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Tl Data Converter Portfolio
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Data Converter Markets & Applications




Primary Markets for High Speed Converters

p
//
Wireless Medical
Infrastructure Imaging
"
\\

Aerospace &

Defense
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History of High Speed, High Density and Low
Power Leadership

DAC56827
16b/1000M

Dual High Speed DAC

2009: DAC3282

World’s Highest SNR ADC | | World’s Fastest 16-bit ADC
2008: ADS5562 2008: ADS5485

[ World’s Smallest 16-bit

DAC3282
16b/625M

ADS5485
16b/200M

16b

ADS5562

DACS5687
16b/500M

""""""""""" World’s Fastest Multi- Y ™~~~ 77T T T T T T T T T T T A e e e e e e e e

tes World's Lowest Power _p Fastest 16-bit )
Channel 14-bit ADCs pyaasedle | 14-bit ADC over 150MSPS pual DAC
14b/250M 2010: ADS4149 : DACS5687

5005: ADS62P43 (dusl
. ua

(dual) —— oo DAC5682Z
14b/250M

ADS6445
14b/125M
World’s Fastest 14-bit ADC
'A1‘4D§15 255?40 2004: ADS5500
2007: ADS5474

) World’s Fastest 12-bit ADC|_______________
2006: ADS5463
ADS5282

12b/65M World’s Lowest Power, 2009: ADS5400
Smallest Octal ADCs
2004: ADS5272

16b/80M

Resolution
14b

ADS5474
14b/400M

ADS5400
12b/1000M

12b

ADS527 2008: ADS5282 ADS5463
12b/65M 12b/500M
| | | 1 1 1 1 1 1 1
65 80 125 170 200 250 400 500 800 1000
MSPS
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Leadership in Design Drives Product Innovation

\

First 12-Bit,
1GSPS ADC
2x the Speed of Competition

Trim adjustments simplify
interleaving and I/Q balancing

ADS5400
Fastest 12-bit ADC

1 GSPS

L} b Data Acquisition

- Defense

- Wide-band Wireless

S
\
Tl introduces 16-hit, dual-channnel,
1 GSPS DAC family DAC5682Z
Dual 16-bit, 1GSPS

Do Small
Con”? Smm X 9mm
g rory Pack
S, ey . Package
s

& . \Vireless Comms
5 - Arbitrary Waveform

Generation (AWG)

S

e
14-bit, 250 MSPS ADC

30% Power Savings ADS4149
Footprint compatible with TI's ADS6149 1 4-b|t, 25OMSPS
Only 260 mW

Fower Consumption
)

€Wireless Comms

k - Portable SDR

Highest signal-to-noise ratio
enhances image quality

_/
N

ADS5562
16-bit, BOMSPS ADC

8B4 dB SNR

- Medical Imaging
- Data Acquisition
- Portable Test
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High Speed Pipeline ADC Portfolio

Lowest Power

Highest Density

10 — 12 bit

A

ADS52xx

Lowest Power ADCs
High channel density
Small package
Serial LVDS I/F

Medical Imaging

CCD Imaging
Communications

v

A

40 to 70 MSPS

v

Low Power

High Performance

11 - 16bit

A

ADS4xxx
ADS6XxxX
ADS55xXx

High IF
High SNR

Low power
High density

Communications
Imaging
Portable Test
Defense

v

A

65 to 250 MSPS

v

Highest Speed and

Performance

12 - 16 bit

A

ADS54xx

Highest performance
Highest SNR, SFDR

Highest speed
Highest IF performance
High input impedance
Input buffer

Communications
Test and Measurement
Defense

v

A

up to 1000 MSPS

v
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Tl High Speed Converters for

Aerospace and Defense Systems

&

High Speed Test and Measurement

= Speed, Performance, Power and Density




High Speed, Wideband ADCs for :

- Radar, Signals Intelligence, Electronic Countermeasures
and Jamming

- Digitizers, Wireless Test Equipment and Spectrum and
Network Analyzers

— Highest speed 12-, 14- and 16-bit ADCs
— Wide analog input bandwidths — up to 2.1GHz
— Highest SNR, SFDR and ENOB performance available

ADS5400 — 12-bit, 1GSPS ADC

ADS54RF63 — 12-bit, 500/550MSPS ADC for high IF/RF
ADS5474 — 14-bit, 400MSPS ADC

ADS5493 — 16-bit, 130MSPS ADC with exceptional SFDR
ADS5485 — 16-bit, 200MSPS ADC

11

) Texas
Back to Section INSTRUMENTS




Bipolar Process ADCs in Production :

\

World’s Fastest ]
/] \

/

ADS5481 | ADS5482 | ADS5483 | ADS5484 | ADS5485

16b

ADS5433

ADS5423

Resolution

ADS5440 ADS5444
69 dB SNR 69 dB SNR | Iy iy [ i ARSI S

ADS5463 | ADS54RF63
12b/500M | 12b/550M

170M 200/210M 250M 400M 500M 550M 1G
CLOCK RATE 2

) Texas
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ADS5400

Fully Buffered 12-bit, 1 GSPS ADC with 2.1GHz Analog Bandwidth
fealures

12-bit resolution with 1 GSPS sample rate
High dynamic performance from DC to 4t Nyquist

+ 59 dB SNR, 75 dBc SFDR at 250MHz
+ 58 dB SNR, 70 dBc SFDR at 1000MH

On-chip inter-leaving trim adjustments

Benefits

* Highest speed 12-bit device available provides
un-matched bandwidth with high performance

* Highest SNR, SFDR and SINAD available for
greater than 200MHz bandwidth systems

z

* For gain: range 1.5-2.0Vpp, resolution 120uV + Enables multi-gigasample digitizers to

- For offset: range +/-20mV, resolution 120uV maintain 12-bit resolution and performance
* For clock phase: range +/-50ps, resolution 200fs

Tl BiCom3t™ Technology
2.2 Watt Power Dissipation

Auwlications

* Radar and Guidance Systems

» Defense Electronics Digitizers

* Test, Measurement and Instrumentation
* General Purpose High Speed Digitizers
* Wireless Communication:

Satellite Modems
Wideband I/Q receivers
Wireless back-haul

* Works well in high temperature and high
radiation environment

ADSHA00 SNA and SFOR atl 1 GSPS acroess analog input bandwidth

-
o

]

SNR (dBFS) & SFDR {dBc)
]

&

1 1008 1500 000

Fin (MHz}

) Texas
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Delivering high dynamic performance across
wide input frequencies

T RBRRRRR 3F SEgy FRRRRR §

 The ADS5400 provides 57 dB SNR with 73 dBc SFDR at a 925MHz IF

» Well-suited for wide bandwidth, under-sampling applications — as high
as 1500MHz!

. Texas
Back to Section INSTRUMENTS




ADS5485

Fully Buffered 16-bit, 200 MSPS ADC

features Beneiits

» High Performance with Fully Buffered Input * Best 200 MSPS SNR, SFDR and SINAD for

* 75.0 dBFS SNR, 90dBc SFDR — 30MHz greater receiver sensitivity

» 74.8 dBFS SNR, 85 dBc SFDR - 130MHz * Higher dynamic range for -5 to -25 dBFS inputs
» Selectable Dither for Enhanced SFDR at Lower Ain » Allows for the greatest SNR or higher SFDR
* Wide Input Swing: 3.0Vpp with smaller input swing
« Small Form: 9x9mm QFN pin Compatible to ADS5481, « Easy migration to higher/lower speed grades
ADS5482, ADS5483 and ADS5484 (80 — 200 MSPS ADCs) )

INPUT FREQUENCY
78 I T T
170 MSPS, No Dither

* 2.2 Watt Power Dissipation

T

ﬂ”ﬂliﬂﬂ’iﬂ”s . \ -wu:msps. Dither Enabled |

* Wireless Communication: L 75 &,A\

« Baseband 1/Q receivers Z 74 P

/ T
+ Software Defined Radio & 73 | 200 MSPS, No Dither 7*"‘"->\\
o i . |
Multi-carrier GSM 72 200 MSPS, Dither Enabled

