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The Real World

Data

Converter

Wireless
Connectivity

Power Embedded
Management Processing

Clocks & :

Temperature
Pressure
Position

Speed
Flow

Humidity
Sound

Light
Identification Data
Converter
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HOW EMBEDDED PROCESSING WORKS

Gather = —

Information i —
from the — oac A
real world...

..control
the real
world
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DID YOU KNOW?

You can write a 512-byte
block of FRAM

8.2 BILLION
B TsRoments times — equal to the size of
content on Wikipedia

@ I & 0 ©

80% of the world’s wireless

traffic is powered by TI

digital signal processors

ATl C6000 DSP is used in equipment that

measures the curvature of the smile on the goldfish cracker

70M cars use TlI’s
automotive processors

Field trial with C2000™
InstaSPIN™ technology for air

and humidity control induction
motors, achieved an 80%
reduction in electricity costs

TI's solutions for smart meters
are used to prevent
theft of electricity that
was previously as much
as 50% of all electricity
generated by utilities in

some countries
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TI EMBEDDED PROCESSING

First integrated sensor controller
extends coin cell battery life for
multiple years

Wireless
Connectivity

SimpleLink™ ultra-low power
platform

>20% power savings with
FRAM MCUs

8\\!

Ex.i

MSP430FRx
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=

Support for multiple industrial
protocols reduces BOM by 40%

=

Sitara™ AM335x / AM437x

Processors

Tl Information — Selective Disclosure

First Internet-on-a-chip™ to
securely connect to the
cloud in minutes

SimpleLink Wi-Fi platform

First complete on-chip motor and
motion control software solution

InstaSPIN™ technology

First integrated digital radio front
end on a small cell processor

66AK2L0X

INNOVATIONS

First integrated single-chip Wi-Fi,
Bluetooth and GNSS connectivity
for automotive infotainment

WiLink™ 8Q

85% reduction of processing latency
on real-time control algorithms

F28x7x

First automotive package-
on-package miniaturizes
ADAS module

W3 TEXAS INSTRUMENTS
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What 1s MSP?

The 16-bit Ultra-Low Power MCU Family

extensive portfolio, low cost
Lotions

+$4.30 hardware tool_with free
Code Composer studio™ IDE

Slashing power with MSP430™ MCUs with FRAM

s Cuts the industry’s lowest active power consumption in half for
wireless sensors, data logging, energy harvesting and more!

% FRAM s 100 X faster than Flash microcontrollers when writing to
memory

W3 TEXAS INSTRUMENTS



MSP430-Enabled Applications

Utility Metering

Electricity Meters

Gas Meters

Flow Meters

Smart Meters
_

Wireless
Applications

Remote Sensors
Communication ((aQ
/

Controllers
RFID

\ —

Consumer
Electronic

Portable
Electronics
Remote Controls

Personal Care

MSP430

Ultra-LLow Power MICUs

7P TEXxXAS
INSTRUMENTS

Thousands of applications are
enabled by MSP430 MCUs

Differentiation is possible with MSP430
MCU’s Ultra-Low Power performance, high
analog & digital peripheral integration, and

easy-to-use tool chain.

Energy Harvesting

Renewable Energy
Battery-less devices

Solar, thermal, t
)

vibration, etc

i

Blood Glucose

Meters N
Thermometers
Heart-Rate Monitors %/.

\Umplantable Devices _

Sensors/& Security

Smoke Detector
Motion Detector

Vibration %
Detector
Smart-Sensors— J
PersonallHealth&
Fitness
Sports Watches
Pedometers ‘

Calorimeters

Dive watches
\_

L3
.

J
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™ B KActiveThFE

Activel T BKIh#E

F2xx (Gen purpose, max 16MHz)

e 220uA/MHz **
FAxx (w/LCD, max 16MHz)

 200uA/MHz **
F5xx (Gen Purpose + USB, max 25MHz)

* 160uA/MHz **
MSP430FR57xx with FRAM

* 82UA/MHz **

Power

AE =T 2R * i (8]

Time
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™ B KActiveThFE
o 7P B R ThFEEE L PM

CPU 4 - - - - - - -

SMCLK (Hi-Freq peripheral clk) 4 v v - -

ACLK (Low Freq peripheral clk) 4 (4 (4 4 v

Autonomous peripherals (4 (4 (4 (4 v

RAM Retention v v 4 4 v 4

Brown Out Reset 4 4 4 4 v 4 4 4

KRBT A A A TR A IR TH] 175 99-99.9%

430K S : R RTE T RHMRIFE A F it R Ris#H

Power

Time
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A] DL R ThFE R R IR B B ActiveE . (Bl LPM3AH])

F2xx (Gen purpose, max 16MHz)

» <lus
FAxx (w/LCD, max 16MHz)

* <bus
F5xx (Gen Purpose + USB, max 25MHz)

* <BUS
w%%%ﬁﬁﬂﬂﬁﬂuﬁﬁ]

fef [8) M AR FEAR DB 2, AT
HE—DREERARGHI T

Power

Time

W3 TEXAS INSTRUMENTS



LR IARAL. .

3lic4 Hik

W3 TEXAS INSTRUMENTS



&
25
=
o
¥

MSP430 H & il

Pin oscillator F < 3UA/L
(5 P93 RO ) PinOsc) ravaw e

P S RN

0 P P R 2 o | ATD

H BT R FH 7 1284 2 MSP430G2xx2 Fl MSP430G2xx3

RO O 10uA/3%4H

LT A g f "N \

i P P I, e %prﬂﬁ ssssss ([T

Eﬁtbiﬁ?%&ﬁg MSP430 %%’ftl:i/}jilzj:% 4% |+TE=TACLK

RC . TuA/HZH
R ——

%2 A S FF 16 Mz \* MSP430

£ GPIO FlE i 2% ] ) Per ___

B MSP430 #fF¥scsy ¥ capture
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AR il BoosterPack

235 :430BOOST-SENSE1L

J

FHT LaunchPad [

2 P P el 1

B . TR N BN,

BIE— AR AR U 1/0 BEEL
MSP430G2xx2:t

B EF IR EC N T BN ATV
A TH] S HRF FL 2 A B b AR e

www.ti.com/capacitivetouch
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http://www.ti.com/capacitivetouch

- 2R L FF——www.ti.com/msp430

www.ti.com.cn
User’s Guides
Datasheets RiR430Ware!

1000+ Code Examples AL SCRFALX

_ _ http://www.deyisupport.com/
100+ Application Reportsy, sus Zis @ wens

Product Brochure

N [wiesses | 2= B
MCU Selection Tool Rl

{2 ETTI DME18x, CEAS16x30

- ERSRAES I AM329x £5|SOCHIG ) F:4% (PDF
Latest Tool Software nna = o _amue "
UCD3028#h = B itiH
- i;?g i FF BA (PDF 1.12 MB)
. . R i PR INiAIPEE UC D3 0o = B S
3rd Party Listing mrmae
’ ™ AN EREUCC 282504 IR EE A+ En
- CS000™E R EDSP o vy
S' I . E - gggggmfﬁ‘ FFiEISE % (PDF 460.76 KB)
™M o SETh: . .
| | C O n rrata ) ??ﬁ@?é";im’ ;T?sg)’::xi?g%ﬁfl{g?m%;ﬂﬁﬁ&}i
- Sitara™ =, " N . N
Integra™ DSP+ARM®  1EA BB Eﬁgﬁ?%ﬁiﬁ%g | g3
mila -
’ iﬁ}\fst F]%LEBEU T":‘CU UCD &5F=m EishsSsigng
) 20007 2428 [PEC] ¥4 43 (POF
. 296.01 KB)
. - Stellaris®

www.hpati.com N
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FilterProi5 11 Active Filter--1

-
dl FilterPro - Create New Design E‘Elg
~ | 1. Filter Type Step 1: Filter Type
Lowpass .
Please select a filter type:
» | 2. Filter Specifications
Ao 100 V/V (000 @ Lowpass
dE) .
) Hi ass
fex 1000.00 Hz anp Passband :
Rp: 1 dB ) Bandpass
= Sl s ) Bandstop / Notch
Asb: -45.00 dB ] %
) Allpass (Time Delay) z :
~ ) 3, Filter Response PN e T— ) 8
= £ 3
Bessel g5
At
Order: 5 "

Stopband

4 | 4, Filter Topologies .
Multiple Feedback ., | P

Frequency

A Lowpass filter allows low frequency signals to pass through
and attenuates those higher than the cutoff frequency.

