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ABSTRACT 

Four different designsfor a wideband,open-loop amplifierfor potential use in a 

microcantilever sensor platform were designed,fabricated and evaluated in two different 

processes,the AMI0.8um and AMI 1.2um 5V CMOS processes. Bench performance 

testing ofthe amplifiers wasperformed and compared to simulation results. The 

measured amplifiers' gains ranged from approximately 5to 11 YfV and the bandwidths 

rangedfrom approximately 75 MHzto 195 MHz. Powerconsumption was below 15 

mWfor all designs. Differences between experimental and simulated results were 

mvestigated and the best performing amplifier design wasrecommended. In conjunction 

with designing the amplifiers,areview ofthetwo differentfabrication processes was 

performed,primarily through DC characterization oftest transistors and comparison with 

HSpice simulation results 
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Chapter 1 

The Electronic Nose 

1.1 Whatare MEMS? 

Microelectromechanical systems,or MEMS,are notonly ofinterest to researchers 

in science and engineering butare fast becoming ofcommercial interest. It has been 

known since the late 1960'sthat silicon and other semiconductorscould be used for the 

production ofminiature transducers. In fact,pressure sensors and accelerometers have 

been made from MEMSfor many years. Morerecently,government researchers have 

developed more complex structures ranging from simple cantilevers and hinges to gear-

driven transmissions. Continuing improvementsin integrated circuit processing 

technology,including lithography and bulk etching techniques,have made 

"micromachining"ofthese structures possible. In addition,technology improvements 

allow for ever-decreasing sizes ofthese structures. Smaller structures not only reduce the 

volume,weight,and therefore costofthe MEMSdevices,but may also lead to improved 

performance and reliability. For example,it has been theoretically and experimentally 

proven thatthe measurement sensitivity ofa cantilever is inversely proportional to its 

thickness[1]. 



1.2 Cantilever Sensors 

Cantilevers perform well as micromechanical sensors. For example,atomic force 

microscope(AFM)cantilevers have been used to perform differenttypes ofphysical, 

chemical,and biological detection. Using cantilevers as sensors requires thatthe 

cantilevers be coated with a chemically specific coating. Fig. 1^ showsacross section of 

acoated cantilever. Asthe species ofinterest reacts with or is absorbed by the coating, 

the mass onthe cantilever changes. This mass change causes the cantilever's behavior to 

change,depending on the location ofthe coating. Fig.2illustrates the modesof 

cantilever operation. Ifthe coating is atthe base ofthe cantilever,the change in mass 

results in the cantilever bending. When the coating is placed nearthe end ofthe 

cantilever,the cantilever's resonantfrequency decreases. A relationship canthen be 

developed between the amountofbending or ofthe change in resonantfrequency and the 

amount(i.e.,concentration)ofthe species ofinterest. The typical dimensions of 

commercially available microcantilevers are 50-200um long,10-40um wide and 0.3-3 

um thick,with massin the range ofafew nanograms. The resonantfrequency ofthese 

cantilevers rangesfrom afewkHzto afew hundred kHz. Higher modes have been 

observed in the tens ofMHz[1]. 

AFM microcantilever measurementsystems based onresonantfrequency changes 

have been demonstrated in the measurementoftemperature,humidity,mercaptans, 

toluene,mercury vapor,force,pressure,acceleration,flow rate,viscosity 

'Allfigures are in Appendix 1 



Temperature sensitivities down to 10"^ K and mercury vapor and mercaptan ppb or ppt 

measurements have been obtained [1]. 

1.3 The Electronic Nose 

1.3.1 System LevelDesign 

The proposed electronic nose will be a battery-powered,handheld device that will 

monitorresonantfrequency changes among an array ofend-coated microcantilevers in 

order to measure concentrations ofvanous vapors. Fig.3is a block diagram ofthe 

proposed electronic nose. The system will consist ofan array ofend-coated cantilevers 

each being driven atits base by an oscillator atthe undisturbed cantilever's resonant 

frequency. After an air sample is taken,the cantilever's new resonantfrequency,along 

with higher modes,-will be measured,converted to a voltage signal,and amplified as 

necessary through a series ofwideband amplifiers Then,a bandpass filter will be used to 

narrow the signal bandwidth to the frequency range ofinterest The resonantfrequency 

atthe end ofthe cantilever will be differentthan the frequency at which the base is being 

driven ifthe species ofinterest was detected. An as yetundesigned frequency detection 

circuit will then determine ifthe signal contains the frequencies and higher acoustic 

modes. A micro-controller will perform a modal analysis and computethe concentration 

ofthe gaseous species ofinterest. The user would then be notified ofthe presence ofthe 

species ofinterest on the LCD display. 

1.3.2 Modal Analysis 

In order to achieve the highest level ofsensitivity,the micro-controller ofthe 

system will perform an analysis ofacoustic toneshigherthan the fundamental mode. The 

fundamental frequency ofa cantilever is 



f=^l— (11) 

where kisthe spring constant and We^isthe effective mass ofthe cantilever and is 

typically 10kHzto 300kHzdepending upon its dimensions. Harmonic overtones are 

found at non-integer multiplesofthe fundamentalfrequency and can be up to several 

megahertzfor a cantilever with afundamental ofunder 100kHz. The sensitivity ofvapor 

concentration measurements can be greatly increased using acoustic overtones in a modal 

analysis. Forthe microcantilever,enhancements ofas much astwo orders ofmagnitude 

have been observed[2]. 

1.3.3 Specificationsfor a Wideband Amplifier 

Sufficient signal amplitude and bandwidth are required for the system to function. 

In addition,in order to improve sensitivity using modal analysis,higher modesofthe 

signal in the tens ofMHzrange need to be processed with little harmonic distortion. 

Since only asystem level design for the electronic nose has been finalized,other design 

constraints have not yet been determined. Therefore,the amplifiers designed in this work 

were designed to provide overall optimal performance for general applications. 

Specifically,a gain-bandwidth productof1 GHz,withDCgam of10and ICQ MHz 

bandwidth,wasthe primary design goal Only 5-voltCMOS processes were considered 

because the achievable signal-to-noise ratio is supenor to lower voltage processes The 

amplifiers were designed to be cascaded so the inputcommon mode voltage must match 

the outputcommon mode voltage. In orderto achieve maximum dynamic range,the 



output voltage the amplifier wasset at about2.5 V Finally,a power dissipation ofless 

than 30mW wasimposed. 

1.4 Scope ofThesis 

This work presents a preliminary,high-level design for a cantilever based sensor 

platform,using resonantfrequency change ofselectively coated cantilever arrays as the 

detection method. Different designsfor the wideband,open-loop amplifierfor use in the 

microcantilever sensor platform were designed,fabricated and evaluated in two different 

processes,the AMI0.8um and AMI 1.2um5 V CMOS processes. Bench performance 

testing ofthe amplifiers wasperformed and compared to simulation results. Differences 

between experimental and simulated results were investigated and the best performing 

amplifier isrecommended. In conjunction with designing the amplifiers,areview ofthe 

two differentfabrication processes is performed,primarily throughDC characterization 

oftest transistors and comparison with HSpice simulation results. From this review,one 

ofthe two processes isrecommended for implementing the entire sensor platform. 

Chapter2is a discussion ofwideband amplifier design. Various design 

techniquesfor wideband operation will be presented. Thefour designs chosen for 

evaluation,along with hand calculations and simulation results from each process,are 

then presented. A biasing structure for the amplifier with the potential to improve 

amplifier operation over process and temperature variation is also presented. 

Chapter 3 presents the test chips and the method oftesting used in obtaining the 

measured results. Measured results for the amplifiers and biasing structure are then 

compared to simulated results. Chapter3concludes with possible explanations asto the 

differences between measured and simulated results. 



Chapter4is an analysis ofthe processes in which the amplifier designs were 

fabricated. Primarily,HSpice model evaluations are performed by companng measured 

results offabricated testtransistors with HSpice simulated results. 

The thesis is concluded in Chapter5 with recommendationson which amplifier 

and process should be used in the sensor platform as well asrecommendations for future 

work. 



Chapter2 

Design ofa CMOSWideband Amplifier 

2.1 CMOSAmplifier Design 

2.1.1 CMOSModesofOperation 

Bipolar transistors have historically been used in high-speed applications because 

they typically provide alarger transconductance,gm,and frequency response,/r,than 

comparably sized and powered MOSFETtransistors. However,with digital design in 

CMOSprocesses dominating the design industry,pure bipolar and even BiCMOS 

processes are becoming less and less accessible and practical for analog circuit design. 

Therefore,athorough understanding ofCMOS modesofoperation and wideband design 

issues IS necessary before desigmng high-speed amplifiers in CMOS 

Forthe following discussion,the size ofthe MOSFET is assumed fixed and finite 

outputimpedance and body effect are ignored. The CMOSsmall signal modelisshown 

in Fig.4. From this model,the frequency response ofthe transistor can easily be derived 

and IS shown below. 

/r = — (2 1)2;r(Q,+Cc^+Q,) 



 

In order to understand how the transconductance affectsthe speed ofatransistor,a 

further understanding ofMOSFETregions ofinversion and modesofoperation is 

required. A MOSFET hasthree regions ofchannel inversion with respectto gate-to-

source voltage,weak inversion,sometimes called subthreshold,strong inversion,and the 

transition between weak and strong inversion,referred to as moderate inversion. Ifthe 

transistor is operating in weak inversion,the gate-to-source voltage is lessthan the 

transistor's threshold voltage or Vgs<Vt+n(kT/q)where n is approximately 3. 

Analysis showsthatthe drain current.Id,for atransistor operating in the subthreshold 

region is similar to that ofa bipolar transistor and is given by 

Simple differentiation of(2.2)gives the transconductance as 

™=m=/ (2-3) 
3(i'gs) "^,2; nV, 

From(2.1),the frequency response for the transistor,/r,can be rewritten as 

f s — (2.4) 
^ 27r{CQs+CgD +CQB)nV, 

From(2.4),/7-is directly proportional to Id butis very small at very low values ofVgs-

Therefore,subthreshold operation is used mostly forlow power,low frequency 

applications. 

For transistors operating in moderate or strong inversion, Vgs> Vt- Fig.5shows 

normalized Id vs Vds curves at various gate voltages In thetnode mode ofoperation. 



 

 

^DS< ^GS- Vtand,as expressed in(2.5),the drain current varies almostlinearly with the 

gate voltage for a given drain to source voltage. 

(2-5) 

Differentiating(2.5)with respectto Vgs gives 

w 
Sm~^~r^DS (2-6)

L 

Substituting(2.6)for gm into(2.1)gives 

W 
K—V^ 'DS 

/r= ^ 
2,Tt{CQs + +Cq )̂ 

Therefore,for a fixed size transistor with fixed Vds and operating in the triode mode of 

operation,/t"is constant. 

Foratransistor to be in strong inversion, Vgs> Frby 150-200 mV Furthermore, 

for atransistor to be properly biased in the saturated or active mode,Vds mustbe greater 

than Vds-sat= Vgs- Vj. In the active mode,the drain current is given by 

and the transconductance is given by 

W (2.9)g„.=K^{V^s-Vr)-
Substituting(29)for gm into(2 1)gives 



 w w 

/, i = ! ̂ (2.10)
2;r(C(;j+Cqjj+C^g) IjtiCQg +Cq^+C^g) 

Eq.(2.10)showsthat/rvaries asthe square rootofthe drain current,which meansthat 

large currents would further increase the/rofthe transistor. However,the decreasing 

outputresistance,ro,ofshort channel length MOStransistors causes a decrease in 

maximum amplification. Therefore,while biased in the active mode,a compromise 

between bias point,directly related to transistor speed asshown in(2.10),and gain must 

be reached [3]. 

Mobility degredation and velocity saturation impose an upper limitonthe amount 

ofcurrentthat will effectively increase the speed ofthe transistor. For large values of 

Vqs,these second order effects resultin the currentin the MOSFETreturning to alinear 

relationship as illustrated in Fig.5and shown below 

~^t) (2-11) 

where Bi is a scaling constant. Differentiating givesthe transconductance asthe constant 

Bi. Thefrequency response ofthe transistor reduces to 

/;= ^ 2.12 
2^(Cgs+Cgo+C^g) 

which is a constantfor atransistor with fixed size and Vds 

Tosummanze,in weak inversion,afixed size transistor's gm varies directly with 

bias current butthe currents are so small thatthe transistor speed suffers In moderate to 

strong inversion,only transistors biased m the active region have transconductancesthat 

vary as the square rootofthe drain current The transconductances oftransistors 
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operating in triode mode or velocity saturation are constant and therefore place lower and 

upper limits,respectively,onthefrofthe transistor 

Ifthe transistor's sizes are notfixed as previously assumed,the transistor's 

capacitance valuesin the denominatorof(2.1)vary directly with the productofthe 

transistor width and length. In each ofthe cases previously discussed,the 

transconductance in the numerator of(2.1)varies asthe W/L ratio. Therefore,the 

transistor width vanables in the transconductance and capacitances effectively cancel. 

However,the transistor length variables from the transconductance and capacitances 

multiply thereby making^vary inversely asthe square ofthe transistor's length. Lastly, 

the transconductance,and therefore,the^,ofatransistor biased in the active mode of 

operation varies directly with the transistor's mobility,u. Since the mobility ofa n-

channel transistor is larger thatthatofa p-channel transistorfabncated in the same 

process,the n-channeltransistor will have a higher transconductance and therefore,/r, 

than a p-channel transistor. So using minimum length n-channel devices biased in the 

active mode ofoperation is critical for increasing acircmt's frequency response. 

2.1.2 High Speed Design Techniques and Structures 

High speed circmt design centers around minimizing the resistive-capacitive(RC) 

load at each node in the circuit,thereby minimizing voltage excursions at each node to 

cause very small capacitive charging currents Use ofvoltage feedback in high speed 

circuits mustbe done with great care asfeedback circuits inevitably have nodes with 

large resistorsfor increasing loop gam and/or large capacitorsto provide loop stability, 

leading to alargeRCload ata particular node. 
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Maximizing gain-bandwidth productcan be achieved either by maximizing gain 

or maximizing bandwidth. Typically,increasing one results m decreasing the other. For 

example,using large resistors to both provide DC bias in the circuit and to provide large 

small signal loads provides high gam;however,the large resistor coupled with the 

capacitance at that node creates alargeRCtime constantthatreduces the bandwidth of 

the circuit. Another way to provideDC bias and a small signal load is to use a diode-

connected MOSFETtoform a non-linear resistor,as shown in the simple common-

source amplifier in Fig.6. The small signal equivalent circuitfor the common-source 

amplifier is shown in Fig 7. Solving for the voltage gain gives 

^d2 
gn.2^d2 = (2.13) 

fo2 r-ci 

and 

^d2 ^ -gml (2.14) 
v„., V. 1 . 1 

fol fo2 

Neglecting chaimel-length modulation,the gain reduces to 

w 
u 

z, _-v _ -g„,i _ " A (2.15) 
• 5 

which is simply a ratio ofthe square rootofthe device geometnes and mobility 

Practical device geometries limitthe maximum voltage gainfor this type ofdesign to 

about 20. However,since the voltage gain is independent ofthe dc operating pointto 

first order,the transfer function,asshown in Fig.8,is highly linear as long as both 
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devices are in saturation. Also,the maximum dynamicrange ofthe circuit is limited to 

one threshold voltage below the positive rail. This design is usefulfor implementing 

wideband,low-gain amplifiers with high linearity and moderate dynamicrange[4]. 

One wayto eliminate the need to charge capacitors at nodes with large RCtime 

constants is to convertfrom voltage to current and use current amplification as illustrated 

in the block diagram ofFig.9. Thetransconductance stage can be implemented with a 

simple differential pair. Current amplification can be achieved through the use ofcurrent 

mirrors or with a clever transimpedance design. Note thatthe firsttwo blocks taken 

together vsathoutfeedbackform the beginnings ofan operational transconductance 

amplifier. The transimpedance stage can be implemented using a very simple 

transimpedance amplifier with currentfeedback An appropriate output driver is 

necessary to dnve a capacitive load[5]. 

Other more complex circuit design methods,such as pole-zero cancellation or 

peaking technique,that increase circuit bandwidth are available However,these 

techniques are sensitive to process and temperature variations. In the case ofpole-zero 

cancellation,insufficient cancellation results in long settling times,commonly referred to 

as the doublet effect[5]. 

Two final considerationsforthe design are its linearity and noise Since the 

application for this amplifier requires thata wide range offrequenciesrepresenting the 

various modesofthe cantilever be passed,high linearity is an important design 

specification to ensure that harmonic tones due to non-linearity are not interpreted as 

cantilever modes by the system. A fully differential amplifier would improve linearity by 

eliminating the even order harmonics. Typically,in fully differential designs,only the 
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third order harmonics have enough powerto be ofconcern Thefolly differential design 

would also provide an effective method ofcommon mode signal rejection and,if 

necessary,would provide a way to mimmize signal amplitude swing through the 

conversion ofa single-sided signal to a differential signal. Also,assuming each side of 

the amplifier is physically laid-out beside the other,effects from cross-talk with other 

devices on the chip and chip voltage gradients would be virtually eliminated. 

Noise contribution by any device early in the signal path ofasystem is ofconcern 

because the noise ofthe device may overwhelm the signal ofinterest. Smcethe interface 

between the cantilever sensor and amplifier has notbeen specified,there is no input 

signal level or noise power specification for the amplifier design. 

2.2 Two Stage Wideband Amplifier 

2.2.1 CircuitDesign 

The simplest design for a wideband amplifier capable ofdriving a modest size 

capacitive load would be an appropriately loaded differential pairfollowed by a source-

follower output driver. Figs. 10 and 11 show two two-stage designs,one with an 

enhancement-mode load and one with a resistive load. Ignonng body effect,assuming 

infinite outputimpedance,and assuming thatthe source follower output stage has an 

ideal gain ofumty,the gam calculations for each ofthe amplifiers above are given by 

(2 15)and(2 16),respectively 

W, 
u 

A — ̂ "'1Jly — 
" T

^i_ (2.15) 
Sm2 1 ^2 

1 'A 
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Table 2.1 - Two-Stage AmpIiOer Device Sizes and Design Currents 

AMIO.Sum Process AMI1.2um Process 

Designed Designed 
Bias Bias 

Current Current 

Device Size(um) (mA) Size(um) (mA) 

TwoStage Ml 120/1 0502 480/1 2 0682 

w/Enhancement M2 12/1 0502 36/1.2 0682 

Load M3 350/1 1222 600/1 2 1 003 

Mb? 500/5 1 004 840/6 1 363 

Mb8 600/5 1 222 600/6 1 003 

TwoStage w/ Ml 180/1 0?03 480/1 2 0.?30 

Resistive Load M2 350/1 1230 600/1.2 1 Oil 

Mb? ?00/5 1406 900/6 1 461 

Mb8 600/5 1 230 600/6 1 Oil 

Rload 2502ohm 0?03 2400ohm 0?30 

~Sml^LOAD 

Table 2.1 summarizesthe device sizes and original design currents. Device sizes 

and bias currents were chosen to provide maximum gam as predicted by(2.15)and(2 16) 

while keeping the inputtransistors close to 200mV into saturation and an output voltage 

nearthe common mode input voltage of1.5 V. Also,the output stage device sizes and 

currents were chosen to ensure thatthe outputstage would not significantly affectthe 

frequency response ofthe circuit with a 10 pF load. Therefore,the dominant pole for 

both amplifiers will be atthe dram ofthe differential pair and is given as 

1 
foOM (2.17)

^^lolal^eqv 

where Reqv is l/gm2 and Ctotai is the sum ofCgdi.Cgs2and Cgdsfor the enhancement-

modeload device and Reqv is Rioad and Ctotai is thesum ofCgdi,Cgd2,and the capacitance 
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ofthe resistor for the resistively loaded device. Hand calculations ofthe gam and 

bandwidth are presented in Tables 2.2.and 2.3 

2.2.2 Simulation Results 

Significant design specificationsfrom HSpice simulations using circuit files 

extracted from MAGIClayouts(see Appendix2)and BSIM3 modelsfrom the AMI 

0.8um N88Z and AMI 1.2um N87R MOSIS process runs(see Appendix 3)are 

summarized and compared to hand approximations m Tables 2.2 and 2.3. An example 

circuitfile for simulating an amplifier'sfrequency response is included in Appendix4 

For both amplifiers,the amountby which the inputtransistors were in saturation,Vds-sat 

in, wasimportant because ofthe difficulty involved m obtaining the desired gain and 

output voltage while keeping the inputtransistors m saturation for modest size input 

signals. Hand calculations were made using(2.15)through(2.17)and the transistor 

parameters obtained from the HSpice operating point simulation Comparing the hand 

calculated gain values to the simulated gain values,it is apparentthatthe initial 

assumptions ofno body effect and output stage unity gam were notentirely valid. 