* Test, Measurement and Instrumentation 71 \
* Radar and Guidance Systems -

0 50 100 150 200 250 300
fin — Input Frequency — MHz

) Texas
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Tl High Speed Converters for Medical Imaging

= Low Power, High Density and High Performance

16
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Tl for Medical Imaging:

» Low Power 8-channel ADCs for Ultrasound and MRI
— Lowest Power Consumption
— High Density — 8-channels in one 9mm x 9mm package
— 10- and 12-bit resolutions

o ADS5282 & AFE58xx

* High SNR ADCs for MRI Coil Receivers
— 16-bit Resolution with up to 84 dB SNR
— Small size — only 7mm x 7mm

« Low Power, High Speed Single and Dual ADCs for PET Detectors

 ADS4149 — Single 14-bit, 250MSPS ADC with only 265mW of power
consumption

« ADS4249 — Dual 14-bit, 250MSPS with only 260mW per channel power
consumption

INSTRUMENTS




ADS5282

Ultra-Low Power 8-Channel, 12-bit 65MSPS ADC

fealures Benefits

Lowest power: 77 mW per channel * Enables high density applications to increase
70 dBFS SNR, 85 dBc SFDR at 5SMHz IF channel count without increasing power
Programmable Features * Performance uncompromised by low power
* 1/f Noise suppression mode consumption
* 0-12 dB gain in 1dB steps « Gain and other programmable settings allow
Up to 6 dB overload recovery in once clock cycle device to be optimized to your needs
Serialized LVDS outputs with programmable current - Immediate sensing after signal overload
Pin Compatible Family: 9x9mm QFN packaging * Reduced pin and trace counts
+ ADS5281 also available in 80-pin TQFP « Easy transition to higher sample rates or lower
pin compatible to ADS5271 resolution

Aiwlications

Medical Imaging
 Ultrasound
* MRI
* PET
Industrial Imaging
Wireless Communication
* Diversity, MIMO Receivers
» Software Defined Radios
Multi-Channel Data Acquisition

=
Es
i v}

==
N
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i
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Digital Features Enhance
Performance: 1/f Noise Suppression

» Suppresses 1/f (Flicker) Noise

« Enhances narrow-band SNR for very
low IF and base band applications
— Base band communications in

Wireless Infrastructure

— Portable Test and measurement

— Ultrasound equipments with probe
frequency 2.5MHz

Noise integrated from
dc to

SNR with LF noise
suppression mode
Enabled (dBFS)

SNR with LF noise
suppression mode
Disabled (dBFS)

500KHz 89.2 83.6
1MHz 86.1 81.9
1.5MHz 84.4 80.9
2 MHz 83.3 80.0
2.5 MHz 82.2 79.5

7629 1.525 2.266 3.052
kHz MHz MHz MHz

762.9 1.525 2.266 3.052

kHz MHz MHz MHz
TExas
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VCA8500

Ultra-Low Power Variable Gain Amplifier with Low-Noise Pre-Amp

fealures

« Ultra-Low power: 63 mW per channel
* Low Noise: 0.8nV/rtHz
* Low-Noise Pre-amp (LNP)

20 dB Fixed Gain

*250mVpp Linear Input Range

» Package: 64-pin 9x9 mm QFN

SDIT——  Logic |—] (8in x 100ut )
_________ Lo ] |
Annlications
« Ultrasound LNA
e Sonar N ;OD (Ot:igdB) rzGo,AzssodB)

Benelits

» Best in class noise performance with

8-Channel,

optimal power consumption extending
performance and power savings in portable
and midrange ultrasound systems

* Low-Power: Important for portable
systems; and others due to increase in

channels/system

* Low-noise: LNA noise determines signal
detection capability for all modes

CW Switch Matrix

VCA8500

(1 of 8 channels)

Clamping
Circuit

LP
Filter,
2-
pole

:

Gain
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Complete Medical Signal Chain Solution with Low Noise
and Power in Space-Saving Package

4 VCA Input Noise vs. Power
1;

VCABEN3
N * Complete medical signal
chain with better noise
performance and a combined

power of less than 130 mW

—
b

Input Referred Noise
{nV per root Hz)

7 . . per channel at 50MSPS, less
08 s = Gty e than any competing solution
VEAze15 on the market today

=
~
®

[ ]

20 40 B0 &0 100 120 140 180 180
Power per Channel (mW)

inmnii ([ e

, _ E: Variable Gain B2 ~m Data | _ B

Available in 9 x 9 mm QFN package 2l Amplifier 2 Converters [l
VCABS00s &

Direct interface for small signal
chain footprint
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System level ultrasound

Analog signal chain Embedded processing

High-Voltage

HV Puleer High- Erc:jnt
+— MUX | Performance [iatll
. DSP
S D T8 s
3 TIR
% Switch
= TX810
P = cDC High- Mid
Analog Performance
Front End DSP
AFESRDE ¢ .[‘[f).‘ETIL;.UME NTS L
¢ FE’;?I?LJMENTS
ADS16xx Back
High-
»| CW (analog)
Beamformer oy End

” TPS(?&UM ENTS D S P

i} Texas
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UCCxx TPSxx

TPAxx

{r;; Texas J&a Texas
INSTRUMENTS INSTRUMENTS

Low Power
SoC

& Txas
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Common Interfaces

Interface

= i Texas ' Backlight
INSTRUMENTS . 9
[ Display
{, Touchscreen
m_ ¢ I:g?auuzns | ]

Memory

Interfaces &
IDE/ATA

MMC/SDIO
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AFES5808

AFE with Passive CW Mixer for Ultrasound
fEﬂIIIIES Benefits

Integrated LNA, VCA, PGA, LPF, 12/14-bit ADC Fully integrated AFE with CW for ultrasound
with LVDS output up to 65 MSPS and CW High-performing solution for low-noise optimization

doppler mixer and summing amplifier and premium image quality

= Low-noise optimization of 0.75nV/rtHz, » Eases design with CW beamforming for Doppler
149mW/ch, 65 MSPS and an ADC with 77dBFS Systems
SNR = Optimized dynamic range for optimum image quality

= Low close-in phase noise better than - = Supports a range of input amplitudes for different
155dBc/Hz at 1KHz off a 2.5 MHz carrier class of transducers

» Total Max Gain: 54 db and 0.25/0.5/1 Vpp = 25 % smaller size for ease of design, smaller system
Linear Input Range footprint and increased channel count

» 3rd order linear phase LPF with selectable
bandwidth of 10, 15, 20, and 30 MHz and 50, Ch. 1 AFES807/8 Ch.1
100, 200 or 40022 active termination My -
Package: 135-pin 15x9 mm BGA :

llﬂﬂllﬂﬂllﬂlls :

= Ultrasound .

