OD/A generates analog voltage.
Successive Approximation A/D (e.g. AD 670) 0 Compare with input
Data OIf overshot, turn that bit on.
DA C Successive OFinishes in fixed time.
onverter N u A v . Successive Approximation A/D operation
Approximation
Generator | | e e e oo
Full I T T = Input
—= D
Control one Range
Vin=| Sample/ ——= ﬁ Go
Hold
B7=1 B6=0 B5=1 B4=0 B3=1 ..

Medium Speed: Conversion Time is bounded by word width




15.17 AD 670

15.18 Control Logic for AD 670

OConversion time 10 microseconds
OlInternal voltage reference
OMultiple input ranges

OTwo output formats

— 1
RW Ti — Status
CS —
— 15
CE E
FORMAT 7
BPO/UPO —
AD670
16] —— B7(MSB)
g |
g 18] Output
=
9] — BO(LSB)

BPQ' UPO  For mat I nput Range Qut put
0 0 Uni pol ar Bi nary
1 0 Bi pol ar Bi nary
0 1 Uni pol ar 2’ s Conpl enent
1 1 Bi pol ar 2' s Conpl enment
BPO/UPO

Format %

To Control
es = T o |- Loge
ICE: ’—:YL>O—D7 Output Tri-
RIW State Enable
_% Master Reset

Status o<} Low Dur?ng
Conversion

15.19 AD 670 Can Handle Multiple Input Ranges

15.20 Timing for AD670

OHigh Input Voltage Range
OStrap Pins 17 and 18 to GND.

OLow Input Voltage Range
OStrap Pins 16 to 17 and 18 to 19.

Input: Instrumentation High Input Voltage

Amplifier: strappable Connection:
Gain: 0to 2.55Vor
9k -1.28to +1.28 V
16
1k
17
9k
18 1K v m Low Input Voltage
9k - Connection:
19 K } 0to 255 mV or

\A m -128 to +128 mV

Single Conversion Cycle: Short W valid

Control bits are /CE, /CS andENv Hold R/W low. Must wait for last to finish.
For most uses, tie /CE, /CS to GND Need to control these if connected to a bus!

HINT - Itis often a good idea to
— |=>300nS read the result of the last conversion
rRW [ and compute on it while waiting

9‘ F; ~700 nS for this conversion to finish.
Status F ~10u'S \
v Data
Valid

Data
Data Valid ~ 250 ns—> =

Conversion initiated by R/W LOW pulse

R/W
Status
Data

~700§{ ~— — }io,us Data >

Valid




15.21 A/D, D/A and Aliasing Demo

15.22 Control and Digital Section

Anti-Aliasi Sw4 +5 +5 +5
nti-Aliasing - 8 .
Demo Input } AD DIA | Audio |
Converter Converter Out P ABCDCL P ABCDCL
4T '163 RCO T '163 RCO
SW3
1.8432 MHz L QQQQ LDp- | QQQQ LD
| Oscillator Rate Sd.
Control ;j (7200 Hz
2 345 6 789 i or 15,400 Hz)
20v8
1
— 15 16
A/D DI/IA
Hiah Level Swi Control Control
igh Leve
Audio In € Anti-Aliasing 9 Analog
18 CE Output
; Analog In —— R/W
sw2 Fer B e — B N
17] Amp  BPO/UPO +5
Elﬁ Ve L —
Mic Low-Level 14| AD670 Data 8 n 1
In Mic Amp A/D, D/A and Anti-Aliasing CE 81 81 Dig Gnd
Demo 12/26/96 J.L. Kirtley Jr 12]CS AnGnd 7
FORMAT
status |2 —
Control and Digital Section 12/26/96 JLK

15.23 Analog: Gain and Anti-Aliasing

Microphone
Input

High Level

2 uF
I¢

Sw1

Input

[N

Analog Section

12/26/96 JLK

SW3
| Analog To
swa4| A/D Input
Anti—Aliasing
Demo Input




