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OOutline
O Context
O Pipeline Architecture
O Design of a 15-bit 10 MS/s Pipeline ADC
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O Other Projects
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Context
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e System considerations v,
Bit error rate probability as a function of SNR for 14 bit QAM Simulation with white noise
o Digital QAM Modulation for M = 14 bits SNR of Linear and Logarithmic A/D Conwverters Dynamic Range =80.8233 dB
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O For ADSL a ber of 108 requires an SNR of 42 dB for 14QAM
U ADSL requires an 80-dB dynamic range ADC due to signal dynamics
(80 dB = 42dB QAM + 3dB margin + 15dB crest factor + 10dB AGC + 10dB crosstalk)

_ »Linear pipeline ADC with 13-bit resolution
2 solutions :> =Logarithmic 9-bit ADC converter with a max SNR of 44.3 dB and 80 dB
dynamic range
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Architecture of the 15-bit 10MS/s self-calibrated pipeline ADC
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The resistors and the DAC inject large noise! c f

The DAC noise current is proportional to gm Vr=+4.K-T-Fn-R Fn=%-Fo=7OMHz
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S SNR system calculation feg/estt 5
1(Vrefj
SNR=10109 Vet 2.kT e 2V 1 2vnamo? | = 1998
2L 4Vnamp? +2Vr? + 2Vndac? + S SV Namp
12.2 C 2

Trade off between power,
noise and resolution

Noise distribution by block obtained by program

Quantization =26% C =10 pF

KT/C =~ 17% Cc =10 pF
Resistors ~ 20% ‘ ldac = 1ImA

DAC ~ 16% Rstring = 1000 ohm

Amplifiers = 21%

Noise Bandwidth of a 2 pole system = 0.7854 Fo helps
reducing the noise from the DAC and resistors
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o Current Steering DAC gee st G5

«Current steering DAC requirements: random errors
«Current source sizing: std dev(Al/l) = 0.027% for 13 bit linearity
*\od = 0.76V ==> total current source DAC transistor area = 0.817 mm? , DAC area = 1.7 mm?
*Hierarchical symmetrical switching scheme used to compensate systematic errors
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Current Steering DAC

DAC Layout
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Residue amplifier
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Main schematic of the amplifiers used in the S/H and residue amplifiers
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Yield Simulation of a flash dee/ estt &5

Yield vs. relative accuracy (6 bit FLASH)
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R O M b0 b1 b2 b3 Decimal Binary Thermometer Gray  Two's Complement
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15-bit 10MS/s pipeline ADC Chip Layout
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Summary
Resolution 15 bit
Conversion rate 10 Ms/s
Power consumption 320 mW
Power supply 2.7-3.3V
Input range 1.1v
SNDR 77.2dB
THD 84.8 dB
ENB 12.5 bit

DNL, fin = 9.5 kHz
INL, fin = 9.5 kHz
Chip area

Core area

Process technology

1.5 LSB at 15-bit
3.3 LSB at 15-hit
3.23 mm*4.75 mm
2.8 mm*4.3 mm
0.35 um CMOS
single poly 5-metal
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Evaluation of the linear pipeline ADC
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Evaluation of the linear pipeline ADC
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Full Converter Experimental Results
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Auxiliary Blocks
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Logarithmic transformation deg]estt &5,

Classical Linear Pipeline Converter

N bits output word

5

Digital correction logic

4‘ rM bits word

Digital delay line

4‘ rsl T rsz T rBM_l 4‘ rBM U The signal operations in the

_ linear domain are replaced by
VIL@_D Stage 1 N Stage 2 "N XK | —N Stage M-1 —— Stage M thelr equ|va|ent in the

logarithmic domain

Linear Domain Logarithmic Domain

B, bits B, bits Subtraction/Addition Attenuation/Amplification

ADC I DAC +
g b H—> > —J>—

Vin + e Vou

Multiplication by 2 Square
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Logarithmic pipeline ADC architecture (Gl

Digital Output

AN

Digital Correction

AN

U Replacing the signal operations in
the linear pipeline we obtain a

k T T T T T T logarithmic pipeline ADC.
Analog SHA O A k offset at the input extends the

input
Stage 1 jl>‘ o ‘|jl> Stage i [>‘ o ‘|jl> Stage n range. dO.Wn to zero. d.ue to the
logarithmic characteristic.