Table 2.2-Twostage amplifier simulation results using the MOSISAMI0.8u N87R run parameters 
and models 

Units 

Enhancement-Mode Load Resistive Load 

Hand HSpice Hand HSpice 

1 50 

TwoStage Amplifier with TwoStage Amplifier with 

21 VVqutDC 1 5 1 5 

N/A 195 N/A 186 mVVds-satin 
DC differential gam 77 45 149 106 V/V 

87 MHzfsdb for 10pF load 129 122 101 

180 128 MHzfsdb for 10 pF load 129 87 

204 204 mWPower dissipation 183 183 
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Table2.3-Twostage amplifier simulation results using the MOSISAMI1.2u N88Z run parameters 
and models 

TwoStage Amplifier with Two Stage Amplifier with Units 

Enhancement-Mode Load Resistive Load 

Hand HSpice Hand HSpice 

VouTDC 1 5 16 1 5 2 1 V 

Vds-satIH N/A 187 N/A 189 mV 

DC differential gam 882 57 152 10 V/V 

76 80 MHzfsdb for 10 pF load 116 98 

102 MHzfsdb for 1 pF load 116 145 76 

Power dissipation 179 179 184 184 mW 

Recomputing the gain values for the AMI0.8 um process assuming a source follower 

gain of0.85 gives 6.5 WfV for the enhancement mode load amplifier and 12.7 YfV forthe 

resistively loaded amplifier.Recomputing the gam valuesfor the AMI 1.2um process 

assuming asource follower gain of0.85 gives 7.5 WfV for the enhancement modeload 

amplifier and 12.9YfV forthe resistively loaded amplifier. Theremaining difference 

between the hand calculated and simulated values is due to the omission offinite output 

impedance and the body effectfor the transistors inthe hand calculations. The hand 

calculated and simulated bandwidthscompare favorably Each ofthe four amplifiers' 

frequency responses with a 10 pF load are shown in Figs 12through 15. Thefrequency 

responses are very flat and have asmooth roll-off. Each response roll-offapproximates a 

two-pole roll offdue to the second pole atthe output ofthe transistor 

2.3 Four Stage Wideband Amplifiers with Transimpedance Stage 

2.3.1 CircuitDesign 

Practical device geometries make the two-stage amplifier design previously 

presented difficultto bias. Specifically,in order to keep all ofthe devices in saturation 

and to haveenough output currentto drive a modest size capacitive load,the output 

voltage is limited to lessthan the 2.5 V common mode input voltage. Notonly can this 
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limitthe dynamic range ofthe amplifier but it also prevents multiple amplifiers jfrom 

being cascaded togetherfor more amplification withouta level shifter between each 

block. A slightly more complex design is required to provide an amplifier with a 2.5 V 

common mode output voltage that can be used as the inputcommon mode voltage. 

Following the block diagram ofFig 9,two four-stage wideband amplifier designs,each 

ivith separate transconductance and transimpedance stages were considered. Figs. 16and 

17show one side ofthe fully differential implementation ofsuch atwo stage design with 

afolded cascode stage and a current mirror stage,respectively. Thefolded cascode 

design usesthe differential pair to perform the voltage to currentconversion and the 

folded cascode stage to convey the current signal into the transimpedance loop for 

amplification and conversion backto a voltage signal atthe output. The current mirror 

design usesa current mirror to convey the current signal into the transimpedance loop for 

amplification and conversion back to a voltage signal atthe output. The current mirror 

can also be used for current amplification. In fact,the current mirror amplifier 

implemented in the AMI 1.2u process uses the current mirror to provide current signal 

amplification ofapproximately 1.5 A/A. Thetransimpedance stages ofboth amplifiers 

are essentially identical,with only slightly different resistor sizes for the purpose of 

providing different bias points and gam values 

Fig. 18 illustrates the small signal modelfor the transimpedance stage. The 

complex interactions with the other stages ofthe amplifier are ignored with the inputto 

the loop being represented simply by a current source m parallel with a finite resistance 

and capacitance. Neglecting body effect and channellength modulation,the dc loop 

transmission for the transimpedance feedback loop is 
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R, 

T̂DC =■ Sml^ol = Sml^ol
1 r„_n,+Rf (2.20)

R, (Rf +fo_m) + 
Sn>2 

where Vqi is the small signal output resistance of transistor Ml and 

Aideal (2.21)
closed -

is the ideal current gain of the loop. One of the model's two significant poles for the loop 

transmission is at the drain of Ml as computed by 

1 
fLoop! (2.22)

-^KGD2 ) "^ ] 

where the gate to source capacitance of M2 is effectively removed by Miller effect, Cbias 

IS the gate to drain capacitance of the bias transistor, and the gain from gate to drain of 

Ml IS given as 

-RLOAD 
^VGD2 

(2.23) 
Sm2 

The other pole will be at the gate of Ml and is given as 

1 
fjLoop2 

1 (2 24)
{Rf+Rx ")](Qn + ̂ GSl ^GD\ (1 -^KGDl )) 

gm 2 

where rm and Cm are the parallel combinations of the output resistances and gate to drain 

capacitances of the transistors at the input to the loop. 'RoIq/loopI is most likely the 

dominant pole due to the large small signal resistance Voi at the drain of Ml and the sum 
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ofthe three large capacitances. Therefore,the closed loop bandwidth ofthe 

transimpedance loop,and subsequently an additional pole for the entire amplifier,is 

approximated by 

r ^ Tj^c ^ inn (2.25) 
fLoop\ 27r\CQD\ ■^VGDl^'^^bias^ 

Resistor Rload is a bias resistor that also converts the small signal current back 

into a voltage. Ignonng body effect, assuming infinite output impedance, and assuming 

the source follower output stage has an ideal gain of unity, the gain relationship for the 

folded cascode amplifier is given by (2.26) and for the current mirror amplifier is given 

by. 

R. (2.26) 
~ Sml (~^ ^)^LOAD' 

PF, Rf (2.27) 
- Sml ^ ̂ ^^LOAD'R, 

Table 2.4 summarizes the device sizes and onginal design currents. As with the 

two stage amplifiers, device sizes and bias currents were chosen to provide at least 10 

VN gain as predicted by (2.26) and (2.27) while keeping the input transistors near 200 

mV into the saturation region, an output common mode voltage equal to the common 

mode input voltage, and the transimpedance loop stable. Also, the output stage device 

sizes and currents were chosen to ensure that the output stage would not significantly 

affect the frequency response of the circuit with a 10 pF load. The dominant pole will be 

at the gate of the source follower output transistor, M5 for die folded cascode amplifier 
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Table2.4-Four Stage Amplifier Device Sizes and Design Currents 

AMIO.Sum Process AMI1.2um Process 

Designed Designed 
Bias Bias 

Current Current 

Device Size(urn) (mA) Size(um) (mA) 

FourStage Trans- Ml 60/1 0305 240/1 2 0300 

Impedance Amp M2 60/2 0447 30/24 0.364 

With Folded M3 60/1 0249 300/1 2 0261 

CascodeStage M4 120/1 0646 300/1.2 0.958 

M5 350/1 1 234 600/1 2 1 015 

Mb7 300/5 0610 360/6 0.600 

Mb8 371/5 0.753 420/6 0664 

Mb9 125/5 0249 150/6 0261 

MblO 125/5 0249 150/6 0261 

Mbll 200/5 0404 240/6 0.393 

Mbl2 600/5 1 234 600/6 1 015 

Rload 1901 ohm 0646 1506ohm 0958 

Rf 1993ohm 0044 2001 ohm 0029 

R1 1001 ohm 0690 810ohm 0929 

Four Stage Trans- Ml 60/1 0305 180/12 0250 

ImpedanceAmp M2 30/1 0305 30/1.2 0250 

With Current M3 30/1 0335 45/12 0402 

MirrorStage M4 60/1 0335 60/12 ,0402 

M5 60/1 0249 300/1 2 0237 

M6 120/1 0681 300/1 2 0669 

M7 350/1 1 230 600/1.2 1 021 

Mb7 300/5 0610 300/6 0500 

Mb8 150/5 0303 240/6 0392 

Mb9 125/5 0249 150/6 0237 

MblO 125/5 0249 150/6 0237 

Mbll 600/5 1.230 600/6 1 021 

R_load 1901 ohm 0681 1506ohm 0669 

Rf 1993ohm 0032 2001 ohm 0009 

R1 1001 ohm 0.713 989ohm 0677 
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and M7forthe current mirror amplifier,as approximated by 

f ' (2.28) 

where x andy are4and5forthefolded cascode design and6and7forthe current mirror 

design. The gate to source capacitances oftransistors M5,for the folded cascode design, 

and M7,forthe current mirror design,will be effectively eliminated by Miller effect. 

Both amplifiers will have atleast one moreimportant polefrom either the 

transimpedance loop,as approximated in(225),the drains ofthe differential pair orthe 

inputs to the loop atthe drain ofMbl1. The additional pole(s)lowerthe —3dB point and 

cause faster frequency response roll-offand reduced phase margin for both amplifier 

designs. 

2.3.2 Simulation Results 

Significant design specificationsfrom HSpice simulations using circuitfiles 

extracted from MAGIClayouts(see Appendix 2)and BSIM3 modelsfrom the AMI 

0.8um N88Zand AMI 1.2um N87R MOSIS process runs(see Appendix 3)are 

summarized and compared to hand approximations in Tables2.5 and 2.6. An example 

circuit file for simulating an amplifier'sfrequencyresponse is included in Appendix 4. 

Hand calculations were made using(2.20)through(2.28)and the transistor parameters 

obtained from the HSpice operating point simulation. The simulated loop transmission 

magnitude and phase for both the folded cascode and current mirror amplifiers in both 

processes are shownin Figs.19through 22,respectively.Each amplifier's overall 

frequency response in both processes is shown in Figs.23through 26. 
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Table 2.5-Four stage amplifler simulation results using the MOSISAMIO.Sum N87R run 
parameters and models 

Transimpedance Amplifier Transimpedance Amplifier Units 

with Folded Cascode with Current Mirror 

Hand Hspice Hand HSpice 

VouTDC 25 26 25 25 V 

VdS-SATUI N/A 223 N/A 222 mV 

Tdc 74 49 74 495 V/V 

tsdB loop 8 1 154 8 1 88 MHz 

DCgam 127 104 127 104 V/V 

fsdbampforlOpFload 135 115 135 140 MHz 

fsdbamp for 1 pF load 135 167 135 240 MHz 

Power dissipation 30 30 30 29 mW 

Table2.6-Four stage amplifier simulation results using the MOSISAMI1.2um N88Zrun 
parameters and models 

Transimpedance Amplifier Transimpedance Amplifier Units 

with Folded Cascode with Current Mirror 

Hand HSpice Hand HSpice 

25 23 25 27VouTDC 
N/A 181 N/A 194 mV

Vds-satID 
555 346 55 1 345 YfV

Tdc 
98 116 97 76 MHzfsdB loop 

15 1 10.5DCgam 11 7 98 V/V 

fsdBampforlOpFload 146 82 147 106 MHz 

146 100 147 154 MHzfsdBampfor 1 pFload 
30 27 MWPower dissipation 30 27 

In both processes and for both amplifiers,the loop transmission was simulated by 

inserting an AC voltage source between the dram ofMl and gate M2ofFig. 18. 

Unexpectedly,the loop transmission for both folded cascode amplifiers has significant 

peaking as seen in Figs. 19and 21. To confirm the validity ofthe simulation ofloop 

transmission,a second simulation in which the loop was broken atthe same node was 

performed and resulted the same peaking. The only difference between the 

transimpedance loopsfor the folded cascode and current mirror designs is the inputload 

to the transimpedance loop atthe drain ofMbl1. Further simulation and testing is 

necessary to imderstand the cause ofthe peaking For all four amplifiers,the simulated 

V 
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DCloop transmission,Tdc^ is 50 or less and the simulated phase margin is above50 

degrees. 

The hand calculationsfor Tdc and the DC gain ofthe amplifiers are slightly larger 

than the simulated values As with thetwo stage amplifiers,the difference is due to the 

omission offinite outputimpedance ofand the body effect on the transistors in the hand 

calculations and the erroneous assumption thatthe source follower output stage has unity 

gam. Asa result ofthe unexplained peaking,the hand calculated and simulated loop 

bandwidth values for the folded cascode designs do notcompare favorably. The hand 

calculated and simulated loop bandwidth valuesfor the current mirror designs are within 

areasonable tolerance. Forthe AMI08um process amplifiers,the hand calculated and 

simulated amplifier bandwidth valuescompare favorably. However,the same valuesfor 

the AMI 1 2um process amplifiers are not within a reasonable tolerance and suggestthat 

either the dominant pole is not atthe gate ofthe output source follower as expected or 

thatthe modelsfor the process are inaccurate. Modeling is reviewed m Chapter4. 

2.4 Biasing Circuit 

2.4.1 Circuit Design 

The gam values computed in(2 15),(2.16), (2.26), and(2.27)all depend on the 

product ofthe input differential pair transconductance,gm,and the Rload resistor value 

Without overallfeedback to provide circuit stability against power supply swings and 

process ortemperature variations,the gam values would normally fluctuate dramatically 

However,using the bias circuitshown m Fig.27,the transistortransconductances 

become inversely proportional to the value ofa bias resistor. Asdocumented in Table 

2.7,all ofthe transistors m the bias circuit are the same size exceptfor M2;therefore, 
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Table2.7-Bias circuit transistor sizes and designed currents 

AMIO.Sum Process AMI1.2um Process 

Designed Designed 
Bias Bias 

Current Current 

Device Size(um) (mA) Size(um) (mA) 

Mbl 50/5 101 60/6 100 

Mb2 200/5 101 240/6 100 

Mb3 50/5 101 60/6 100 

Mb4 50/5 101 60/6 100 

Mb5 50/5 .101 60/6 100 

Mb6 50/5 101 60/6 100 

R bias 1700ohm 101 2200ohm 100 

Msul 2/25 oil 24/30 003 

Msu2 10/2 oil 12/2.4 003 

Msu3 5/2 462e-12 6/24 36e-12 

nominally the same current,Id,set by M2and Rbias will run through each side ofthe 

circuit. The lastthree transistors in the table are for a start-up circuit which ensuresthat 

the positive feedback loop created by transistors Mbl, Mb2, Mb3and Mb4starts up at 

power on. 

Summing voltages around the loop containing Rbias,Ml and M2gives 

^GS\ ~^GS2 ^Tl'^^D^BIAS (2.29) 

Subtracting Vtfrom both sides ofthe equation gives 

^GS\ ~^GSl''^^D^BIAS- (2.30) 

Assuming the transistors are in strong inversion and the square law relation holds,(230) 

can be rewritten as 

21D 21 _ 
+^D^B/AS-

w (231) 

LA 
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Recalling that 

g.=j2A, (2.32) 
and substituting gives 

2(1- M.) „33,
i(ir/L)„' (233) 

SniBl n 
^BIAS 

Therefore,the transconductance ofM2is determined by geometric ratios and the bias 

resistor only and isindependentofbias voltages,process parameters,temperature,etc. 

When(W/L)b2=4(W/L)bi,the relationship simplifies to 

=7^-- (2-34)
^BIAS 

Since the amplifier circuittransistor currents are derived from device geometry ratios of 

the bias network transistors to the circuittransistors(ignoring second order effects like 

body effect and finite outputimpedance),the transconductances are also based on device 

geometries. Specifically,for the i*^ n-channel transistor biased from transistor Mbl 

jWIL), 1 (235) 

Forthe p-channel transistors,the equation is the same as that above exceptfor the ratio of 

the p-channelto n-channel mobilities. Body effect modifies(2.28)and(2.29)slightly but 

the relationships still depend primarily on device geometries. Finite outputimpedance 

causes the relationship to break down,however,by using cascode current mirrors,or 
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more simply,larger length devices,the detrimental effect due to finite outputimpedance 

can be significantly reduced [6]. 

Using(2.35),the gain relationships for each ofthe four amplifiers as seen in 

(2.16),(2.26),and(2.27)can be rewritten asfollows 

_ \{W/L\{W/L),, 1 _ 
" i 2 {WIL),, ' 

^ ̂  1 Rf ^ 
'V 2 {WIL),, R,,,s R, (2.37) 

^ WILUWIL),, 1 ^ 
" V 2 {WIL),, R,,^W,^R, 

Using the bias circuitofFig.27,the gain relations for all four amplifier designs are 

dependent only on device geometries and resistor ratios to a first order,thereby making 

the gain independentofpower supply swings,process and temperature variations 

2.4.2 Simulation Results 

Process variations can cause on-chip resistors values to vary+20% Therefore 

the absolute resistance values vary greatly between runs. In order to investigate the 

stability and performance ofthe amplifiers vdth the biasing circuit across such process 

variations,a simulation ofthe frequency response for the designed resistor value+20% 

wasperformed on each design using the AMI 1.2um N88Z processBSIM3 models. The 

results ofthese simulations are summarized in Table 2.8. The simulations confirm that 

the bias circuit aids in stabilizing the gain against+20%changesin resistor values. In the 
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Table 2.8-Results offrequency responsesimulation for varying resistor values 

Amplifier Design Resistors Resistors Variance Resistors Variance 

as -20% from +20% from 

designed Design Design 

Two Stage 1 gm ofinput transistor -5.2E-03 -62E-03 1797% -44E-03 -1644% 

Amplifier with 2 l/(gm ofenhancement 1300 1130 -1308% 1480 1385% 

Enhancement mode transistor) 

Mode Load 3 Buffer loss 84E-01 82E-01 -202% 85E-01 1 19% 

Total gain (1x2x3) -5 70 -5 77 1 25% -5 51 -3 32% 

• 

Two Stage 1 gm ofinput transistor 49E-03 59E-03 1988% 4lE-03 -1639% 

Amplifier with 2Load resistor 2393 1915 -1997% 2872 2002% 

Resistive Load 3 Buffer loss 86E-01 85E-01 -1 17% 86E-01 093% 

Total gain (1x2x3) -1000 -948 -520% -10 11 1 10% 

Trans- 1 Transconductance -22E-03 -24E-03 633% -1.9E-03 -1584% 

impedance from inputto output 
Amplifier with offolded cascode 

Folded 2Transimpedancestage 337 336 -030% 338 030% 

Cascode Stage currentgam 

3 Output resistor 1506 1205 -1999% 1808 2005% 

4Buffer loss 86E-01 86E-01 -058% 87E-01 035% 

Total gain (1x2x3x4) -975 -820 -1590% -988 1 33% 

Trans- 1 Transconductance of -2 OE-03 -24E-03 2090% -1 7E-03 -1692% 

impedance input transistor 

Amplifier with 2 Current mirror gain 1 35 1 32 -222% 1 37 1 48% 

Current Mirror 3 Transimpedance stage 296 296 000% 1 88 -3649% 

Stage currentgam 

4 Output resistor 1506 1205 -1999% 1808 2005% 

5 Buffer loss 8 7E-01 87E-01 88E-01 

Total gain(lx2x3x4x5) -1054 -989 -6 17% -685 -3501% 
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case ofthe-16%gain decrease for the transimpedance amplifier with the folded cascode 

stage,the current sourcesfeeding the differential pair and thefolded cascode stage fell 

into the triode region and reduced the inputtransconductance. This problem can easily 

be remedied by resizing the currentsource transistors. In the case ofthe-35%gam 

decrease for the transimpedance amplifier with the current mirror stage,the 

transimpedance loop gain falls dramatically from the decrease m bias current due to the 

increase m the bias resistor Resizing and adjusting bias currents for the transistors in the 

loop will be necessary to improve the loop's gain magnitude stability over bias current 

changes. 
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Chapter3 

Fabrication and Testing 

3.1 Amplifier CircuitLayoutand Testing Configuration 

Fig.28is ascreen capture ofthe MAGIClayoutfor each ofthe four amplifier 

designs and the bias circuit test structure in the AMI0.8 um process. The AMI0.8um 

designs were fabricated from this layoutin the N97L run by MOSIS Each AMI0.8um 

die was2.0 mm by 2.1 mm. TheAMI 1.2um designs were fabricated from an almost 

identical layout m the N95Yrun by MOSIS. Each die was2.6 mm by 2.5 mm. A 40-pin 

pad frame was used. To provide space for other devicesto be placed on the chip,the 

amplifiers were laid out around the west,north and halfofthe east sides ofthe chip. The 

amplifiers and test structure share power and ground busesthat are tied to external pins. 