= Sonar < G

Ch.8 Fon

5808EVM

AFESENT




AFE family roadmap

System
Channels
1024+ e
| é\vli’E5§08
_ mixer
g ﬁ""--___--"
512 —Hi """"""""""""""""""""""""""i AFE5807 """""""""""""""
CW mixer
.I""I-_____-"'
2506 |- e pie e o s dpe g a0 B B SR e ShE iR £iES B i e Tt B S B R g
128 AFE5804
64 AFE5801
AFE5851 . sampling
(' Future
32L =
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AFE with CW Mixer: Spec Comparison

Power (mW/(I)h)9 | | | |
200 [ O] (o [ — B

| = competition : : :
190 =

AFE5805 G
180 122 mWI/Ch ||| [ VIIxer | e
170 0.85 nV/rtHz —
_ 15mm ! '
160 | L e gcompetition e
150 5 = . g‘g E%"%h AFE5804
- : — _ ; 4 101 mWI/Ch
M40 e |1vi'1 nVirtHz |4 23 hy/rtHz
AFE5808 i i . competition| ! 242l i
130 | 136 mwich ' ' ' R —
120 |0.75 nVirtHz Y ..
Mixer
110 | 15mm . .
100 ; AFE5807 | .| ... _____ &)
£ 109 mW/Ch '
90 & 0.95nVirtHz| @
80 : : : . Mixer :
0.75 0.80 0.85 0.90 0.95 1.0 1.05 1.1 1.15 1.2
Noise (nV/rtHz)
Tl Information — Selective Disclosure . E&xﬁumm




Lower power & smaller size

for portable and ultra-portable systems

sl

16mm 15mm 9mm
> +— > «—>

16mm

I'."'-iluu .'-I-Il ]
Frant End

[ ]]

Mesm 16- or 8- channels,
over 50% lower power,
50% smaller size
than closest competitor

Analog

Front End

AFE5804 AFE5807 AFE5801 AFE5851
8-channel 8-channel 8-channel 16-channel
101/112mWi/ch 87mWICh 58mWi/ch 39mWi/ch
40MSPS@12bit 40MSPS@12bit 50MSPS@ 14bit 32.5MSPS@ 14bit
1.23/0.89 nV/rtHz 1.05 nV/rtHz 5.5 nV/rtHz 5.5 nV/rtHz
135-pin 135-pin 64-pin 64-pin
159 mm 15*9 mm 9*9 mm 9*9 mm

Tl Confidential — NDA Restrictions

3 TexAs
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Tl High Speed Converters for

Wireless Infrastructure

= Speed, Performance, Power and Density

28
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Multi-channel ADCs for multi-carrier 3G, 4G Receivers

- Low power consumption
- High density — quads up to 125MSPS, duals to 250MSPS
- 12- and 14-bit resolutions; 11-bit solutions with SNRBoosttm

« ADS6000 Family Overview - Single, dual and quad ADCs up to 250MSPS
« ADS62P49 — Dual, 14-bit 250MSPS ADC
« ADS6445 — Quad, 14-bit 125MSPS ADC with serial LVDS output
« ADS62P45 — Dual, 14-bit 125MSPS ADC with parallel CMOS or LVDS output
« ADS62C15 and ADS62C17 — Dual 11-bit, 125 and 200MSPS ADCs with SNRBoost™

« ADS4000 Family Overview — Low Power single and dual ADCs up to 250MSPS
« ADS4249 — Dual 14-bit, 250MSPS with only 260mW per channel power consumption
« ADS58C48 and ADS58C28 — Quad and dual, low power 11-bit, 200MSPS ADCs with
SNRBoost™

29
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Low Power CMOS ADCs

Singles, Duals and Quads

parallel parallel parallel serialized serialized
single single ual dual quad
7x7 QFN 5x5 QFN 9x9 QFN 7x7 QFN 9x9 QFN

ADS62P44
375 mW

ADS62P42
265 mW

ADS62P43
300 mW

AD36142] [AD36143] [AD36144] [AD36145

ADS62P45
420 mW

D

280 mW 310 mW 380 mW 425 mW

ADS4146
210M
ADS6425

420 mW

ADS6225
500 mW

ADS62P25

ADS6422
265 mW

ADS6424
340 mW

ADS6224
400 mW

ADS62P24
375 mW

ADS6423
300 mW
ADS6223
350 mW
ADS62P23
300 mW

Resolution

12b

ADS62P22
265 mW

ADS4128
210M

DS61B23
ADS6122 ADS6124 ADS6125
280 mwW A:P1§61 v33 [ 380 mwW [ 425 mW
m

11b

ADS62P28 I ADS62P29
210M 250M
ADS41B29
250M

PRIl ADS5560 ADS5562
o 690 mwW 890 mW

ADS6442 B ADS6443 Bl ADS6444 Bl ADS6445

265 mW 300 mW 340 mW 420 mW

ADS6242 Bl ADS6243 Bl ADS6244 Bl ADS6245 B ADS62P48 | ADS62P49
g 315 mW 350 mW 400 mW 500 mW 210M 250M
- ADS41B49

250M

ADS4149
250M

ADS4129
250M

200/210

|
40 65 80 105 125

In 6000/4000 Family
1ch = 61xx
2ch = 62xx
4ch = 64xx
Buffer = 61Bxx

Dual with Parallel
Interface
= 62Pxx
SNRBoost
= 62Cxx

MSPS

Back to Section




ADS6445

Low Power, High Performance Quad 14-bit 125MSPS ADC

fealures Benelits

* Pin Compatible Family: 64-pin 9x9 mm QFN * Reduces board space up to 50% and

package with serialized DDR LVDS Outputs trace count up to 60% vs. parallel outputs
« 73.2 dBFS SNR, 83 dBc SFDR at 50MHz IF » Best multi-channel 14-125 performance
 Internal coarse and fine gain settings * Gain and other programmable settings

* 71.9 dBFS SNR, 86 dBc SFDR at 50MHz IF  allow device to be optimized to your needs
« 70 dBFS SNR, 80 dBc SFDR at 170MHz IF

28 g[8
|[F I |

‘ =
w:j}i i I - -
) o T
= ‘“::H} </T— —— _[:E: :::: ‘””””ﬂ’lﬂﬂs
T N = « Wireless Communication:
=< s B or e - Multi-channel Receivers
AR ()'f[_ e e - Portable Test Instrumentation
D= = e - High-End Video Equipment
=< = s | S « Medical Imaging
[ S e - Ultrasound, MRI, PET
e + Radar and Guidance Systems

31
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The Serialized LVDS Advantage

* Reduces number of traces by >60% compared to CMOS output solutions

« Eases design: less routing, smaller boards, improves manufacturability

32

) Texas
Back to Section INSTRUMENTS




Digital Processing Features

« Offset Correction

* Fine Gain Correction, in Steps of 0.05 dB

* Decimation by 2/4/8

* Built-in and Custom Programmable 24-Tap Low/High /Band Pass Filters

DETAILS OF DIGITAL PROCESSING BLOCK

| I Py 1 . o | CUPPER — : |
From 14 Bits 14 Bits 14 Bits 14 Bits, 14 Bits
ADC | _>|+ D&X %@7 | | To output buffers
Output | \,__/I _,j Ay | !

: | | Lvos or cmos
| I >
24 TAP FILTER |

—_——— —_— - - - ¥ ¥ ¥ ¥ - - - - - - - ¥ - - - - - - - . _— - —_— ._— ——a

|
|
! N B |
| N L |
I N L | |
| | :' : ' : !
| | FineGain | Gein Gosection | - LOW PASS DECIMATION |
I Ly oo[géosasf l | (00548 Steps) | - HIGH PASS BY 208 | , 14Bits
| ps) | !
I I I | | - BAND PASS _ | |
| L (N ! | |
| | | | |
| | | |
I L (N ' | |
| | oFFseT | | 0 : | : | : | | |
| Esgll_néﬁglion Disable | | | | | | Filter Select Bypess | |
| I Offset | | | Filt |
| on 1 I | ier |
| ? Correction | | | | Bypass |
| | || | l | | Decimation |
| | Freeze Offset OFFSET |} | } GAIN | | DIGITAL ll
I Correction CORRECTION [ |_F INE GAIN | EDRRECT|0N| LF ILTER and DECIMATION |

B0283-01

) Texas
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ADS4149

14-bit, 250MSPS ADC with only 255mW of power consumption

fealures

* Lowest power consumption available by 30%

* 262mW in half-swing LVDS mode at 250MSPS
« 200mW in half-swing LVDS mode at 160MSPS

» High performance 14-bit ADC core

Benelits

» Enables extended battery life, smaller battery
sizes and higher density in portable applications
+ Highest SNR and SINAD for any 250MSPS ADC

- 72.8 dBFS SNR and 86 dBc SFDR at 100MHz IF consuming less than 400mW of power
« 71.5 dBFS SNR and 84 dBc SFDR at 170MHz IF * Gain and other programmable settings allow

