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Motivation

CISCO, “Cisco Visual Networking
Index: Mobile Data Traffic Forecast
Update, 2013-2018,” 2014

Exabytes per Month 21% CAGR 2013-2018

140

Growing wireless devices

High-speed

132 EB
Digital Receivers
i 76 EB
62 EB
51EB
Track
&Hold 0

2013 2014 2015 2016 2017 2018

Source: Cisco VNI, 2014

-Low Distortion

-High BW 40Gb/s, 100Gb/s
-Low Power Ethernet standards(!
-High Sensitivity SRR e =R i1

-High Sampling Speeds
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Track/Hold Amplifier (THA) Operation

* Cy buffered at input &
output

* Cy charged/discharged
to track/hold input on
alternating clock cycles

TIN Track Tk
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time time <> time
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Application

Communication systems use ADCs for DSP

ADCs periodically sample, quantize and digitize
received signal

Signal holding capability during sampling provided by
Track-and-Hold (THA) circuit

Radio System Receiver with T&H Circuit

( ( )> Sampling Clock |
IFrequency =Fik I | I | |
: | I
I
—eo
: I Digital
0 Out
! |
I-------------J
Input Signal T&H Waveform
Frequency = F /\/\/ -> [\/\\J Linearity: SFDR3,
THD3, IP3

Power = Py
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Performance Metrics
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Non-Linearities in THA
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Non-Linearities in THA

Frequency Domain, FFT
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Circuit Design & Architecture

Output Buffer Track and Hold Input Buffer Track and Hold Output Buffer
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* Differential design minimizes
— Even order harmonics
— Common-mode noise

* Current biasing with diode connected
devices

 Single ended clock input converted to
differential through buffer amplifier

* Peak f; biasing of switches

50€2 Input matching

Emitter Followers used for input/output
buffering

Differential Pair for high speed current
steering, Gain<1 to minimize distortion
Rp generates voltage drop to turn off
base of Q5, Q6

Feedforward Compensation Capacitors

Cpr HF =

Current steering switching circuit. Q9-12
are dummy transistors to counteract
charge injection from switching

Hold Capacitor

Degenerated Common Emitter with
Gain<l1, lowers output swing

High impedance output

ouT

18.4mA
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Layout and Fabrication
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* Design laid out in SiGe HBT 90nm technology
— £=300GHz, f,;,>300GHz
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Measurement Setup

Power Suppl
ower Supply Output
Input ] Oscilloscope
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'T/H Operation Achieved

Time Measurement

Beat Frequency Test
40
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Fin=50MHz, Py =-10dBm Fiy=40.002GHz High frequency operation
_ . Fx=40GHz tested for signal at 2MHz
Ferx=0.9GS/s :

Nyquist Zone Clocking

Presence of Aliased Fjaround F ¢
confirmed on Spectrum Analyzer
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Linearity Results @ 40GS/s

Output Harmonics ; SFDR
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Linearity Results @ 40GS/s

Two Tone Tests: Intermodulation Products

Ref.Level =-10dBm  30MHz/ 10dB/ Center 15GHz
Span = 240MHz
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Frequency (GHz)
Spectrum showing intermodulation Measured results for two tone tests
products for two tones at 14.96 GHz and showing IIP3 and OIP3 for input
15.04 GHz frequencies upto 19GHz

| © Deeksha Lal | CICC 2015 | 13



‘Design Figures Achieved

High-speed
Digital Receivers

Track
&Hold

-Low Distortion THD3>4.9 bits

_High BW BW limited
-Medium Power 560mW

‘High Sensitivity SFDR3>65dB

-High Sampling Fo x =40GS/s

Speed
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Conclusion

——— InP[4]

I W J
Work

[ SiGe[5] % |

G’G\GWS cMOS[12] ]

Peformance Metric Measurement 55
Sample Rate 40GS/s 20t
Peak PN 6dBm

SFDR3@ Fin/Fei g 78dB@6GHz/40GHz ER
THD3@ Fin/Ferx -39dB @ 6GHz/40GHz 10
[IP3 @ Fin/Ferk 11.1dBm@5GHz/40GHz =
DC Power Consumption  560mW 0
Voltage Supply 3.9V

Die-Size 0.49mm> 2,
Process, fr 90nm Si1Ge HBT, 300GHz

5 10 15
Frequency (GHz)

* A highly linear, 40GS/s THA designed in 90-nm

SiGe technology

* Performance compares with InP designs at half
the power consumed

20
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. Future Work

e Further measurements to characterize
— Noise of the system
— Two tone tests
* Address Bandwidth limitations of design

« Attempt integration with ADC circuits
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