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Lecture 22 

Circuit Design Techniques and Applications – II

Wireless Communications

In this lecture you will learn:

• Circuits for wireless communications
• Signal multipliers and mixers
• Single-balanced and double-balanced mixers
• Sample and hold circuits
• Analog to digital converters
• Digital to analog converters
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Signal Transmission in Wireless Communications
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Signal Reception in Wireless Communications
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RF Mixer or Modulator/Demodulator
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FET Signal Mixer/Multiplier: Review of a Diff Amp
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FET Signal Mixer/Multiplier: Single-Balanced Mixer
DDV

R

1IV
1OV 2OV

IU

DDV

R

2IV

   TNI
n

nII
nOOOd VU

k
KVV

RkVVV 


 2
2

21
21

 
n

BIASII
nOOOd k

IVV
RkVVV 4

2
21

21




Ma Mb

Mc
Product terms

But still not quite what one would want……..

i) The input voltage UI is not differential…….
ii) The two input voltages being multiplied don’t appear symmetrically in 

the final answer
iii) There is an additional term proportional only to VI1-VI2 in the output

nk

nK

 2
2 TNI
n

BIAS VU
K

I 

A single-balanced mixer:



4

ECE 315 – Spring 2005 – Farhan Rana – Cornell University

FET Signal Mixer/Multiplier: A Double-Balanced Mixer
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A cross-coupled double-balanced 
differential pair
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Analog-to-Digital Converters(ADCs) and 
Digital-to-Analog Converters (DACs)
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Analog-to-Digital Converters (ADCs)
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Sample and Hold in Analog-to-Digital Converters (ADCs)

ADC
 tVIN

0
1
0

1

bitsN
Analog 
input

Digital Output
Sample 
and hold

CLK

time

 tVIN

Sampling times

time

CLK

Sample the input waveform periodically and hold the sampled value in place till 
the next sampling event 

 tVS
Anti-aliasing 
filter

ECE 315 – Spring 2005 – Farhan Rana – Cornell University

Anti-Aliasing Filter in Analog-to-Digital Converters (ADCs)
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Sample and Hold in Analog-to-Digital Converters (ADCs)
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Flash Analog-to-Digital Converters (ADCs)
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Successive Approximation Register (SAR) Analog-to-Digital 
Converters (ADCs)
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Successive Approximation Register (SAR) Analog-to-Digital 
Converters (ADCs)

Consider a 4-bit SAR-ADC with a 0-3 V input range

0000 => 0 Volts            1111 => 3 Volts

Resolution = 0.2 Volt

Suppose the input is 1.70 Volts

Start

SAR = 1000 DAC = 1.60 V Error = +1 Stored value is smaller

SAR = 1111 DAC = 3.00 V Error = -1 Stored value is larger

SAR = 1100 DAC = 2.40 V Error = +1 Stored value is larger

SAR = 1010 DAC = 2.00 V Error = +1 Stored value is larger

SAR = 1001 DAC = 1.80 V Error = +1 Stored value is larger

Produce output

Pros: Scalable to high resolutions   Cons: Slower than flash 
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Pipelined Analog-to-Digital Converters (ADCs)

Main Idea: Use features of the flash architecture but scale to higher resolutions

Example: Build a 6-bit pipelined ADC from two 3-bit Flash ADCs 
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Pipelined Analog-to-Digital Converters (ADCs)
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Can easily generalize: 

Pros: 
Scalable to high resolutions
Fast

Cons:
Large power dissipation
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Walt Kester, Analog devices (2005)
William Klein, Texas Instruments (2007)

Analog-to-Digital Converters (ADCs): State of the Art
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R/2R Ladder Digital-to-Analog Converters (DACs)
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Thermometer Code Digital-to-Analog Converters (DACs)
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Wireless Communications
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