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Traditional Receive Architecture

ADC Driver:
Low Noise Amplifier: Preparethe signal to be digitized, ADC:
Increase signal amplitude converting, offering gain and Digitize baseband
with minimum degradation sometimes providing single-ended information
of noise floor to balanced conversion

\

&

Anti-Aliasing Filter:
Limit the bandwidth of the
noise at the ADC input and

Mixers: suppress out of band
Frequency translate the signal of spurious components still in
interest, down-converting the high the signal path. Low pass
frequency to a lower frequency for direct conversion or

bandpass for IF Conversion.
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Communication‘ Sy

What makes for a good radio design?
= Good Sensitivity
= Low NF
= Low Synth and Clock phase noise
= Sufficient input signal level handling capacity
= High input IP3 and IP1dB
= Robust performance under blocking
= High Input Linearity
= Good Selectivity
= Good NF immunity under large signal
= Other Considerations
= Low-Cost
= Low-Power
= Compact
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Analog
Front-End
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Need to successfully drive wanted signal into ADC with

adequate fidelity for signal detection. Requires proper
componentselection and interface implementation.
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System Performance Metrics

Noise Figure is a useful metric to describe the input
sensitivity of any device.

Input 1dB Compression Point is a useful metric to describe
the maximum input signal that will result in 1dB of gain
compression in the signal chain.

Input Intercept Point is a useful metric to describe the
Intermod distortion ratios generated for a given input signal
level.

Selectivity is a useful metric to describe the ability of a
receiver to select a wanted signal and reject a nearby
unwanted signal.

SFDR (Spurious Free Dynamic Range) is a measure of the
best case available instantaneous dynamic range.
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A Qulck Rewew of ADC Spemflcatlons

Full-Scale is the maximum analog input voltage that will result in a maximum
digital output signal level, usually expressed in units of Vp-p.

SNR is the ratio of the RMS signal level to the RMS value of all other spectral
components excluding DC and signal harmonics.

SINAD is the ratio of the RMS signal level to the RMS value of all other spectral
components including signal harmonics but excluding DC.

ENOB is the effective number of bits presented by the ADC and is equal to

(SINAD -1.76)/6.02 .

80MSPS

70.3MHz @ -0.5dBFS
SNR: 73.3dB

ENOB: 11.9BITS
SFDR: 100dBc
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Single-tone SFDR is a measure of the
RMS signal level to the RMS level of the
worst case peak spurious component
(not necessarily harmonically related).

SFDR: -100dBFS
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Two-tone SFDR is a measure of the
RMS signal level of either input tone to
the RMS level of the worst case peak
spurious component (not necessarily an

intermod product).
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Translating Component Specifications to
System Performance: nV/VHz to NF

RS en
W\

Vg R

(e,)
Converting inputreferred  F=1+ & NF =10Log(F)

2
voltage noise density to NF 4kTR{ R j
R, + R,

Example: Consider amplifier with 1nV/YHzinput referred noise
density — 50Q inputimpedancedriven by a 50Q2 source

. (AnV /+/Hz)?
4-(1.38x10 % Joules/ K) - (298K)(5002) (2)?

-2216  ..NF =10L0g(2.216) =3.5dB
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Translatmg Compone'nt Spemﬂcaﬁons to
System Performance: ADC SNR to NF

OdBFS U

Effective noise density can be
calculated by either:

1) computing the effective voltage
noise density and convert to NF for
a given impedance level

2) computing the full-scale power
and calculate the effective noise

power density and compare to kT.
AVETATE | o ity Sos .\ iy i gt
Noise Floor

| »
T »

0 0.5f,

Effective Noise - g (dBm) - SNR(dBFS)—-10Log(0.5fc)

Power Density I 4 4
T Full-scale SNR NyquistZone
dBm/Hz Powerin dBm in dBFS In dBHz ANALOG
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Translating Component Specifications to
System Performance: ADC SNR to NF

Example: ADC with 2Vp-p full-scale input is terminated to a 2002
Impedance level and the SNR is measured to be 72dBFS for a
200MHz sampling rate.