* 6 dB gain in 1 dB steps for SNR/SFDR trade-off

« 7X7mm, 48-pin QFN package footprint compatible to

the ADS6149 family
» Selectable DDR LVDS or CMOS outputs
* 1.8V AVdd and DVdd supplies

device to be optimized to your needs

* Provides simple pathway for reduced power
consumption on current ADS61xx designs
 Flexibility of reduced I/O speed or pin-count

lﬂﬂliﬂﬂ’iﬂlls TI’s ADS4149 vs. Al_ternative 14-Bit ADC
Power Consumption vs. Sample Rate

- Software defined radios " —
- Portable man-pack receivers m.—-"'——'__== | |
* High density, multi-mode receivers = 2 =

* Portable test and measurement equipment -E—- g Em—T

* Wireless communication: % :— ADS4149 |
« DPD feedback loops S 00 ?—m“:';;;am-- |
» Wideband digital repeaters T

* General purpose portable and high density, ?ﬁn— 1}3 1;0 z;u za\Tu 251“

high speed digitizers
Sample Rate (MSPS)

Back to Section

TExas
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Power and performance: ADS4149 vs.
competition

TP’s ADS4149 vs. Alternative 14-Bit ADC
w00 Power Consumption vs. Sample Rate
g™ -
E |
w= 200 m——
g | | m— ADS4149 .
o 100, | = Alternative 14-Bit,
5 N 250 MSPS ADC
2;0 ﬁr'u 130 z;u 23111 2510
Sampe Rate (MSPS) ADS4149 vs. Alternative 14-Bit ADC
b SNR vs. Input Frequency
73| | — ADS4149
| Alternative 14-8it,
@ | 250 MSPS ADC
g T
-,
=
=
[ 751

| i i i | i |
0 50 100 150 20 250 300
Input Frequency (MHz)
Texas
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ADS4000 Family Power Across Sample Rate

ADS41xx and ADS42xx Family
Power Consumption vs. Sample Rate

600.0 ‘ ‘

550.0 ADS41xx LVDS (350mV) ADS42xx LVDS (350mV)

500.0 e==ADS41xx LVDS (200mV) e=wADS42xx LVDS (200mV)

450.0 w==ADS41Xx CMOS (8pF) ===ADS42xx CMOS (8pF)

/
- —
—

2500 / /
200.0

1000 | /
50.0 /

0.0

Total Power Consumption (mW)

0.0 50.0 100.0 150.0 200.0 250.0

Sample Rate (MSPS)

) Texas
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ADS4xxx/58xx Family

Buffered
Single

Sl

Resolution

Single 262mW

In 4000/58xx Family

1ch = 41xx
2ch = 42xx

Buffer = xxBxx

ADS4222
Dual 161mW

ADS4225

Dual 255mW

ADS4226

Dual 381mW

g

11b

65MSPS

125MSPS

160MSPS

ADS4142 ADS4145 ADS4146
Single 95mW Single 141mW Single 200mW
14b ADS4249
ADS4242 ADS4245 ADS4246 Dual 510mW
Dual 161mW Dual 255mW Dual 381mW
ADS41B49
Single 350mW w/Buf
ADS4129
Single 262mW
ADS4122 ADS4125 ADS4126
Single 95mW Single 141mW Single 200mW ADS4229
12b - - —

ADS41B29
Single 350mW w/Buf

0 0

=
Released% AE%?}’.%E‘Z" t]
une 201 Qua 00S

X ADS58C28
Dual SNRBoost

ADS58B138
Single 360mW w/Buf

200MSPS

ADS58B19
Single 387mW w/Buf

250MSPS

Clock Rate

SNRBoost = 58Cxx

37
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ADS4142

14-bit, 65 MSPS ADC with only 95mW of power consumption
features benelits

« Lowest power consumption available at 65MSPS  Enables extended battery life, smaller battery

* 95mW total in CMOS mode (6.2 pF load) sizes and higher density in portable applications
* 124mW total in LVDS mode (200mV swing) « High SNR, SFDR and SINAD offers 14-bit
* High performance 14-bit ADC core performance for under 100mW of power

» 72.0 dBFS SNR and 89 dBc SFDR at 50MHz IF
* 69.0 dBFS SNR and 78 dBc SFDR at 1770MHz IF
* 6 dB gain in 1 dB steps for SNR/SFDR trade-off
« 7X7mm, 48-pin QFN package footprint compatible to

« Gain and other programmable settings allow
device to be optimized to your needs
* Provides simple pathway for reduced power

the ADS6149 family consumption on current ADS61xx designs
- Selectable DDR LVDS or CMOS outputs * Flexibility of reduced I/O speed or pin-count

Power Consumption vs. Sample Rate

600.0 ‘ ‘

Aonlications = j e s

. . % 500.0 e==ADS41xx LVDS (200mV) ===ADS42xx LVDS (200mV) : |
* SOftware deflned radlos 4500 1= wADS41xx CMOS (8pF]  ===ADS42xx CMOS (8pF) —
* Portable man-pack receivers 2 w000 _—

‘E. _— -
* High density, multi-mode receivers § %00 / /
* Portable test and measurement equipment § ol - /’
« Wireless communication: g _— —— /7’4
2 00 . . / |
* DPD feedback loops @ - /// //-"
» Wideband digital repeaters B 1000 __—f//

* General purpose portable and high density, o0 =
high speed digitizers 0o

0.0 50.0 100.0 150.0 200.0 250.0

Sample Rate (MSPS)

) Texas
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ADCs for multi-carrier GSM receivers

- 16-bit resolution with up to 100 dBc SFDR
- Small package and minimal 1/O

« ADS5493 — 16-bit, 130MSPS ADC with 100dBc SFDR with 100MHz input
frequency

) Texas
Back to Section INSTRUMENTS




ADS5493

16-bit, 130MSPS ADC with highest available SFDR in 2" Nyquist

fealures

* 105dBc typ SFDR at 30MHz IF, 93dBc
guaranteed

Highest typical and guaranteed SFDR at 130MSPS

Benelits

» Guaranteed dynamic range to meet full multi-
carrier GSM cellular receiver requirements
* Enables use in multi-carrier 3G and 4G receivers

« 100dBc typ SFDR at 100MHz, 91dBc guaranteed * Eliminates kick-back and makes for flat

+ 95dBc typ SFDR at 170MHz
76 dBFS SNR across first two Nyquist zones

1.5-2.5 Vpp programmable input range
« 7x7mm, 48-pin QFN package with QDR LVDS
interface requiring only 4 data pairs

Buffered, high impedance differential analog input

impedance matching, easing AFE drive circuit
design (THS7700)

« Allows for full-scale ADC outputs when used
with reduced input differential

* Smallest 16-bit, 130MSPS ADC with halved I/O
count reduces board and FPGA/ASIC costs

* 1.8W power consumption CLKINP

Applicalions

* Multi-mode, multi-standard wireless

infrastructure, including MC-GSM AINP

* Test and measurement instrumentation
AINN

» Software defined radios

Buffer

\// V

A

r

* Radar i

« Signals intelligence and jamming SCLK

- General purpose high speed digitizers persige
In Design, Samples Available, Bapi

v "

EVMs Available, RTP 2H 2010

PLL
y
1681t ADC P > FRAMEP
(Four-Stage Pipeling) - FRAMEN
- CLKOUTP
4-b||5-b 5b S 4>| >
: BfBilss Over-Range, - CLKOUTN
g Parity, 4
4-Bit Serializer - D[3:0]P
- D[3:0]N
Refarence —- STATUSP
- STATUSN

Control

Eady Over-Range Indicator
(From 4-Bit First Stage)

d—l Temperalure Sensor I

) Texas
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THS7700 Diff. Amp. Driving the ADS5493:
75.6 dB SNR, 96.7 dB SFDR at 100MHz IF

Channel & - " Rectangular

Codes |
Codes |
32774.21 Codes
32774.21 Codes |

10030 e
-L04 dBF5

e
e
e
e
e

' poiﬁts |
| MSPS

Back to Section




THS770006/12
High-Speed, Fully Differential ADC Driver Amplifier

-80 +—

v

IMD; (dBc)