[#] Show this wizard at startup | Mext | [ oExitWizarr.l
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FilterPro¥ 1T Active Filter--2

-
allv FilterPro - Create New Design E@g
~ | 1. Filter Type Step 2: Filter Specifications
Lowpass . L
Flease enter filter specifications:
# | 2. Filter Specifications Gain (Ao 1 VA D 4B
‘;‘;: 100 VAV (000 Passhand Frequency (f: 1000  Hz
fc 100000 He Allaj.r.'able Passband Ripple 1 dB
[ Rel:
s Lok Stopband Frequency (#): 5000 Hz
fs: 5000.00 Hz
Stopband Attenuation (Ass): -45 dB
Asb: -45.00 dB
# | 3, Filter Response
Bessel
= Cptional - Filter Order: [[] set Fixed |2
Order: 5
# | 4, Filter Topologies
Multiple Feedback
B Passband i
Ao b — \ | Passband ripple. Rp
£
£
E £ 2
Stopband
Aszb R
Show this wizard at startup ’ Back ] | Next | ’ @ exit wizard ]

Wip TEXAS INSTRUMENTS




FilterProX 11" Active Filter--3
[ aly FilterPro - Create New Design EENEER

~ | 1. Filter Type Step 3: Filter Response
B Please select a filter response:
# | 2. Filter Specifications @ Plots
.j;: 1.00 VAV (000 0_ - Bessl @ Gain (dB)
f: 100000 Hz _60_5 ; ::;:;T::? 005% 1 | © Gain (v/V)
Rp: 1 dB . - " Gaussian to & dB () Phase (deg)
fs 500000 Hz ?:_.']'20_; ,.-—“" Linzar Phase 0.5 © Phase (rad)
Asb: -45.00 dB = 4 " Gaussian to 12 dB -
? _180_5 -~ Chebyshev 1 dB . ) Group Delay (usec)

# | 3. Filter Responsze ~ Chebyshev 0.5 dB

Bessel - \
-340—

Order. 5
# | 4. Filter Topologies R L T I L B IR L
Multiple Feedback 1ed 1el le2 le3 led 1e5 lef
Frequency
ERespnnse Type EOrder END. of Stages EMax. G
@ ! Bessel 'S '3 ' 0.92 -
© !Linear Phase 0.05° |4 |2 107 |F
£ I Butterworth Eﬂ- I 2 I 1.31
i - EGausiian to 6 dB 54 52 51.32 -
[#] Show this wizard at startup ’ Back ] | Mext | ’ oExit Wizard ]
— — —_— = =
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FilterProi 11 Active Filter--4

i _ 4
dllv FilterPro - Create New Design - Elﬂlﬂ
~ ) 1. Filter Type Step 4: Filter Topology
Lowpass .
Please select a filter topology:
» | 2. Filter Specifications
e © Multiple-Feedback | 1
dE) iSingle ended) I
fo 100000 Hz2 |
@:5allen-Ke 5 OpA
Ree 1as || Ocellemkey ] vin Rl R2 pAmp
fsi 5000.00 Hz ) Multiple-Feedback A\ * +
Ash: -45.00 dB (Fully differential)
> Vout
# | 3. Filter Response plj —p— Cl1
Gaussian to & dB * MW
Order: 4 R4
# | 4. Filter Topaologies g R3
Sallen Key
Sallen-Key topology is a second-order filter topology having
non-inverting gain. It is commonly used in voltage-controlled
voltage-source (WCVS) implementations. The gain is configurable
with isolated gain resistors making this topology highly usable.
Show this wizard at startup | Back || Finish | | @ eExit Wizard |
b = F—a—y
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FilterPro¥ 11 Active Filter--5

dlv FilterPro Desktop - - Untitled =

File Edit Help

RNESE Q.

» . N
@ Schematic E Data BOM QCommenis | @Deggn Report ‘
Name: Lowpass, Sallen Key, Bessel Part: Ideal Opamp Order: 5 Number Of Stages: 3
Gain: 1V/V (0 dB) Allowable PassBand Ripple: 1 d& Passband Frequency: 1 kHz Corner Frequency Attenuation: -3 dB
Stopband Attenuation: -45 dB  Stopband Frequency: 5 kHz
@ Reset Component Tolerances - Resistors Capacitors
c2 2 N
| | ||
Ll |4
R1 R2 27 Opam R1 R2 B opam
OpAmp pAmp A pAmp
Vin - A —y + | P4 WV + Nout
Ri 9.05K 9.05K0 4.93KQ 4.93KQ
+ = -
10.56K0 2
(1 ——10nF (1 Z-1onF 3
® c1 10nF
: I
= — —
= = :
= =
- T
8 Filter Stage: 1 Filter Stage: 2 Filter Stage: 3
Passband Gain o Passband Gain Passband Gain 1 L
Cutoff Frequency 1.507 kHz Cutoff Freauency 1.561 kHz Cutoff Frequency 1761 kHz
QualityFactor (Q): Q0.5 QualityFactor 0.56 QualityFactor 0.92
FLn no — no . ® o1 é
E! =200 s
U ; e " Actual Gain (dB) E_ - E | .~ Actual Group Delay (uSec) |
3 F re——
E| ~ Actual Phase (deg) | | % 300
403 S—— 100 i
— E E =
o g £33
Z a0 B 00
= 3 Fo — @
k] E F o
0 -120- E &
E i 2 100
160 00 S ]
“““ 200 e B L I B B i e R R B 3 o= R ] N R R ] . e
lel 1e2 1e3 1let 1e5 le6 1e0 lel 1e2 1e3 led 15 leb
= Freguency (Hz) Frequency (Hz)
v:3.1.0.23446 3l Texas Instruments
TR = e o0 WP
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he=t

138 s EBOR R

iE)E\{

i

Vcc
+
V2
_T_ Vour =A(V2-v1)
Vin A /
1
153
Vcc
DIFEF IR Bh§E 77

s

1

r

55K HH 5
55K R
5K M2

% 55K B
Tty h B Bt
Tt

I R S R
M B N H
55 KIFICMRRFTPSRR
TG 55 K i N i 4521
o 55 K H %

BEEW: H#7
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— M AFEREBHHIF T BRSO
T A T — FilterPro 3.1
Spiceff &4 — TINA-T1 9.1

TINA

The Complete Electronics Lab

F| |te r Copyright 1993-2011 DesignSaft, Inc.
TINA-TI WS
Special Complermentary Bazic Edition
i '{'EXAS Diztributed by Texas Instruments
S 3.1.0 20171 by DesignSoft - Texasz [nztruments

© Copyright 19952010 Texas Instruments Incorporated. All rights reserved.

http://focus.ti.com/docs/toolsw/folders/print/filterpro.htmi /
it 4
http://focus.ti.com/docs/toolsw/folders/print/tina-ti.ntmi
i3 TExas
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http://focus.ti.com/docs/toolsw/folders/print/tina-ti.html

BRI AW R E:
3EF FilterPro & TINA-TI

I e e e e e e e e, -0
: (J:;f E / Actual Gain (dB) i [
] I [ i~ nctual Phase {deg)i | F
208, 4y 203 ) E
R1 Opﬁ.mp = 3 E 5
: - T _ap- : D
mn 935 30 Vout “E‘ i E —-80 T
NVin = E E=
5 & 60~ 2
i E 1202
]I}ﬂpF' E :
i 80— 3
E —-160
T L i e e L A I L Rl
1e1 1e2 1e3 1e4 1e5 1e6 1e7 1eB

Frequency (Hz)

2"d Order LPF with Fc = 1MHz

C2 298.4p
| ]
i

10.00 —

R1 953 R2 953 U1 OPA340 { Vout B
+ hAN A 1 %7000—
@ Vin 0 l
J: c1 lOOpI
= -20.00 —
Voffset 2.5 I N 55MHZB(JOPA34O
=000 T T T T T T T
100K py o
Frequency (Hz)
i3 TExas
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A RIS A TR R
3T FilterPro & TINA-TI

C2 Filter Stage:
| |
Elliﬂl.-!pF Fasshand Gain
R1 R2Z2 OpAmp
Vout Cutoff Frequency
045,30 935,30 .
Vin GualitvFactor
C1 100pF Filter
Circuit