Each amplifier inputand output,as well as the test structure'stwo inputs,four outputs 

and two bias points are taken to external pins. No test points weretaken to external pins 

fortwo reasons First,taking any point m the signal path to an extemal pin would 

increase the capacitance atthat node and therefore lower the frequency response ofthe 

circuit. Second,additional pins were necessary for other devices notrelated to this 

projectto be placed on the chip. 
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Figs.29through 32are screen captures ofthe MAGIC layoutfor the two stage 

amplifier with enhancement mode load,the two stage amplifier with resistive load,the 

transimpedance amplifier with folded cascode stage and the transimpedance amplifier 

with current mirror stage,respectively. In each layout,the bias circuit is onthe far left 

and the differential pair is approximately in the middle ofthe layout The other stages of 

each amplifier are laid out consecutively from each side ofthe differential pair,with the 

source-follower outputstage being laid outimmediately follo"wing the bias circuit on the 

left and asthe last stage onthe right. The amplifiers were laid out asindependent, 

separately connected stages in order to reduce the amountoftime necessary to lay outa 

large number ofdevices with similar componentsin multiple processes. Using this 

method for layoutcaused each amplifierto consume alarge amountofspace onthe chip 

However,much ofthatspace was unused and was"plugged"in order to reduce the risk 

oflatch-up from stray currents. Ifthe amplifiers were going to be used in a system,the 

layoutofeach amplifier would have to be much tighter. Moreover,each side ofthe fully 

differential design would be laid out beside the other in orderto reduce the effects of 

crosstalk with other devices and chip gradients. The AMI0.8 um designs were fabricated 

m the N97L run by MOSIS. The AMI 1.2um designs were fabricated in the N95Yrun 

by MOSIS. 

Asshown in Fig.33,the initial test board design was simple. The chips were 

placed on a smaller"daughter"board that was plugged into the main board. Each 

amplifier input and output wastied directly to a separateLEMO connector and input 

biasing wasto be provided off-board through untermmated 50-ohm lines Since no 

differential outputsme-wave generator was available,the amplifiers were to be driven 
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single-ended In addition,the amplifier outputs were expected to drive the off-board 

capacitive loadsthrough unterminated 50ohm lines. Shortly into testing,however,it was 

discovered thatinputand ou^utsignals above 50MHzwere being distorted when sent 

through the off-board bias network due to transmission line effects. Also,the single-

ended drive resulted m noticeable differences in the gain measurements ofeach side of 

each amplifier. Furthermore,the output stages were having difficulty driving the off-

board capacitive loads at higherfrequencies Therefore,the test setup was significantly 

changed. Two differenttest boards were made through modifications ofthe original test 

board. On both boards,theLEMOinputs were terminated in 50-ohmsthen capacitively 

coupled to an on-board bias circuit before being connected to each amplifier's inputs 

The capacitive coupling resulted in a high-pass filter with a3dB point slightly below 100 

kHz. ForDCtesting,aDC board was made with the amplifier outputstaken directly to 

theLEMO outputs as illustrated by the schematic in Fig.34. For all other tests,an AC 

board was made with the amplifier outputs taken firstto a300MHzbuffer,Burr-Brown's 

BUF601,asillustrated by the schematic in Fig.35. The buffer output wasthen 

capacitively coupled(also with a3dB point near 100kHz)to a50-ohm terminated 

LEMO output. A picture ofthe bottom side ofthe test board after these changes were 

made is shown in Fig.36. Two buffers were mounted on acopper strip,fimctionmg as a 

ground plane,in the"dead bug"upside-down fashion. The strip was attached to the 

bottom ofthe main board and the inputs and outputs ofthe buffers were moved to take 

measurements ofeach amplifier. A 400MHzdifferential line driver,MAXIM's 

MAX4447,wasalso constructed on a separate ground plane using the"dead bug" 

technique,asshown in Fig.37,and was used to drive the amplifiers dunng testing Fig. 
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38showstwo ofthe BUF601 buffers assembled on a ground plane for use in 

characteri2ation ofthe buffers frequency response Both the line driver and buffer 

outputs were back-terminated into 50ohms which introduced a loss ofapproximately 0.5 

YfV or6dB in power. 

3.2 Measurementand Testing ofAmplifiers 

3.2.1 MeasurementofDC bias voltages,currents,and capacitive loading 

DC bias voltages and currents were measured using theDCtest board illustrated 

in Fig.34. A HP34401A multimeter wasused to take voltage and current measurements 

ofeach outputofeach amplifier. Since no test points were available,the currentofeach 

outputstage ofeach amplifier was measured by connecting one end ofthe multimeter 

ammeterto the outputLEMO and the other to the 5V rail. This configuration turns off 

the source-follower outputtransistor and allows the ammeterto measure the currentof 

the outputstage current mirror. Tables3 1 and 32compare measured and designed DC 

values. Forthe AMI0.8 um amplifiers,the currents are about one-halfthe original 

design values and for the AMI 1.2um amplifier,the currents are almost one-third the 

design values. The biasing problems are discussed further in section 3.2.6 and Chapter4. 

For the simulated bias currents to match the measured bias currents,the resistors in the 

simulation files were increased by40%for the AMI0.8 um process and by60%for the 

AMI 1.2um process. TheDC valuesfrom the adjusted simulation files match quite well 

with the measured values. 

Capacitive loading ofeach board's amplifier outputs wastested using a Tektromx 

active probe and400MHzoscilloscope as illustrated by Fig.39. The amplifier inputs 
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Table3.1 -Comparison ofmeasured and simulated DCvaluesfor AMI0.8um amplifiers 

Simulated at 

Simulated as new bias 

designed Measured currents Units 

Twostage Power 183 77 77 mW 

AmpliHer with Vdsat_in 0 195 N/A 0 124 V 

Enhancement VoutSide A 1 5 22 22 V 

ModeLoad VoutSideB 1 5 2 1 22 V 

loutSide A 1 222 0514 0.515 mA 

loutSideB 1 222 0515 0515 mA 

Twostage Power 204 86 86 mW 

Amplifier with Vdsat_m 186 N/A 0117 V 

Resistive Load VoutSide A 21 24 2.8 V 

VoutSideB 2 1 25 2.8 V 

loutSide A 1 23 0537 0521 mA 

lout SideB 123 0537 0521 mA 

Transimpedance Power 299 145 145 mW 

Amplifier with Vdsat_in 0223 N/A 0142 V 

Folded Cascode VoutSide A 26 27 26 V 

Stage VoutSideB 26 26 26 V 

loutSide A 1 066 0.529 0520 mA 

loutSide B 1 066 0.529 0520 mA 

Transimpedance Power 29 1 14 1 14.1 mW 

Amplifier with Vdsat_in 222 N/A 0 141 V 

Current Mirror VoutSide A 2.5 26 26 V 

Stage VoutSideB 25 28 26 V 

lout Side A 1 23 0545 0519 mA 

loutSideB 1 23 0553 0519 mA 
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Table 3.2- Comparison ofmeasured and simulated DCvalues for AMI1.2 um ampliHers 

Simulated at 

Simulated as new bias 

designed Measured currents Units 

Twostage Power 179 60 60 mW 

Amplifier with Vdsat_in 0 187 N/A 0.095 V 

Enhancement VoutSide A 1.6 25 24 V 

ModeLoad VoutSideB 1 6 25 24 V 

lout Side A 1 003 0335 0342 mA 

lout SideB 1 003 0336 0342 mA 

Twostage Power 184 63 63 mW 

Amplifier with Vdsat_in 0 189 N/A 0095 V 

Resistive Load VoutSide A 21 30 29 V 

VoutSideB 21 30 29 V 

loutSide A 1 Oil 0332 0347 mA 

lout SideB 1 Oil 0332 0347 mA 

Transimpedance Power 298 12.1 12 1 mW 

Amplifier with Vdsat_in 0 181 N/A 0095 V 

Folded Cascode VoutSide A 23 30 29 V 

Stage VoutSideB 23 30 29 V 

lout Side A 1 015 0400 0391 mA 

lout SideB 1 015 0.397 0391 mA 

Transimpedance Power 268 107 107 mW 

Amplifier with Vdsat_in 0194 N/A 0 108 V 

Current Mirror VoutSide A 2.7 34 3 1 V 

Stage VoutSideB 27 34 3 1 V 

lout Side A 1 021 0389 0395 mA 

lout SideB 1.021 0389 0395 mA 
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were driven by an attenuated pulse provided by aHP8013B Pulse Generator. Using the 

previously measured output current,the measured falling edge slope ofthe output pulse 

from the active probe and oscilloscope and the relation 

01) 
dt 

wherethe value ofthe capacitive load for each board was determined For theDC board, 

the capacitive load ranged from approximately 8pF to 10pF depending on which 

amplifier wasbeing measured. Such a wide range oflarge capacitive loads was dueto 

traces ofvarying lengths both from the chip to the daughter board headers and from the 

main-board socketsto theLEMO outputs. Forthe AC board,the capacitive load varied 

only between5 pF and6pF. Since the inputto the buffers wastied directly to the main 

board socket,the only variation in trace length wasfrom the chip to the header on the 

daughter board. Based ontheDCand capacitive load testing,all measured values from 

this pointforward are compared to simulated valuesfrom simulations adjusted to match 

the measured current values and"with 5 pF loads. 

3.2.2 Frequency Response Measurement 

Fig.40illustrates the test setup for measuring the frequency response ofeach 

amplifier. The HP 8753C Network Analyzer and S-parameter test set was used to 

measure S21 data. The network analyzer was properly calibrated,setto provide a-40 

dBm input signal from 300kHzto 500MHzand setto take 401 points averaged 16times 

S21 magnitude and phase data for the line dnver and buffer alone were measured,as 

shown in Figs.41 and 42. The phase plots require some clarification. The network 

analyzer restnctsthe phase angle measurements between-180and 180degrees 
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Therefore,there are occasional abrupttransitions from-180to 180 degrees or vice versa. 

Also,the phase measurementm Fig 42includes phase distortion from some cables and 

connectors that interface with the line driver and buffer and for which calibration 

standards were unavailable However,since the measured S21 data used in Figs 41 and 

42forthe line dnver and buffer alone was subtracted from measured S21 dataforthe line 

driver,amplifier and buffer,erroneous data caused from the uncalibrated test devices will 

be removed. Therefore,the S21 gain and phase datafor each amplifier,relative to the 

line driver,buffer and uncalibrated test structures,is shown in Figs.43through66, 

followed immediately by the HSpice simulation ofthe gain magnitude and phase The 

AMI0.8 um amplifiers are shown firstfollowed bythe AMI 1.2um amplifiers All of 

the amplifiers have aflat response. The two-stage amplifiers have approximately atwo-

pole roll offand the transimpedance amplifiers roll-offfaster,indicating more poles The 

gain magnitude data is summarized and compared to HSpice simulation results in Tables 

3.3 and 3.4ofsection 3.25 

3.2.3 Gain Compression Measurement 

Fig.67illustrates the test setup for measunng the gain compression pointofeach 

amplifier with a5 pF load at 100 MHz The HP8656A Signal Generator and RF section 

was used to provide 100MHzinput signals through the differential line driver at various 

power levels. The HP89441A Vector Signal Analyzer was used to measure the output 

spectrum ofeach amplifier output. The Vector Signal Analyzer was setfor a lOkHz 

resolution bandwidth over a0-500MHzdisplay bandwidth and was configured to take 

401 points averaged 25 times. After removing the gam contribution ofthe line driver and 

buffer,the output power was plotted againstthe input powerfor each outputofeach 
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amplifier as illustrated in Figs 68through 83. It was also determined thatthe line driver 

and buffer combination does not contribute to the amplifiers' gain compression until the 

input poweris above 10dBm. Gain compression points at 100 MHzfor each outputof 

each amplifier are summarized in Tables 3.3 and 3.4 ofsection 3.2.5. 

3.2.4 Noise Measurement 

Fig.84illustrates the test setup for measuring the output noise spectrum ofeach 

amplifier. The inputs to each amplifier were terminated in 25ohmsand the outputs were 

connected to the buffer. The amplifier and buffer configuration wasthen fed to the Rush-

Kennedy wideband amplifier. The Rush-Kennedy amplifier has a voltage gain of 

approximately60dB and-3dB pointofapproximately 120 MHz. The HP3589A 

Spectrum/Network Analyzer was used to make the noise measurements. It has a noise 

floor ofabout-140dBm/Hzand wasconfigured to plotthe power spectral density using 

aresolution bandwidth of9,100Hzand 50 averages. Asillustrated in Fig.85,the output 

noise ofthe Rush-Kennedy amplifier is-112dBm/Hzat50 MHz. Dividing by the 

amplifier gain gives aninputreferred noise voltage ofabout0.8 nV/rt(Hz). This 

measurementis in reasonable agreement with the 0.5 nV/rt(Hz)noise voltage perthe 

amplifier's datasheet. Fig.86showsthe output noise ofthe buffer and the Rush-Kennedy 

amplifier to be about-104dBm/Hzat50MHz. Companng Fig 85 to Fig.86,it is 

apparentthatthe slight overshootin the buffer gain at high frequencies compensatesfor 

the roll-offin the Rush-Kennedy amplifier response Therefore,the shape ofthe 

amplifier noise spectrums in Fig 87through Fig.94 are close to the actual noise 

spectrums ofthe amplifiers,adjusted for the gain ofthe buffer and Rush-Kennedy 

amplifier. The input referred noise values ofeach amplifier,after removing the gain 
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effects ofthe buffer and Rush-Kennedy amplifiers,are summarized and compared to 

HSpice simulation results in Tables3.3 and 3.4 ofsection 3.2.5. In the calculation ofthe 

inputreferred noise,the effects ofthe input50-ohm terminators,the buffer and Rush-

Kennedy amplifier were essentially ignored dueto their small noise contribution 

compared to the noise ofthe amplifiers. 

In many ofthe noise spectra ofFigs.87through 94,there is an upturn in the 

spectrum atlower frequencies beginning at 15 MHz Further investigation ofthe HSpice 

noise simulation results ofone ofthe amplifiers resulted in discovering thatthe bias 

circuit wasthe cause ofthe upturn. The bias circuit transistors operate atlower currents 

than the transistors m the signal path;therefore,their transconductances are smaller. 

Since the noise power varies inversely with transconductance as illustrated by(3.2),the 

noise contribution by the bias circuittransistors is greater. 

?=4ir|—Af, (3.2)
3 gn, 

Furthermore,the lower currents ofthe bias circuit transistors cause the noise bandwidth 

ofthose transistors to be lower thatthe bandwidth ofthe signal path transistors. 

Simulation confirmed that the majority ofthe bias circuit's noise contribution is through 

the differential pair current mirror. A plotofthe HSpice simulation ofthe output noise 

powerfonthe two stage amplifier with enhancementmodeload is shown m Fig.95. The 

top plot IS the output noise overthe entire simulated frequency range and the bottom plot 

IS the output noise power overthe 10to 100MHzrange. Two distinct roll-offs are 

apparentin the bottom plot with the first roll-offbeing thatofthe bias circuit and the 

second being that ofthe amplifier Had the measurementand simulation been performed 
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differentially,the noise contribution ofthe bias circuit would have been acommon mode 

signal and would have been negligible 

3.2.5 Summarization ofTestResults 

Tables 3.3 and 3.4summarizethe results ofthe amplifier testing as compared 

with simulated values An example circuit file for simulating an amplifier'sfrequency 

response is included in Appendix4and one for simulating an amplifier's outputnoise is 

included in Appendix 5. Thefrequency response gam magnitude measured and 

simulated values are within a reasonable tolerance for the AMI0.8um process butare not 

within areasonable tolerance for the AMI 1.2 um process Slight differences between the 

measured and simulated-3dB points can be partially explained by differencesin 

capacitive loads on the amplifier outputs due to varying trace lengths onfrom the chip to 

the socketheader on the daughter board. 

