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ثيز  14سب  10زلز  ٞبي ثب ٚؾيٕ زض وبضثطزثٝ نٛضر  Pipelineٞبي آ٘بِٛي ثٝ زيديشبَ ثب ٕٔٗبضي  ٔجسَ

ٞب  ٔجسَايٗ سٛاٖ ٔهطفي ي ثرف ٖٕسٜط٘س. يٌئٛضز اؾشفبزٜ لطاض ٔ MS/s 500سب  MS/s 10ؾطٖز  ٚ

ٔسضٖ ٘ب٘ٛٔشط  ٞبي زض سىِٙٛٛغي .ثبقسٞب ٔيض ذُي زض َجمبر آٖثؿيبٞبي ثب ّٖٕىطز  وٙٙسٜ ٘بقي اظ سمٛيز

CMOS ٝٞبي ّٖٕيبسي ثب ثٟطٜ ٚ ؾٛئيًٙ ثبلا  وٙٙسٜ َطاحي سمٛيز ،ثٝ زِيُ وبٞف حساوثط ٔمساض ٔٙجٕ سغصي

ثب وبضايي ثبلا قسٜ اؾز.  Pipeline ٞبي ؾبظي ٔجسَ سجسيُ ثٝ چبِكي ثعضي زض ديبزٜٖٕلا ثؿيبض ؾرز ثٛزٜ ٚ 

ضا ثب ؾبذشبضي  Pipelineٞبي ٔٛخٛز زض ؾبذشبض ٔجسَ وٙٙسٜ سٛاٖ سمٛيز، ٔيٙٓٛض غّجٝ ثط ايٗ چبِفثٝ ٔ

اؾشفبزٜ  يسط ٞبي يٗيف وٙٙسٜ اظ سمٛيزوطز ٚ يب ٗ يٍعيخب ي زاضز،سط ؾبظي ضاحز سٛاٖ دبييٗ ٚ ديبزٜ خسيس وٝ

 . وطزٖ خجطاوبِيجطاؾيٖٛ زيديشبَ ٞبي  ثب وٕه سىٙيهضا آٟ٘ب ذُبٞبي ٚ  ٕ٘ٛزٜ

ثب وبضايي ثبلا  Pipelineٞبي  ٞب زض ٔجسَوٙٙسٜٞبي ٔرشّف خبيٍعيٙي سمٛيز زض ايٗ ضؾبِٝ، اثشسا ضٚـ

-ديكٟٙبز ٔي سفبيّي -قجٝ وٙٙسٞب ثب ؾبذشبضٞبي ثطاي خبيٍعيٙي سمٛيز ٚ ؾذؽ چٙس ضٚـقسٜ ثطضؾي 

قٛز. ؾذؽ ثب يبسي ٔٗطفي ٔيّٖٕ يوٙٙسٜقٛ٘س. زض ضٚـ اَٚ، ٔساض يه ايٙٛضسط ثطاي خبيٍعيٙي سمٛيز

ثب لبثّيز اؾشفبزٜ ٔدسز اظ خطيبٖ ي خسيسي وٙٙسٜٞبي ايٗ ايٙٛضسط، سمٛيزاؾشفبزٜ خساٌب٘ٝ اظ ٚضٚزي

ٞب ايدبز وطزٜ ٚ سٗساز سمٛيز وٙٙسٜسمٛيز ياقشطان ٌصاضثطاي سىٙيه  شطيديكٟٙبز قسٜ اؾز وٝ ؾبذشبض ثٟ

ٟ٘بيز يه ضٚـ وبِيجطاؾيٖٛ زيديشبَ ديكٟٙبز قسٜ اؾز  زضزٞس. ٞبي ٔجسَ ضا ثٝ ٘هف وبٞف ٔيوٙٙسٜ

ي ٜزض حٛظخبي سمٛيز وٙٙسٜ اؾشفبزٜ وطزٜ ٚ ذُبٞبي آٖ ضا ٝ سٛاٖ اظ يه ايٙٛضسط ؾبزٜ ثوٝ ثٝ وٕه آٖ ٔي