1

1

485, 0734 kHz
1. BG4
Chebyshev05dB

Sallenkey

85. IIUHD

2"d Order LPF with Fc = 1MHz

C2 298.4p

| | 0.00

R2 953 U1 OPA354
A e *

C1 100pT
-

R1 953

Vin 0

2On
2

+

Voffset 2.5

il

«a | 200MHz[fJOPA354

i TOM
Frequency (Hz)
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V2

<
Z

VAl

ThFERIIE B #E /7

{

5. kHzto GHz

JEHE% .  0.1-8000 V/us
HIRAYIE35: 80to 167 dB

M PHPT: 1-1k Q

i NPH$T:  108-1012Q2, 0.2-20pF
7. 1-1000 nV/AHz

KHEE: 5 pv- 10mV

B HE: 10 fA-250nA

LA HNH] . CMRR: 50-130 dB
YR S0 4 L PSRR: 50-145 dB
ERASHT:  1pA—-10mA

N IR Vee+ to Vec-
frH Th# . 0.1-500W

RMB!
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TR E PR KR

BRHERREEE B EmAR T2 R

Vio Ig FAth
I BB E ABH TI 7= &
" (max) (max) 0 i ol et el
Bipolar il /MuV) "R (nA) fas =3 R-R, fREESSE OPA2xx
JFET L fHF (uVtomV) /NpA) == R-R, fEejgrs OPAlxx
CMOS 7 (<12V) huy) /M(pA) = R-R. BEAE, {EIh#E | OPA3xx, OPA7xx
Difet % Iuv) B /A, pA) = firia s OPA627, OPAL2x

N —
)Y °
o

OPAy2xx: Bipolar, ¥5%, i\ %, K ~S, GBW<=80MHz; OPA209, OPA211, OPA1611

OPAy1xx: FET, Difet, k&%, AT, i B B (BRI E); GBW<=20MHz; OPA140, OPA827

OPA16xy: &% H %‘f# i_ﬁﬁz OPA161y: Biploar; OPA164y, JFET; OPAL632, 4= %4y,

OPA637,0PA627: Difet, ¥5%5, 75 M EIMAC A, GBW<=80MHz;

OPAy3xx: CMOS, <=5.5V, ¥5%, Bt A, IRDh#E, PLalfh, 0=, TAMmKHE. ...
GBW<=250MHz; OPA347, OPA374, OPA333, OPA365, OPA354, OPA300

OPAy7xx: CMOQOS, <=24V; GBW<=20MHz; OPA727, OPA735

TLV/TLCxxxy: CMOS, <=16V; GBW<=10MHz; £ 5H{K kA, AN ; TLV246y, TLCO8y

* LS PRy RREEH
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JUA~ 44 Rl R

« MLBIPE N E Rail-Rail Input/Output

- A s R e ARE A
- HeanfE rIb At E R S, ander 3.3V FL S I SR AR 3V I B AT [ ?

92, EEE  Auto Zero & Zero Drift
P N) Zero Crossover

/\
<

\
/
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+Vee

i\.«‘cltage drop across R1 + VWggp of Q1

l ':ECH Vom+
v D1 . R1 ov J

R2 Note that Vo« depends
on the output load.

A e R H R 2R £ F RSB IR) I 20 — € UM E s, IR
R AN BHITI R . W A2 — 1.

MR I i S5 R AN, X E NV BV AN
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INSTRUMENTS




7R kA Tl b ey eyl

3 B N R B H 3B
UIOPA365, i N A% B IR A e+
B gL E R (B AN BE R A B,

BB IS T

INOPA335, i th 32 il AR & i fit
FL R, EANRESE iR B BNAE S
FE AL 75 1.5V

FER B PIE T

WUuA741, LM324, OP274%, iy N A%
HH 7 e FL ST R FB P AL AR 75 2 — e 1
B RE AR UEAS A A H T

Voltage

GND

5V

A OPA365: Vdd+ =5V, Vdd- = GND

> A

¥ Input Signal Output Signal
Range Range

A OPA335: Vdd+ =5V, Vdd- = GND

GND ¥ Input Signal Output Signal
Range Range
A UATAL

o VddH

80

8

©

=

Vdd-

v Input Signal Qutput Signal

Range i3 Texas  Range
INSTRUMENTS




JUAN 4 1] fige R
SRS LU UNE Gt

- HAZE, FiRE
- VosdEH T IR, Fple A 103077 Al s 2L Z IR, 3
I8 AN T I Z B B B AR o B ELAG FE ?
- SR S AE AR B R BV B N AR A s, Al RAEAE AN
FEVE I N AR ZE SR AR /NOVE L A, AT /b B 1 22 ) 75 5K 7

Rail-Rail Input/Output
Auto Zero & Zero Drift

s

Nk e B Zero Crossover

A}:\%{

13 TEXAS
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OPA333, OPA2333

Very Low Power Zero-Drift / Auto-Zero OPA

« Ultra-Low Quiescent Current: 25pA (max)
 Low Offset Voltage: 10uV (max)

« Offset Voltage Drift: 0.05uV/°C (max)
- Low Voltage Noise: 1.1 uVp,

« Bandwidth: 350kHz

« Rail-to-Rail Input and Output

« 1.8V to 5.5V Supply Voltage

« Specified Temperature Range:

. -40° Cto +125° C

« OPA333: SC70-5, SOT23-5, SO-8

. OPA2333: QFN-8, SO-8

« Battery-Powered Instruments
« Temperature Measurement

» Precision Strain Gages

« Precision Sensor Applications
« Handheld Test Equipment

Lowest Power Increases Battery Life
Low Offset and Drift Removes Need for
Calibration in Application

RRIO Increases Dynamic Range

1.8V Supply Excellent for Battery Devices
Micro SC70 Package Saves Board Space

Vs
Q

v ouTt

VW0V

Single Op Amp Bridge Ampilifier

13 TEXAS
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JUA~ 44 Tl Rk

« MLBIPENAE Rail-Rail Input/Output

. HIFZE, EIEIE Auto Zero & Zero Drift

. ExHSHE  Zero Crossover

- PATTH W 2135 S A B A EE AR S N B R R BLRE A, el e ) 5
I NSO =, N4

- AN TH E = LU R ERPE 2R Z2 vh— D KA S I, G 4E
MR EIER R H THD?

13 TEXAS
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OPA365
Zero-Crossover, RRI10O, 50MHz Single Supply Amplifier

Features Benefits

« Zero-Crossover Input Topology » Excellent signal linearity over entire input
*Excellent THD+N: 0.0006% common mode range
*Excellent CMRR: 100dB

-Rail-to-rail input/output: * RRIO maximizes input dynamic range and

Input 100mV Beyond Supply Rails enables true 2.2V single supply data
Low noise: 4.5nV/\Hz acquisition
« Speed:

» Speed and THD specs optimized for up to

*Gain bandwidth: 50MHz 250ksps unity gain buffer data acquisition

«Settling time: 300ns to 0.01%
« Low offset: 200V
« 2.2V t0 5.5V operation 220pF

Anplications

Vin=1aus O
« Single Supply Data Acquisition
* Security & Surveillance
« Handheld Test and Measurement

 Active Filters 1k Price: _
- Audio Preamplifiers & Filters — OPA365 Salley-Key Low Pass Filter
* Precision signal conditioning

i3 TExas
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G2 R MNP B A S TR R 451

Standard Two-Stage Input

—_— - - = - - - -

VSS-1.1V

®
1 2
VSS-1.5V Q — — Q
[ =]
— —i
—
=
+IN —
Q3
L]
N e E

L/—\ Second Vour

Zero-Crossover Input Stage

VSS+0.5V

VSS+0.1V
R

ul

EERAINMAGHRES |

SiHSRAE B I B IR H R

MRS . T2

R HEES, M

4 C
L g~ B2.EmV

RS

B NFREFERETRA
BE—ZsE. NHERRT

FHmERE, FHERAF |

ﬁﬁ&ﬁﬁ‘%ﬁkﬁ‘]ﬂﬂ‘ﬁ/ﬁ%ﬁ |

Secora % ooT

Stage

oV A
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N

2R AR B PN BB R R

Frequency Spectrum (16384 Point FFT)
Fs=2621440kHz Fin =10.448000 kHz

@ P 3 L D 0 00 2 i R L ) e K
m N\
: 1\

/

SNR=89.817 SINAD=86.838 SFDR=9.384 (THD(9)=-89879 ARL =84.283
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OPA365 FAZ MR Eiz 1B R ERI

