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Q&A

 What is Semiconductor?

 What is IC? 
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Semiconductor Brief History 

 Mechanical Era (1623-1945)

1906 Vacuum Tube (Lee Deforest).

Three elements device used as electronic switch and amplifier: two
electrodes separated by a grid in a vacuum glass enclosure.
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Semiconductor Brief History (cont’d)

 Mechanical Era (1623-1945)

1943 British built code-breaking Vacuum Tube Computer called 
Colossus.

WWII Americans built a general purpose electronic computer, prior
to that John Atanasoff built an Electromechanical Digital Computer
with some vacuum tube.
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簡報者
簡報註解
The world's first electronic digital computer that was programmable, it ran at a remarkable (for the time) 5.8 MHz. 



Semiconductor Brief History (cont’d)

 Semiconductor Era (1947-21th century)

1947 First transistor designed by John Bardeen, Walter Brattain and 
William Shockley for Bell Labs . ( Nobel prize in 1956 )
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Semiconductor Brief History (cont’d)

 Semiconductor Era (1947-21th century)

1958 Jack Kilby at Texas Instrument had built first semiconductor IC
separately. The simple oscillator IC with five integrated components
(resistors, capacitors, distributed capacitors and transistors).

A simple oscillator IC 
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Semiconductor Brief History (cont’d)

 Semiconductor Era (1947-21th century)

1961 Jean Hoerni at Fairchild semiconductor had developed first
planar IC. Entire wafer is a single transistor.
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Semiconductor Brief History (cont’d)

1963 CMOS invented by Frank Wanlass at Fairchild
semiconductor originated and published the idea of
Complementary-MOS (CMOS). CMOS forms the basis of the vast
majority of all high density ICs manufactured today.

 Semiconductor Era (1947-21th century)

Metal-Oxide-Semiconductor ( MOS )  Field-Effect-Transistor (FET )
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Semiconductor Brief History (cont’d)

1965 Moore’s Law

 Semiconductor Era (1947-21th century)

Gordon Moore (co-founder 
of Intel) predicted in 1965 
that the transistor density
of semiconductor chips 
would double roughly every 
18 months. 

2X transistors/Chip Every 1.5 
years
Called “Moore’s Law”
Microprocessors have become 
smaller, denser, and more 
powerful.
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Semiconductor Brief History (cont’d)

1968 Noyce and Moore founded Intel

 Semiconductor Era (1947-21th century)
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Semiconductor Brief History (cont’d)

 Semiconductor in Our Life
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Full Custom IC Design Concept

 Design Styles
 Full Custom Design Flow

Circuit is created by composing a transistor netlist

 SPICE simulation is performed to verify the circuit

 Layout is mostly done manually

 Popular for high-performance microprocessors & 
memories

 Cell-Based Synthesis Flow
Design is first described by Hardware Description 

Language (e.g., Verilog and VHDL)

Based on a cell library, netlist is created by synthesis
tools

 Layout can be done through automatic tools
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Full Custom IC Design Concept (cont’d) 

 Custom Design Flow

Circuit & Layout Design 

Architecture and Logic Design 

System Requirement

Design Verification 

fail

Design Rules for Layout

SPICE Models
Circuit Simulation (SPICE)

LVS: Layout Versus Schematic Check

DRC: Design Rule Check pass

Mask Generation

Wafer Fabrication Wafer Testing & Packaging

Logic Diagram / Description
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Full Custom IC Design Concept (cont’d) 

 IC Design Step

Ref: CIC’s course “Full Custom IC Design Concepts”
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What is PLL?

 PLL Blocks

-Phase Detector (PD) / Phase Frequency Detector (PFD)

-Charge Pump (CP) 

-Loop Filter (LF) / Low Pass Filter (LPF)

-Voltage-Controlled Oscillator (VCO)

-Divider (/M)

PD
fin fout

up

dn
Vctrl

CP LF VCO
Ip

 A PLL is a “negative feedback system” where an oscillator-generated 
signal is phase and frequency locked to a reference signal

 Analogous to a car’s “cruise control”

fout=Mfin
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How Are PLL’s Used?

 PLL Application in SoC

source:http://vda.ee.nctu.edu.tw/EDAF/monthly_letter/sasic.pdf
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 iPhone 5s

https://www.ifixit.com/Device/iPhone_5s

http://www.chipworks.com/en/technical-competitive-analysis/resources/blog/inside-the-a7/

Apple A7 Processor Floorplan

Operating frequency: 1.3GHz 

How Are PLL’s Used? (cont’d) 
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簡報者
簡報註解
The current generation of the iPhone and iPad are equipped with 64-bit chips Apple A7 chip, made ​​in compliance with the 28-nm process technology. Responsible for calculating the pair of nuclei Cyclone (ARMv8-A) and Graphics PowerVR G6430, while in the case of iPhone 5s and iPad mini processor running at 1.3 GHz, and the tablet iPad Air – 1.4 GHz.