-90

v //
AT

50

Supports:

75 100 125 150 175 200
Frequency (MHz)

High-speed, fully differential
16-bit ADC driver amplifiers

Full-scale (3Vpp) IMD3 performance

High-Speed
Amplifier
THSTTO006/12

*& Tixas
IMSTRUMENTS

TeEXAS INSTRUMENTS

» Wireless Communications

» Radar and Guidance Systems
» Test, Measurement, and Instrumentation

* Low distortion (-107dBc IMD3),

high linearity (48dBm OIP3), and
2.4GHz BW provide best in class
performance enabling dynamic
range required for driving 14- and
16-bit ADCs up to 200 MHz

7.5ns overdrive recovery improves
signal integrity by minimizing
impact of jammers and blockers

« 100mA quiescent current

consumes 44% less power
compared to RF amplifier
implementations

INSTRUMENTS




PGA870

Fully differential 14/16-bit ADC Driver with Digital Variable Gain Amplifier

features Benefits

* Wideband: 650MHz -3dB Bandwidth (at all gains) » Wideband operation is required for high speed
* Low Impedance, Voltage-Mode Output data acquisition systems which have fast signal
- High Linearity: OIP3 = 47dBm at 100MHz trf‘”s't'onz - , o o

. HD2: —93dBc at 100MHz * Improved gain flatness in pass band an

eliminates the need for output inductors

*  HD3:-88dBc at 100MHz * High linearity and low distortion are ideal for

* IMD3: -99dBc at f1=90MHz, f2=100MHz multi-mode, multi-carrier wireless applications
* Wide Adjustable Gain range: -11.5dB to +20dB
* 6 bit gain control via parallel Interface * Required to accommodate varying signal levels
* Fast gain switching time: 3ns « 2x faster gain control switching makes this an
*  Latched & unlatched modes ideal part for fast gain control loop applications
e Setup & hold time: 0.5ns - 1ns i.e. 3G/4G radios.
*  0.5dB resolution control » Power-down mode helps to reduce overall
+  Gain may be set in active or power-down states power dissipation, eg. TDD receiver architecture

*  0.2dB Absolute Gain Error Step Accuracy
* Power-down drops quiescent current to 2mA

* Supply Range +4.75 to 5.25V

Amnlications PR

J_ reference
* Programmable gain IF amplifier . I ’ ’
« CDMA/WCDMA base station receivers — P P |
- Fully Differential 12/14/16-bit ADC driver " e oS L % % %{ADC
« High IF sampling receivers S |
» Wideband multichannel receivers £10
* Test and Measurement H T I
 High Speed Digitizer Cards E
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ADC for Digital Pre-Distortion

- High speeds for wide feedback bandwidth — up to 500MSPS
- Buffered inputs for simplified AFE impedance matching
- 9-, 11-, 12- and 14-bit resolutions

ADS4000 Family Overview - Single, dual and quad ADCs up to 250MSPS
ADS4149 — Single 14-bit, 250MSPS ADC with only 265mW of power consumption
« ADS41B49 — Single 14-bit, 250MSPS ADC with buffered analog input and 345mW of power consumption
« ADS58B18 — Single 11-bit, 200MSPS ADC with buffered analog input and SNRBoost™

ADS6149 - Single 14-bit, 250MSPS ADC
ADS61B49 — Single 14-bit, 250MSPS ADC with buffered analog input
ADS5474 - Single 14-bit, 400MSPS ADC
ADS5463 — Single 12-bit, 500MSPS ADC
ADS54RF63 — Single 12-bit, 500/550MSPS ADC with high SFDR at IFs over 500MHz

) Texas
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ADS61B49

Low Power, High Performance 14-bit 250MSPS ADC With Buffered Input

features

Fully Buffered Analog Input

Benelits

* Flatter input response for wide bandwidth

* Pin Compatible Family: 48-pin 7x7 mm QFN package input signals

with selectable LVDS or CMOS outputs

» Selectable outputs gives option for best

» 72.0 dBFS SNR, 85 dBc SFDR at 100MHz IF performance or lowest power

* Internal gain settings: 1-6 dB in 1 dB steps + Best 250 MSPS performance available
« 70.1 dBFS SNR, 87 dBc SFDR at 100MHz IF » Gain and other programmable settings allow
* 67.5 dBFS SNR, 87 dBc SFDR at 200MHz IF device to be optimized to your needs

* Low power dissipation: 790 mW (LVDS output) * Low power enhances battery life and reduces

Avwlications

Wireless Communication:

- Digital Pre-Distortion

- MC-GSM

Portable Test Instrumentation
Radar and Guidance Systems
High Speed Digitizers

thermal effects

Analog
Buffer
i |
| |
| |
w1
| | Sample
| | and 14-Bit ADC =
| | Hold
INM } |
| |
| |

) Texas
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High Speed D/A converter portfolio

8 — 14-bit

Straight DACs

DAC900
DAC5675A

Input data = DAC sample rate
Low power DAC
High bandwidth
CMOS parallel I/F

Communications
AWG
T&M

30 — 275 MSPS

14 - 16-bit

Wideband DACs

DAC5681

Input data = DAC sample rate
Highest / widest bandwidth
High IF
LVDS I/0

Communications
T&M
* Defense and Aerospace

400 - 1000 MSPS

14 — 16-bit

Full-Featured DACs

DAC568xZ
DAC32xx
DAC5688

On chip data interpolation
Low data rate @ high Fs
Internal digital mixing
Quadrature Modulation Correction

Communications
T&M
* Defense and Aerospace

500 — 1000 MSPS

INSTRUMENTS




DACS5688/89

16-bit, B00MSPS, 2x, 4x, 8x Interpolation Dual DAC
Features Benelits

 Dual, 16-Bit, 250 MSPS CMOS Input Data » 2x-8x interpolation with 32-bit NCO provides
- Selectable 2x, 4x and 8x Interpolation Filters simple data input and fine output frequency
« Complex Mixer with 32-bit NCO placement

- Integrated 2x-32x PLL Clock Multiplier (88 only) * Digital Inverse.SINC filter compensates for
- Digital Inverse SINC Filter natural DAC Sin (X)/X frequency roll-off

- Digital Quadrature Modulator Correction (QMC) * QfI;IICtatIIows ‘?pt_imiZ?;iOI: Ozph‘flset,_ gaifn a:;g
. 81 dBc ACLR WCDMA TM1 at 70 MHz offset to maximize sideband rejection for

) modulation
* Small Package: 9x9mm 64_?‘“ QFN » High performance with excellent ACLR meets

requirements for 3G and emerging 4G standards
| Shilds

i
";" CLK2 —>|— ‘ I
[ - ! CLKZC ‘O nternal oC eneration an 1.2v EXTIO
lﬂﬂllﬂﬂllﬂﬂs } cd CLKO_CLK1 l S IZtX-SZI)?FI’LLkC?IDGk Mtultiplie(r’ 2-8x Fdata Reference BxTLo
—N&onoonndnnonnndd? LOCK CLKIC _T_O A LOCK i I —| BIASJ
« Wireless Communications I
Infrastructure FIR1 FIR2 FIR3 _
£.. IOUTA1
- Software Defined Radio osaile e A\ et A\ e A i o
. . . . Q x i fox ; 3393
« Power Amplifier Linearization L§ | 4 2x-Sxineoiaton ——» 052
atb 67 taps 19 taps 11 taps %‘gﬁ
b 802.16dle . N - E:j\ ? E:):T\Q i.;):T\ ] Egn' 1OUTB1
 Test and Measurement : P i = louTE2
Instrumentation
RESETB |— ‘ SIF Control

AVDD

« Radar Systems T T

SNIN_SNN_enene ari k 1OVDD GNN

| Updated: 2-Oct-07 |




DACS5682Z2

16-Bit, 1GSPS Dual Interpolating DAC with DDR LVDS Input

» 16-bits, 1GSPS with 1GSPS DDR LVDS data bus « Enables up to 400Mhz of transmit bandwidth
* High performance for wide-band signals » Allows for eased filter designs and wide
* 69 dBc SNR, 77 dBc SFDR at 20MHz bandwidths without compromising performance