Frequency Spectrum (16384 Point FFT)
Fs=2621440kHz Fin =10.448000 kHz

o

AR LGSR A 77 R = G
MM 2] — MRS K THD R bR

8

) _—
. _—

B

/

SNR=90143 SINAD=89.905 SFDR=103.068 ( THD (9)=-102.634 RL =84.288
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Bandwidth — Small Signhal Frequency Response

GBP (Gain Bandwidth Product)
 VFB Amp usable bandwidth depends on the gain configuration
« Gain * Bandwidth = GBW product
 For example
a) If an amplifier has a 1IMHz GBW product
b) It only has a bandwidth of 10KHz in a gain of 100x

100000 -

10000 -

. ACL

|
|
|
|
|
100 :
|
|
I

P GBP=1.000,000
P GBP=1,000,000

10

1 T T T I — LOG(f)
1 10 100 (1k 100k M

 Note: GBP is not quite true for current feedback amplifiers
Never use an Amplifier near GBP

13 TEXAS
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Slew Rate: Determined Large Signal Bandwidth

d’?/\ Maximum Change in Voltage

SlewRate = —
dt max Change in Time

D

Slew Rate Determines the Limit of Large Signal Bandwidth
SR
271: se Aﬂ?pﬁf&!dé’ High Slew Rate

/
a . / A [
N\ NEW/ANS,
) X N\
V.

Bandwidth =

Y V4

\_/

Slew Limited

13 TEXAS
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Bandwidth & Slew Rate

Buffer for a 10MHz Sinewave with 500mVpp Amplitude => SR needs 30V/uS

5Vpp Amplitude => SR needs 300V/uS
Bandwidth — ScvRate Pp AP
27Z-Vpp 300.00m—
S|EWRate = 27Z'Vpp . B&ﬂdWldth ‘JSDUDm—-
Evz 6 E . 500mVpp
T R2 500 ]
—ANN -300.00rm T I T I

0o 100,008 200,00k
Time (s)

VF2 3.00—
. §<1 OPAB20 & % /\ /\
B - GBW = 280MHz \/ \/
] 5Vp

SR = 240V/uS

Axis label

-3.00 T
0.00 50 00n 100 00n 150 00n

i3 TEXAS
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Types of High Speed OPA - VFB & CFB

Voltage Feedback Amplifier (VFB)
€ The error signal is modeled as a voltage
4 Both inputs are high impendence
€ Feedback is modeled as a voltage

Current Feedback Amplifier (CFB)
€ The error signal is modeled as a current

€ The positive input is high impedance, and the negative input is low
Impedance

€& Feedback is modeled as a current

13 TEXAS
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CFB With a Feedback C

R3 681

R2 681

va 5 R2681

o

VF2

s
S3001 —
o

IR

L~
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Compensate CFB with a Lager R

M

-

-

\J

J

I
10.00n

I
20.00n

I
30.00n

I
40.00n

1
50.00n
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Selecting Feedback Resistor for CFB

i L 900
RF = 470 & w
7 ‘ J"' E EDD \.
r o) \
€ . 700
m ‘ 2 \
T 5 2 600
. WLN 3 \
E 4 RE = 590 (1 -_5{ ; 500 \
# R £ 400 N
£ 3 RE=1ko T N
E g 2 300
3 S 200
i ¥cco=115V¥ E
Gain=2 s 100
ol RL=500 S
Vg=02V 0
L L0
=1
100k 1M 10M W0OM 500N o2 3 4 5 6 7 8
f= Fraquancy - He Gain (V/IV)
» Current Feedback (CFB) Amplifiers stability is dependant on feedback resistor (RF)
» As RF decreases, Bandwidth increases, but Phase-Margin (stability) decreases
» Increasing the Bandwidth can reduce distortion (increases excess open-loop gain)
7 Reducing RF (and RG) reduces overall output noise
» Optimum RF value is different for every amplifier
» Feedback Resistor value can be reduced as gain increases to maximize performance

Reducing the feedback resistor can substantially improve overall performance!
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o kW

10.

11.

Example of High Speed Layout

TOP LAYER Attributes

Signal In/Out traces are microstrip line with
70 = 509.

Terminating Resistors next to Amplifier.
Output Series Resistor next to Amp.
100pF (NPO HF) Bypass Caps next to Amp.

Larger Bypass Caps Farther Away with
Ferrite Chips for HF isolation of currents.

MULTIPLE Vias Everywhere to Allows for
Reduced Current Flow Area

Short, Fat Traces to reduce inductance
Large Solid Ground Plane — No Spokes

Side Mount SMA connectors for Smooth
Signal Flow

Rounded Signal Traces, no 90° bends

J5
GND +VS

FB1 W.l" TEXAS INSTRUMENTS .||-|F82

THS4304DGK EVM
EDGE # 645081 8

INSTRUMENTS




Example of High Speed Layout

o «.o...‘l 00 ¢ C

- M09 © © ¢
.

Layer 2: Signal GND Plane Layer 3: Power Plane
GND Plane Next To Signal Plane for Notice Cut-Out in Sensitive areas near
Continuity in Return Current Amplifier on ALL planes.

i3 TEXAS
INSTRUMENTS




Example of High Speed Layout

Bottom Layer — GND Plane

1.

2.

3.

4.

5.

Solid GND plane to minimize
inductance.

Layer-2 GND plane and
Bottom Layer form excellent
bypass capacitor with Power
Plane.

All Signals are on Top Layer
to minimize the need for

signals to flow through vias.

Again, Multiple Vias
Everywhere

Cut-Out around Amplifier to
reduce Stray Capacitance —
except when turned into
Microstrip Line

INSTRUMENTS




Example: VCA810 EVM (DEM-VCA-SO-1A)

B Nl B
00 DA o 00
X . 0°0
00 °° °
0%

(c) Mid Layer 2, Top View (Power plang)

O O

) -—

o0

o

o0 00
o mE ©

I-; :-—Iniinl" '-gog'
a : b 11

" »o® 00
[ l-l—c-){:lé-

(o)

(d) Top Layer, Top View

For VCAB82x, pls refer to DEM-VCA-SO-1B
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MDAC S2IE 5 E

« MDAC/R-2R DAC: #2ft—FrBAF B B A i H R AE 5 AH 3 ) 3 AR R B
o MLE—/NEAESTRERBORE, FIH NS R-2RAEPHM L% & F N 5 im
FH, BEL AT ] B SIS AS Vi 40 2 B B R S v L R NS S A

Res
el I MS LSB
; WVV\{)\ s VI External
¥ 'REFERENCE ) Op Amp

Vour = =|RDAC/RFB(Vw) |

nies:
e

MDAC N #BR-2R H, BH 4 2%

[ — )

Wi3 TEXAS INSTRUMENTS



MDAC S2IE 5 E

« MDAC/R-2R DAC: $Rft—FfAT = el a8 it H R A5 5 A 2R i HE AR A bk
o A —NHEEESRERBOREE, FIH AR R-2R HLFH M 2% 5 F

‘ N \ PN FHAE N 2RI
/7'51‘3 4;“ SE L;f_\“\ %QE 7 _—I:A“ D Al\ %—m }L\‘o » ) Viranl sy
S i B FH AT ] B S B AS YR 25 Bl B R v L R AN (S S s L PE RIS, 2R b
HNR

i |
|
|
|
|
|

- |
|
|
|
|
|
|
|

=
|
|
|

- |
|
|
|
|
|
|

\\\;\s
|
|

=

External
Op Amp

P

' ATTENUATED
REFERENCE

Vour = =|RDAC/RFB(Vw) |

T o L O

MDAC N #BR-2R H, BH 4 2%
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MDAC S2IE 5 E

MDAC/R-2R DAC: & t—Ful AT 2 sl A8 it B A5 5 AH 3 11 AR A b
LA BT A SR I , 8 ‘R-2R 2
fic N EA & 240 T I BOR 2SR ) 46 X FHL L P9 4% K Y R LA -

S B BE A T B S E AT 1Y A B BLUR SRV L R AN S At . CBREEE, MR
/ W2RHLH, Zk4EESE

AR 28k

External
Op Amp

P

' ATTENUATED
REFERENCE

Vour = =|RDAC/RFB(Vw) |

MDAC N #BR-2R H, BH 4 2%
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MDAC 2235 5 FE W

MDAC/R-2R DAC: $2fit—Fui A = ali A I L AT -5 AH 3 it H AR A B
B & — AN B & 247 55 O 2s, A A D) R-2R B B I 48 & A Y o
e e s —E &AL, B
J5 5 P BEL AT ] R S T A YA 4 i L I R A L A A T 0 B B BN TS — A
RAEEEFH, M%)

/‘ REBEE, HIA2R

External
Op Amp

<L

Vour = =[RDAC/RFB( V)]

MDAC N #ER-2R H, [H X &
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MDAC SEIE 5 F R,

«  MDAC/R-2R DAC: &AL—MrfAT 2 B AC I HL R AR 5 FH 316 it B AR AR B
o BENEEEJTREBOREE, FIH A SR R-2R HL M 2% 2 F Y
52 L L A ] B S B AZ T 5 B B AL L R NS S AR .