 خجطاٖ وطز. زيديشبَ 

ٚ ثب  MS/s 100 يثطزاضؾطٖز ٕ٘ٛ٘ٝ ثب يشيث 10زض ثؿشط ؾٝ ٔجسَ  وبضايي ٞط ؾٝ ؾبذشبض ديكٟٙبزي

 اؾز. ثطضؾي لطاض ٌطفشٝٔٛضز  Spectre/Cadence  ٚHSPICEقجيٝ ؾبظ  ٞبي٘طْ افعاض ٕهو

زض سىِٙٛٛغي ا٘س ٚ ٔجسَ ٟ٘بيي ؾبظي قسٜديبزٜ V1ي ثب ِٚشبغ سغصيٝ nm90زٚ ٔجسَ اِٚي زض سىِٙٛٛغي 

µm 18/0 ٝي ثب زٚ ِٚشبغ سغصيV2/1  ٚV8/1  ٕٝ٘ٛ٘ اظ ايٗ ٔجسَ . ؾبظي قسٜ اؾزّٖٕي ديبزٜثٝ ٖٙٛاٖ يه

زض ؾُح  ٞبٔجسَوٙس. اثشسا ديكٟٙبزي اؾشفبزٜ ٔي بزٜ ٚ سىٙيه وبِيجطاؾيٖٛ زيديشبَؾبذشبض ايٙٛضسط ؾ

سٛؾٍ ٘طْ افعاض قجيٝ ؾبظ ٔجسَ ٟ٘بيي  1ٚ دؽ اظ خبٕ٘بيي ا٘سقسٜؾبظي ٚ قجيٝٔساضي َطاحي 

Spectre/Cadenceٔهطفي ٔجسَ  سٛاٖاؾز. نٛضر ٌطفشٝ ٞبي ثٗس اظ خبٕ٘بيي ، قجيٝ ؾبظيPipeline  ٟ٘بيي

mW 45/9ٝي آٖ ثسٖٚ زض ٘ٓط ٌطفشٗ دسٞب ، ٔؿبحز سطاقmm
281/0، SNDR   ٚSFDR  آٖ ثٝ سطسيتdB 

1/59  ٚdB 64 ٞب، ايٙٛضسط ؾبزٜ ثٝ ٕٞطاٜ وبِيجطاؾيٖٛ ؾبظيثب سٛخٝ ثٝ ٘شبيح حبنُ اظ ايٗ قجيٝثبقس. ٔي

 ثبقس. Pipelineٞبي ي ّٖٕيبسي زض ٔجسَٙٙسٜسٛا٘س خبيٍعيٗ ٔٙبؾجي ثطاي سمٛيز وزيديشبَ ٔي

 

 ،ّٖٕيبسي  وٙٙسٜ سمٛيز يٙيٍعيخبٞبي  ، ضٚـPipelineآ٘بِٛي ثٝ زيديشبَ  ٞبي ٔجسَ 
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 112 ............... .ئمبٚٔش ٖ٘طزثب يوٙشطِ يٞبٍٙبَيؾ ٚ قٕبض٘سٜ يٞبيذطٚخ ئُٙم اضسجبٌ(: 14-5 ) خسَٚ
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 17 ............................................. .ٔجسَ ٔشٛاِي َجمبر زض وٙٙسٜ سمٛيز ٌصاضي اقشطان ثٝ سىٙيه(: 9-2 ) قىُ
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 116 ................................................................................... .قسٜ يؾبظبزٜيد Pipeline ٔجسَ آٚر يِ(: 2-6 ) قىُ

 117 .............................................. .ٖٛيجطاؾيوبِ شٓياٍِٛض اٖٕبَ اظ لجُ ٔجسَ يذطٚخ سٛاٖ َيف(: 3-6 ) قىُ

 يزٔب ٚ يسىِٙٛٛغ ئِٕٗٛ يٌٛقٝ زض ٖٛيجطاؾيوبِ اٖٕبَ اظ ثٗس ٔجسَ يذطٚخ سٛاٖ َيف(: 4-6 ) قىُ