Calculation 1. 2Vp-p full-scale is an RMS level of 0.7071Vrms.
» Expressed in units of dBVrms as 20Log(0.7071Vrms) = -3.01dBVrms
» The wideband noise floor is 72 dB below Full-Scale, at -75.01dBVrms
» The sampling rate is 200MHz, so the Nyquist zone is 100MHz, or 80dBHz
 Therefore the noise density is -75.01dBVrms — 80dBHz = -155dBVrms/Hz
- Converted to linear units as 10¢15520) = 18nV/vHz.
« Using the nV/vHz to NF equation for a 200Q reveals a NF of 26 dB

Calculation 2. 2Vp-p full-scale is an RMS level of 0.7071Vrms.
* Into a 200Q2 impedance level this is a full-scale power of 4 dBm
» The wideband noise floor is 72 dB below Full-Scale, at -68dBm
» Over 80dBHz, an average power density of -68dBm — 80dBHz = -148dBm/Hz
-148dBm/Hz is 26dB above kT (-174dBm/Hz), ..NF is again found to be 26dB.
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High-IF Sampling AD

Part No.

Useful BW
(MHz)

Gain (dB)
Control

Drivers

Package

ADAA4937 100 osiuive oM 15 | soma | 160rcap
AD8352 350 osiative | 14omiiz | 155 | symA | 1otrcep
ADL5530 1600 e 150Nz 3 owa | srrcep
ADB368 380 analog | 7omhz | 95 | coma | 241rCSP
AD8370 200 -Zcﬁg;ic;a?ﬁ 7%?\/|ng ! 753/”% 1$S_s|8%d
AD8375/6 >00 d itgoiti? 200MHz 8 | 1oemA | 241LFoS
17 DEVICES




Highest Performance Differential ADC Driver on the Market

KEY SPECIFICATIONS
¢ Wide 3 dB Bandwidth: 2 GHz

¢ Low Distortion
e 10 MHz: -86 dBc HD2, -82 dBc HD3
e 70 MHz: -84 dBc HD2, -82 dBc HD3
e 190 MHz: -81 dBc HD2, -87 dBc HD3

¢ High Linearity: OIP3 41dBm @ 150 MHz

¢ Low Input Noise: 2.6 nV/YHz @ 10 dB Gain

¢ Package: 3mmx3mm 16-lead LFCSP

Ultra Low Distortion
- Diff Amp

--------

e ADG

: AD8352 o 12/14/16-bit ADCs
. up to 380 MHz

Set Ealn with a single resistor

FEATURES
¢ Single Resistor Sets Gain 3 dB to 25 dB

#¢ Single Resistor and Capacitor Distortion Adjustment

18
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KEY SPECIFICATIONS

¢ 3dB Bandwidth: 700 MHz

¢ OIP3: 50 dBm @ 200 MHz

¢ 2nd/3rd Harmonic: -85/-92 dBc @ 200 MHz
¢ Noise Figure: 8.3 dB @ 190 MHz

# Differential Input/Output

¢ Gain Control Range: -4 dB - 20 dB

¢ AD8375 Package: 4mmx4mm 24-LFCSP
¢ AD8376 Package: 5mmx5mm 32-LFCSP

FEATURES

¢ Digitally-Controlled Amplifier/Attenuator
¢ Optimized for Driving IF Sampling ADCs
# Differential or Single-Ended Input Drive
+ Fully-Balanced Differential Signal Path
¢ 1 dB Gain Step Size

Dual & Single Channel
Digital VGAS,

cha s

AD8376 Dual
of AD8375

19
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It’s important to consider the cascaded performance before
committing to hardware

This requires careful inspection of component performance,
usually derived from datasheet data

Often necessary to transform specifications so they are
depicted using acommon set of units (dBm or dBVrms,
dBm/Hz or nV/AHz)

Need to be cautious about impedance levels and
matching/interface networks

The proceeding examples are designed to help extract data
and model system performance before committing to
hardware

20
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ADC

SNR =72dB
SFDR =86dBFS
Full-Scale =2Vp-p

NF=5dB
OIP3 = 34dBm

I

I E

: 1%:: ]
1 1 1
| S21=16dB 1 IL=1.5dB %

fo = 122.88MHz

Veowm

= In this examplewe assumethe ADC is terminated to present 200Q2
and a 1:4impedanceratio transformer is used to match to a 50Q
anti-aliasing filter.

* For help with ADC matching see AN-935 and AN-827.