MVREFAL RN E BN :
Itotal= Vref/R

Vour = =[RDAC/RFB( V)]

MDAC N #ER-2R H, [H X &
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MDAC S2IE 5 E

« MDAC/R-2R DAC: $Rft—FfAT = el a8 it H R A5 5 A 2R i HE AR A bk
o A —NEGE Y UK, KA B X R-2R L BH K 2% K F N
S B BE A T B S E AT 1Y A B BLUR SRV L R AN S At . . . . o
’ : = ' " 337 KA BRI\ R TCA
— lotal (153, .N)
- 2.3,

-1

MVREFAL RN HLIR N -
Itotal = Vref/R

||

)

AVAVAVAVAVAN

1

§ ATTENUATED
REFERENCE

I'l{FB
External
Op Amp

|
|
|
O
|
|
|
|
|
|
|
|
|
|
|
|
|
A >
¢
A
v +
|
|

Vour = =|RDAC/RFB(Vw) |

MDAC N #BR-2R H, BH 4 2%
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MDAC S2IE 5 E

MDAC/R-2R DAC: #2ft— kAT & B3 I B TS 5 AH 3¢ 10 HR AR A e
Bt — N ELAT 38 24 4 B8 (O 5, P P S ) He s R-2R FRLBH R 2% % Y
243 L BT ] B4 S B R 8 25 B L U A L SR A A 25 . \ s
? i e ' woaE IS BAMIN AR VA

Itotal
- % (n=1,2,3,...N)

||

DACHL 7 il JT 5575 /i AL «
BRC R R

i
|
O
Veee y Code  Vout T
- |
R 4096 Reg §§ i
Res =R Rea i
|
Code | External
VOUt = VREF X : Op Amp
4096 L& ii:>”FO
Voo ¢ .
o i .
Voo Rep —T_C1 ———————————————————————————— I
Vagr O— Vegr DACT811 1 ;1 - MDAC I ¥R -2R Hi. FF 5 2%
—CO
GND lour2 N ouT
L
- — U2
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MDAC:EIIE 5 &

o FE LI HE SIS UK, BRAE — ¢ FEL S S
o 5 LRI, R B PH M2 E AR S B mlEg b, B AT S EOR

Voo v Vbp
- IN
U1 4
I — 5
Voo Reg C, Rrs Vobp
louT1
Vaer O—1 " Vrer pac7811lour! - DAC7811 VrerO—
" GND lour2 > Vour ouT?
GND
T T 5
= —LVZ R2 <
R3 -
\ O Vour
L /
- v
o 1 S T o o S T 8 2%
DTS B 2 J7 V52 S T 25

o BURTELE T B, HMEm NG = R2R+2R3 , HdR1 = ﬁi:};;
o FE: XSRS S, HARHYEEN (Vref~+Vref) xG (XL

&L
o BUR2BITENRRIEIOR, RG5O, RAE TGNl
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[F]
R

Rgriitt

] (H¥ED

5]

|
| |
R13 50 Retk RS1k  R71k  R91k RI11k '
AN R121k| |
" Rl
W | [
o - ITe) Vil =
I= = _ = -~ | 3§
O ) o S o
B\ o/ &f of G/ I -
: Vellg & J @ J @ J % J R1afim | R151 B [ 4
@ | . . . A | >§ i
I L U1 OPA3SD, = 'ﬁé
| I T -
— | |
| |
| +—
I RIN
: % B R BEIMDAC :
-
1.00~ P ' E%
VF1 [
] VEF2
500.00m -]
% 0.00-
E -
» > . A} YN
-500.00m ] R2, RBEBE; y_éﬂ_ll.xzﬁfiﬁﬁ
-1.00 .

T ! |
0.0 1 5 OOm 30 00m 45 OOm 60 00m 75.00m 90.00m
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[F]
R

Rgriitt

q (O5¥52)

VF2
| | .
Vil1 I
-+ |
I R1321m R4 1k RS 1k R7 1k RS 1k R11 1k I L ey
1 : - : R12 1k
| & & & [
I - o i - i I V30 =
: 5 o 5 S} o 3 L
5\ &/ &/ 8/ & ; F g
I » B 1 B l @ 1 % 1 R14fim | R151 2 ) {
I - . - A, vad 1| >"°—
N
| iz Up OPAZSD, \ =
| | gl
| l
N2 L
! Z M R IMDAC l
| 1
I . I2.00— ~
. - VF1
VF2
1.00—]
2
E 0.00—
N H- » z
TINA-TIH H A CH B IMDAC, 52 ©
LA 5 1 55 1007
-2.00 ' T ' | ' | ' |
0.00 20.00m 40.00m 60.00m 80.00m
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SEF N FH =451

ST afeik A UDACHL T — AN Al 4% 3 1 JEUK 28
o FEARTIR
— BORAEE1Z 1287, fedish], P NS
— M NME51KHz, 200mVpp E5%/J5
— BB R E
o RIFER
— H3E A
— MIN{ES1KHz, 200mVpp-2Vpplal &1L,
— {5 S8 EE0.5Vpp
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[
. R R R : U
Z£18V, 10|V|IHZ I V.
| : REF *
| 2R% 2R§ 23% 2R§2R§ % | +18V, 10MHz
|
' |
' Res |
: MSB LSB I
I AT I,\_I( o ,\IILI vt : External
: i ‘ J i I i ! Op Amp
| | | | |
! i i L J I l I l A - Voo Wege
B IR UR A I ' ,
I ! R : | Q + DACT811 H
: I | | I {7 | MA— R,
| I 1 1 | s,
[P [ L 12-Bit ¢ gt
R-2R DAC >

X = ——
R 4096 RFB Fowear-On A

Resel
Input Latch

Reg =R { %
SYNC Control Logic and

COde S:DLIl:I Input Shift Register 200

X _—
4096 |

GND

Vout = -V .

W3 TEXAS INSTRUMENTS
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TI FERIDAC

D = Parallel
D = Serial

16- DAC882¢

i DAC882> i
DA0881> i DAC881> § DAC881>

2 i
o |
: e
= DA0880§ DAC880> |
= :
8 14' | , E
@ DAC880> ; DAC880> ; DAC880> ;

— e e e e e — - = S g S J
1

DAC782> | DAC782> § §
12- T R -
DAC781> || 24-bit DSA608802> | 14-bitl€)S:C8803>

Dual Quad
Channels

Single
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Eﬁ ) ONIp L

A EEEE £

— 200mVpp X128 = 25.6Vpp
7 [F) i 2% RS A F B I Y FE R BORA 2 B A S BB ik

Yt o B T
OUTPUT N
ot H R BB e v TEARE |
Ta = —40°C to +85°C R, = 10kQ NVo)+2 vo-2 | BT HREE + v
R, = 6000 (V=)+3.5 (V+)-3.5 ¥ * \%

T, = —40°C to +85°C R, = 6000 (V=)+3.5 (V+)-3.5 ¥ % \%
Short-Circuit Current lsc 145 * mA
Capacitive Load Drive CiLoap See Typical Curve *

POWER SUPPLY
Specified Voltage Range Vg +5 +15 % *k \Y
Operating Voltage Range +2.9 +18 * * \%
Quiescent Current (per amplifier) la lo=0 +3.7 +3.8 * * mA
T, = —40°C to +85°C lo=0 +4.2 * mA
OUTPUT
Voltage Output Vo R, = 10kQ, Ao, = 108dB <(V=)+0.2 (V4)-0.2 D %ﬁ LA
R, = 2kQ, Ag_ = 108dB (V—)+0.35 (V+)-0.35 Wf’ Tﬁ
Short-Circuit Current Isc Source +36 mA
Sink -30 mA
Capacitive Load Drive CLoaD See Figure 20 and Figure 21
Open-Loop Output Impedance Ro f=1MHz, Io = 0 (See Figure 19) 16 Q
POWER SUPPLY
Specified Voltage Range Vs +2.25 +18 \%
Quiescent Current _
(per amplifier) lq lo = OmA 1.8 2.0 mA
Over Temperature 2.7 mA
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T R TR 2 1) 25 R