* 60 dBc SNR, 73 dBc ACLR at 180MHz (W-CDMA) -+ Smallest 1GSPS DAC footprint
* Available in 9x9mm, 64-pin QFN package

* Minimizes thermal effects in highly confided
* Low power dissipation: 1255 mW (full data rate, 2X  systems while reducing power budget

interpolation)

Tl introduces 16-bit, dual-channnel,

Aunlications 1 GSPS DAC family.
* Wireless Communication:
- Digital Pre-Distortion 2, Small
Mg GSM ﬂaz"? 9mm x 9mm
) ) ey, ery, Packa
. . . ) (=78 ’ ge _
- Direct to IF & Software Defined Radios ‘. y b, s
« Portable Test Instrumentation A .
- Radar and Guidance Systems e,
» High Speed Arbitrary Waveform
Generators

stomer E
TSWi100 + DACSS82T

Y == )
Wi TexAS INSTRUMENTS




Example Direct Conversion Block Diagram

(TSW3082/DAC5682ZEVM)

INSTRUMENTS

FPGA /| ASIC DAC5682Z DAC TRF3703 AQM
—l_l-l: ‘?I‘./ I-Signal Antenna
SERDESH > [b1s x
@ s |10ceps| ¢ g % = DAC Term LPF \ ><
® ol e | (DDR) . g1l= | L | T =3 .
S s HEERosH ST @ | sv Q-Signal 2 g
<3| |98 2 rZ]1P(=][° T ["1s
'_ - ™ — —
2 195 ¢ HEEesH > fvwe a5 LH 5 HLH DAC Term P\ X omx | L=
a =
K 1.0 GHz < 11 Feedback
—|SERDES|—| > DCLKi':::D_ DLL Control T ot 90917 TgRt,l:
T 500 MHz / -I\: P'I"' a
4x Clock Toggling ololal<lal ala
N Multiplier Data Bit 2 3 E 6' E 5 5 Toop ~ 2.1 GHz
= @]\ 8| a@l o|5| |Fiter TRF3761-X PLL/IVCO
32 DAC5682Z o |
S Control EH __ A
250 MHz —<— Freq/Phase Locked == 4 0 GHz — N — VCO VCTRL_IN
1S z L M
DLL 5 Term REF Divider (g —ILOO
2 CDCM7005 0sc A Fiter
PFD Charge
/ ece |/ 1 REF_IN R- 1 Pum ————
.4 2 L _Q.L ° u—D— o p CPOUT
Clock Divider / Synth Toop
Distribution »_Filter | Status & Control |
VCXO_STATUS | | o I
REF_STATUS Control 5 ,‘E E E % u"_,
© g '(3 ﬂ-l l:n| n|
CDCM7005 PLL_LOCK 3 2 3
Control = Bl 4[| 5| 1000 MHz o el g
o g|(ofw '
al |8
o
3V 5V
74LVC8T
TRF3761-X ‘245RHL
Control Level
Translator |
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DAC3283

Dual 16-bit, S00MSPS Communications DAC

fealures

* 7 mm x 7 mm, 48-pin QFN package
+ Smallest Dual 16-bit dual DAC at 800MSPS

Benelits

* Provides up to 80% board space savings for
each transmitter chain

° Single 8-byte wide interleaved DDR LVDS input bus ., Reduced I/0O count saves COStIy FPGA pins
* High performance 16-bit DACs for 1/Q transmitters

* 95 dBc IMD, -162 dBc/Hz NSD at 10MHz IF

e 77 dBc IMD, -155 dBc/Hz NSD at 150MHz IF

« 80 dBc adj., 82 dBc alt. ACPR at 153MHz IF
» 2x/4x interpolation with phase, gain and offset

QMC correction
* Fs/2 and Fs/4 coarse mixer

* Designed to meet 3G, 4G and MC-GSM
transmission requirements in high Fout designs

* Reduced I/O data rate while enhancing
performance when driving I/Q modulators

* Reduced thermal effects allows for increased
density in single- and multi-channel transmitters

* Low power consumption — 1150mW all features on

» Scalable 2 to 20mA current output (sink)

Apwlications

* Wireless Communications
* 3G/4G Macro Base Stations
* Wideband Repeaters
» Software Defined Radios
* Diversity Transmitters
» Software Defined Radios
* Test and Measurement — ARB
» 802.16d/e
* Power Amplifier Linearization

DAC3283
7mm X 7mm

TI's 2x Dual DAC solution
is 32% smaller!!!
Still smaller even
with some extra
space needed for
layout

DAC3283
7mm X 7mm
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DAC3282/3283 EVM

A

Features
— DAC3282/3283
— Quadrature Modulators:

« TRF3720 (primary option)
— Integrated PLL/VCO

* TRF3703-33 (secondary option)
— Clock Distribution:

« CDCE62005 clock manager
— Integrated VCO
— Power Management

Small design
— DAC3283 + filter + TRF3720 + CDCE62005 =50mm x 63mm

INSTRUMENTS
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High Speed Data Converter Tools at a
glance...

High Speed ADCs

TSW1200EVM TSW3100EVM FPGA adapters EVMs for Every Device
LVDS ADC Capture Card ngh Speed DAC EVM High Speed DACS Direct connections In the Cata|09
Pattern Generation

EVMs for Every Device to FPGA EVM kits
In the Catalog ;

Data Capture / Pattern Generation : Evaluation Modules

Software / Design Support : Reference Designs

TSW1100EVM
CMOS ADC Capture Card

ADC SPI

. . SPI Register Programming
Gerber Files Available For ADC EVMs

On Request

TSW3070EVM
IBIS Models Applications Notes High Speed Arbitrary Gerber Files Available AT:'::;?SZZEX%
Available for most devices pplicati Waveform Generation On Request X

Reference Design

RO faas IR Fadsl
B
Online Community . TSW4.1 QOEVM
Customers helpin = Wideband Digital Repeater
ping Up to 70MHz Bandwidth!
Customers! ADC Jitter and

DAC LPF Calculators

INSTRUMENTS




TSW1200 - LVDS ADC Capture Card

features Benelits
» Up to 4-channel LVDS output ADC data capture » Compatible with all LVDS output ADC EVMs
» Up to 16-bits and 1000MSPS « Simplified ADC performance evaluation
» Labview GUI for FFT and time-domain analysis * Includes coherence calculator for clock
« Up to 8-channel LVDS deserialization and translation too Compatible with multiple touchless probes and
CMOS headers (for TSW1100 capture) TSW1100 CM%S A;)S) cap_)ture tool
plications

« Data capture for TI's entire portfolio of LVDS
output ADCs (parallel, DDR, QDR, serialized)

B |[wieeest Oplem [ Capbore oplirn  Tasd Cobiors
ALMEia B e Tarm YT Cazrr ] Boardiuous caplu— § Chasrml w [T




FMC and HSCM Adapter Cards Enable High Speed
ADC/DAC EVMs to Connect to FPGA EVMs

62 released High Speed ADC EVMs g released High Speed DAC EVMs
Compatible! Compatible!