C 27. ................................................................................................................................................................................ 118 

 C يزٔب ٚ يسىِٙٛٛغ سٙس يٌٛقٝ زض ٖٛيجطاؾيوبِ اٖٕبَ اظ ثٗس ٔجسَ يذطٚخ سٛاٖ َيف(: 5-6 ) قىُ

40-. .................................................................................................................................................................................. 118 

 C يزٔب ٚ يسىِٙٛٛغ وٙس يٌٛقٝ زض ٖٛيجطاؾيوبِ اٖٕبَ اظ ثٗس ٔجسَ يذطٚخ سٛاٖ َيف(: 6-6 ) قىُ

85-. .................................................................................................................................................................................. 118 

 119 .........................ٚضٚزي ٔرشّف ٞبيفطوب٘ؽ اظاي ثٝ ٕ٘ٛ٘ٝ ٔجسَ SNDR ٚ SFDR ٔمبزيط(: 7-6 ) قىُ

 119 ..................................................................... .ٖٛيجطاؾيوبِ اٖٕبَ اظ لجُ DNL ٚ INL ُيدطٚفب(: 8-6 ) قىُ

 120 ...................................................................... .ٖٛيجطاؾيوبِ اٖٕبَ اظ ثٗس DNL ٚ INL ُيدطٚفب(: 9-6 ) قىُ

 125 ...................................................................................... .بفشٝي ثٟجٛز يٝيسغص ضز ٘ؿجز ثب ٙٛضسطيا(: 1-7 ) قىُ

 126 ............................. .ٖٛيجطاؾيوبِ ٔسَ ؾْٛ ٔطسجٝ تييط طارييسغ وطزٖ ز٘جبَ ضٚـ ٔفْٟٛ(: 2-7 ) قىُ
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 ًاهِر اختصا

ADC: Analog to Digital Converter 

CDS: Correlated Double Sampling 

CFA: Capacitor Flip Around 

CG: Combinational gate 

CMFB: Common Mode FeedBack 

CMRR: Common Mode Rejection Ratio 

CNFA: Capacitor Non Flip Around 

DAC: Digital to Analog Converter 

DNL: Differential Non-Linearity 

DR: Dynamic range 

DWA: Data weighted averaging 

ENOB: Effective Number Of Bit 

FFT: Fast Fourier Transform 

FIR: Finite Impulse Response 

FoM: Figure of Merit 

GBW: Gain Band Width 

HDC: Harmonic distortion correction 

INL: Integral Non-Linearity 

LMS: Least Mean Square 

LSB: Least Significant Bit 

LVDS: Low voltage differential signaling  

MDAC: Multiplying Digital to Analog Converter  

MSB: Most Significant Bit 

MSE: Mean Squre Error 

OTA: Operational Trans-conductance Amplifier 

PSRR: Power Supply Rejection Ratio 

SAR: Successive Aapproximation Register 

SC: Switched Capacitor 

SFDR: Spurious Free Dynamic Range 

SHA: Sample and Hold Amplifier 

SNDR: Signal to Noise and Distortion Ratio 

SR: Slew Rate 
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 ًاهٍِاصُ

 