BERfFE: RFEBRE
A, OK12814%, 1

VoS

— 100mVE >

mAGEE>1%

V_x128<V, =100x128 x1%=128mV

V. <1mV

HAUEUVLL, 1R/
OFFSET VOLTAGE
Input Offset Voltage Vos 5 +75 +10 +200 uv
T, = —40°C to +85°C +100 1200 uv
vs Temperature dVe/dT 10.1 10.6 10.3 12 uvrec
vs Power Supply PSRR Vg = £2.5V to +18V +0.5 +2 * ¥* uvv
T, =-40°C to +85°C 12 * VY,
vs Time 0.2 *k uV/mo
Channel Separation (dual, quad) dc 0.2 * [AY
f = 1kHz, R_ = 5kQ 110 * dB
Input Offset Voltage Ta =25°C, Vg = 220V
. + + +
Adjustment Range 10 215 15 mv
ZIUK A VosEe K
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T R TR 2 1) 25 R

RHAEEE: GBW B35 =
— 1kHzE 5, BKk128%%, MH/NGBW > 128kHz
SEBR R A # B 10-100f5 B &=, GBW &I K T5MHz

AW . ]

THFEtE: BEE
— B K HLE25.6Vpp,1kHz
SR = 272\/ f =2x3.14x25.6vx1kHz=0.16V / us

SEBRR FH F B 10-10015 =, Rl dr i B 2Vips L b

z¢ . Vs>30V, Vos<lmV, GBW>5Mhz, SR>2V/us

A FEOPA227, OPA209, OPA211
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OPA227 X H IR Ak e 5 kG B KR = iz EL UK 2

Rf 10k
47472
s+ \/s- Vin s
T vin Ry 10K
+ +- I T
=\ 5 J—_—v- 5 @ Vin 0 224 ¢ - our
= ) \
I L T UL OPA227
1 1 1 RL 10k

Vs+ —

OPA227

o fEHVER EE£18V, fyHEE IE 16V
« Vos=75uV
« GBW=8MHz, SR=2.3V/us
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FFSLY. T KRERA

VBUS 5V

J1

=Bl

3 I TLV2372
1 MkidiE k&

n®

CH1 L &

DACS8802
FE4E A K

CH2 3

LMV842
I AL

LMV842
A B A

/TN

-oV

TPS60400
R

PF2 PF3 PB3PC4 PB2
TIVA

TPA2005 [q ‘<
D&t

S

ADC Driver

ADC

Cortex-M4 d
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R-2R Stringf¥) . H

(A)  KELVIN-VARLEY DIVIDER (B) KELVIN DIVIDER AND
("STRING DAC") R-2R LADDER NETWORK
V, _ VREF
REF A B> s - oA OUTPUT
B
A
O [#] (i Q
B« ‘—D . .
OUTPUT
A <« «D
«—
B NOTE:
MSB OF LADDER
A ON RIGHT

IF THE LADDER NETWORK
IS MONOTONIC, THE
WHOLE DAC IS
MONOTONIC

A *@
AiYan Information % TexAs INSTRUMENTS
http://www.hpati.com -




U2 TLV2372 SPICLK
.0 v ¢ I
wee .o R (0AC_
.o e o IS
[ I | [ I
External GPIO ADC : : : :
Signal  5yp . . ..
[ BN [ BN
[ BN [ I
[ I | [ B
AMP OUTA
GND
GPIO ADC C10 30pF = U3 DACS802IPW
U2 TLV2372 TO_ADC :_r 16 SPICLK /|
@ ~
C15 1nF 15 LDAC S
Eﬂ—" J2 o %v—/
R7 2K 3 -] 3
= 5 2 12 C9 10uF
RO 22K cung 3 e
' 1 : 11Cs = OND__/
v 10RS .
-l - ‘1 - 9SDIN /
L C13 30pF ¢ —
- GND

AMP OUTB
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PCB Layout

MDAC Module
Module: $-03

TR
TPA2005D1

11 & 774 TPS60400

TLV23725CH i NRITER:, % B P4 T

JEOR AN I SR B
DAC8802
LMV842

_ NEFW=)
GND2  DAC_IN - o JRUKHEIH

Tl university program [N s R aa
0 0 00000000 o o MZSHIHI
Oooo¢C 00000

fE5MiN, I8N ERFHTT T
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[
. R R R : U
Z£18V, 10|V|IHZ I V.
| : REF *
| 2R% 2R§ 23% 2R§2R§ % | +18V, 10MHz
|
' |
' Res |
: MSB LSB I
I AT I,\_I( o ,\IILI vt : External
: i ‘ J i I i ! Op Amp
| | | | |
! i i L J I l I l A - Voo Wege
B IR UR A I ' ,
I ! R : | Q + DACT811 H
: I | | I {7 | MA— R,
| I 1 1 | s,
[P [ L 12-Bit ¢ gt
R-2R DAC >

X = ——
R 4096 RFB Fowear-On A

Resel
Input Latch

Reg =R { %
SYNC Control Logic and

COde S:DLIl:I Input Shift Register 200

X _—
4096 |

GND

Vout = -V .
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F2 35 3 K Ao I,

1. 272 B VLG % 5Launchpad
KA, RAGTHEER LFR. K
)& B B AR AL

2. ZEMRETIVA. & &. MDACH
PeiEdE TR, FEER

3. ZEMDACH 3 b % ok & k4,
wE@ . @, 81224 @,
® L2 J6,

4, MAFLEBRE TR, 155 EME :
J1892, 155 amdEd1691, wE@
Fi o rAES 1V, 25HZA &,

5. I HATIVAF X, A=K & MIZA
KDAC_INAZAMP OUTA, 4w iA
@ @i, ATRE, WRK
% T,

6. w5, 20 @, @, #4#2J6,
421507,

7. ATk BRIz EDAC_ INLA
AMP OUTB, 4B ® %, #Y
R, WK T,

~ OUTA GNN]

\ ™

External
Signal f\J
AMP_OUTB

RPot '

(™

AR A BT . SR

WA KA WA B TIVAR BTt |
LB SR A $KTIVAEAT A F 4.
LB SRR A R B

................................................

GND2

,
ne)
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el DAC IN(E5 (R
22 1IDACSK027iK
yN:ERED,

A f"\ .“ “!"\ ah‘ !"\L

F

.f\’\
\w\f /'
VAN VANV

AMP_OUTA
RO 5

_I%L

NG 5 1KHz 100mV, EiZ{E 5
T&ﬁﬂ%%k S s NG B E S, TR SR E(E 54k
W A] DA AR S N A 5 0 2 TS SR P FROR 2 R s
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DAC_A JiUARH

e dn oA RN RGO i mn o szmioce op BT
' ' /16384)  IfESUH) (9 ONR-10) ' ' %

e

1000 0.234 -3.8365 16.384 16.395 0.069% 24.288 24.294 0.006
2000 0.4979 -4.08 8.192 8.194 0.029% 18.268 18.270 0.003
5000 1.0588 -3.469 3.277 3.276 0.014% 10.309 10.308 -0.001
8000 1.0582 -2.1675 2.048 2.048 0.014% 6.227 6.228 0.001
10000 1.9594 -3.2113 1.638 1.639 0.032% 4.288 4.291 0.003
15000 1.9593 -2.1403 1.092 1.092 0.010% 0.767 0.767 0.001

JBUK A% # i 268 (DB)

30.000
25.000
20.000
15.000
10.000

5.000

- 10000

T

%Lﬁw‘éﬁumu' 24288 | 18.268 | 10300 | 6.227 | 4.288
! ““;)/4\“ | ﬁ*‘ ( \rA \;;

SRIRHOUTHC CRAL: | 504 | 18270 | 10.308 | 6.228

DB)

BN ($fz: DB) — RO (P47 DB)
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3. EMDACH# 3 F T R Sk & ik, 4o