I

HSMC-ADC-Bridge = . ek} [

(Altera) et L M 52
- ! : a ; ".I._' b

i FMC-DAC-Adapter

' (Xilinx)

.......
[ =T
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Wideband digital predistortion transmit

processor demonstrator

 Live Demo

- -




Introduction

» Recent years have seen a considerable growth in Digital Video Broadcast
« This growth generates an increasing need on high performance and low cost DVB transmitters

- Power Amplifiers consume more and more power and dramatically lowering performance in Wireless
and broadcast services deployment

« Solving this problem is critical to allow providers improving quality of services

« To understand the impact of the DPD solution on PAs, Tl has developed an adaptive digital pre-
distortion evaluation board (EVM) on which complete solution from base-band to RF is operating

« This EVM is based on a the GC5325. The evaluation of this EVM has shown good results within all the
wireless and broadcast standards

TExas
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GC5325

Wideband Digital Predistortion Transmit IC Solution

fealures

* Integrated functional transmitter blocks include:
* Crest factor reduction (CFR)
* Digital pre-distortion (DPD)

* Flexible DSP algorithm supports existing and emerging
wireless standards

* Integrated CFR and DPD increase PA efficiencies

* Integrated DPD reduces adjacent channel leakage ratio
(ACLR)

* 20MHz Bandwidth for 5™ order correction
* Integrated 1Q imbalance correction

* Fully automated channel equalizer

* Extremely fast DPD convergence times

* Robust convergence algorithm

Aunlications

3GPP (W-CDMA, TD-SCDMA) Base Stations
3GPP2 (CDMA2000) Base Stations

WIMAX, WiBRO, LTE (OFDMA) Base Stations Soay,
» Multicarrier Power Amplifiers (MCPAs)
Two-Channel Transmit Diversity Applications

Military Radio Transmitters

Benefits

+ High Integration - reduces design complexity, power
consumption, development time, implementation size and
bill-of-material (BOM) costs

* High Performance:

* Integrated DPD reduces adjacent channel
leakage ratio (ACLR) by 20 dB or more

* Increases PA efficiencies to 25 percent or more
for Class AB PAs and greater than 40 percent for
Doherty PAs

* Flexibility - DPD architecture incorporates a TI DSP to
run the fully adaptive linearization algorithm

» Complete Solution - complete signal chain solution
reduces time-to-market and design risks

* Robust - Convergence algorithm allows dynamic carrier
allocation, without disrupting cellular service

»
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DVB-T System Requirements

One Transmit Path and one feedback path

Power out: Ranges from 10Watts to 10KWatts
RF freqs: VHF and UHF Band

TX Requirements:
— MER (Modulation Error Ratio) <-36dB
— ACPR

« Lower Power Applications (<57dBm Pout)
— < -41dBc @4.2MHz offset in 4kHz BW

» Higher Power Applications
— < -36dBc @4.2MHz offset in 4kHz BW (not including cavity filter)

INSTRUMENTS




GC5325 EVM configuration for DVB-T

*Use existing GC configuration and frequency plan.
*Up-sample BB DVB-T signal from 9.1428Msps to 61.44Msps
(default config of the GC5325SEK)
*Feedback mixer allows testing of upper channels only (CHG69)

TSW3100
Pattern
Generator EVM

FPGA

GC 5325 EVM

1=184

SCMF RF Card

Fs=737.28MHz
4x Interpolation

.32Msps - ﬂ

CDCM < VCXO 737.28
7005 MHz
Complex IF=184.32MHz Real RF=858MHz

|
I
| BW=61.44MHz BW=122.88MHz
|
|

TRF3703 E
Atten:
T 0-31dB

GC5325 DAC5682Z l
Q=184 .32Msps > \
| 5t order LPF Cauer EXT. LO=673.68MHz,
f3dB=300MHz +6dBm
| A
|
v IF AMP | Atten:
G=15dB 0-31dB
CS;?,? 245.76 Msps Real ﬂ ‘ :
5% order Cheby IF FB:

Fs=24576MHz ~ BW=122MHz

fc=184.32MHz
BW=122.44MHz

TExas
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GC5325 Configuration for DVB-T

SYNCD TCK
SYNC| SYNC| || UPDATA], UPADDR |, 5eg | rog |wrs| ces | TRSTE [TDO

(LVDS)

RESETB

GC5325

1Q interleaved

61.44 Msps |
61.44 Msps Q
B8 Fractional
Resampler
BBFR
122.88M
BBCLK
DPDCLK
(LVDS)
Circular 245.76M
24576 Msps real Limiter
184.32MHz IF
BW=122.88MHz
FB
(LvDS)1e ADC Real to Complex Feedback Feedback NL
MFIO Interface (or bypass ) Equalizer correction

34
(ADC input

or MAG
output)
Bulk Interpolation Transmit
X DAC + Mixer Equalizer
38 Interface
184.32 Msps |

184.32 Msps Q

Capture Buffers

WIS s




Test setup environment

Test signal :

— 9.142857Msps with 64QAM of DVB-T
- BW=8MHz

— Mode=8k

— Code Rate=2/3

— Guard Interval=1/8

« RF : 826MHz
« IF:184.32MHz
« Target MER : < -36dB
+ External LO (SMA) : 641.68MHz/0dBm
(Need Adjustment of level depending Signhal Generator)
* Measuring Equipment & S/W : ETL & SMA Measurement Suite from R&S
+ Target board : TSW3100/GC5325 EVM

GLENIE
TEWI100 Crast Factor
o — Re-duction Attenuator 3 dB
ato + — +——
aemerer Digital Pre Attenauator 30 42 ETL TV fnalyses
Distartion Ref: 430 100-90F Rohde & Schwarg
Dirsctonal 5.M Eleciienics

Coupler 30 48
Rl SMC 403030

5M Elacsionics
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Test setup environment

DVB-T original signal

Y

61.44Msps

PC

TSW3100

GC5325 EVM

External LO

A

673.68MHz

Up-sampled from 9.142857Msps to

61.44Msps at GUI

737.28MHz
on board VCXO

Reference sync-in clock (optional)

RF : 858MHz

ETL
R&S

Signal Generator
SMA

Reference sync clock

L S |

TExas
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GC5325 System Evaluation Kit

-

B
L -

I

GC5325:
CFR & DPD solution

- . ‘L - TRF 3720
- LO gemerator

' &
~ g d (2.

| Ny 2ef® . o
INSTRUMENTS




Crest Factor Reduction (CFR)

Objective 1: Minimize Peak-to-Average Ratio (PAR) while still maintaining an
MER of <-30dB (depending on applications).

Objective 2: improve shoulders (ACPR) to maintain an -36dBc.

TExas
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Results 1/6

. . Spect t the PA output
The aim of the first T
measurement is to get MEctum Analvzer
36 dBc of shoulders “att 30dB * VBW 300 Hz D3[2] -36.13 dB
Ref 30.00 dBm SWT 2.2s 500. 000000000 kHz
at the output of the T .60 dbm
PA, WIthOUt DPD éﬁ: - dE-rr|- _— H':J'EHHUHT;:]_L;SM:JE
. . . 500, 000000000 kHZ
The input power in this View | 0 4B prr—
caseis=-10.3in P 0 dBim
dBm =10 dBm
-20 dBm
-30 dBm N @m%%
“40 dBm e {j\
T mwm
PS .80 de.r:r
CF 850.0 MHz Span 20.0 MHz
Without DPD: With DPD:
Shoulders = 36.1dBc Shoulders = 47.8 dBe

Shoulders improvement of 11.7 dB
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Results 2/6

DPD OFF DPD ON
BN constellation I constellation 0000
Ch: 68 UHF 4/5 RF 850.000000 MHz DVE-T/H 8 MHz Ch: 68 UHF 4/5 RF 850.000000 MHz DVB-T/H 8 MHz
Siglvl 30000 dBm OMs30.70 dB ™ ALl 30 dB Siglvl 28,00 dBm  Offs 30,70 dB = ALt 30 dB
| |
" T HEEXEXETE s(a s s wloas
t 2F 3R AR 3¢ AF 3F 2R AR IR AR AR AN
C 3 A8 2K AF 3k 3F AF | AFIF AR IR AE R X}
= AF 3k 3E 3k 3k OF 1K B |5 09 o|s n|e
* N esln . » .
L 2R 3E 2k 3k 3E R s % n s 5|8 =s
L AE 3 3F K 3 3E 3F 5 KRR AR AR AR AR
L 3E 2E 3 3E IR 2E OF A AR AR AR AR AR AN
L 2F JE 3E 3 3F AE OF AN AR
Lvl 31,9dBm | --- | MER 29,5dB DEMOD EEEN s b S.0000e-+001 Lvl 31.8dBm | --- | MER 33 0dB BEMOD [HEEE sy S.0000e+001
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Results 3/6