The gain compression pointsfor a 100MHzinput signal and 5 pF load are quite 

small and therefore limitthe effectiveness ofall ofthe designs. Imtialfrequency 

response measurements using the DCtest board withoutan output buffer showed that 

adding a resistive load to the amplifier output,which effectively increases the output 

stage bias current,reduced the output distortion at higher frequencies. Whilelowenng 

the frequency response ofthe amplifier,the resistive load provided an additional path for 

the output signal to discharge during thelow signal swing Further simulation and 

analysis would mostlikely confirm thatthe majority ofthe gain compression problem is 

due to the source-follower ouQiutstage's inability to sink current. 
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Table 3.3-Comparison ofmeasured and simulated AC valuesfor AMI0.8 um amplifiers 

Measured Simulated Units 

Twostage Gain -Side A 24 28 V/V 

Amplifier with Gain -SideB 24 28 v/v 

Enhancement -3dB frequency-Side A 1420 1270 MHz 

Mode Load -3dBfrequency-SideB 1370 1270 MHz 

Input Gain Compression Point 966 N/A mVpp 
@100MHz-SideA 

Input Gain Compression Point 966 N/A mVpp 

@100MHz-SideB 

Noise@SOMhz 56 2 1 nV/rt(Hz) 

Twostage Gain-Side A 6.4 58 V/V 

Amplifier with Gain-SideB 64 58 V/V 

Resistive Load -3dBfrequency -Side A 950 780 MHz 

-3dB frequency-SideB 950 780 MHz 

Input Gain Compression Point 550 N/A mVpp 
@100MHz-SideA 

InputGain Compression Point 55.0 N/A mVpp 

@100MHz-SideB 

Noise@SOMhz 37 1 2 nV/rt(Hz) 

Transimpedance Gain-Side A 63 58 V/V 

Amplifier with Gain-SideB 6.3 58 V/V 

Folded Cascode -3dBfrequency -Side A 1440 1230 MHz 

Stage -3dBfrequency-SideB 1620 1230 MHz 

InputGain Compression Point 335 N/A mVpp 
@100MHz-Side A 

Input Gain Compression Point 35.5 N/A mVpp 

@100MHz-Side B 

Noise@SOMhz 83 48 nV/rt(Hz) 

Transimpedance Gain-Side A 63 58 V/V 

Amplifier with Gain-SideB 63 58 V/V 

Current Mirror -3dBfrequency -Side A 1960 1750 MHz 

Stage -3dBfrequency-SideB 1930 1750 MHz 

Gain Compression Point@ 376 N/A mVpp 

100 MHz-Side A 

Gain Compression Point@ 355 N/A mVpp 

100 MHz-SideB 

Noise@SOMhz 10 1 60 nV/rt(Hz) 
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Table 3.4-Comparison ofnon-DC measured and simulated ACvaluesfor AMI1.2 um amplifiers 

Measured Simulated Units 

Twostage Gam-Side A 2.2 33 vrv 

Amplifier with Gam-SideB 22 33 VA/ 

Enhancement -3dBfrequency -Side A 1060 960 MHz 

Mode Load -3dBfrequency-SideB 1010 960 MHz 

InputGain Compression Point 790 N/A mVpp 
@100MHz-Side A 

InputGain Compression Point 790 N/A mVpp 
@100MHz-SideB 

Noise@SOMhz 46 16 nV/rt(Hz) 

Twostage Gam-Side A 46 70 V/V 

Amplifier with Gain-SideB 47 70 V/V 

Resistive Load -3dBfrequency load -Side A 760 630 MHz 

-3dBfrequency-SideB 760 630 MHz 

InputGain Compression Point 550 N/A mVpp 
@100MHz-SideA 

Input Gain Compression Point 550 N/A mVpp 
@100MHz-SideB 

Noise@SOMhz 36 1 3 nV/rt(Hz) 

Transimpedance Gain-Side A 45 63 V/V 

Amplifier with Gain-SideB 46 63 V/V 

Folded Cascode -3dBfrequency -Side A 890 750 MHz 

Stage -3dBfrequency-SideB 920 750 MHz 

Input Gain Compression Point 330 N/A mVpp 
@100MHz-SideA 

Input Gain Compression Point 330 N/A mVpp 
@100MHz-SideB 

Noise@SOMhz 84 42 nV/rt(Hz) 

Transimpedance Gain-Side A 46 7.1 V/V 

Amplifier with Gain-SideB 49 7 1 VA/ 

Current Mirror -3dBfrequency -Side A 1050 1210 MHz 

Stage -3dBfrequency-SideB 1080 121 0 MHz 

InputGam Compression Point 330 N/A mVpp 
@100MHz-Side A 

Input Gain Compression Point 330 N/A mVpp 
@100 MHz-SideB 

Noise@SOMhz 84 42 nV/rt(Hz) 
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The noise measurements are approximately twice the simulated valuesfor both 

processes Itis notimcommonfor noise measurementsto be 120to 150%larger than 

simulated values due to poor transistor noise models. Further measurementand 

simulation would be necessary to determine why there is alarger than expected 

difference between measured and simulated noise values. 

The mostlikely explanation for the differences between measured and simulated 

values is poor simulation models. MOSISDC modeling procedures are evaluated in 

Chapter4. 

3.3 Testing ofBias Circuit 

The purpose ofthe bias circuit test structure wasto provide a meansto measure 

notonly the absolute bias currentfor a given resistor butalso to determine whetherthe 

transconductance oftransistors biased by the bias circuitinversely track the bias resistor 

as equation 2.34 predicts. The on-chip test structure asshown in Fig.96 consisted ofan 

n-channel pair and a p-channel pair biased by a current mirror that is mirroring current 

from the same bias circuit used forthe amplifiers. However,the bias circuit test structure 

hasan off-chip bias resistor. Fig 96illustrates the test setup for testing the bias circuit 

using a voltmeter and the HP4156A Parameter Analyzer. TheDC bias currentfor 

various resistor values was determined by measuring the voltage across different bias 

resistors and then dividing by the resistor size. Table 3.5 comparesthe measured results 

to simulated values.The measured and simulated values compare favorably. The minor 

differences do notfully explain whythe AMI0.8 um currents were one-halfdesigned 

values and the AMI 1.2um were one-third designed values In orderfor the HSpice 

simulated currentsto match the measured values, the AMI0.8 um resistors were 
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Table3.5- Comparison ofmeasured and simulated bias currents 

Resistor Measured Simulated 

size Bias Bias 

Current Current 

AMI0.8 um 1000 225E-04 225E-04 

1500 1.39E-04 1 17E-04 

2000 820E-05 6OOE-05 

2500 550E-05 3 80E-05 

3000 4 lOE-05 275E-05 

3500 320E-05 226E-05 

AMI1.2 um 1000 1 50E-04 1 63E-04 

1500 1 39E-04 1 51E-04 

2000 1 17E-04 1 19E-04 

2500 780E-05 7.52E-05 

3000 560E-05 5 16E-05 

3500 4.25E-05 376E-05 

increased by40% while the AMI 1.2um resistors were increased by over60%. 

However,resistor tolerances for on- chip poly-resistors are generally within +20%. 

The on-chip resistors used for the amplifiers' bias circuits were laid out using minimum 

widths Researchers atORNL have seen minimum width on-chip resistors result in larger 

tolerance values,which could explain the reduced bias current values Such large 

deviations could also be explained by poor transistor modeling Transistor modeling for 

each process is reviewed m Chapter4. 

TheHP4156A Parameter Analyzer was used to take the transconductance 

measurements. Asillustrated in Fig.96,the inputs to the differential pair were 

differentially drivenfrom 2.4to 2.6 V m 1 mV steps and the slope ofthe differential 

currentin each pair was measured. Toreduce the effects offinite outputimpedance,the 

n-channel pair drains were tied to 3 V and the p-channel pair drains were tied to2V. The 
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measured transconductance value wasthen normalized by multiplying by the bias resistor 

and plotted against bias current. Figs 97and 98show the measured and simulated 

normalized transconductance values plotted against bias current. Forlower currents the 

transconductance is inversely proportional to the bias resistor and the plot ofnormalized 

transconductance versus current is flat Athigher currents,the plotis no longer flat 

because the differential pair current mirror falls into the triode region and the relationship 

between transistor transconductance and the bias resistor given in equation 2.35 is no 

longer valid. The AMI0.8 um p-channel and both AMI 1.2um differential pairs' 

transconductances are fairly proportional to the resistors as evidenced by the horizontal 

plotted data. Neither the measured northe simulated transconductances ofthe AMI08 

um n-channel differential pair appearto be inversely proportional to the bias resistor. 

However,the measured amplifier gain valuesfor both the AMI0.8 um and AMI 1.2um 

processes supportthe relationship. Further simulation and testing is needed to determine 

the reason for this contribution. MOSIS'stransistor modeling procedures are reviewed in 

Chapter4 
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Chapter4 

Evaluation ofProcess Modeling through Transistor 

Characterization 

4.1 Test Transistor Layoutand Testing Configuration 

Both n-channel and p-channel test transistors and diodes were fabricated in the 

AMI08um N91Yrun and the AMI 1.2 um N95Yrun. Two ofeach type were chosen 

for analysis. From the AMI0.8 um process,the first transistor had a width of85um and 

alength of4um and the second transistor had a width of4um and alength of1 um. 

From the AMI 1.2um process,the first transistor had a width of102um and a length of 

4.8 um and the second transistor had a width of48um and alength of1.2um Fig.99 

showsthe equivalenttest setup for measuring Id vs. Vdsand Id vs.Vgs curves for both n-

channel(configuration A and C)and p-channel(configuration B and C)transistors using 

the HP4156A Parameter Analyzer. For each transistor,measured and simulated curves 

are plotted on the same graph In addition,linear regression was used to compute and 

compare the Early voltage from both the measured and simulated Id vs Vds curves and 

the threshold voltage from both the measured and simulated square rootofId vs Vgs 

curves 
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4.2 AMI0.8 um Process 

The AMI0.8 um process is a 2-metal,1-poly with poly-capacitor,n-well5V 

process. Perthe processsummary m Appendix 2,designers using SCMOSrules with a 

lambdaof0.5 um should manually deduct0.2umfrom transistor lengths extracted from 

layout. MOSISreplaced the process with the AMI0.5 um process during the 4'*' quarter 

of1999;however,the AMI08um process is available through acommercialfoundry. 

Figs. 100through 103 are the measured and simulated Id vs.Vdscurvesforthe 

AMI0.8 um testtransistors. Table 4.1 comparesthe Early voltage valuesthat were 

regressed from the curves. 

Table 4.1-Comparison ofmeasured and simulated Early voltage valuesforthe AMI0.8 um test 
transistors 

NMOS Vgs Measured Va(V) Simulated Va(V) 

W=85um I 682E+01 433E+01 

L=4um 2 1 llE+02 944E+01 

3 1 06E+02 876E-K)1 

4 N/A 570E+01 

NMOS Vgs Measured Va(V) Simulated Va(V) 

W=4um 1 1 06E+01 1 OOE+01 

L=lum 2 1 78E+01 1 70E+01 

3 230E+01 227E+01 

4 3.07E+01 285E+01 

PMOS Vgs Measured Va(V) Simulated Va(V) 

W=85um 1 346E+01 369E+01 

L=4um 2 550E+01 472E+01 

3 497E+01 475E+01 

4 356E+01 396E+01 

PMOS Vgs Measured Va(V) Simulated Va(V) 

W=4um 1 1 1lE+00 683E-01 

L=lum 2 619E+00 508E+00 

3 630E+00 638E+00 

4 6OlE+00 635E+00 
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Figs. 104through 107are the measured and simulated square rootofId vs.Vgs curves 

for the AMI0.8 um testtransistors. Table 4.2comparesthe threshold voltage valuesthat 

were regressed from the curves. With the exception ofthe first transistor's Id vs. Vds 

curve for Vgs=4,the measured and simulated curves and regressed values for the Early 

voltages and threshold voltages are very similar. Therefore,based on the tests performed 

onthese four transistors,MOSIS'sDC modeling oftransistors m the N91Y run appears 

to be reliable. The simulations were made ignoring MOSIS'srecommendation to deduct 

0.2umfrom the extracted gate lengths. The amplifiers under test were fabricated in the 

N97Lrun for which no test transistors were available for analysis;however,it is 

Table 4.2-Comparison ofmeasured and simulated threshold voltage for AMI0.8 um test transistors 

Measured Vt(V) Simulated Vt(V) 

NMOS,W/L=85/4 0640 0633 

NMOS,W/L=4/l 0567 0561 

PMOS,W/L=85/4 0825 0810 

PMOS,W/L=4/l 0755 0698 

reasonable to assume thatthe N97Ltransistor models arejust as accurate as those for the 

N91Y run. Underthis assumption and based onthe bias datafrom section 3.2.6,it is 

difficultto explain the reduction in bias currentin the bias circuit. Apparently,during 

fabrication,the resistor sizes were increased from the value that was laid outin and 

extracted from MAGIC. 

4.3 AMI1.2 um Process 

The AMI 1.2 um process is a 2-metal, 1-poly with poly-capacitor,n-well5V 

process It was originally a 1.5 um process in which the gate lengths were shrunk to 1.2 

um. A lateral NPN bipolar transistor is also available. Recent problems with the process 
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have resulted in MOSIS raising the lambdato 0.8 um,effectively increasing the 

niinimvim gate length to 1.6 um. The test transistors analyzed in this section were 

fabricated using alambdaof0.6um or minimum gate length of1.2 um. 

Figs. 108through 111 are the measured and simulated Id vs.Vdscurves for the AMI 1.2 

um test transistors. Table 4.3 comparesthe Early voltage valuesthat were regressed from 

the curves. 

Figs 112through 115 are the measured and simulated square rootofId vs. Vgs 

curvesforthe AMI 1.2 um test transistors. Table 4.4 comparesthe threshold voltage 

values that were regressed from the curves 

Table 4.3-Comparison ofmeasured and simulated Early voltage valuesfor the AMI1.2 um test 
transistors 

NMOS Vgs Measured Va(V) Simulated Va(V) 

W=102um 1 545E+01 331E+01 

L=4.8um 2 585E+01 561E+01 

3 555E+01 515E+01 

4 414E+01 377E+01 

NMOS Vgs Measured Va(V) Simulated Va(V) 

W=4.8um I 336E+00 631E+00 

L=1.2um 2 822E+00 880E+00 

3 1 29E+01 1 15E:f01 

4 1 78E+01 1 46E+01 

PMOS Vgs Measured Va(V) Simulated Va(V) 

W=102um 1 1 94E+01 1 41E+00 

L=4.8um 2 257E+01 1 48E+01 

3 245E+01 214E+01 

4 1 87E+01 I 64E+01 

PMOS Vgs Measured Va(V) Simulated Va(V) 

W=4.8um 1 1 47E-01 1 28E+00 

L=1.2um 2 258E+00 68IE+00 

3 357E+00 796E+00 

4 408E+00 728E+00 
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Table 4.4- Comparison ofmeasured and simulated threshold voltage for AMI1.2um testtransistors 

Measured Vt(V) Simulated Vt(V) 

NMOS,W/L=102/4.8 0563 0530 

NMOS,W/L=4.8/1.2 0293 0266 

PMOS,W/L=102/4.8 0793 0720 

PMOS,W/L=4.8/1.2 0583 0637 

The mostsignificant deviations between measured and simulated results arefrom the 

minimum length device. These differences are consistent with the AMI 1.2um process 

problemsthat MOSIS has recently reported. Since the testtransistors were fabricated in 

the same process asthe amplifiers,the poor quality simulation models would partially 

explain the differences between measured and simulated results reported in Tables32 

and 3.4. However,the large reduction m the amplifier bias currents and the bias data of 

section 3.2.6 cannot be so easily explained. As with the AMI08um process,it appears 

that during fabrication,the resistor sizes were increased from the value that waslaid out 

in and extracted from MAGIC. 
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Chapter5 

Conclusion 

5.1 Evaluation ofAmplifier and Bias Circuit Designs 

Selection ofone amplifier design for use in the cantilever sensing device is not 

possible at thistime withoutfirmer system design specifications.Each design has 

positive and negative features Thetwo stage amplifiers are simple,use less power and 

less chip space than the four-stage designs. For approximately the same power,both 

designs provide the same gain-bandwidth product. The amplifier with resistive load 

provides less noise and higher gains butless bandwidth than the amplifier with 

enhancement mode load. Both ofthe four stage amplifiers are easily chamable,as their 

outputs can easily be made to match their common-mode input voltage,and have higher 

gains and bandwidthsthan the two stage designs. The four-stage design with a current 

mirror has a slight advantage overthe folded cascode design in thatthe current mirror 

Itselfcan be used to modify the gain withoutchanging the transimpedance loop The 

primary limiting feature ofall ofthe designs is the low gain compression point driving 5 

pF at 100MHz,caused primarily by the non-linearity ofthe source-follower output stage. 
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Ofcoiirse,the gain compression point driving on-chip capacitive loads of1 pF or less 

•would be larger and therefore less ofa constraint. 

The use ofthe bias circuitto stabilize transconductances is highly recommended. 

Even•with the DC bias currents being significantly lowerthan originally designed,the 

amplifiers in both processes had gains very close to the ongmal design expectations,due 

almost entirely to the bias circuit. By making the gain relationships ofeach amplifier 

design dependent almost exclusively on resistor ratios,the amplifiers were highly 

independentofprocess variations,such as varying resistors,and power variations,such 

as reductions in bias current,as well astemperature and other process variations. 

However,the noise ofthe bias circuit is a potential problem that mustbe addressed ifthe 

circuit is used to power non-differential designs 

5.2 Selection ofa Process 

Given the recent problems with the AMI 1 2um process,the AMI0.8 um process 

is the preferred processfor fabricating the cantilever sensor. Moreover,notonly do the 

AMI08um models appearto be more accurate,the AMI08um process should be much 

faster than the AMI 1.2um process when comparing equivalently constructed and biased 

amplifier designs. 

5.3 Future Work 

Further refinements in the design ofeach amplifier are expected. Specifically,the 

two-stage amplifier ■with enhancement mode load can be optimized to provide higher gain 

and the two-stage amplifier with resistive load could be optimized to give an output 

voltage closer to its common-mode input voltage. The transimpedance stage of the four 

stage amplifiers can be optimized to improve frequency response and give a higher gain 
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value. Higher gamsin the four-stage amplifier with current mirror stage are possible by 

using the current mirror to provide more gam. Slightly higher bandwidthsin the four-

stage designs may be possible by optimizing transistor sizes and bias currents. As 

mentioned previously,further simulation and analysis would mostlikely confirm thatthe 

majority ofthe gain compression problem is due to the source-follower outputstage's 

inability to sink current. Ifso,a better CMOSoutputstage would be instrumental in 

improving the performance ofall ofthe designs. In relation to process evaluation,further 

investigation into the cause ofthe suspected increase in the on-chip resistance values is 

necessary. One wayto determine ifthe resistors were laid out mcorrectly would beto 

use a microscope to carefully measure the length and width ofthe fabricated resistors. 