5@ .0.0.@ 106, J2:¢23,

J3#92,3, J1452,3,

4, RMAFZIHEHEEIMC, B
. ¥y & 8:%434, wAG
B o

5. T FTIVAF %, A5k EIZNE
PA OUT+, PA OUT-2L % # A id
AR GG KT .

6. Wiws, 43¢ @, @, irFTIVA
F#o AP R, FFFHRNL,

a0 e sieees i sierais = e e s UGy
s~ L - '
:'@ { AN

: =
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=40 .0mdiv

Scale

5.3V

I.0VIidiv 1M By 500MM | B3l == _/ s0.0mv S00ps/div Z00kS/s
4. 0Vidiv 1M B :S00M Run Sampile

5.3V 500us 246 acqs
Auto  March 22, 2014

Mean
6.041 7971
5.8325619
7.0130801
6.3613294

Position ©
—40 . Omdiv

Scale o

e LE
NE

1m0 B-soon - 2oopsidiv  S00kS/s
AMO B 5000 Run Sampile

168 acqs

Auto March 22, 2014

Mean
(6. a867543
6. 1666464
EXELERES]
7-5194389
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ADCEAS32K

Delta Sigma

Converter Resolution (bits)

Pipeline

10 100 1K 10 100K M 10M 100M 1G
c8nversion Rate (SPS)
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SARZIADC

« SARBIADC, BliZEWREi#iEITAADC, FKH 22 kB G R
R BRAR MR, BAERRSH, IR KE S S

Viy o SH N

Rzl

Clock

SAR and

Control Logic

—<

D/A
Converter

— MSB

LSB

Ref

|>

-
=

ata O

(@]

FS: Full Scale

»

Fs}

_k

Sul

MSB

LSB
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SARZIADC TiEFEH

V,,, o st —aN\C FS: Full Scale
- J Fs]
fS I — —
Clock — SAR and _ 1
Control Logic
— MSB S ES|
o 2
[y}
©
LSB O

< 0
D/A .—- MM
Converter MSB LSB

o BIEEINAE SHIHIS 45, ADCAN—/6LLHIADC, JHEFEdH 63
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SARZIADC TiEFEH

V,,, o st —aN\C FS: Full Scale
I v J FS
fS — —
SAR and
Clock Control Logic

< 0
D/A .—- MM
Converter MSB LSB

o REHINESHIICES N45, ADCN—/N6IIIADC, i et N63
1. TERFEHEB, ADCK NG 5 KA 2 KA R e (SIH) IR AR RRE
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SARZIADC TiEFEH

V,, o sH N FS: Full Scale
I / J Fs
fS I — p—
Clock — SAR and _ 1
Control Logic
— MSB 5 ES|
o 2
3]
©
LSB 0O
0
< D/A .—- —_—
Converter MSB LSB

o REHINESHIICES N45, ADCN—/N6IIIADC, i et N63
. TERFET B, ADCEHI NG 5 KAE 2 KA LR FF a8 (SIH) IR AR 5
2. fEHEMLINE — e TS, SARFARESEEEMEL, BIFE32

CEMNMBERE) , X8/ DARHZY, DAF:#a8%H R E 5 A
S/IHF RIS SAHELE, BN4A5 A T-32, thiisssd e, 3R
SARME SN 1ZE L, TERFBRI T BEWT, ADCHUR i H & e A 2
(MSB) N1;
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SARZIADC TiEFEH

V,, o{sm N FS: Full Scale
- J s}
fS T | o [ —
SAR and i
Clock Control Logic

: 0
D/A .—- MM
Converter MSB LSB

o BIEEINAE SHIHIS 45, ADCAN—/6LLHIADC, JHEFEdH 63

3. (B AN B B TR, SARSEMSB-1/7 B 1, A HTMSB
C&A [l E N1, SARFAfFasH WMESLPR 48 (32+32/2) , HT48 KT
45, HLEEREIHONML, FERSARF A ESHIMSB-147 M 1% N0, 1F Bt 4
F R RS, e oWkt , RN SARZ A7 A thid E T k& ~0
55
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SARZIADC T1EFE#

V,, o{sm N FS: Full Scale
- J s}
fS | IS,
Clock — SAR and

Control Logic
— MSB

ata Out
N

LSB o

: 0
D/A .—- MM
Converter MSB LSB

o REHINESHIICES N45, ADCN—/N6IIIADC, i et N63

3. {EEE AN B BT, SARSHBMSB-17 B 1, M HTMSB
228 [ E N1, SARTﬁ%ﬁEPE@@s‘?%?Ms (32+32/2) , H1T48 KT
45, LR s N, FENSAREAE 28 KIMSB-147 N 1% N0, 7E i
F R RS, e oWkt , RN SARZ A7 A thid E T k& ~0
ISR

4, MIRFHE, A LIS REHE R N: 101101,
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SARZIADC

H 25 SUDAC % 14 I IACSARTYADC

MSB| l g T T LSBT{u _T_ﬁ:f“. --|_

osg [ovc Jac ¢ [ To —+
o 0 0 L+ v} jl: l’b&'ﬁ'
B i o el 4] I j

{
Vg4

(
GND o——& —/—eo—+
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| !
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SARZIADC

r&#ﬁ
w1 1 1 oa Tasl
215C 214G 4C 20 |C G —+
?G ?D ?ﬂ ?0 l.'-‘? J; bb&g
BB\ ui P
a1 j
GND o— (| ——o .

1. MSBHLZ H Him#Vref, H RS H Hsmeih, N2 i sy
1/2Vref;

2. WS N Euik T 1/2Vref, LA A CA-ui+12Vref (iR /N T2,
BRI B e i AR L

3. TRFFMSBHIZE 5VreftliZ, ¥ F—MHEERES|Vref, EE EH A
Wrid A%, W€ 1A

4. WIRIEATE T H E AL
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SARZIADCHy N\ ZAEFY

Voo .

ANALOG ! i
INPUT Rswimen 1k Veap !
| * ® o O-"\W—e o

E c ’

! LEAKAGE —— VSAMPLE |
‘#  Con=r— A& <DELJF-!F|!EHT 2opF
OV ! i

5 ® & * L 5
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SARZIADCHy N\ ZAEFY

ANALOG | i

INPUT Rswimen 1k Veap !
5 O— O-W—e——0

E C ‘

. LEAKAGE L Csawpe

‘# ; CURRENT 2opF

OVin I . i
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=,

SARZIADCHy N\ A5 T

ANALOG | i
INPUT ! m E
| OO ;
‘% EAKAGE
! RENT !
OV ! i
i ’ i
E — Vs i
t
tre = (Rs + Rgwiren ) X Coampie V,, = (1—g (Rs*Rawmen > Comre )
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%Féﬂj‘rﬂj —,?ADC*% 3 VIN — (1_ e (RS"'RSWITC‘I:—I )*CsavpLe )

 emmsAs | 1 | 5 | 8 | 9 | 10
(Rs + Rswirch)
* CsamprLe(MSEC)

25 125 200 225 250

099.987 99.995
I Cgappre B HE 43 EE 63.2 99.3 99.966

7 5
CsampLe X5 H 57t 36.8 0.67 0.034 0.0123 0.0045
ADCFEE (H0) 1.4 7.2 11.5 13 14.43

2451

—ANRAFERT (A 1.5 8 M1 12467 ADC, - TERS B AT 28 2 MHZ 47 50 HS 1R
1A 9750ns. RSO, RAFFALE FEESAG @ m T 1200 RS s (H A SR I Xt
BRI INSKQWFE, BEty150ns, HREIAF|13bitshE B, s
1350ns (O [E]E D FRAEIT E], 750N F)RAF IR 8] s AN P8 A ORI T
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40k 1)
RA‘IN o N\l‘h
kot

112 IR SAR?

BUSY PWRD CONV Ccs

i { ' 1

IADC

Successive Approximation Register and Control Logic

1 Clock

R3y o———AN

R2y O i VWA
ZOKSEI\'ZJ

I
U
2_:[—_{;T_]iiii__;[‘27 Comparator

BUF ¢

CAP

Buffer Internal

REF O

ADS7812

f +2.5V Ref
Ak
WA :

- EXT/INT
Serial
Data  |=—= DATACLK
Out

Yy — _) —_—
e fii I8 IR B SARAIADC
c, +15V X/
22nF
MPC508A I
o—pint £10V ADST812
G2 1_4Rﬂn |5.R42kn Full Sceale Ry, BUSY
o—{In3 VY AN R2,, CONV
o—{ina R3,, DATA
oms BUF DATACLK P
o—{ne Ay
o—{InT A,
o—{ns A,