https://www.ifixit.com/Device/iPhone_5s
http://www.chipworks.com/en/technical-competitive-analysis/resources/blog/inside-the-a7/


 iPhone 6 

https://www.ifixit.com/Device/

http://www.dailytech.com/Die+Shots+Confirm+A8+Packs+Six+PowerVR+Rogue+GPU+Clusters/article36586.htm

Apple A8 Processor Floorplan

Operating frequency: 2GHz 

How Are PLL’s Used? (cont’d) 
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簡報者
簡報註解
A8 processor and dual-core will retain 64-bit architecture, but will run at a higher clock frequency. Operating frequency will be increased to 2.0 GHz. Cope with the heat will help the new 20 nm process.

https://www.ifixit.com/Device/
http://www.dailytech.com/Die+Shots+Confirm+A8+Packs+Six+PowerVR+Rogue+GPU+Clusters/article36586.htm


How Are PLL’s Used? (cont’d) 

 A8 vs. A7   
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Design Considerations of PLL 

 Output Phase Noise or Jitter (~dBc/Hz or P2P & 
RMS)

 Frequency Accuracy (~ppm or %)

 Frequency Range (e.g. 2.4GHz for GSM)

 Lock in Time (e.g. 280μs for GSM)

 Chip Area (~mm2)

 Power Dissipation (~mW)

Adaptive Bandwidth Tracking
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Design Considerations of PLL (cont’d) 

 Classifications of PLL Types
 Analog PLL (APLL)

 Digital PLL (DPLL)

 All-Digital PLL (ADPLL)

 Charge-Pump PLL (CPPLL)

CPPLL DPLL ADPLL

Approach Mixed-signal Mixed-signal All-digital

Output Frequency High High Low

Lock in Time Slow Slow Fast

Area Large Large Small

Jitter Small Small Large
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Proposed Low-Voltage PLL

 Block Diagram of Proposed PLL



Proposed Low-Voltage PLL (cont’d) 

 Characteristics of Gate-Driven and Bulk-Driven 
PMOS 
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Proposed Low-Voltage PLL (cont’d) 

 Bulk Leakage Current of PMOS 
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Proposed Low-Voltage PLL (cont’d) 

 Bulk-Input VCO (BVCO)

• BVCO consists of a 3-stage fully differential ring oscillator and a differential-
to-single-ended converter 

• BVCO is digitally controlled using a 2-bit word (S1, S0) via the calibration 
circuit to avoid PVT variations 
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Proposed Low-Voltage PLL (cont’d) 

 Divide-by-32 Counter

• The forward-body-bias and floating-input techniques are used in the 
proposed DFF (FBB-FIDFF)

• A divide-by-4 counter with the FBB-FIDFFs is the critical high-speed part, a 
divide-by-8 counter with the TGDFF in the second stage to reduce power
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Proposed Low-Voltage PLL (cont’d) 

 Calibration Circuit 

• The calibration circuit consists of two comparators with hysterisis and the 
state machine circuit 

• The 2-bit word (S1, S0) is according to the UP/DN signals to automatically 
adjust the current source of BVCO in various conditions
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Proposed Low-Voltage PLL (cont’d) 

 Microphotograph and Physical PCB
 The active area is 0.05mm2

8.3cm

8.3cm
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Proposed Low-Voltage PLL (cont’d) 

 Measurement Environment
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Proposed Low-Voltage PLL (cont’d) 

 Measurement Results (1/3)
Measured Output Waveform (360MHz~610MHz)

Fref

Fdiv

Fout
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Proposed Low-Voltage PLL (cont’d) 

 Measurement Results (2/3)
 Jitter Histogram at 550MHz

• 0.5V Power Supply • Single Solar Cell
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Proposed Low-Voltage PLL (cont’d) 

 Measurement Results (3/3)
 Performance Summary

Process TSMC 0.13μm CMOS
Supply Voltage 0.5V (typical 1.2V)

Temperature 25o

BVCO Tuning Range 306MHz~725MHz
PLL Frequency Range 360MHz~610MHz

RMS Jitter
@ 550MHz

8.01ps (quiet supply)
8.76ps (solar cell)

Pk-Pk Jitter
@ 550MHz

56.36ps (3.1%) (quiet supply)
67.27ps (3.7%) (solar cell)

Power Dissipation
@ 550MHz

1.25mW

Lock Time < 4.7μs
Active Die Area 0.05mm2
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Conclusions
 An ultra-low-voltage PLL with bulk-input VCO is 

proposed.

 A VCO with bulk-input technique and a divider 
with forward-body-bias scheme to circumvent 
the VT problem , enabling the PLL to be 
operated at an ultra-low voltage. 

 The self-calibration technique is used to 
prevent PVT variations and maintain the desired 
operating frequency.

 The total power dissipation of the PLL is 
1.25mW at an operating frequency of 550MHz
with a 0.5V solar cell. The measured rms jitter 
and peak-to-peak jitter are 8.76ps and 67.27ps, 
respectively. 
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Thank you for your attention~
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