ANALOG
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Smgle-Ended Input Interface Example

500 500 200Q
IF AMP ' aar Vb
: : IL= 0.5dB % ADC a8
: s ! SNR = 75dBFS APE RE Specs
i | . SFDR=901dBFS | —< NF=25dB
: : : Full-Scale =2Vp-p IP3=39dBm
i NF=5dB : -
| OIP3=34dBm !
; | Viow  fs=122.88MHz

= Next we need to transform component specifications so they share a
common set of units (intercepts in dBm or dBVrms, noise in terms of
dBm/Hz or nV/VHz)
= The ADC specs usually require the most attention. (see AN-835 for help)
“ Full-Scale of 2Vp-p terminated into 200Q is a full-scale power level of
10Log((2/2V2)2/200) = -26dB or 4dBm.
= SNR of 75dBFS indicates that the wideband noise floor is 75dB below full-scale or

at (4dBm-75dBFS) = -71dBm.
Integrated over the full Nyquist zone of 61.44MHz, therefore the input power density

must be -71dBm — 10Log(61.44MHz) = -149dBm/Hz. That’s a NF of 25dB.

" The 91dBFS two-tone SFDR spec means that the |IMD3| would be 84dBc for two

23 tones set at -7dBFS. That's an 1IP3 of ((4dBm-7dBFS)+84dBc/2) = 39dBm.D§E\ll\llé%g



50Q 500 200Q2
— i IFAMP i AAF Vcom
:\IIFI:; 1ié4gdBB ! ! ADC ~——ADC RF Specs
ctosdem || |
fAZSF;:?GdB ! ! ! SNR = 75dBFS NF = 25dB
g : : : SFDR = 91dBFS IIP3=39dBm
of -10.7dBm ! ! ! Full-Scale = 2Vp-p lI-Scale = 4d
_ i S21=16.7dB i IL=1.5dB T Full-Scale=4dBm
! NF=5dB ! __
' OIP3=37dBm !
| | Veow  1s=122.88MHz
Spec IFAMP AAF XFMR ADC
NF-dB 5 1.5 0.5 25
S21-dB 16.7 -1.5 -0.5 0
IP3-dBm 20.3 100 100 39
OIP3-dBm 37 98.5 99.5 39
24 ANALOG
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leferentlal Interface Example

50Q 200Q 2000 200Q
Vb
AAF ADC ~— ADC RF Specs
: SNR = 72dB NE = 25dB
i . { SFDR=86dBFS | — ||p3=39dBm
' ' Full-Scale =2Vp-p Full-Scale =4dBm
Ay = 16dB . IL=1.5dB % —_
e,=2.7nVAHz 1 _
IMD3 = -83dBc ! Veow fs =122.88MHz

For 2Vp-p into 200Q

= Start with identifying target impedancelevels and defining the ADC
RF specs.

* It may be necessary to transform diff-amp specs
= For the example, a 2.7nV/VHz input density terminated to match a 200Q source
is a NF of 10Log(1 + (2.7nV/NHz)2/((4kT200Q )(1/2)?)) = 9.9dB.
= The IMD3 is -83dBc into a 200-Ohm load for a 2Vp-p composite output.
A two tone signal of 2Vp-p means each tone is at 1Vp-p.
Into 200-Ohms this is a single-tone power level of -2dBm per tone.
Therefore the OIP3 is -2dBm + 83/ 2 = 39.5dBm

ANALOG
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NF=13.7dB
[IP3 =21.5dBm
SFDR =76.5dB
Max PIN

of -10dBm

—

— ADC RF Specs

NF = 25dB
[IP3=39dBm
Full-Scale=4dBm

SOIQ 2000 200Q2 200Q

E E E VcI M

I ' DIFF AMP :

1IL=0.5dB ! . _AAF ADC

! 1:4 L :

: L | : SNR = 72dB

| = . { SFDR=86dBFS

E | ! - Full-Scale = 2Vp-p

| S21=16dB ! L= 1508 % —

| i NF=9.9dB ! B

| | OIP3=39.5dBm: Veow  fs=122.88MHz

Spec XFMR DIFF AMP AAF ADC

NF-dB 0.5 9.9 15 25
S21-dB -0.5 16 -1.5 0

[IP3-dBm 100 23.5 100 39

OIP3-dBm 99.5 39.5 98.5 39

26
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Passive Transformer Coupled vs Active