The reason for the AMI0.8 um process bias circuittest results for the n-chaimel 

transistors not validating the inverse relationship between the bias resistor and transistor 

transconductances also needsto be investigated Furthermore,the AMI0.5 um 3-metal, 

2-poly,5V should be considered in the future as itshould allow even smaller devices and 

therefore provide a platform for an even faster amplifier. 
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Line Driver and Output Buffer Gain Magnitude 
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Figure 41 - Line driver and output buffer gain magnitude 
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Figure 42 - Line driver and output buffer phase 
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Figure 43 - AMI 0.8 um two-stage amplifier with enhancement mode load - gain magnitude 
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Figure 44 - AMI 0.8 um two-stage amplifier with enhancement mode load - phase 
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Figure 46 - AMI 0.8 um two-stage amplifier with resistive load - gain magnitude 
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Figure 47 - AMI 0.8 um two-stage amplifier with resistive load - phase 
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AMI 0.8um -Chip4-Transimpedance Amplifier with Folded 
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Figure49-AMI0.8 um transimpedance amplifler with folded cascode stage-gain magnitude 
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Figure50-AMI0.8 um transimpedance amplifier with folded cascode stage- phase 
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Figure53-AMI0.8 um transimpedance amplifier with current mirror stage - phase 
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Figure 55 - AMI 1.2 um two-stage amplifier with enhancement mode load - gain magnitude 
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Figure 56 - AMI 1.2 um two-stage amplifier with enhancement mode load - phase 
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Figure59-AMI1.2um two-stage amplifier with resistive load - phase 
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AMI 1.2um -Chip 1 -Translmpedance Amplifier with Folded 
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Figure 61 - AMI 1.2 um translmpedance amplifier with folded cascode stage - gain magnitude 
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Figure 62 - AMI 1.2 um transimpedance amplifier with folded cascode stage - phase 
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Figure64-AMI1.2 um transimpedance amplifier with current mirror stage- gain magnitude 
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Figure65-AMI1.2 um transimpedance amplifier with current mirror stage - phase 
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Figure 66 - HSpice simulation of frequency response for transimpedance amplifier with current 
mirror stage and 5 pF output load using AMI 1.2 um N95Y run BSIM3 models 
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AMI0.8um -Chip4-TwoStage Amplifier with Enhancement 
Mode Load Side A-Gam Compression Point 
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Figure68-AMI0.8 urn two stage amplifier with enhancement modeload side A-gam compression 
point data at100MHz 

AMI0.8um -Chip4-TwoStage Amplifier with Enhancement 
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Figure69-AMI0.8um two stage amplifier with enhancement modeload side B-gain compression 
point data at100MHz 
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AMI0.8um -Chip4-TwoStage Amplifier with Resistive Load 
Side A-Gam Compression Point 
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Figure70-AMI0.8 um two stage amplifier with resistive load side A-gain compression point data 
at100MHz 
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Figure 71 -AMI0.8 um twostage amplifier with resistive load sideB-gam compression point data 
at 100 MHz 
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AMI0.8um -Chip7-Transimpedance Amplifier with Folded 
CascodeStage Side AGam Compression Point 
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Figure72-AMI0.8 um transimpedance amplifier with folded cascode stage side A-gain 
compression point data at 100MHz 

AMI0.8um -Chip7-Transimpedance Amplifier with Fbided 
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Figure73-AMI0.8um transimpedance amplifier with folded cascode stage side B-gain 
compression point data at100 MHz 
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AMI0.8um -Chip7-Transimpedance Amplifier with Current 
MirrorStage Side AGam Compression Point 
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Figure74-AMI0.8 um transimpedance amplifier with current mirror stage side A-gain 
compression point data at 100MHz 

AMI0.8um -Chip7-Transimpedance Amplifier with Current 
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Figure75- - AMI0.8 um transimpedance amplifler with current mirror stage sideB-gain 
compression point data at100MHz 
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AM11.2um -Chip2-TwoStage Amplifier with Enhancement 
Mode Load Side AGain Compression Point 
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Figure76-AMI1.2 um two stage amplifier with enhancement modeload side A-gain compression 
point data at100MHz 
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Figure77-AMI1.2 um twostage amplifier with enhancement mode load side B-gain compression 
point data at100MHz 
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AM11.2um -Chip2-TwoStage Amplifier with Resistive Load 
Side A-Gain Compression Point 
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Figure78-AMI1.2 urn twostage amplifier with resistive load side A-gain compression point data 
at 100MHz 
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Figure79-AMI1.2 um twostage amplifier with resistive load side B-gain compression point data 
at100MHz 
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AM11.2um -Chip2-Transimpedance Amplifier with Fbided 
Cascode Side A-Gain Compression Point 

E 10 

>=• 0 

5 -10 

« -20 

-30 

-40 

-50 -40 -30 -20 -10 

inputPower(dBm) 

Figure80-AMI1.2 um transimpedance amplifier with folded cascode stage side A-gam 
compression point data at 100MHz 
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Figure81 -AMI1.2 um transimpedance amplifier with folded cascode stage side B-gain 
compression point data at 100MHz 
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AM11.2um -Chip2-Transimpedance Amplifier with Current 
Mirror Side A-Gam Compression Point 
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Figure82-AMI0.8um transimpedance amplifier with current mirror stage side A-gain 
compression point data at ICQ MHz 

AM11.2um -Chip2-Transimpedance Amplifier with Current 
Mirror Side B-Gam Compression Point 

10 

E 5 -
m 

0) 

O 10 
Q. 

15 

20 

25 

-50 -30 -20 -10 

InputPower(dBm) 

Figure83-AMI0.8 um transimpedance ampIiOer with current mirror stage side B-gain 
compression point data at100MHz 
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118 



 
 

.flano®: .-10.cfSin . /^Overaweep: Off ?;44~Dac— 
Re« BW: S 100 Hz VBW: Off Swp Time: 3.63 Sec 

A:Ft Mkr 50 250 000 Hz -91.23 dBm/Hz 
, -65p 
OBm/Hz 

T' ~T'r-T:-~T— 
I ! 

T---
! ! : 

I 
r 

i X 

LogMao 4-r 

dS 

/dlv 

!—f 
a 

-115.' 
dSm/HzL 

Center: 75 006 OOo Hz Span: ISO OOO 000 

AVERAGING AVG;50 

Figure92•AMI umtwostage amplifier with resistive load-noise measurement 

119 



'14-D«C-1994 3: OSjPUinge; lO cfBm , Oversweep; Off 
Swp Time: 3;62 Secfiea BW; -9 100 HZ VBW: Off 

50 250. OOO HZ -83.55 ciBni/HrA:F1 ***"" 
T""' 

- j.. 

fi'("i^t 
(.ogMzg -h— 

S 
f 

dB 

/aXV' 

i 
4^^4 

fy*"". 

—»> 

-115 
i L.,,. __ J L i:UBm/MZ 

Span: ISO 000 000;HZCantmri 75 000 OOO hz 

"■'^i>ifeRAGIN3 AVG: 50 

Figure 93 - AMI 1.2 am- transimpedaiice amplifier with folded cascode stage noise measurement 
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AMI 0.8 urn - Chip4- Normalized Transconductance vs. Bias 
Current 
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Figure97-AMI0.8 um normalized transconductance vs. bias current-simulated and measured 

AM11.2 um -Chip2- Normalized Transconductance vs. Bias 
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Figure98-AMI1.2 um normalized transconductance vs. bias current-simulated and measured 
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Figure 100— AMI0.8um NMOSMsl,W=85um,Ls4um Id vs.Vds plot — measured vs.simulated 
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AMI0Sum ChipA NMOS-M=1,W=4um,L=1urn•Id vs Vds:Simulaton vs Measured 
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Figure 101-AMI0.8 um NMOSM=l,W=4um,Li=l um Id vs. Vds plot-measured vs.Simulated 
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Figure 102- AMI0.8um PMOSM=l,W=85um,L=4um Id vs.Vds plot-measured vs.simulated 
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AMI0Sum Chip A PMOS- M=1,W^um,L^^lum•Is vs.Vsd Simulation vs Measured 
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Figure 103 - AMI 0.8 um PMOS M=l, W=4 um, L=1 um Id vs. Vds plot - measured vs. simulated 
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Figure 104 - AMI 0.8 um NMOS M=l, W=85 um, L=4 um sqrt(Id) vs. Vgs plot - measured vs. 
simulated 
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AMI0Sum ChipA NMOS-M=1»WMum,L-1urn -sqrt(ld)vs Vgs Simulation vs Measured 
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Figure 105-AMI0.8um NMOSM=l,W=4um,L=1 um measured vs.simulated sqrt(Id)vs. Vgs 
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Figure 106-AMI0.8um PMOSM=l,W=85um,L=4um measured vs.simulated sqrt(Id)vs. Vgs 
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AMI08um Chip APMOS•M=1,W^um,L=1um -sqrt(ls)vs Vsg Simulation vs Measured 
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Figure 107-AMI0.8 umPMOSM=l,W=4um,L=1 um measured vs.simulated sqrt(Id)vs.Vgs 
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Figure 108- AMI1.2 um NMOSM=l,W=102um,L=4.8 um Id vs.Vds plot-measured vs. 
simulated 
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Figure 109- AMI1.2um NMOSM=l,W=4.8um,L=1.2um Id vs.Vds plot-measured vs.simulated 
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Figure 110- AMI1.2 umPMOSM=l,W=102 um,L=4.8 um Id vs.Vds plot-measured vs. 
simulated 
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Figure 111 -AMI1.2umPMOSM=l,W=4.8 urn,L=1.2um Id vs. Vds plot-measured vs.simulated 
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Figure 112- AMI1.2 um NMOSM=l,W=102um,L=4.8 um measured vs.simulated sqrt(Id)vs.Vgs 
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Figure 113- AMI1.2 um NMOSM=l,W=4.8um,L=1.2um measured vs.simulated sqrt(Id)vs.Vgs 
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Figure 114- AMI1.2 um PMOSM=l,W=102um,L=4.8 um measured vs.simulated sqrt(Id)vs. Vgs 
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Figure 115-AMI1.2 umPMOSM=l,W=4.8um,L=1.2um measured vs.simulated sqrt(Id)vs.Vgs 

133 



APPENDIX2 

134 



 

AMI08um Two Stage Amplifier with Enhancement ModeLoad 
* simple_resspice 
* 

* File Location /msdl6/falmjl/thesis/amir8/iclayout/jlfr8c2 
* File Created Sat Sep25 17-04-49 1999 
* Ext2spice Version ORNL264<=> Tue Jan 27 173251 EST 1998 
* Options -m -n -M-N-m -n -mg-M-N -h -n-mm -V -g 

** Subcircuit definition for bufFem_r 
** Extraction file is/msdl6/falmjl/thesis/amir8/iclayout/jlff8c2/bufFem_r ext 
SUBCKT buffem_r vdd in outgnd biasl 
Ml vdd in out gnd CMOSN M=7W=50OOU L=1 OOU GEO=0 
M2outbiasl gnd gnd CMOSN M=12W=50OOU L=5 OOU GEO=0 
C1 vdd m 1 8F 

C2gnd biasl 124F 
C3 m out 1 2F 

C4out biasl 108F 

C5gnd0644F 
C6out0486F 

C7vdd0204F 

C8 biasl 0977F 

C9in0322F 

*** Node Listing for subckt bufFem_r 
**NO == IdealGND 

** biasl [U=2] 
** gnd [U=4] 
** m [U=2] 
** out [U=3] 
** vdd [U=2] 
ENDS 

** Subcircuit definition for dif^air 
** Extraction file is/msdl6/falinjl/thesis/amu'8/iclayout/jlfr8c2/diffipair ext 
SUBCKT dif^air din vdd dip damn gnd damp biasl 
Mln din damp dabias gnd CMOSN M=4W=30OOU L=1 OOU GEO=0 
Mlp dip damn dabias gnd CMOSN M=4W=30OOU L=1 OOU GEO=0 
M2n din din vdd vdd CMOSP W=12OOU L=1 OOU GEO=0 
M2pdip dip vdd vdd CMOSP W=12OOU L=1 OOU GEO=0 
Mdabias dabias biasl gnd gnd CMOSN M=10W=50OOU L=5 OOU GEO=0 
C1 damp dabias 1 5F 
C2damn din 1 5F 

C3damp din32F 
C4 biasl gnd99F 
C5 biasl dabias 88F 

C6dip din2IF 
C7damn dip43F 
C8 dabias damn 1 6F 

C9damp dip 1 7F 
ClO gnd03694F 
Cll din050OF 

C12dlp045 3F 
C13 dabias062OF 
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C14vdd067F 

C15dainn0344F 

C16damp0346F 
C17biasl 0874F 

*** Node Listing for subckt: diffpair 
**NO =IdealGND 

** biasl [U=2] 
** din [U=4] 
** dip [U=4] 
** dabias [U=3] 
** damn [U=2] 
** damp [U=2] 
** gnd [U=5] 
** vdd [U=5] 
ENDS 

** Subcircuit definition for buffem_l 
** Extraction file is/msdl6/faIinjl/thesis/amir8/icIayout/jlff8c2/buffem_l ext 
SUBCKT buffem l vdd in out gnd biasl 
Ml vdd in out gnd CMOSN M=7W=50GOU L=1 OOU GEO=0 
M2out biasl gnd gnd CMOSN M=12W=50OOU L=5OOU GEO=0 
C1 vdd m 1 8F 

C2gnd bias! 124F 
C3 in out 1.2F 

C4out biasl 108F 

C5 gnd0663F 
C6out0489F 

C7vddO 192F 

C8 biasl 0978F 

C9in0324F 

*** Node Listing for subckt buffem_l 
** NO == IdealGND 

** biasl [U=2] 
** gnd [U=4] 
** m [U=2] 
** out [U=3] 
** vdd [U=2] 
ENDS 

** Subcu-cuit definition for npbias 
** Extraction file is /msdl6/falinjl/thesis/amir8/iclayout/jlff8c2/npbias ext 
SUBCKTnpbias vdd gnd biasl 
vinbias biaslg biasl dc0ac0 
MBl biasl biaslg gnd gnd CMOSN W=50OOU L=5 OOU GEO=0 
MB2bias2 biasl rb gnd CMOSN M=4W=50OOU L=5 OOU GEO=0 
Mb3 biasl bias2sb3 vdd CMOSP W=50OOU L=5 OOU GEO=0 

Mb4bias2 bias2 bias3 vdd CMOSP W=50OOU L=5 OOU GEO=0 

Mb5sb3 bias3 vdd vdd CMOSP W=50OOU L=5 OOU GEO=0 

Mb6bias3 bias3 vdd vdd CMOSP W=50OOU L=5OOU GEO=0 

MSUl 3gnd vdd vdd CMOSP W=2OOU L=25OOU GEO=0 
MSU23 biasl gnd gnd CMOSN W=10OOU L=2OOU GEO=0 
MSU3bias23 gnd gnd CMOSN W=5.00U L=2OOU GEO=0 
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Rbias rb gnd bias_r 

*R_1 7k rb gnd RPOLYAMIOrS SCALE=6485 
* R_1 7k=16926(width=l OOU) 
C1 bias2 biasl 4OF 

C2biasl rb 4OF 

C3 gnd bias2 1 IF 
C4rb0 197F 

C5 gnd091 4F 
C6sb3083F 

C730132F 

C8 vdd0497F 

C9biasl 060OF 

C10bias20479F 

Cll bias30323F 

*** Node Listing for subckt- npbias 
** NO == IdealGND 

**N3 [U=3] == 8_290_332# 

** biasl [U=6] 
** bias2 [U=5] 
** bias3 [U=4] 
** gnd [U=10] 
** rb [U=2] 
** sb3 [U=2] 
** vdd [U=9] 
ENDS 

****** top level cell is /msdl6/falmjFthesis/ainir8/iclayout/jlff8c2/simple.ext 
** Instance-id buffem_r_0 
XI vdd2outn gnd biasl buffem r 
** Instance-id dif:^air_0 
X22vdd6mn gnd mp biasl dif^air 
** Instance-id buffem_l_0 
X3 vdd6outp gnd biasl bufFem_l 
** Instance-id npbias_0 
X4vdd gnd biasl npbias 
Clgnd02714F 
C2outp0 104F 
C3 mn06OF 

C4 mp09IF 
C56028F 

C6 vdd064 IF 

C720 1 9F 

C8 biasl 047.2F 

* * * Node Listing for subckt simple 
** NO == IdealGND 

** N2 [U=2] == buffem_r_0/$m 
**N6 [U=2] == buffem_l_0/$m 
************************************************************ 

** biasl [U=4] 
** gnd [U=4] 
** mn [U=l] 
** mp [U=l] 
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** outn [U=l] 
** outp [U=l] 
** vdd [U=4] 

* 

* Model Definitions for HSPICE 
* 

MODELRPOLYAMIOrSRRES=26 1 

MODEL CAPAMIOrSPCCAP=0064FF 

*0errors and0 warningsfound 
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*AMI08um Two Stage Amplifier with Resistive Load 
* simpler_res spice 
* 

* File Location /msdl6/falmjl/thesis/amir8/iclayout/jlfr8c2 
* File Created Sat Sep25 1705 GO 1999 
*Ext2spice Version ORNL264<=> Tue Jan 27 17 32*51 EST 1998 
* Options -m -n-M-N-m -n -mg-M-N -h -n-mm -V -g 

** Subcircuit definition for bufFem_r 
** Extraction file is /msdl6/falinjl/thesis/amu-8/iclayout/jlfr8c2/bufFem_r ext 
SUBCKT bufFem_r vdd in out gnd biasl 
Ml vdd m outgnd CMOSN M=7W=50GOU L=1 GGU GEO=G 
M2out biasl gnd gnd CMOSN M=12W=5G GGU L=5GGU GEO=G 
C1 vdd m 1 8F 

C2gnd biasl 124F 
C3 m out 1 2F 

C4out biasl 1G8F 

C5 gnd G644F 
C6out G 486F 

C7vdd G 2G4F 

C8 biasl G 977F 

C9in G 322F 

*** Node Listing for subckt bufFem_r 
** NG =IdealGND 

** biasl [U=2] 
** gnd [U=4] 
** in [U=2] 
** out [U=3] 
** vdd [U=2] 
ENDS 

** Subcu-cuit definition for dif:^air2 
** Extraction file is /msdl6/falmjl/thesis/amir8/iclayout/jlfr8c2/diffpair2 ext 
SUBCKT dif]^air2 dip damn gnd din damp biasl 
Mln din damp dabias gnd CMOSN M=6 W=3G GGU L=1 GOU GEO=G 
Mlp dip damn dabias gnd CMOSN M=6 W=3G GGU L=1 GGU GEO=G 
Mdabias dabias biasl gnd gnd CMOSN M=14W=5G GGU L=5GGU GEO=G 
C1 dabias biasl 127F 

C2dip damp 1 7F 
C3damn din 1 5F 

C4dip din2OF 
C5damp din 36F 
C6dabias damn 2.3F 

C7daiim dip29F 
C8 dabiasdamp2IF 
C9gnd biasl 139F 
ClGgndG2184F 
Cll din G 508F 

C12dip G 45 OF 
C13 dabias G 79OF 

C14dainnG41 3F 

C15damp G 406F 
C16 biasl G 118 IF 
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* * * Node Listing for subckt diflfpair2 
**NO == IdealGND 

** biasl [U=2] 
** din [U=2] 
** dip [U=2] 
** dabias [U=3] 
** damn [U=2] 
** damp [U=2] 
** gnd [U=5] 
ENDS 

** Subcircuit definition for buffemj 
** Extraction file is /msdl6/falmjl/thesis/amir8/iclayout/jlfr8c2/buffem_l ext 
SUBCKT buffem_l vdd m outgnd biasl 
Ml vdd m out gnd CMOSN M=7W=50OOU L=1 GOU GEO=0 
M2out biasl gnd gnd CMOSN M=12W=50OOU L=5 OOU GEO=0 
C1 vdd m 1 8F 

C2gnd biasl 124F 
C3 m out 1 2F 

C4out biasl 108F 

C5 gnd0663F 
C6out0489F 

C7vdd0192F 

C8 biasl 0978F 

C9m0324F 

*** Node Listing for subckt buffem_l 
** NO == IdealGND 

** biasl [U=2] 
** gnd [U=4] 
** m [U=2] 
** out [U=3] 
** vdd [U=2] 
ENDS 

** Subcircuit definition for npbias 
** Extraction file is /msdl6/falmjl/thesis/amir8/iclayout/jlff8c2/npbias ext 
SUBCKT npbias vdd gnd biasl 
MBl biasl biasl gnd gnd CMOSN W=50OOU L=5 OOU GEO=0 
MB2bias2 biasl rb gnd CMOSN M=4W=50OOU L=5.00U GEO=0 
Mb3 biasl bias2sb3 vdd CMOSP W=50OOU L=5 OOU GEO=0 

Mb4bias2 bias2 bias3 vdd CMOSP W=50OOU L=5OOU GEO=0 

Mb5sb3 bias3 vdd vdd CMOSP W=50OOU L=5OOU GEO=0 

Mb6bias3 bias3 vdd vdd CMOSP W=50OOU L=5OOU GEO=0 

MSUl3gnd vdd vdd CMOSP W=2OOU L=25 OOU GEO=0 
MSU23 biasl gnd gnd CMOSN W=10OOU L=2OOU GEO=0 
MSU3bias23gnd gnd CMOSN W=5 OOU L=2OOU GEO=0 

Rbias rb gnd bias_r 

*R_1 7k rb gnd RPOLYAMIOr8SCALE=6485 
*R_1 7k=16926(width=l OOU) 
C1 bias2 biasl 4OF 
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C2biasl rb4OF 