Registers

Logarithmic
attenuator/amplifier
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+
— Square 40% Vref5
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Digital
Coder

Vref2 Vref3
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Converter characteristic Residue of first stage

L Logarithmic A/D converter with digital error correction Logarithmic A/D conwverter with digital error correction
: : : 14;
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QConverter characteristics for positive input signals.
UThe squarer gives a parabolic characteristic to the residue

1 3.22N
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K

DRy =20-log,,

Jorge Guilherme Lisbon 20 April 2012 # 23



o Logarithmic pipeline ADC de/estt €5

Symmetrical Logarithmic A/D converter with digital error correction

O Solution for bipolar characteristic l —

0.8
° 0.6
S o4
g” 0.2 /
1st Stage 2nd Stage % 0
. : Positive S 02
vmp,vmnq_\ PGA Square PGA Square §_ 0.4 /
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Negative ? vin V)
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1.4
K58 ir Of%ion K8e —ir Ol&ion
S 1
§ 0.8 \\ /
O After first stage residue signal is always positive due to squarer. %06 \ /
U FoIIovylng gtages only process pqsmve mput S|gnals._ £ e
U The sign bit is extracted by the intersection of the input stage \h ﬂ/
characteristics. o2 H
0 Second stage is split in two to allow the sign bit decision 0 \
-1 -08 -06 -04 -02 0 0.2 0.4 0.6 0.8 1
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1.5-bit pipeline stage block diagram
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Architecture of the 9-bit 10MS/s logarithmic pipeline ADC

test_outp controlP

avdd dvdd svdd in<0:1> stage<0:2> test test_outn controlN
u u |
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9-bit 10MS/s logarithmic pipeline ADC Chip Layout
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Summary
Resolution 9 bit
Conversion rate 10 Msl/s
Power consumption 478 mW
Power supply 2.2-2.7V
Input range v
SNR 45.7 dB
Dynamic range 79.28 dB
Chip area 3.1 mm*2.6 mm
Process technology 0.25 um CMOS

single poly 5-metal

Jorge Guilherme
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e Evaluation of the logarithmic pipeline ADC  [ED

Tek {1 & l Trig'd M Pos: 8000,us

b . . . . N N . . “
=3 0L YRR OREYYE PO O OROETOROTOEELORLOLEOROL LYY

E 1 SUUmV CH2 SDOm'v' M 100ms CH2 J

Measured output of the pipeline converter by injecting a triangular
waveform of 250 Hz at the input, for a clock frequency of 1.3 MHz
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Other Projects
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DC-DC Controller for Space Application

RULVO
C
ROSC II
R
o § 9
o 5 =
® ILimit ©O o brive
(7]
R C Shutdown § ISense
— >
i gt R,
Galvanic
|— Insulation

Radiation resistant isolated DC-DC converter using a forward topology
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Controller Features

= Current mode control, cycle by cycle current limit

= Up to 2nF drive capability (to drive external power MOS)
= Soft-Start

= External shutdown/enable pin

= Adjustable oscillator frequency (up to 2MHz) using a single
resistor

= PFM control mode for light loads to improve efficiency
= Radiation hardening
= Technology AMS 035 um CMOS
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Area =2.79 mm”"2
Technology: 0.35um CMOS C35B4C3 4M/2P/HR/5V 10
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Integrated Prototype:
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Class-D Audio Amplifier
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Results: Rb3 ?Rcz Rb1

e THD below -92dB with 8ohm
load at 680mW (~0.0025%) VW~

Rfb
« Over 26dB THD reduction
when compared with open
loop results
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« 3.6uVrms closed-loop base-
band noise
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Design Example — BTL Class-D

THD simulation results for Class-D with and without filter feedback — Comparison between BTL and SE
Amp.
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Two very long sweeps were
conducted, each with 120
long transient simulations.

The evolved filter
improvement achieves over
26dB reduction for an 8
ohm load.

26dB
improvement

The BTL Class-D exhibits
lower intrinsic HD and higher
open-loop diff gain, it has
lower THD+N than the SE
case.
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Test-Chip Architecture
A Multi-mode Stereo Class-D Amplifier

|:| Designed — both schematic and layout

|:| Ongoing design — schematic phase

|:| Starting development
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Test-Chip Layout

Fully differential BLT Class-D Amplifier — Single Channel (UMC 018 um)
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Note: MPW area constrains TC to single channel (1 reticule, 1.52x1.52 mm~*2)

37

Lisbon 20 April 2012 #

Jorge Guilherme



O A 15-bit 10MS/s pipeline ADC was presented
= Linearity determined by matching accuracy of a current steering DAC.

= A calibration scheme adjust the reference voltage of the backend
pipeline, instead of calibrating the gain of the front-end stage.

O A 9-bit 10MS/s true logarithmic pipeline ADC derived from their linear
counterparts.

» Symmetrical characteristic with dynamic range independent of SNR
= SNR of 44.3 dB for a dynamic range of 80 dB.

U Other Projects
= DC-DC controller for Space Applications
= Class D Audio Amplifier
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