27

“Passive” Transformer

Spec IFAMP AAF XFMR ADC Total
NF-dB 5 1.5 0.5 25 11.4
S21-dB 16.7 -1.5 -0.5 0 14.7
lIP3-dBm 20.3 100 100 39 18.8
OIP3-dBm 37 98.5 99.5 39 33.5
SFDR=76dB
Max P, =-10.7dBm
Would be Max P = 6dBmw/o amp
Active Interface
Spec XFMR DIFF AMP AAF ADC Total
NF-dB 0.5 9.9 1.5 25 13.7
S21-dB -0.5 16 -1.5 0 14.0
lIP3-dBm 100 23.5 100 39 21.5
OIP3-dBm 99.5 39.5 98.5 39 355
SFDR=76.5dB
Max P,y =-10dBm
DEVICES



Dynamic
Range

Frequency

I I I I a | |
| | L'_ | | '\ | |
Nyquist Zone 1 Nyquist Zone 2 Nyquist Zone 3

vq
0 0.5Fs Fs 1.5Fs 2Fs
40MHz 80MHz 120MHz 160MHz
(A )
— AAF
_ \

ANALOG
29 DEVICES



Filter Designs Considerations

¢ Determine Cut-Off, Roll-Off, Ripple and Group Delay
¢ Select Filter Topology

. : ) Soqrce Lolad
¢ Switching capacitor B Hava il
e Resonant match | h |
¢+ Impedance match _ y Q-
o AD8352 T\

¢+ Load with 200 Ohms

+ Presents 100 Ohms source impedance
e AD8375

¢ Load with 150 Ohms

+ Opencollector output requires biasing

+ Presents highimpedance output

ANALOG
30 DEVICES



Working with ADC Input structures

Vey AV A
CH CC TLI-
T T
AINO 5”:': ._'I'IT
VIN OWTIT_._I' J__
Ve = .
Ven
T ;’> T
- i R = S
AINO VIN GCPAR-L 1 '_.Lli J__
T :
Ve .f.l_l.
H
Raw Track and Hold ADC Front End
1Zaoc
|ZH0L|D|'
|ZTRACK| 1
track I hold I track I hold I track : hold : > time
31
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AD8352 Design Example

Resonant Match using Shunt L
(getrid of ADC raw switched cap)

Ath Order Filter
(100Q AD8352 output

to 200Q Load)
Suggested Bias Network

and Reactive Match at
ADC input
(presents 200Q Load)

ANALOG
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AD8375 Design Example

Using transformer as Resonant Match using Shunt L
: etrid of ADC raw switch ca
Single-Ended to (9 o))

Differential / g /

Chokelnductors

(High Zoutput) Suggested Bias Network
and Reactive Match at
4th Order Filter ADC input
(300Q at AD8375 output (splitup, butstill presents
to 300Q filter output) a150Q Load)
33 ANALOG
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Most Commonly Encountered Issues
¢ Single-Ended Driving — NO BALUN? ™[ Zwee =

- HO2 MdB ,...-""'"ﬂ
|
—

0
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o
HARMONIC DISTORTION HD2 (dBc)

—HD2 +10dB
HD2 +20dE
-85 [— === HD3 -4dB
-— D3 0dE
| e——HD3 +10d2 ]
-90 =——HD3 +2008 | 7

+5V
VCM

TC3AT  OWWF
—100 / | a0

5001 T E o4ur |ADB375 £1500
—-105 -95
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A !
ADTO A4 40 B0 an 100 120 140 160 180 200

!

I

__:'_a
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£
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HARMOMNIC DISTORTION HDZ (dBc)
|
o
o

)\

» hj& Z 100
~115 -105

FREGUENCY (MHz)

-&0

+h5V -65 —— '—.—'-'-'
VCM - HDZ | ]
@ 70 __..-—"'f
g 75 ‘/"—
0AuF S LN /
) — o 80 \ / //
AD8375 0AF £1500 545 \ (f A
) : ..&/ A
i S oz LA
o [ .._...--—"'/
ADTO A4 -1 50 100 150 200 &
FREQUEMNCY [MHz) §
decreases power gain by 3 dB & limits distortion cancellation ANALOG
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Design Example: Requirements
Narrowband IF Receive (Resonant) Match

System Requirements

Sample Rate = 122.88MSPS
SNR = >71dB = 14bits

Input Frequency = 153.6MHz

Band = 15MHz (146.1-161.1MHz)