C3gnd bias2 1 IF 
C4rb0 197F 

C5gnd091 4F 
C6sb3083F 

C730132F 

C8vdd0497F 

C9 biasl 060OF 

ClO bias2047.9F 

C11 bias30323F 

*** Node Listing for subckt npbias 
**N0 == IdealGND 

**N3 [U=3] == 8_290_332# 

** biasl [U=6] 
** bias2 [U=5] 
** bias3 [U=4] 
** gnd [U=10] 
** rb [U=2] 
** sb3 [U=2] 
** vdd [U=9] 
ENDS 

****** top level cell is /msdl6/falinjFthesis/amir8/iclayout/jlfr8c2/simpler ext 
** Instance-id buffem_r_0 
XI vdd3outn gnd biasl buffem_r 
** Instance-id diffpair2_0 
X2 1 inn gnd3 inp biasl diflEpair2 
** Instance-id buffem_l_0 
X3vdd 1 outp gnd biasl buffem l 
** Instance-id npbias_0 
X4vdd gnd biasl npbias 

Rn3vdd load_r 

*R_25kn 3vdd RPOLYAMIOr8SCALE=9585 
* R_25kn=2501 7(width=l OOU) 

Rp 1 vdd load_r 

*R_25kp 1 vdd RPOLYAMIOr8SCALE=9585 
* R_25kp=2501.7(width=l OOU) 
C1 gnd biasl 13 7F 
C2inp inn 1 2F 
C3 1 inp 1 8F 
C4outp09OF 
C5 mn053F 

C6inp072F 
C73067F 

C8 1 0 107F 

C9vdd0427F 

ClO gnd02422F 
Cll biasl 0382F 

* * * Node Listing for subckt simpler 
** NO =IdealGND 
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**N1 [U=3] — buffem_l_0/$m 
**N3 [U=3] == buffem_r_0/$m 

** biasl [U=4] 
** gnd [U=4] 
**

inn [U=l] 
** mp [U=l] 

outn [U=l] 
** outp [U=l] 
** vdd [U=5] 

♦

* Model Definitions for HSPICE 
* 

MODELRPOLYAMIOrSRRES=26 1 

MODEL CAPAMI0r8PCCAP=0064FF 

*0 errors and0 warningsfound 
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*AMI08um Transimpedance Amplifier with Folded Cascode Stage 
*fccgti2_res spice 
* 

* File Location /msdl6/falinjl/thesis/amir8/iclayout/jlfi'8c2 
* File Created Sat Sep25 170545 1999 
* Ext2spice Version ORNL264<=> Tue Jan27 173251 EST 1998 
* Options -m -n-M-N-m -n -mg-M-N -h -n -mm-V -g 

** Subcircuit definition for buffem r 

** Extraction file is /msdl6/falinjl/thesis/amir8/iclayout/jlff8c2/buffem_r ext 
SUBCKT bufFem_r vdd m outgnd biasl 
Ml vdd in out gnd CMOSN M=7W=50GOU L=1 OOU GEO=0 
M2out biasl gnd gnd CMOSN M=12W=50OOU L=5 OOU GEO=0 
C1 vdd m 1 8F 

C2gnd bias] 124F 
C3in out 1 2F 

C4out biasl 108F 

C5gnd0644F 
C6out0486F 

C7vdd0204F 

C8 biasl 0977F 

C9m0322F 

*** Node Listing for subckt: buffem_r 
** NO =IdealGND 

*♦ biasl [U=2] 
** gnd [U=4] 
** in [U=2] 
** out [U=3] 
** vdd [U=2] 
ENDS 

** Subcircuit definition for tiloop2_r 
** Extraction file is /msdl6/falmjl/thesis/amir8/iclayout/jlff8c2/tiloop2_r ext 
SUBCKT tiloop2_r bias3 vdd bias2 in gnd out 

M3n 4 in gnd gnd CMOSN M=2 W=30 OOU L=1 OOU GEO=0 
M4n out 4 9 gnd CMOSN M=4 W=30 OOU L=1 OOU GEO=0 
Mb8n 1 bias3 vdd vdd CMOSP M=5 W=25 OOU L=5 OOU GEO=0 
Mb9n 4 bias2 1 vdd CMOSP M=5 W=25 OOU L=5 OOU GEO=0 

Rout out vdd out_r 
*R_1 9k out vdd RPOLYAMIOr8 SCALE=72 85 
* R_1 9k=1901 4 (width=l OOU) 

R1 9 gnd biasl_r 
*R_lk 9 gnd RPOLYAMIOr8 SCALE=38 35 
* R_lk=1000 9 (width=l OOU) 

Rf9inf_r 
*R_2k 9 m RPOLYAMIOr8 SCALE=76 35 
* R_2k=1992 7 (width=l OOU) 

C1 bias3 vdd 4 OF 
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C2in gnd29F 
C394 1 OF 

C4 1 bias349F 

C5 bias2 1 5.4F 

C64bias249F 

C7gndO 1198F 
C840429F 

C9 1 0236F 

C10out012 IF 

Cll vdd0343F 

C1290 144F 

C13 bias2042 IF 

C14bias30428F 

C15in030 IF 

*** Node Listing for subckt: tiloop2_r 
** NO == IdealGND 

** N1 [U=2] == 8_160_666# 
** N4 [U=3] == 8_220_376# 
**N9 [U=3] == 8_300_376# 

** bias2 [U=2] 
** bias3 [U=2] 
** gnd [U=5] 
** in [U=3] 
** out [U=3] 
** vdd [U=5] 
ENDS 

** Subcncuit definition for difi^airS 
** Extraction file is/msdl6/faIinjFthesis/amir8/iclayout/jlfi-8c2/diffpair5 ext 
SUBCKT dif^airS 1 bias2 vdd bias37dainn gnd damp bias! 
Mln din damp dabias gnd CMOSN M=4W=15OOU L=1 OOU GEO=0 
Mlp dip damn dabias gndCMOSN M=4W=15OOU L=1 OOU GEO=0 
M2n7bias2 din vdd CMOSP W=60OOU L=2OOU GEO=0 

M2p 1 bias2 dip vdd CMOSP W=60OOU L=2OOU GEO=0 
Mb7n din bias3 vdd vdd CMOSPM=7W=53OOU L=5 OOU GEO=0 

Mb7p dip bias3 vdd vdd CMOSPM=7W=53OOU U=5 OOU GEO=0 
MblIn 7biasl gnd gndCMOSN M=4W=50OOU L=5 OOU GEO=0 
MblIp 1 biasl gnd gnd CMOSN M=4W=50OOU L=5 OOU GEO=0 
Mdabias dabias biasl gnd gnd CMOSN M=6 W=50OOU L=5OOU GEO=0 
C1 dip damn2OF 
C2bias2 1 1 9F 

C3 1 biasl 37F 

C4dip damp 1 2F 
C5 vdd bias3 144F 

C6din damp22F 
C7dabias damn 1 9F 

C8 dabias damp 1 9F 
C97biasl 29F 

ClO dlpbias369F 
Cll dabias biasl 55F 

C12dlnbias369F 

C13gnd biasl 144F 
C14gnd095 IF 
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C15dln0658F 

C16dlp061 8F 
C17dabias044 IF 

C1870427F 

C19 1 0363F 

C20vdd075.5F 

C21 damn031 4F 

C22damp031 4F 
C23 bias]0 1374F 

C24 bias2023 IF 

CIS bias30 1097F 

** * Node Listmg for subckt difQjairS 
**N0 = IdealGND= 

**N1 [U=3] == 8 16 646# 
** N7 [U=3] =8 508 64# 

** biasl [U=4] 1 

** bias2 [U=3] 1 

** bias3 [U=3] 
**dln [U=3] 
** dip [U=3] 
** dabias [U=3] 
** damn [U=2] 
** damp [U=2] 
** gnd [U=9] 
** vdd [U=7] 
ENDS 

** Subcircuit definition for tiloop2_l 
** Extraction file is /msdl6/falmjl/thesis/amir8/iclayout/jlfr8c2/tiloop2_l ext 
SUBCKTtiloop2_l bias2 vdd bias3 outgnd m 
M3p 1 m gnd gnd CMOSN M=2W=30OOU L=1 OOU GEO=0 
M4p out 1 7gnd CMOSN M=4W=30OOU L=1 OOU GEO=0 
Mb8p 1 bias23 vdd CMOSPM=5 W=25OOU L=5 OOU GEO=0 
Mb9p3 bias3 vdd vdd CMOSP M=5 W=25 OOU L=5 OOU GEO=0 

Routout vdd out r 

*R_1 9k out vdd RPOLYAMIOr8SCALE=7285 
* R_1 9k=1901 4(width=l OOU) 

R1 7gnd biasl_r 
*R_lk9gnd RPOLYAMIOr8SCALE=3835 
* R_lk=10009(width=l OOU) I 

Rf7m f_r 
*R_2k9m RPOLYAMIOr8SCALE=7635 
* R_2k=19927(width=l OOU) 

C17 1 1 OF 

C23bias254F 

C3 1 bias249F 

C4 bias3 vdd 4.0F 

C5 bias3349F 
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C6in gnd 2.9F 
C7gnd01198F 
C870144F 

C9out012 IF 

C10vdd0343F 

C11 30236F 

C12 1 0429F 

C13bias2042 IF 

C14bias30427F 

C15m030 IF 

*** Node Listing for subckt tiloop2_l 
** NO =IdealGND 

** N1 [U=3] = 8_144_686# 
** N3 [U=2] == 8_144_656# 
** N7 [U=3] == 8_178_436# 

91:* bias2 [U=2] 
** bias3 [U=2] 
** gnd [U=5] 
** in [U=3] 

out [U=3] 
** vdd [U=5] 
■ENDS 

** Subcircuit definition for bufFem_I 
** Extraction file is /msdl6/faImjl/thesis/amir8/iclayout/jlff8c2/buffem_l ext 
SUBCKT buffera_l vdd in out gnd biasl 
Ml vdd m out gnd CMOSN M=7 W=50 OOU L=1 OOU GEO=0 
M2 out biasl gnd gnd CMOSN M=12 W=50 OOU L=5 OOU GEO=0 
C1 vdd in 1 8F 
C2 gnd biasl 12 4F 
C3 in out 1 2F 
C4 out biasl 10.8F 
C5 gnd 0 66 3F 
C6 out 0 48 9F 
C7 vdd 0 19 2F 
C8 biasl 0 97 8F 
C9in0 32 4F 
* * * Node Listing for subckt buffem_l 
** NO == IdealGND 

** biasl [U=2] 
** gnd [U=4] 
** in [U=2] 
** out [U=3] 
** vdd |U=2] 
ENDS 

** Subcircuit definition for npbias 
** Extraction file is /msdl6/falmjl/thesis/amir8/iclayout/jlfr8c2/npbias ext 
SUBCKT npbias bias3 vdd 3 gnd bias2 biasl 
MBl biasl biasl gnd gnd CMOSN W=50 OOU L=5 OOU GEO=0 
MB2 bias2 biasl rb gnd CMOSN M=4 W=50 OOU L=5 OOU GEO=0 
Mb3 biasl bias2 sb3 vdd CMOSP W=50 OOU L=5 OOU GEO=0 
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Mb4bias2 bias2 bias3 vdd CMOSP W=50OOU L=5OOU GEO=0 

Mb5sb3 bias3 vdd vdd CMOSP W=50OOU L=5OOU GEO=0 

Mb6bias3 bias3 vdd vdd CMOSP W=50OOU L=5OOU GEO=0 

MSUl3gnd vdd vdd CMOSP W=2OOU L=25 OOU GEO=0 
MSU23 biasl gnd gnd CMOSN W=10OOU L=2OOU GEO=0 
MSU3bias23gnd gnd CMOSN W=5OOU L=2OOU GEO=0 

Rbias rb gnd bias_r 
*R_1 7k rb gnd RPOLYAMIOrSSCALE=6485 
* R_1 7k=16926(width=l OOU) 
C1 bias2 biasl 4OF 

C2biasl rb4OF 

C3gnd bias2 1 IF 
C4rb0 197F 

C5 gnd091 4F 
C6sb3083F 

C730132F 

C8 vdd0497F 

C9biasl 060OF 

C10bias20479F 

Cllbias30323F 

*** Node Listing for subckt: npbias 
** NO =IdealGND 

**N3 [U=4] == 8_290_332# 

** biasl [U=6] 
** bias2 [U=6] 
** bias3 [U=5] 
** gnd [U=10] 

rb [U=2] 
** sb3 [U=2] 
** vdd [U=9] 
-ENDS 

****** top level cell is/msdl6/falinjFthesis/amir8/iclayout/jlff8c2/fccgti2 ext 
** Instance-id bufFem_r_0 
XI vdd2outn gnd biasl buffem_r 
** Instance-id tiloop2_r_0 
X2bias3 vdd bias28gnd2tiloop2_r 
** Instance-id difQ)air5_0 
X39bias2 vdd bias3 8inn gnd inp biasl diflpairS 
** Instance-id tiloop2_l_0 
X4bias2 vdd bias3 12gnd9tiloop2_l 
** Instance-id buffem_l_0 
X5 vdd 12outp gnd biasl buffem_l 
** Instance-id npbias_0 
X6 bias3 vdd 14gnd bias2 biasl npbias 
C1 inn9 1 4F 

C2bias2 inn 1 7F 

C3inp inn 3.6F 
C4 bias3 bias2 134F 

C5 gnd biasl 1 4F 
C6gnd013062F 
C7outp0 124F 
C8inn0 157F 
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C9mp019OF 
ClO 120I25F 

C112012.5F 

C12907.2F 

C138059F 

C14vdd0430.9F 

C15 bias!0937F 

C16 bias20699F 

C17bias30592F 

*** Node Listing for subckt fccgti2 
** NO =IdealGND 

** N2 [U=2] == buffem_r_0/$m 
** N8 [U=2] =tiloop2_r_0/$m 
** N9 [U=2] = tiloop2_I_0/$m 
** N12 [U=2] == buffem_l_0/$in 
** N14 [U=l] = npbias_0/8_290_332# 

** bias] [U=4] 
** bias2 [U=4] 
*♦ bias3 [U=4] 
** gnd [U=6] 
** inn [U=l] 
** mp [U=l] 
** outn [U=l] 
** outp [U=l] 
** vdd [U=6] 

* 

* Model Definitions for HSPICE 
* 

■MODEL RPOLYAMI0r8 R RES=26 1 
MODEL CAPAMI0r8P C CAP=0 064FF 
*0 errors and 0 warnings found. 
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AMI08um Transimpedance Amplifier with Current Mirror Stage 
* cmcgti_res spice 
♦

* File Location /msdl6/faIinjl/thesis/amu-8/iclayout/jlfr8c2 
* File Created Sat Sep25 170601 1999 
*Ext2spice Version ORNL2.64<=> Tue Jan 27 173251 EST 1998 
* Options -m -n-M-N-m -n-mg-M-N -h -n-mm-V -g 

** Subcn-cuit defmition for bufFera_r 
** Extraction file is /msdl6/falmjl/thesis/amu'8/iclayout/jlfr8c2/buffem_r ext 
.SUBCKT bufFem_r vdd in outgnd biasl 
Ml vdd m outgnd CMOSN M=7W=50GOU L=1 GOU GEO=G 
M2out bias]gnd gnd CMOSN M=12W=5G GGU L=5 GGU GEO=G 
Clvddml8F 

C2gnd biasl 124F 
C3 m out 1 2F 

C4outbiasl 1G.8F 

C5gndG644F 
C6out G 486F 

C7vdd G 2G4F 

C8 biasl G 977F 

C9m G 322F 

*** Node Listmg forsubckt bufFem_r 
**NG == IdealGND 

** biasl [U=2] 
** gnd [U=4] 

in [U=2] 
** out [U=3] 
♦* vdd [U=2] 
ENDS 

** Subcircuit definition for tiloop_r 
** Extraction file is /msdl6/falinjl/thesis/amir8/iclayout/jlfr8c2/tiloop_r ext 
SUBCKT tiloop_r bias3 vdd bias2 m gnd out 

M3n 4 m gnd gnd CMOSN M=2 W=3G GGU L=1 GGU GEO=G 
M4n out 4 9 gnd CMOSN M=4 W=3G GGU L=1 GGU GEO=G 
Mb8n 1 bias3 vdd vdd CMOSP M=5 W=25 GGU L=5 GGU GEO=G 
Mb9n 4 bias2 1 vdd CMOSP M=5 W=25 GGU L=5 GGU GEO=G 

Rout out vdd out_r 
*R_1 9k out vdd RP0LYAMlGr8 SCALE=72 85 
* R_1 9k=19Gl 4 (width=l GGU) 

R1 9 gnd biasl r 
*R_lk 9 gnd RP0LYAMlGr8 SCALE=38 35 
* R_lk=lGGG 9 (width=l GGU) 

Rf9mf_r 
*R_2k 9 m RP0LYAMlGr8 SCALE=76 35 
* R_2k=1992 7 (width=l GGU) 
C1 vdd bias3 4 GF 
C2 bias3 1 4 9F 
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C349 1 OF 

C4 1 bias254F 

C5 gnd in29F 
C6 bias2449F 

C7gndO 1198F 
C840429F 

C9 1 0236F 

ClOoutO 12 IF 

Cll vdd0343F 

C1290 144F 

C13bias2042 IF 

C14bias30428F 

C15m030 IF 

*** Node Listing for subckt tiloop_r 
** NO —— IdealGND 

**N1 [U=2] == 8_160_666# 
**N4 [U=3] == 8_220_376# 
**N9 [U=3] == 8_300_376# 

** bias2 [U=2] 
** bias3 [U=2] 
** gnd [U=5] 
** m [U=3] 
** out [U=3] 

vdd [U=5] 
•ENDS 

** Subcircuit definition for dif1^air3 
** Extraction file is /msdl6/falmjl/thesis/amir8/iclayout/jlff8c2/difl[jpair3 ext 
SUBCKTdiffpair3 1 2vdd damn gnd damp 12 13 biasl 
Mln9damp dabias gnd CMOSN M=4W=15 OOU L=1.00U GEO=0 
Mlp5damn dabias gnd CMOSN M=4W=15 OOU L=1.00U GEO=0 
M2na99vdd vdd CMOSP W=30OOU L=1 OOU GEO=0 
M2nb 11 9vdd vdd CMOSP W=30OOU L=1.00U GEO=0 
M2nc 1213 11 vdd CMOSP W=60OOU L=1 OOU GEO=0 
M2pa55 vdd vdd CMOSP W=30OOU L=1 OOU GEO=0 
M2pb35 vdd vdd CMOSP W=30OOU L=1 OOU GEO=0 
M2pc 1 23 vdd CMOSP W=60OOU L=1 OOU GEO=0 
MblIn 12 biasl gnd gnd CMOSN M=3 W=50OOU L=5OOU GEO=0 
MblIp 1 biasl gnd gndCMOSN M=3 W=50OOU L=5 OOU GEO=0 
Mdabias dabias biasl gnd gnd CMOSN M=6W=50OOU L=5OOU GEO=0 
C1 12 biasl 3 IF 

C2 1 biasl 3 IF 

C3 damn damp 1 OF 
C4damp922F 
C5 dabias biasl 64F 

C65damn2IF 

C7gnd biasl 88F 
C8dabias damn 1 9F 

C95damp 1 2F 
ClO dabias damp 1 9F 
Cll gnd0 179 IF 
C1250382F 

C13 13029F 
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♦ ♦ 

♦♦ 

C141022OF 

C1530102F 

C16dabias0482F 

C1790383F 

C18 11 0102F 

C19vdd0 1040F 

C20 12021 OF 

C212028F 

C22damn0355F 

C23damp0347F 
C24biasl 0 1178F 

*** Node Listing for subckt diffpair3 
♦♦NO === IdealGND 

[U=3] == 8 197 135# 
♦♦N2 [U=2] = 8 189 112# 

[U=2] ==8 183 135# 
♦♦ ■^5 [U=4] == 8 157 135# 
♦♦N9 [U=4] == 8 50 81# 
♦♦Nil [U=2] = 8 440 121# 
♦♦N12 [U=3] = 8 320 419# 
♦♦N13 [U=2] == 8 466 108# 
:f( 9|e ^ :1e :<( 9le ^ * * % * * :te :tc * 3|( * * * * * ^ 4 