Ch: 88 UHF 4/5 RF 850.000000 MHz DVE-T/H 8 MHz
Offs 30.70 d&
+Att 30dB
SlgLvl 30.00 dBm

Fail Limit = Results < Limit Unit
Leve -60.0|* 31.9 10,0 |dBm
Constellation £4 OAM NH Jiny
MER {rms} 24.0 295 0 wese- dB
MER {peak) 10.0 L7.2]  weee- dB
EvMi{rms) | me=es 220 4.40 | %
EvM {peak) = | eeees 9.06 22.00 )%
BER before Viterbi 1.0e-2
BER before RS 2.0e-4
BER aftar RS 1.0e-10
Paclet Ermor Ratio 1.02-E
Paclet Ermmars 1l/s
Carriar Frag Offset -30000.0 263.7 30000.0 |H=
Bit Rate Offsat -100.0 1.2 100.0 |ppm
MPEG Ts Bitrate 22117621 MBit/'s

P

b Qam nH (eank) [FeT sl el o1 e () ez s arskenioo

TPS Res. 0,0,0,0  [INT N{N) |MPE FEC OF/OF |Tima S). OF/CF L1 1F
Lvl 31.9dBm | --- | MER 29.5dB

Data: 10 MAY 2010 183:32:19

Ch: &8 UHF 4/5 RF 850.000000 MHz DVB-T/H 8 MHz
Offs 30,70 dB
ALt 30dB
SigLvl 28.00 dBm

Fail Limit < Results < Limit Unit
Lavel -60.0 |7 318 10.0 | dBm
Constellation B4 QAM NH /inv
MER {rims) 24.0 cx 111 T dB
MEF: (peak) 10.0 194 - dB
EVM{rms) | e 1.47 4.40 | %
EvM (peak] | e 6,99 22.00 %
BER before Viterbi 1.0e-2
BER before RS 7.0e-4
BER afterRS | [ 1.0e-10
Padet Error Ratio 1.0e-8
Padket Errors 1|/s
Carriar Frag Offset -30000.0 -25%.1 30000.0 |H=
Bit Rate Offsat -100.0 L2 100.0)| ppm
MPEG Ts Bitrate 22117622 MBat /s

':'E')

64 QAM NH (64NH) FFT 8k (8Kk) |31 1/8 [1/8) 2/3,2/3 (2)3,2/3)Cel ID O
TFS Res, 0,000 INT M (N} MPE FEC Off/OfF Time SI. OfF/OF LI 1F

Lvl 31.8dBm | --- | MER 33,0dB

Dats: 1OMAY.2010 19:44:49

ey

With DPD, MER improves of 3.5 dB

P, =31.8dBm, with P, =—10.3 dBm (G = 42.2 dB)

1.5W

3dB MER improvement = doubling the zone coverage
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Results 4/6

The aim of the first
measurement is to get
36 dBc of shoulders
at the output of the
PA, with DPD.

The input power in this
caseis=-7.25in P
dBm

Spectrum at the PA output

Offs 30.70 dB * RBW 30 kHz
" ALt 30 dB *VBW 300 Hz D3[2] -27.37 dB
Ref 30.00 dBm SWT 2.25 500.000000000 kHz
| M1[1] 9.24 dBm
1AP 853.810000000 MHz
cirw |22 9B D2[1] 35.97 dB
AP M1500.000000000 kHz
0 dBEm
=10 dBm
i »
D2
. st A i 1 R
|W ! T
-40 dBm
-50 dBm
S |-e0 dBm

CF 850.0 MHz

Span 20.0 MHz

Date: 10.MAY.2010 185:43:01

Without DPD:

Shoulders = 27.4 dBc

With DPD:

Shoulders = 36 dBc

Shoulders improvement s of 8.6 dB
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Results 5/6

DPD OFF

DPD ON

Ch: 68 UHF 4/5 RF 850.000000 MHz DVB-T/H B MHz

Skglvl 30.00 ditm Offs30.70 dB *Att 30 dB

PS5

Lyl 34.5d8Bm | --- | MER 23, 3dB

DEHOD JNBERN o 5.0000e 001

Ch: 68 UHF 4/5 RF 850.000000 MHz DVB-T/H 8 MHz
Siglvl 30.00 dBm  Offs30.70 dB  * Att 30 dB

N
LdhdbdbdbJE IR IE
L AL IE IR IE AR JE K
L dhdbdb b b db b
I. % L rE»
*injsajnsefs”
db bR IR AR IR
vdbdbdh E L IR IE
| weejeesse
Lvl 34.5dBm | --- | MER 29.1¢B DEMOD BIEEEN Sy i 5.0000e+001
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Results 6/6

I oigital Overview S Digital Overview
Ch: 68 UHF 4/5 RF 850.000000 MHz DVB-T/H 8 MHz Ch: 68 UHF 475 RF 850.000000 MHz DVEB-T/H 8 MHz
Offs 30.70 dB Offs 30.70 dB
“Att 30dB = Attt 30 dB
SigLvl 30.00 dBm SigLvl 30,00 dBm
Fail Limit = Results < Limit Unit Fail Limit = Results = Limit Unit
Leveal -60.0 |7 4.4 10,0 | dBm Level -60.0 (" 34.5 10.0 |dBm
Constallation B QAM NH finv. Constellation 64 QAM NH /[ inw
MER (rms} 24.0|* 234 0 e dB MER {rms=) 4.0 292 mee dB
MER [peak) 10.0 11.9]  mmmee dB MER (peak) 10.0 165 ===e- dB
EvMirms) | * 4.45 4.40 | % EvM{ries) | — 2.27 4.40 | %
EWM (peaky | e 16.70 22.00]% EvMipeak) | e 22.00 | %
BER before Viterbi 1.0e-2 BER before Viterbi 1.0e-2
BER before RS 2.0a-4 BER befora RS 2.0e-4
BER after RS 1.0e-10 BER after RS 1.0e-10
Packet Errar Ratia 1.0e-8 Packet Error Ratio 1.0e-8
Packet Errors 1l/s Packet Errors 1|fs
Carrier Fraq Offsat -30000.0 -261.4 30000.0 |Hz Carrier Freq Offset -30000.0 262.1 30000.0 |H=
Bit Rate Offsst -100.0 1.2 100.0 ) ppm Bit Rate Dffset -100.0 1.2 100.0 |ppm
MPEG Te Bitrate 22117621 MBit/s MPEG Ts Bitrate 22.117621 MBit/s
Pg Ps
54 QAM NH (54NH) [FFT 2k (Bl) |GI 1/8 (1/8) 2/3,2/3 (2/3,2/3) el ID D 64 QAM NH (E4MH) [FFT Gk (k) (51 1/8 (1/8) 243,243 (2/3,2/3) ell 1D 0
TPS Res. 0,0,0,0  JINT N (N]  [MPE FEC OO [Tirs SI OF/OF LI 1F TPS Res, 0,0,0,0  [INT M N} [MPE FEC Qff/Off [Time SI. OfffOff LI 1F
Lvl 34.4dBm | --- | MER 23.4dB — Lvl 34.5dBm | --- | MER 29.2dB h
Date: 1O.MAY,Z010 18:53:22 Date: 10.MAY.Z010 18:46:53

P, =34.5dBm, with P, =—7.25 dBm (G = 42.2 dB)

aur

With DPD, MER improves of 5.8 dB

3 \VAVI

3dB MER improvement = increasing by 4 the coverage
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Conclusion

» With Texas Instruments’ CFR/DPD solution, the PA can achieve a higher
output power with CFR versus no CFR while maintaining the same ACLR
performance.

» Measurements confirm about 46% increase in PA output power with the
addition of CFR to DPD.

» There is the potential to increase PA output power even more (increase PA
efficiency), while still maintaining the same ACLR performance, by increasing
CFR at the expense of MER.
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Thank You!
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