FIGURE 18. Multiplexed Data Acquisition Circuit.
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MUXOUT ADCIN
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SAR

IN[0:3] M
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IN[0:7] X

COM o

REF+ O
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Rz

ADS8331 P B &4 4 ]

k=

>

Comparator

Output o
Latch SDO
and
3-State
Drriver
-0 FSCS
Conversion [~ SCLK
and -=—C1 SOl
Control = CONVST
Logic  |=0 Eoc/INT/CDI
~=—_ ARESET
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w
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|Fj{
+

OP-AMP
DRIVER

FEIEZTIAIADC Z HI S INRC H 1%

. CINF A 2 AE A — > i A7 2 oKk I ADC ) 3 A B B2 £t 42 % 1) L faT
RINA T s 5 FICINEBIE I 15 e i TAE S nte e

BN R S5 RINCING 8] 5 20 VL C ) is 580K o9
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A IR 515 5 KRG KIS

Author: Bonnie Baker
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(LD

Vbp
A6

1 BT R

R

Two-0p amp

#1

Instrumentation Amplifier

= R
REF2925 3 G
—-W—¢ Wy
2.5V R,
Reference
= VDD

R R,

R2 Rl
LCL- \
816G Yoot —

= OPA2337

~

Wall Wart | >
N

(23

9V DC out

uLM It

78 | =

I A5
Vpp = 9V

—0

A4
DCLOCK| o
N B
DOUT | &
ADS7829 = £
CS/SHDN| <
I 4 =
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TuarF 25

o« [ERTBUK AR A FE 1 A FHAR
— R, = 400 kQ
— R, =100 kQ
— Rg =5.33kQ

« OPA2337 = HLHLJFfitH, CMOS, XUHiE Iz & ik s

« ADS7829 = 121/, SARMIA/DIEH S
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R N w0 o ~N oo
O O o (@) o (@] (e»]

Frrrr
2960

2970
Output Code of 12-bit A/D Converter

2980

2990

KFE S 1024
itl:" %E)\J—i: 44

SERRAE BALE -
6.54-bits
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— WEEFE — 32kg
— % — 109 (~11.65-bits)
— ¥ — 209 (~10.65-bits) vs 6.54-bits
— ER R RStk
IR SRR
— A& 3 B I T
— FERERIPCBAT RiAi £
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1 {H e 3a FBUR 4% B

« HiPH
— BT A I R 2 = A e 7S
— RINFAMER,  JLF-78 52 i A A
— FAEMER (F¢/N) =Vgpy = 4KTR(BW) {Vrms}

o HIAMEMEMNT, 1kQ=4nV/VHz V
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1 {H K IB F R A B =

INPUT VOLTAGE AND CURRENT NOISE
SPECTRAL DENSITY vs FREQUENCY

. )‘j&j(%% 10k 100

— OPA2337 1/f EaFs Al
6 l.le_p (f -_ 01 HZ tO 10 HZ) l;:ls\:] 1K _ /’(I// -
— OPA2335 1/f IS O Z
o RO i
1.4 uVpp (f=0.01Hzto 10 Hz) 3 huiill NSNEH / A7 Noise
%’, 100 1/f Noise \‘::: ,"{// i
§ S
L A—Wideband White Noisel
10 0.1
1 10 100 1k 10k 100k

1/ ISR B R, AR, M s ) T R 13 o RO R
KO T8 225 HH0.01-10HZz 2 [] [ g U 1 M 75 /N

=L P AR E S e RSN Sy A NS ERE I i e AUV PS
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JEHE T #2 BeE R

» SRR A% A Hl B s RE

R, = 400kQ = 40 kQ
R, = 100kQ = 10 kQ
R, =5330 Q= 533 Q

« OPA2337 = OPA2335
6 Wpp = 1.4 uVp, (f=0.01 Hz -- 10 Hz)

« ADS7829 = 12-bit, A/ID SAR Converter
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PCB tk_FHEZ% : E-Field

®DP o r =
D T I O

r

PCB Trace

dVv

| = C amps

dt W

PCB
typ 0.003mm
(typ ) Cross-Section

PCBELHIEE
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P2k PCBE 28 7] W) FE &5
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e S AR

12-bit A/D Converter Capacitor Response
0 —~
G 1M 1nf
-20 :: 100k Ceramic
- 40 G Ceramic
X -60 S 100
) 0.1pf
QO o £ 10 Ceramic
1
1k 10k 100k 1M 10M 100 1k 10k 100k 1M 10M
Frequency (Hz) Frequency (Hz)

Assume: Supply =5V + 20 mV (all white noise)
— To bring the noiseto & 1/4 LSB (+ 0.61 mV)
— PSR <-30.3dB
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DDSH] R #
32
l 16
32 _——_ 32 |Accumulator ‘ P sin
Frequency Look Up
Register [ 7 > \ z > Table 16
»|cLK . P cos

Fpac
Phase
Register
s(t)=sin(2 = ft+ 0)
1
t=n*T, and T, = -
s(nT,)=sin(2 = f n*T, + 6}=sin(2ﬂf =+ ) n=1,2,3.....

fs

Frequency Register =fis *2732

Phase Register =3 *2716
2m
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DAC5688HERHINCO

32
i
i/
l 16
. 32~ 32 Accumulator| 32 | 16 16 Lok U - P sin
requency ; ook Up
Register 7 .'-. z 7 Table 16
\M”"’/ CLK RESET - Pp-COS
16
F
oAe NCO SYNC Phase
via :
nco_sel(1:0) Register

Figure 29. Block-Diagram of the NCO

CONFIGEG %06 0x00 I ph aseoﬁset[l?:lil}
CONFIGT 0x07 0x00 phaseoffset(15:8)
CONFIGE 0x08 0x00 phaseadd(7:0)
CONFIGS 09 0x00 phaseadd(15:8)
CONFIG10 DxDA 0x00 phaseadd(23:16)
CONFIG11 0x0B 0x00 phassadd(31:24)
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Bt B DAC56885
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CLK2 a& | ! |
L 12V
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A
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fid & DAC56885LIIDDS{E =

DA[15:0]
=l data
=A*cos(w1t)

DB[15:0]
=Q data
=A*sin(w:t)

Input signal=1+j*Q

Full Mixer

&)

'Y

RC)

Real part at OUTA

_ IOUTA= lout(t)
- | = A*cos((wi+wz)t+ 8)

|OUTB= Qout(t)
= A*sin({w1+w:)t+ 6)

Imaginary part at OUTB

I
@

o L

Cos(w:t + 8) || j*Sin(w:t + 6)

NCO= Cos(wat + &) + j*Sin(wat + 6)

DAC5688

Real part at OUTA

Imaginary part at OUTB

MNotes:

Iour(t) = Iin(t) cos(2mfyco t + 6) - Qun(t) sin(2mfyco t + 6)
Qourlt) = Iin(t) sin(2mfyco t + 8) + Qin(t) cos(2mlyco t + 6)

1. Input DAC5688: DAJ15:0] =1= I (t) and DB[15:0] = Q=Q(t)
2. Output of DAC5688: I0UTA = I, (t). and IOUTB = Qgyr(t)

3. fycp is the frequency of NCO and 2mfycq =w,

4. § is the phase offset of NCO
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At B DAC56883EHLDDSIE 55

DA[15:0] Full Mixer
=A*cos(0t) @ Real part at OUTA
=A Y E ( +> . % IOUTA= lout(t)

= A*cos(wat+ 6)
When w1=0 @ W 0

en wi=

DB[15:0]
:,g*sin([)t) —@ L pACS - LOALJ*Ts;iE:;S;T(;))

Imaginary part at OUTB
Input signal=1+j*Q ;
— 4
Cos(wszt +8) || j*Sin(cwat + &)
NCO= Cos(wzt + &) +j*Sin(w:t + §)
Iout(t) = A*cos{0)cos{wzt + &) - A*sin(0)sin{w,t + &)
= A*cos(w;t + 8) DA[15:0]=I;y(t) = A*cos(0)=A constant value A
DB[15:0]= Qn(t) = A*sin{0)=0 constant value 0

Qout(t) = A*cos(0)sin{wzt + §) + A*sin{0)cos(w-t + )
= A¥sin(w;t + &)
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