** biasl [U=4] 
** dabias [U=3] 
** damn [U=2] 
** damp [U=2]
♦♦ gnd [U=9] 
** vdd [U=ll] 
.ENDS 

** Subcncuit definition for tiloop_l 
** Extraction file is /msdl6/falmjl/thesis/amir8/iclayout/jlff8c2/tiloop_l ext 
SUBCKT tiloop l bias2 vdd bias3 out gnd m 

M3p 1 m gnd gnd CMOSN M=2 W=30 OOU L=1 OOU GEO=0 
M4p out 1 7 gnd CMOSN M=4 W=30 OOU L=1 OOU GEO=0 
Mb8p 1 bias2 3 vdd CMOS? M=5 W=25 OOU L=5 OOU GEO=0 
Mb9p 3 bias3 vdd vdd CMOS? M=5 W=25 OOU L=5 OOU GEO=0 

Rout out vdd out_r 
*R_1 9k out vdd RPOLYAMIOr8 SCALE=72 85 
* R_1 9k=1901.4 (width=l OOU) 

R1 7 gndbiasl_r 
*R_lk 9 gnd RPOLYAMlOrS SCALE=38 35 
* R_lk=1000 9 (width=l OOU) 

Rf 7 m f_r 
*R_2k 9 m RPOLYAMIOr8 SCALE=76 35 
* R_2k=1992 7 (width=l OOU) 

C1 1 7 1 OF 
C2 bias2 1 4 9F 
C3 vdd bias3 4 OF 
C4 bias2 3 5 4F 
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C53 bias349F 

C6gnd in29F 
C7gndO 1198F 
C870144F 

C9out0 12 IF 

C10vdd0343F 

C11 30236F 

C12 1 0429F 

C13bias2042 IF 

C14bias30427F 

C15in030 IF 

*** Node Listing for subckt tiloopj 
** NO == IdealGND 

** N1 [U=3] == 8_144_686# 
**N3 [U=2] == 8_144_656# 
**N7 [U=3] == 8_178_436# 

** bias2 [U=2] 
** bias3 [U=2] 
** gnd [U=5] 
** m [U=3] 
** out [U=3] 
** vdd [U=5] 
ENDS 

** Subcircuit definition for buffem_l 
** Extraction file is /msdl6/falinjFthesis/amir8/iclayout/jlff8c2/buffem_l ext 
SUBCKT buffem l vdd in outgnd biasl 
Ml vdd in out gnd CMOSN M=7W=50GOU L=1 OOU GEO=0 
M2out biasl gnd gnd CMOSN M=12W=50OOU L=5OOU GEO=0 
C1 vdd m 1 8F 

C2gnd biasl 124F 
C3 m out 1 2F 

C4out biasl 108F 

C5 gnd0663F 
C6out0489F 

C7vdd0 192F 

C8 biasl 0978F 

C9in0324F 

* * * Node Listing for subckt buffem_l 
** NO =IdealGND 

** biasl [U=2] 
** gnd [U=4] 
** in [U=2] 
** out [U=3] 
** vdd [U=2] 
ENDS 

** Subcircuit definition for npbias 
** Extraction file is /msdl6/falinjl/thesis/amir8/iclayout/jlff8c2/npbias ext 
SUBCKT npbias bias3 vdd3 gnd bias2 biasl 
MBl biasl biasl gnd gnd CMOSN W=50OOU L=5 OOU GEO=0 
MB2bias2 biasl rb gnd CMOSN M=4W=50OOU L=5 OOU GEO=0 
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Mb3 biasl bias2sb3 vdd CMOSP W=50OOU L=5 OOU GEO=0 
Mb4bias2 bias2 bias3 vddCMOSP W=50OOU L=5 OOU GEO=0 

Mb5sb3 bias3 vdd vdd CMOSPW=50OOU L=5 OOU GEO=0 
Mb6 bias3 bias3 vdd vddCMOSP W=50OOU L=5 OOU GEO=0 

MSUl 3 gnd vdd vdd CMOSP W=2OOU L=25 OOU GEO=0 
MSU23biasl gnd gnd CMOSN W=10OOU L=2OOU GEO=0 
MSU3bias23 gnd gnd CMOSN W=5OOU L=2OOU GEO=0 

Rbias rb gnd biasr 
*R_1 7k rb gnd RPOLYAMIOrSSCALE=6485 
* R_1 7k=16926(width=l OOU) 
C1 bias2 biasl 4OF 

C2bias! rb4OF 

C3gnd bias2 1 IF 
C4rb0 197F 

C5 gnd091 4F 
C6sb3083F 

C730 132F 

C8vdd0497F 

C9biasl 060OF 

C10bias20479F 

Cll bias30323F 
*** Node Listmg for subckt npbias 
**NO == IdealGND 

**N3 [U=4] == 8_290_332# 
He************##****#*************#*************#************ 

** biasl [U=6] 
** bias2 [U=6] 
** bias3 [U=5] 
** gnd [U=10] 
*♦ rb [U=2] 
** sb3 [U=2] 
** vdd [U=9] 
.ENDS 
****** top level cell is/msdl6/falmjl/thesis/amir8/iclayout/jlff8c2/cmcgti.ext 
** Instance-id buffem_r_0 
XI vdd 2 outn gnd biasl buffem r 
** Instance-id tiloop r O 
X2 bias3 vdd bias2 8 gnd 2 tiloop_r 
** Instance-id diffpair3_0 
X3 9 bias2 vdd inn gnd inp 8 bias2 biasl diffpair3 
** Instance-id tiloop_l_0 
X4 bias2 vdd bias3 12 gnd 9 tiloop_l 
** Instance-id buffem_l_0 
X5 vdd 12 outp gnd biasl buffemj 
** Instance-id npbias_0 
X6 bias3 vdd 14 gnd bias2 biasl npbias 
C1 bias3 inn 1 IF 
C2 inp inn 2 8F 
C3 vdd bias3 25 7F 
C4 vdd bias2 25 4F 
C5 gnd biasl 1 9F 
C6 bias3 bias2 8.0F 
C7 gnd 0 675 5F 
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** inp [U=l]

C8outp0125F 
C98055F 

ClOinnO 123F 

Cll inpO 133F 
CI220125F 

C139068F 

C14 120125F 

C15 vdd04148F 

C16 biasl 0907F 

C17bias20662F 

C18bias30575F 

*** Node Listing for subckt. cmcgti 
** NO == IdealGND 

** N2 [U=2] == buffem_r_0/$in 
** N8 [U=2] == tiloop_r_0/$m 
** N9 [U=2] == tiloopj_0/$in 
** N12 [U=2] == bufFera_l_0/$in 
**N14 [U=l] == npbias_0/8_290_332# 
:jc :|c 4c:ic it!:|c if: 4:*** ^He*** 4:** ***4:9|e* ***4c 9|(**:(c*^ :fc ^ ^ * 

** biasl [U=4] 
** bias2 [U=5] 
** bias3 [U=3] 
** gnd [U=6] 
** inn [U=l] 
** inp [U=l] 
♦* outn [U=l] 
♦* outp [U=l] 
** vdd [U=6] 
4e4e4cHc4c4eHcHc4c4cHc4c4c4c4c4c4c4c4eHc4cHc4c4c4c4c4c4c4cHc4:4cHc4:H(4c4c4e4c4cHc*4c4eHc4c4c4:Hc4c4:4eHc4c4eHc4(Hc4c4c 

* 

* Model Definitions for HSPICE 
* 

HeHc4:*HcHe4c4c4c4c4cHc4c4c4cHcHc4c4cHc4cHc4c4c4c4c4c4cHc4cHc4cHc4cHc4c4:4c4c4c4cHc4c4cHc4c4c4cHcHe4cHeHeHc4cHe4cHcHc4c 

MODEL RPOLYAMIOr8 R RES=26 1 
■MODEL CAPAMI0r8P C CAP=0 064FF 
*0 errors and 0 warnings found 
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AMI 1 2um Two Stage Amplifier with EnhancementModeLoad 
* simple spice 
* 

* File Location /msdl6/falmjl/thesis/amilr2/iclayout/jlflr2c2 
* File Created SatSep25 14 13 35 1999 
* Ext2spice Version ORNL264<=> Tue Jan 27 173251 EST 1998 
* Options -m -n-M-N-m -n -mg-M-N -h -n-mm-V -g 

** Subcircuit definition for bufFem_r 
** Extraction file is /msdl6/falmjl/thesis/amilr2/iclayout/jlflr2c2/buffem_r ext 
.SUBCKT buffem_r vdd2outgnd biasl 
Ml vdd2out gnd CMOSN M=10 W=60OOU L=1 20U GEO=0 
M2out biasl gnd gnd CMOSN M=10W=60OOU L=6OOU GEO=0 
C1 out2 1 3F 

C2out biasl 58F 

C3 vdd2 1 4F 

C4gnd biasl 7.2F 
C5 out0 198F 

C62050OF 

C7vdd0104F 

C8liiasl 0 100 IF 
C9gnd0149F 
*** Node Listing for subckt; buffem_r 
** NO =IdealGND 

**N2 [U=2] == 8_14_326# 

** biasl [U=2] 
** gnd [U=4] 
** out [U=3] 
** vdd [U=2] 
ENDS 

** Subcucuit definition for diffjpau-
** Extraction file is/msdl6/falmjl/thesis/amilr2/iclayout/jlflr2c2/diffpair ext 
SUBCKT diffpair din vdd dip damn gnd damp biasl 
MIn din damp dabias gnd CMOSN M=8W=60OOU L=1 20U GEO=0 
Mlpdip damn dabias gnd CMOSN M=8W=60OOU L=1 20U GEO=0 
M2n din din vdd vdd CMOSP W=36OOU L=1 20U GEO=0 

M2p dip dip vdd vdd CMOSP W=36OOU L=1 20U GEO=0 
Mdabias dabias biasl gnd gnd CMOSN M=14 W=60OOU L=6OOU GEO=0 
C1 dabias damn I 3F 

C2biasl dabias83F 

C3biasl gnd 9.0F 
C4damp dabias 1 3F 
C5damp din 1 3F 
C6dip damn 1 IF 
C7gnd024IF » 
C8din057.3F 

C9dip048 IF 
ClO dabias050.7F 

Cll damn061 2F 

C12damp060IF 
C13 biasl 0 141.3F 
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** * Node Listing for subckt dif^air 
** NO =IdealGND 

** biasl [U=2] 
** din [U=4] 
** dip [U=4] 
♦* dabias [U=3] 
** damn [U=2] 
** damp [U=2] 
** gnd [U=5] 
** vdd [U=5] 
ENDS 

** Subcircuit definition for buffem_l 
** Extraction file is /msdl6/falmjl/thesis/amilr2/iclayout/jlflr2c2/buffem_l ext 
SUBCKT buffem l vdd m out gnd biasl 
Ml vdd m out gnd CMOSN M=10 W=60 GOU L=1 20U GEO=0 
M2 out biasl gnd gnd CMOSN M=10 W=60.00U L=6 GOU GEO=G 
C1 out m 1 3F 
C2 out biasl 5 8F 
C3 vdd m 1 4F 
C4 gnd biasl 7.2F 
C5 gnd G 14.9F 
C6 out G 19 8F 
C7 vdd G IG 3F 
C8 biasl G IGG IF 
C9 m G 5G GF 
*** Node Listmg for subckt bufFem_l 
** NG = IdealGND 

4e))c*:lc9|e4c:ic4e:ic9ic:4c4(*»f(* ********** 

** biasl [U=2] 
** gnd [U=4] 
** m [U=2] 
** out [U=3] 
** vdd [U=2] 
ENDS 

** Subcircuit definition for npbias 
** Extraction file is /msdl6/falmjFthesis/amilr2/iclayout/jlflr2c2/npbias ext 
.SUBCKT npbias vdd gnd biasl 
MBl biasl biasl gnd gnd CMOSN W=6G GGU L=6 GGU GEO=G 
MB2 bias2 biasl rb gnd CMOSN M=4 W=6G GGU L=6 GGU GEO=G 
Mb3 biasl bias2 sb3 vdd CMOSP W=6G GGU L=6 GGU GEO=G 
Mb4 bias2 bias2 bias3 vdd CMOSP W=6G GGU L=6 GGU GEO=G 
Mb5 sb3 bias3 vdd vdd CMOSP W=6G GGU L=6 GGU GEO=G 
Mb6 bias3 bias3 vdd vdd CMOSP W=6G GGU L=6 GGU GEO=G 
MSUl 3 gnd vdd vdd CMOSP W=2 4GU L=3G.GGU GEO=G 
MSU2 3 biasl gnd gnd CMOSN W=12 GGU L=2 4GU GEO=G 
MSU3 bias2 3 gnd gnd CMOSN W=6 GGU L=2 4GU GEO=G 

Rbias rb gnd bias_r 

*R2_2 2k rb gnd RPOLY SCALE=98 35 
* R2_2 2k=22G3 G (width=l 2GU) 
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C1 rb biasl 26F 

C2biasl bias227F 

C3 gnd bias2 1 7F 
C4rb0 123F 

C5 gnd0225F 
C6sb302IF 

C73014 OF 

C8 vddO 11 IF 

C9 biasl 063 OF 

ClO bias2043 OF 

C11 bias30297F 

*** Node Listing for subckt npbias 
** NO =IdealGND 

**N3 [U=3] == 8_290_332# 

** biasl [U=6] 
** bias2 [U=5] 
** bias3 [U=4] 
** gnd [U=10] 
** rb [U=2] 
** sb3 [U=2] 
** vdd [U=9] 
ENDS 

****** top level cell is/msdl6/falinjl/thesis/amilr2/iclayout/jlflr2c2/simple ext 
** Instance-id buffem_r_0 
XI vdd2outn gnd biasl bufFem r 
** Instance-id diffpair_0 
X22vdd6inn gnd inp biasl diffpair 
** Instance-id buffem_l_0 
X3 vdd6outp gnd biasl bufFem_l 
** Instance-id npbias_0 
X4vdd gnd biasl npbias 
C1 gnd0382F 
C2outn0 1 OF 

C3outp0156F 
C46038F 

C5 inn077F 

C6inpO 11 8F 
C7vdd0146F 

C82028F 

C9 biasl 0569F 

*** Node Listing for subckt simple 
** NO == IdealGND 

** N2 [U=2] == dif^air_0/$dln 
** N6 [U=2] = buffem_l_0/$m 
#****♦**♦****♦#****♦******♦**♦***♦***♦*****»**♦♦♦*♦********* 

** biasl [U=4] 
** gnd [U=4] 
** inn [U=l] 
** inp [U=l] 
** outn [U=l] 
** outp [U=l] 
** vdd [U=4] 
************************************************************ 
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♦

* Model Definitions for HSPICE 
* 

MODELRPOLYRRES=224 

*0 errors and0warningsfound 
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AMI 1 2urn Two Stage Amplifier with Resistive Load 
* simpler res spice 
* 

* File Location /msdl6/falinjl/thesis/amilr2/iclayout/jlflr2c2 
* File Created Sat Sep25 13.3840 1999 
* Ext2spice Version ORNL264<=> Tue Jan 27 173251 EST 1998 
* Options -m -n-M-N-m -n-mg-M-N -h -n-mm -V -g 

** Subcircuit definition for buffem_r 
** Extraction file is/msdl6/falmjl/thesis/amilr2/iclayout/jlflr2c2/buffem_r ext 
SUBCKT bufFem_r vdd 2outgnd biasl 
Ml vdd2outgnd CMOSN M=10W=60OOU L=1 20U GEO=0 
M2out biasl gnd gnd CMOSN M=10W=60OOU L=6OOU GEO=0 
C1 out2 1 3F 

C2out biasl 5.8F 

C3 vdd21 4F 

C4gnd biasl 72F 
CSoutO 198F 

C62050OF 

C7vdd0104F 

C8 biasl 0100 IF 

C9gnd014.9F 
*** Node Listmg for subckt buffem_r 
** NO ~ IdealGND 

** N2 [U=2] = 8_14_326# 

♦* biasl [U=2] 
** gnd [U=4] 
** out [U=3] 
** vdd [U=2] 
ENDS 

** Subcircuit definition for dif^au-2 
** Extraction file is /msdl6/falmjl/thesis/amilr2/iclayout/jlflr2c2/diffpair2 ext 
SUBCKT dif^air2 dip damn gnd din damp biasl 
Mln din damp dabias gnd CMOSN M=8 W=60 OOU L=1 20U GEO=0 
Mlp dip damn dabias gnd CMOSN M=8 W=60 OOU L=1 20U GEO=0 
Mdabias dabias biasl gnd gnd CMOSN M=15 W=60 OOU L=6 OOU GEO=0 
C1 biasl dabias 9 OF 
C2 damp dabias 1 3F 
C3 bias] gnd 9 6F 
C4 damn dip 1 IF 
C5 din damp 1 3F 
C6 damn dabias 1 3F 
C7 gnd 0 22 9F 
C8 din 0 52 6F 
C9 dip 0 45 OF 
ClO dabias 0 52 3F 
Cll damn 0 61 2F 
C12 damp 0 60 IF 
C13 biasl 0 150 IF 
*** Node Listing for subckt diffpair2 
** NO = IdealGND 
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** biasl [U=2] 
** din [U=2] 
**dlp [U=2] 
** dabias [U=3] 
** damn [U=2] 
** damp [U=2] 
** gnd [U=5] 
ENDS 

** Subcircuit definition for buffem_l 
** Extraction file is /nisdl6/faIinjl/thesis/amilr2/iclayout/jIflr2c2/buffem_I ext 
SUBCKT buffem_l vdd in out gnd biasl 
Ml vdd in out gnd CMOSN M=10W=60OOU L=1 20U GEO=0 
M2out biasl gnd gnd CMOSN M=10 W=60OOU L=6OOU GEO=0 
C1 out m 1 3F 

C2out bias! 58F 

C3 vdd m 1 4F 

C4gnd biasl 72F 
C5 gnd0149F 
C6out0 198F 

C7vdd0103F 

C8 biasl 0 lOO.lF 

C9in050OF 

* * *Node Listing for subckt buffem_l 
** NO == IdealGND 

** biasl [U=2] 
** gnd [U=4] 
** in [U=2] 
*♦ out [U=3] 
** vdd [U=2] 
ENDS 

** Subcircuit definition for npbias 
** Extraction file is /nisdl6/falmjl/thesis/amilr2/iclayout/jlflr2c2/npbias ext 
SUBCKT npbias vdd gnd biasl 
MBl biasl biasl gnd gnd CMOSN W=60 OOU L=6 OOU GEO=0 
MB2 bias2 biasl rb gnd CMOSN M=4 W=60 OOU L=6 OOU GEO=0 
Mb3 biasl bias2 sb3 vdd CMOSP W=60 OOU L=6 OOU GEO=0 
Mb4 bias2 bias2 bias3 vdd CMOSP W=60 OOU L=6 OOU GEO=0 
Mb5 sb3 bias3 vdd vdd CMOSP W=60 OOU L=6 OOU GEO=0 
Mb6 bias3 bias3 vdd vdd CMOSP W=60 OOU L=6 OOU GEO=0 
MSUl 3 gnd vdd vdd CMOSP W=2 40U L=30 OOU GEO=0 
MSU2 3 biasl gnd gnd CMOSN W=12 OOU L=2 40U GEO=0 
MSU3 bias2 3 gnd gnd CMOSN W=6 OOU L=2 40U GEO=0 