Adaptive سُجيمي 

Algorithmic اٍِٛضيشٕي 

Analog to Digital Converters (ADCs) َٞبي آ٘بِٛي ثٝ زيديشبَٔجس 

Anti-aliasing filter ًٙفيّشط آ٘شي اِيبؾي 

Aperture error ٝ٘ايذُبي ضٚظ 

Backend دكشي 

Background ظٔيٙٝدؽ 

Bootstrap اؾشطحثٛر 

Buffer ثبفط 

Capacitive coupling  ذبظ٘يسعٚيح 

Capacitor Flip Around (CFA)  چطذف ثٝ زٚض ذبظٖ حبِز 

Capacitor Non Flip Around (CNFA)  چطذف ثٝ زٚض ٖسْذبظٖ حبِز 

Channel charge injection َسعضيك ثبض وب٘ب 

Charge distribution ضسٛظيٕ ثب 

Clock ولان 

Clock buffer ثبفط ولان 

Coarse convertor يئجسَ زلز دب ٗ 

Common - mode ٔس ٔكشطن 

Common - mode feedback فيسثه ٔس ٔكشطن 

Common Mode Rejection Ratio (CMRR) ٘ؿجز حصف ٔس ٔكشطن 

Comparator ٌٝط ٔمبيؿ 

Correlated double sampling ٕٝ٘ٛ٘ٝ٘ي ٚاثؿشٝثطزاضي زٌٚب 

Correlation ٕٞجؿشٍي 

Current - reuse ٜخطيبٖ ي ٔدسز اظاؾشفبز 

Decoder زوٛزض 
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Differential Non-Linearity (DNL)  يسفبيّغيطذُيٍٙي 

Distortion اٖٛخبج 

Dynamic comaparator ٝزيٙبٔيىيٌط ٔمبيؿ 

Dynamic Range  ٜزيٙبٔيىيي ٔحسٚز 

Effective Number Of Bits (ENOB) سٗساز ثيز ٔٛثط 

Fast Fourier Transform  (FFT)  ؾطيٕسجسيُ فٛضي ٝ 

Estimator  ٌطرٕيٗس 

Figure of  Merit (FoM) ٔٗيبض قبيؿشٍي 

Fine convertor ٔجسَ زليك 

Fitting ثطاظـ 

Flash ٔجسَ فّف 

Flip around  چطذف ثٝ زٚض 

Float قٙبٚض 

Floor plan ٘مكٝ َطح 

Folded cascade Amplifier  قسٜسب  ي وؿىٛزوٙٙسٜسمٛيز 

Folding ٖسب قس 

Foreground ظٔيٙٝديف 

Gain-boosting ٜافعايف ثٟط 

Guard ring ٝي ٔحبفّحّم 

Integral Non-Linearity ٕٕقٛ٘سٜغيطذُيٍٙي خ 

Integrated circuits ٕٕٔساضٞبي ٔدش 

Interpolation ٖٚيبثيزض 

Isolation ٖٛايعٚلاؾي 

Latch ُوٙٙسٜلف 

Latched comoparator ٌٝط لفُ قٛ٘سٜٔمبيؿ 

Latency سبذيط زض سِٛيس 

Layout خبٕ٘بيي 

Least Significant Bit (LSB) ثيزِ ثب وٕشطيٗ اضظـ 
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Linearity ذُيٍٙي 

Metastability ثجبر 

Mismatch ٖسْ سُجيك 

Multiplexer ٔبِشي دّىؿط 

Multiplying Digital to Analog Converter  (MDAC)   وٙٙسٜٔجسَ زيديشبَ ثٝ آ٘بِٛي يطة 

Nonlinear polynomial interpolation ٖٚاي غيطذُي يبثي چٙسخّٕٝزض 

Non-overlap غيطٕٞذٛقب 

Nyquist rate ٘طخ ٘بيىٛئيؿز 

Operational Transconductance Amplifier ي ّٖٕيبسي ٞسايز ا٘شمبِيوٙٙسٜسمٛيز 

Oversampling ٕٝ٘ٛ٘ ثطزاضيثيف 

Parasitic دبضاظيشي 

Power Supply Rejection Ratio (PSRR) ٝ٘ؿجز حصف ٔٙجٕ سغصي 

Processor ٌطدطزاظـ 

Pseudo - random noise ٘ٛيع ٘يٕٝ سهبزفي 

Quantizer وٛا٘شبيعض 

Radix ٝئجٙب، دب 

Ramp قيت 

Ratio-independent multiplication يطة ٔؿشمُ اظ ٘ؿجز 

Redundancy bit ثيز سىطاضي 

Regeneration ثبظ سِٛيس 

Register ثجبرضخيؿشط ، 

Reliability ٖلبثّيز إَيٙب 

Resistor ladder ٘طزثبٖ ٔمبٚٔشي 

Resolution دصيطيلسضر سفىيه 

Sample and hold ٍٕٝ٘ٛ٘ٝ٘ ٚ زاضثطزاض 

Sampling circuit ٕٝ٘ٛ٘ ثطزاضئساض 

Sampling frequency ٕٝ٘ٛ٘ ثطزاضيفطوب٘ؽ 

Scale ٌصاضئميبؼ 
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Settling time ظٔبٖ ٘كؿز 

