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Lecture 11- Synthesis, and design..

Over Sampling ADCs 

Example of 1 loop design – time continuous
Stability of higher loops
Switch C building blocks                                         
Synthesis Switch C
Time continuous - design

Welcome to
046188 Winter semester 2012

Mixed Signal Electronic Circuits 
Instructor:  Dr. M.  Moyal  

www.gigalogchip.com
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Review-- transistor/process view 
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ADC time continue – example 1

CT Sigma DELTA
1st Order Loop as an example 

Objective : To be aware of  the many issues of CT 
design 

From Lect. 10, remember: 
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Development of SD ADC

STEP 1 : SNR: Setting Clock Speed: (OSR) 
and inventory: 

Let choose: One loop – Perfect linearity 
1 bit DAC                        Vref/Rf
1 Comparator                 200ua – 3ma (very fast) 
1 Integrator                     100uA – 2ma (very fast) 
References and clock signals   500uA
Needed: DSP (Decimation filters) 

ADC time continue – example 1

Design ”spec” 

For 84dB SNR

For input pk 
signal 500 mV

For BW=8 KHz

SNR: 
87db-6db(1bit) /9db/oct=9 octaves !

Clock: 16KHz x  512 = 8.192MHz
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ADC time continue – example 1

STEP 2 

Stability issue

Fscale setting

Needed Integrator 
BW
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STEP 3 : Noise sources finding          Rin and C
For 84dB SNR ( qunatization + Thermal Noises )  linearities=0)
For input pk signal 500 mV
For BW=8 KHz – phone: codec voice applications..  

Input resistor should be as low as possible 
but also as large as possible (lower I dac, Low C, )

The maximum resistor is set by:
Calculation of thermal noise to achieve 12dB higher SNR (96dB) 
( i.e., 10db  added to 84dB will drop total SNR by ~ 1dB to 83dB)

Calculate Noise due to Rf and Ri 
For signal input of
400mV:  96dB down from  (1:65,536)  = 6.1035uV ( in 8 KHz) 
Per sqrtHz=> 6.1035/89.44 ~  68 nV 
For each of the 2 resistors: /1.414 ( Rdac=Rin) = 48 nV/sqrtHz ( room T) 
If 1K has 4.09nV/sqrtHz 

R= 137 K ohm ( will produce ~48nV/sqrtHz  : 4.09 xsqrt(137)) 
I dac = 0.5/137000   ~ 3.6uA    ( forgot to take temp in 4kT..)

Finding C:
For 8 KHz setting the op BW it ~2.5 time 8 KHz = need 68pF !

ADC time continue – example 1

STEP 3 

Find R and C
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ADC time continue – more options multi loop..

Key: add 0
to the loop
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Note: Beyond this lecture but. Remember..

ADD made of 1 loop can be sensitive to “tone spikes” 
( dithering is needed)- it take long fix sequence..
( nice feature: SD “like” noisy environment..) 

Slew rate and amplifier performance should be evaluated

Feedback C ( add R to compensate for loop DAC ~integrator
And simulate best values).  
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in H1 H2 out

noise

Stability of higher order loop – 2nd order..

2 loops: Were to open the loop ? 
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Stability of higher order loop – 2nd order..

TRANSFER FUNCTION RC POSITIONING
Pole 1=1MHz pole2=2MHz

2 gain margines....

Key:  PM
from here..
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Example: Stability “ Wrong positioning” 

Pole1~ 1MHz 
Pole2~1MHz 

Pole1~ 1MHz 
Pole2~ 0.2MHz 



Technion 046188/2012  Lect 11

Example: Stability noe in z domain.. 
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Model used

• Each H is an integrator with delay:
• In Ideal Integrator α=1
• Transfer functions are:
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Stability Vs. k1,k2 (α=1)

• Constant k2 varying k1

• Smaller k1 increases 
phase margin noticeably 

• Constant k1 varying k2

• The phase is constant
• Higher k2 increases phase 

margin noticeably
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Stability Vs. k1,k2 (α=1-10-3)

• Constant k2 varying k1

• Smaller k1 increases 
phase margin noticeably 

• Constant k1 varying k2

• The phase is constant
• Higher k2 increases phase 

margin noticeably
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Stability Vs. k1,k2

• α has neglectable affect on the Gain-margin and Phase-
margin

• The gain margin is always the gain at Fs/2
• i.e. k1=1/5 k2=2/5  Gm=15dB Pm=50°
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The example cont.

• k1=1/5 k2=2/5  
Gm=15dB 
Pm=50°

Gm

Pm

Psudo Gm
of 45dB
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Stability: Introducing K1,K2,K3..Kn  in the loop.. 

Bad news..: K1,K2,K3…reduces SNR by their product..
Good news system is stable.

Expand on lect. 10 to figure SNR:  

B=number of bits, R =OSR, n=loops, a0=K1..  
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Ideal Transfer function basic switch C:

f(bw)=  (C1/C2) / ( Ts x 2pi ) 

Big advantage: process indep.

Non Idealities: 
With Open loop A is finite 
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SWITCH C OPTIONS:  INVERTING AND NON INVERTING 

KEY: in SC WE CAN SUBSTRACT BY PLACING THE PHASE TIMING
( no need for inverting amplifiers)
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Building the  basic switch C SD and dac
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Synthesize SD

EXAMPLE: 

Analysis of a Switch C Sigma Delta Second order 

Analyze this second order SD 
How does it works? 
What is the potential SNR ? , Noise in ? max input signal BW ?
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Given only :
Clock rate => fck = 62 KHz ,   Vsigpk=0.2V
C1 =100 ff  , C3=100 ff 
C2= 1pf        C4=0.5 pF    op: gm=100e-6 1/ohm 

Example: Given schematic and ckt parameters

What’s going on ?
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Identify loop order
Identify bit order
Calculate integrator time constant values
Calculate Ks – Stability issues
Estimate max BW and potential maximum OSR 
Estimate effective number of bits, and  SNR ( quantization )
Calculate noise sources (caps, Reference, devices)
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DESIGN in class
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Design 3rd order Switch C and CT ADC

Want signal=1.1MHz !
Want 84dB (ADSL)

Design in both: TC and SC.
Because some parameters
are easier to calculate 
in TC some in SC
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Not bad we want 84 
so we have some margin !
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End     Lecture 11

www.gigalogchip.com