Boundaries

Ideal Value

Design Limit

35

—

Design Requirements

AD8375 & AD6655, 14-bit,
125MSPS, 1.8V, Diversity
Receiver

Input Passband | IF-3dB Input Drive
Impedance Flatness BW SNR SFDR Level
(Ohm) VSWR (dB) (MHz) | (dBc) (dBc) (dBm)
50 1 <0.5 170 71 85 NA
30 1.5 <1 200 70 80 NA
ANALOG
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AD8375 & AD6655 Design Example: Final
Schematic Diagram

Resonant Match using Shunt L

Using transformer as (getrid of ADC raw switch cap)

Single-Endedto
Differential

0.1u

_|

Chokelnductors

(High Zoutput) Suggested Bias Network
and Reactive Match at
4t Order Filter ADC input
(300Q at AD8375 output (splitup, but still presents
to 300Q filter output) a150Q Load)

ANALOG
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AD8375 & AD6655 Design Example: BW, Passhand
Flatness, Input Drive

AD8375/6655-122.88MHz Filter Respon:

Fundamental (dBFS

37
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Freg = 146MHz
Ain[=-1.081 dBFS

Freq = 161MHz

Ain =-0.837 dBFS

NN

— Filter Respons¢

PBF = 0.285dB —

BW = 15MHz

T

(146-161MHz)__

\
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300
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AD8375 & AD6655 Design Example: FFT

Performance

P Graph 11/28/2007 5:31:40 PM

FEX

Fie

a 3

SCEIEEICEE:

- Channel A

Device = ADRERS-125

Date = 11/28/2007

Time = 5:31:40 PM

Sample Frequency = 61.44 MHz
Samples = 16384

SNR=T71.836d8

SNRFS =72.84dB

SINAD = 71.722 dBc

DC Power = -110.202 dBFS

Fund Frequency = 13.76 MHz

Fund Power =-1.005dBFS

Ham 2 Power =-109.384 dBe
Ham 3 Power = -30.819 dBe
Harm 4 Power =-108.33 dBc

Ham 5 Power = -52.828 dBc

Ham & Power = -110.244 dBe
Warst Other Frequency = 19.511 MHz
Worst Other Power =-31.5853 dBFS
Noisa / Hz =-147.715.d8FS / Hz
Average Bin Noise =-111 975 dBFS
THD =-88.585 dBc

SFDR =90.794 dBc
CHAfin=143,3fck=122 88 nco=23AAAAAA (140MHz)

- Channel B

38

Device = solder? CHB
Date = 11/28/2007

Tirz = £:31.40 D

J
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5

...J.Hljidmu]nhwihilhh.l-
bt ikl

4

oC
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SNR = 71.83dBFS
SFDR =90.7dBc

+ )

du.ujimammmﬂu mudhuﬂll.m lde\l .Jm. ..»L.ul..ahlmtmldL:UJJu..iu.hll.mm . |

152MHz IF @ -1dBFS
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Further Reading:

+ Application Notes
e AN-742,Frequency Domain Responseof Switched-Capacitor ADCs
e AN-827,A Resonant Approachto Interfacing Amplifiers to Switch-Capacitor ADCs
e AN-835,Understanding High Speed ADC Testing and Evaluation
e AN-935,Designingan ADC Transformer-Coupled Front End

¢ S-parameterdata
e AD9215/26/35/36/37/44/45webpage, click on Evaluation Boards, upload
S-parameterdatain an MSExcel spreadsheet

+ Papers
° 'ZI'B%%sformer—Coupled Front-Endfor Wideband A/D Converters — April Issue Analog Dialogue

o Egggingthe State of the Art with Multichannel A/D Converters —May Issue Analog Dialogue

e Which ADC Architectureis Right for Your Application —Junelssue Analog Dialogue 2005

e Wideband A/D Converter Front-End Design Considerations —Whento Use a Double
Transformer Configuration—July Issue Analog Dialogue 2006

e Wideband A/D Converter Front-End Design Considerations Il - Amplifier- or Transformer Drive
forthe ADC? — FebruaryIssue Analog Dialogue 2007

+ Datasheets
e AD9233/46,80MSPS 12/14bit, 1.8V, Switched-Capacitor ADC
e AD9445/46,80MSPS 14/16bit,5/3V,Buffered ADC
e ADA4937
e AD8352
e AD8375/76
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Thank-you!
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