Shift register ضخيؿشط قيفز 

Signal to Noise Ratio (SNR) ٘ؿجز ؾيٍٙبَ ثٝ ٘ٛيع 

Signal-to-Noise-Distortion Ratio (SNDR) اٖٛخبج -٘ؿجز ؾيٍٙبَ ثٝ ٘ٛيع 

Slew rate ؾطٖز چطذف 

Slot قىبف 

Spurious Free Dynamic Range (SFDR  (  سٕيع يدٛيبي ٔحسٚزٜ 

Stand by  حبِز ا٘شٓبض 

Static comoparator ٝسيهٌط ايؿشبٔمبيؿ 

subatrate ثؿشط 

Sub-convereter َظيط ٔجس 

swing ًٙؾٛئي 

Switched Capacitor ي ذبظ٘يقٛ٘سٜؾٛئيچ 

Thermal code وس حطاضسي 

Threshold ٝ٘آؾشب 

Track ٖز٘جبَ وطز 

Track and Hold ٍٝ٘ ٚ ٖزاقشٗز٘جبَ وطز 

Trade off ٝٔهبِح 

Transfer curve ٔٙحٙي ا٘شمبِي 

Transition band ثب٘س ٌصض 

Two-Step converter ّٝيأجسَ زٚ ٔطح 

Unity gain frequency فطوب٘ؽ ثٟطٜ ٚاحس 
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Abstract 

Pipelined analog to digital converters (ADCs) are the main candidates in 10 to 14 bit 

resolution applications with 10 to 500 MS/s sampling frequencies. In these ADCs, the highly 

linear amplifiers are the main power hungry blocks. Design of high gain wide swing opamps 

are getting more challenging in modern nanometer CMOS technologies because of low power 

supply voltage in these technologies. This is one of the main challenges in the design of high 

performance pipelined ADCs as well. To overcome this problem in pipelined ADCs, the 

amplifiers can be replaced by new high performance circuits with lower power dissipation or 

low performance low power circuits which need to be compensated by digital calibration 

techniques.  

In this dissertation, different method used to replace the power-hungry amplifiers in high 

performance pipelined ADCs are studied to find the critical points of power reduction 

techniques in these ADCs. Then three new techniques are proposed to replace the amplifiers 

by some new pseudo-differential architecture. In the first proposed method, a new inverter 

circuit is proposed to be employed instead of the amplifiers in the ADCs. In the second 

technique, a new current-reuse amplifier is proposed using the mentioned inverter which can 

be employed efficiently in opamp sharing technique to decrease the number of the amplifiers 

to the half. Finally a digital calibration technique is proposed which compensates the errors 

produced by the simple inverter circuit used instead of the main amplifiers in pipelined 

ADCs. This technique is employed in two different phases: foreground and background. In 

the foreground phase it can compensate the ADC errors by two different approaches while in 

the background phase the variations of the errors are followed by the new method called 

“sliding histogram method”. All of the proposed techniques are verified through pipelined 

ADCs with 10 bit resolution and 100 MS/s sampling frequency.  

The final ADC which is implemented by simple inverters instead of the power hungry 

amplifiers are compensated with the proposed digital calibration technique. The ADC is 

designed in 0.18 um CMOS technology with 1.8 V and 1.2 V power supplies and layed out in 

BSIM31P6M. According to the post-layout simulation results this ADC has 0.81 mm
2
 die 

area, 59.1 dB SNDR and 64 dB SFDR and dissipating 9.45 mW power consumption. This 

results show that a simple inverter along with the propsed calibration technique can be a good 

candidate to replace the power hungry opamps in pipelined ADCs. 

 

Keywords: Analog to digital converters (ADCs), Pipelined ADCs, Opamp less techniques, 

Digital background calibration technique, CMOS Nanometer technologies. 
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