Rbias rb gnd bias_r 

*R2_2 2k rb gnd RPOLY SCALE=98 35 
* R2_2 2k=2203 0 (width=1.20U) 
C1 rb biasl 2 6F 
C2 biasl bias2 2 7F 
C3 gnd bias2 1 7F 
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C4rb0 123F 

C5gnd0225F 
C6sb302IF 

C730 14 OF 

CSvddO 11 IF 

C9biasl 063OF 

C10bias2043 OF 

C11 bias30297F 

*** Node Listing for subckt npbias 
** NO == IdealGND 

**N3 [U=3] = 8_290_332# 

** biasl [U=6] 
** bias2 [U=5] 
** bias3 [U=4] 
*♦ gnd [U=10] 
** rb [U=2] 
** sb3 [U=2] 
** vdd [U=9] 
ENDS 
****** top level cell is /msdl6/falinjl/thesis/amilr2/iclayout/jlflr2c2/simpler ext 
** Instance-id bufFem_r_0 
XI vdd 3 outn gnd biasl bufFem_r 
** Instance-id diflfpair2_0 
X2 2 inn gnd 3 inp biasl diffpair2 
** Instance-id buffem_l_0 
X3 vdd 2 outp gnd biasl buffemj 
** Instance-id npbias O 
X4 vdd gnd biasl npbias 

Rn 3 vdd load r 

*R5n_2 4k vdd 3 RPOLY SCALE=106 85 
* R5n_2 4k=2393 4 (ividth=l 20U) 

Rp 2 vdd load_r 

*R5p_2 4k vdd 2 RPOLY SCALE=106 85 
* R5p_2 4k=2393 4 (width=l 20U) 
C1 biasl gnd 8 2F 
C2 gnd 0 48 9F 
C3 3 0 6 2F 
C4 outp 0 13 6F 
C5 inn 0 6 9F 
C6 inp 0 10 3F 
C7 2 0 10 3F 
C8 vdd 0 8 IF 
C9 biasl 0 49 IF 
*** Node Listing for subckt simpler 
** NO == IdealGND 
** N2 [U=3] = buffem_l_0/$m 
** N3 [U=3] == diffpair2_0/$dln 

** biasl [U=4] 

161 



** gnd [U=4] 
** inn [U=l] 
** inp [U=l] 
** outn [U=l] 
** outp [U=l] 
** vdd [U=5] 

* 

* Model Definitionsfor HSPICE 
* 

MODELRPOLYRRES=224 

*0 errors and0warningsfound 
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AMI 1 2um Transimpedance Amplifier with Folded Cascode Stage 
*fccgti2_res spice 
* 

* File Location /msdl6/falinjl/thesis/amilr2/iclayout/jlflr2c2 
* File Created Sat Sep25 13 3946 1999 
* Ext2spice Version ORNL264<=> Tue Jan 27 17 32.51 EST 1998 
* Options -m -n-M-N-m -n -mg-M-N -h -n-mm -V -g 

** Subcircuit definition for bufFem_r 
** Extraction file is /msdl6/falinjl/thesis/amilr2/iclayout/jlflr2c2/buffem_r ext 
SUBCKT bufFem_r vdd2outgnd biasl 
Ml vdd2outgnd CMOSN M=10W=60OOU L=1 20U GEO=0 
M2out biasl gnd gnd CMOSN M=10W=60OOU L=6OOU GEO=0 
C1 out2 1 3F 

C2out biasl 58F 

C3vdd21 4F 

C4gnd biasl 72F 
C5outO 19.8F 

C62050.0F 

C7vddO 104F 

C8 biasl 0100 IF 

C9gnd0 149F 
* * *Node Listmg for subckt buffem_r 
** NO == IdealGND 

**N2 [U=2] == 8_14_326# 

** biasl [U=2] 
** gnd [U=4] 
** out [U=3] 
** vdd [U=2] 
ENDS 

** Subcncuit definition fortiloop2_r 
** Extraction file is/msdl6/falmjl/thesis/amilr2/iclayout/jlflr2c2/tiloop2_r ext 
SUBCKTtiloop2_r bias3 vdd bias2 m gnd out 
**loop test 
M3n 1 in gnd gnd CMOSN M=5 W=60OOU L=1 20U GEO=0 
M4n out 1 9gnd CMOSN M=5 W=60OOU L=1 20U GEO=0 
Mb8n 1 bias3 vdd vdd CMOSPM=5 W=30OOU L=6OOU GEO=0 
Mmb9n4bias2 1 vdd CMOSPM=5 W=30OOU L=6OOU GEO=0 

Rf9inf_r 

*R3_2k9m RPOLY SCALE=89.35 
* R3_2k=2001 4(width=l 20U) 

Routout vdd out r 

*R4_1 5k out vdd RPOLY SCALE=6725 
* R4_l 5k=15064(width=l 20U) 

R19gnd biaslr 
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* 

o 

*R6_8009gnd RPOLYSCALE=36 15 
* R6_800=8098(width=l 20U) 
C14bias232F 

C2vdd bias328F 

C3 1 bias3 32F 

C4 in gnd 1 IF 
C5 1 bias234F 

C6gnd0309F 
C790 123F 

C8 1 0 168F 

C9 out0 137F 

C10vdd0202F 

C1140504F 

C12bias20528F 

C13 bias30509F 

C14in0462F 

*** Node Listing for subckt tiloop2_r 
**N0 ^ IdealGND 

**N1 [U=2] =8 142 666# 
** jv(4 [U=3] ==8 156 376# 
**N9 [U=3] == 8 304 376# 

** bias2 [U=2] 
** bias3 [U=2] 
** gnd [U=5] 
** m [U=3] 

[U=3] 
** vdd [U=5] 
ENDS 

** Subcucuit definition for diffpair5 
** Extraction file is/msdl6/falmjl/thesis/amilr2/iclayout/jlflr2c2/difipair5 ext 
SUBCKT diffipair5 1 bias2 vdd bias37damn gnd damp biasl 
Mln din damp dabias gnd CMOSN M=8 W=30OOU L=1 20U GEO=0 
Mlp dip damn dabias gnd CMOSN M=8W=30OOU L=1 20U GEO=0 
M2n7bias2 din vdd CMOSP W=30OOU L=240U GEO=0 
M2p 1 bias2 dip vdd CMOSP W=30OOU L=240U GEO=0 
Mb7n din bias3 vdd vdd CMOSPM=7W=60OOU L=6OOU GEO=0 
Mb7pdip bias3 vdd vdd CMOSPM=7W=60OOU L=6OOU GEO=0 
MblIn7biasl gnd gnd CMOSN M=4W=60OOU L=6OOU GEO=0 
MblIp 1 biasl gnd gnd CMOSN M=4W=60OOU L-6OOU GEO=0 
Mdabias dabias biasl gnd gnd CMOSN M=6W=60OOU L=6OOU GEO=0 
C1 1 bias2 1 IF 

C2damp dabias 1 3F 
C3 dip bias227F 
C4 bias3 vdd94F 

C5 biasl 1 46F 

C6 dip damn 1 IF 
C7 bias3 dln45F 

C8damp din 1 3F 
C9biasl gnd9OF 
ClO dabias damn 1 3F 

Cll biasl dabias35F 

C12bias3 dip45F 
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C13 biasl 7 1 9F 

C14 1 037.3F 

C15gnd0252F 
C16dln0649F 

C17dip057.6F 
C18 dabias0348F 

C1970374F 

C20vdd0 19 OF 

C21 damn0563F 

C22damp0552F 
C23 biasl 0 1628F 

C24bias20296F 

C25 bias30 121 IF 

*** Node Listing for subckt dif:^air5 
**N0 == IdealGND 

**N1 [U=3] =8 18 716# 
**|sf7 [U=3] == 8 508 64# 

********************************* 

** biasl [U=4] 
** bias2 [U=3] 
** bias3 [U=3] 
** din [U=3] 
** dip [U=3] 
** dabias [U=3] 
** damn [U=2] 
** damp [U=2] 
** gnd [U=9] 
** vdd [U=7] 
ENDS 

** Subcncuit definition fortiloop2_l 
** Extraction file is/msdl6/falmjI/thesis/amilr2/iclayout/jlflr2c2/tiloop2_l ext 
SUBCKTtiloop2_l bias2 vdd bias3 outgnd m 
M3p 1 m gnd gnd CMOSN M=5 W=60OOU L=1 20U GEO=0 
M4p out 1 7gnd CMOSN M=5 W=60OOU L=1 20U GEO=0 
Mb8n3 bias3 vdd vdd CMOSP M=5 W=30OOU L=6OOU GEO=0 

Mb8p 1 bias23vdd CMOSP M=5W=30OOU L=6OOU GEO=0 

Rf7mf_r 

*R3_2k m7RPOLY SCALE=8935 
* R3_2k=20014(width=l 20U) 

Routout vdd out_r 

*R4_1 5k vdd outRPOLY SCALE=6725 
* R4_l 5k=15064(width=l 20U) 

R1 7gnd biasl_r 

*R6_800gnd7RPOLY SCALE=36 15 
* R6_800=8098(width=l 20U) 
C1 bias3 3 3 2F 

C2bias23 3 4F 
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C3 vdd bias328F 

C4 1 bias232F 

C5 in gnd 1 2F 
C6gnd0308F 
C730 168F 

C8out0 135F 

C9 1 0504F 

ClO vdd020 IF 

Cll 70 I23F 

C12bias20526F 

C13 bias3051 OF 

C14in0462F 

*** Node Listing for subckt tiloop2_l 
**N0 = IdealGND 

**N1 [U=3] == 8 162 686# 
** jv[3 [U=2] =8 162 656# 
** jcjy [U=3] == 8 162 358# 
************************************************************ 

** bias2 [U=2] 
** bias3 [U=2] 
** gnd [U=5] 
** in [U=3] 
** out [U=3] 
** vdd [U=5] 
ENDS 

** Subcircuit defmition for buffem_l 
** Extraction file is /msdl6/falinjL/thesis/amilr2/iclayout/jlflr2c2/buffem_l ext 
SUBCKTbuffemjvdd in out gnd biasl 
Ml vdd m outgnd CMOSN M=10 W=60OOU L=1 20U GEO=0 
M2out biasl gnd gnd CMOSN M=10 W=60OOU L=6OOU GEO=0 
C1 outin 1 3F 

C2out biasl 58F 

C3 vdd in 1 4F 

C4gnd biasl 72F 
C5gnd0149F 
C6out0198F 

C7vddO 103F 

C8 biasl 0100 IF 

C9in050OF 

* * * Node Listing for subckt bufFem_I 
**N0 == IdealGND 
♦♦sic****#*****************#********************************#* 

** biasl [U=2] 
** gnd [U=4] 
** in [U=2] 
** out [U=3] 
*♦ vdd [U=2] 
ENDS 

** Subcircuit definition for npbias 
** Extraction file is/msdl6/falinjl/thesis/amilr2/iclayout/jlflr2c2/npbias ext 
SUBCKT npbias bias3 vdd 3 gnd bias2 biasl 
MBl biasl biasl gnd gnd CMOSN W=60 OOU L=6 OOU GEO=0 
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MB2bias2 biasl rb gnd CMOSN M=4W=60OOU L=6OOU GEO=0 
Mb3 biasl bias2sb3 vdd CMOSP W=60OOU L=6OOU GEO=0 
Mb4bias2 bias2 bias3 vdd CMOSP W=60OOU L=6OOU GEO=0 

Mb5sb3 bias3 vdd vdd CMOSP W=60OOU L=6OOU GEO=0 
Mb6bias3 bias3 vdd vddCMOSP W=60OOU L=6OOU GEO=0 
MSUl 3gnd vdd vdd CMOSP W=240U L=30OOU GEO=0 
MSU23 biasl gnd gnd CMOSN W=12OOU L=240U GEO=0 
MSU3bias23gnd gnd CMOSN W=6OOU L=240U GEO=0 

Rbias rb gnd bias_r 

*R2_22k rb gnd RPOLYSCALE=9835 
* R2_22k=22030(width=l 20U) 
C1 rb biasl 26F 

C2biasl bias227F 

C3gnd bias2 1 7F 
C4rb0 123F 

C5 gnd0225F 
C6sb302IF 

C73014 OF 

C8 vddO 11 IF 

C9 biasl 063 OF 

ClO bias2043 OF 

Cllbias30297F 

*** Node Listing for subckt npbias 
** NO == IdealGND 

**N3 [U=4] == 8_290_332# 
************************************************************ 

** biasl [U=6] 
** bias2 [U=6] 
** bias3 [U=5] 

gnd [U=10] 
*♦ rb [U=2] 
** sb3 [U=2] 
** vdd [U=9] 
.ENDS 
****** top level cell is/msdl6/falinjl/thesis/amilr2/iclayout/jlflr2c2/fccgti2 ext 
** Instance-id buffem r O 
XI vdd 2 outn gnd biasl buffem_r 
** Instance-id tiloop2_r_0 
X2 bias3 vdd bias2 8 gnd 2 tiloop2_r 
** Instance-id dif^air5_0 
X3 9 bias2 vdd bias3 8 mn gnd inp biasl dif^airS 
** Instance-id tiloop2_l_0 
X4 bias2 vdd bias3 12 gnd 9 tiloop2_l 
** Instance-id buffem_l_0 
X5 vdd 12 outp gnd biasl buffem_l 
** Instance-id npbias_0 
X6 bias3 vdd 14 gnd bias2 biasl npbias 
C1 9 inn 1 OF 
C2 bias2 bias3 2 2F 
C3 gnd 0 78 4F 
C4 outp 0 17 5F 
C5 inn 0 20 IF 
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** mp [U=l]

C6 mp0243F 
C720 11 IF 

C89077F 

C98069F 

ClO vdd0559F 

Cll 120 11 IF 

C12biasl 01205F 

C13 bias2098 OF 

C14bias30754F 

*** Node Listing for subckt fccgti2 
**N0 =IdealGND 

** N2 [U=2] = tiloop2_r_0/$out 
** N8 [U=2] == tiloop2_r_0/$in 
**N9 [U=2] == tiloop2_l_0/$in 
** N12 [U=2] = bufFem_l_0/$in 
** N14 [U=l] = npbias_0/8_290_332# 
♦ *************************** 

**biasl [U=4] 
** bias2 [U=4] 
** bias3 [U=4] 
** gnd [U=6] 
** inn [U=l] 
** mp [U=l] 
** outn [U=l] 
** outp [U=l] 
** vdd [U~6] 

* 

* Model Definitions for HSPICE 
* 

**************************** 

MODELRPOLYRRES=224 

*0 errors and0wammgsfound 
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AMI 1 2um Transimpedance Amplifier with Current Mirror Stage 
* cmcgti spice 
* 

*File Location /msdl6/faIinjl/thesis/amilr2/iclayout/jlflr2c2 
* File Created Sat Sep25 13.39.21 1999 
* Ext2spice Version ORNL264<=> Tue Jan 27 17 32-51 EST 1998 
* Options -m -n-M-N-m -n -mg-M-N -h -n-mm -V -g 

** Subcircuit definition for buffem_r 
** Extraction file is /msdl6/falinjl/thesis/amilr2/iclayout/jlflr2c2/buffem_r ext 
SUBCKT buffem_r vdd2outgnd biasl 
Ml vdd2outgnd CMOSN M=10W=60OOU L=1 20U GEO=0 
M2out bias]gnd gnd CMOSN M=10 W=60OOU L=6OOU GEO=0 
C1 out2 1 3F 

C2out bias!58F 

C3 vdd 2 1 4F 

C4gnd biasl 72F 
C5 out0 198F 

C62050OF 

C7vdd0 104F 

C8 biasl 0100 IF 

C9gnd0149F 
** * Node Listmg forsubckt buffem_r 
**NO == IdealGND 

** N2 [U=2] == 8_14_326# 

** biasl [U=2] 
** gnd IU=4] 
** out [U=3] 
** vdd [U=2] 
ENDS 

** Subcncuit definition for tiloop_r 
** Extraction file is/msdl6/falmjl/thesis/amilr2/ic]ayout/jlflr2c2/tiloop_r ext 
SUBCKTtiloop_r bias3 vdd bias2 m gnd out 
M3n4in gnd gnd CMOSN M=5 W=60OOU L=1 20U GEO=0 
M4n out49gndCMOSN M=5 W=60OOU L=1 20U GEO=0 
Mb8n 1 bias3 vdd vdd CMOSPM=5 W=30OOU L=6OOU GEO=0 

Mmb9n4bias2 1 vdd CMOSPM=5 W=30OOU L=6OOU GEO=0 

RI 9gnd biasl r 

*Rl_lk9gnd RPOLY SCALE=44.15 
* Rl_lk=9890(width=l 20U) 

Rf9inf_r 

*R3_2k9in RPOLY SCALE=8935 
* R3_2k=2001.4(width=l 20U) 

Rout out vdd out_r 

*R4_1.5k out vdd RPOLY SCALE=6725 
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*R4_l 5k=1506.4(width=l 20U) 
C1 4bias232F 

C2vdd bias328F 

C3 1 bias3 32F 

C4in gnd 1 IF 
C5 1 bias234F 

C6gnd0309F 
C790123F 

C8 1 0168F 

C9out0 137F 

C10vdd0202F 

Cll40504F 

C12bias2052.8F 

C13 bias30509F 

C14 m0462F 
*** Node Listing for subckt tiloop_r 
**N0 == IdealGND 
**N1 [U=2] = 8_142_666# 
**N4 [U=3] = 8_156_376# 
**N9 [U=3] == 8_304_376# 

** bias2 [U=2] 
** bias3 [U=2] 
** gnd [U=5] 

in [U=3] 
out [U=3] 

** vdd [U~5] 
.ENDS 

** Subcircuit definition for diffpair3 
** Extraction file is /msdl6/falinjI/thesis/amilr2/iclayout/jlflr2c2/diffpau-3 ext 
.SUBCKT diffpair3 1 2vdd damn gnd damp 12 13 biasl 
Mln9damp dabias gnd CMOSN M=6W=30OOU L=1 20U GEO=0 
Mlp5damn dabias gnd CMOSN M=6W=30OOU L=1 20U GEO=0 
M2na9 9 vdd vdd CMOSP W=30OOUL=1 20U GEO=0 
M2nb 11 9vdd vdd CMOSP W=45OOU L=1 20U GEO=0 
M2nc 12 13 11 vdd CMOSP W=60OOU L=1 20U GEO=0 
M2pa5 5 vdd vdd CMOSP W=30OOU L=1 20U GEO=0 
M2pb 35 vdd vdd CMOSPW=45OOU L=1 20U GEO=0 
M2pc 1 23 vdd CMOSP W=60OOU L=1 20U GEO=0 
MblIn 12 biasl gnd gnd CMOSN M=4 W=60.00U L=6OOU GEO=0 
MblIp 1 biasl gnd gndCMOSN M=4W=60OOU L=6OOU GEO=0 
Mdabias dabias biasl gnd gnd CMOSN M=5 W=60OOU L=6OOU GEO=0 
C1 biasl gnd83F 
C2damn5 1 IF 

C3 biasl 12 1 9F 

C4biasl dabias28F 

C5 damp dabias 1 OF 
C6 biasl 1 1 9F 

C7damn dabias 1 OF 

C8gnd0325F 
C9 120 11 8F 

ClO50446F 

Cll90449F 
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C12 1 013 IF 

C133026F 

C14 13038F 

C15 dabias0299F 

C16 11 026F 

C172034F 

C18vdd0403F 

C19damn0505F 

C20damp0499F 
C21biasl 0 1477F 

*** Node Listing for subckt diffpair3 
**N0 == IdealGND 
** [U=3] == 8_197_125# 
** N2 [U=2] =8_189_86# 
**N3 [U=2] == 8_183_125# 
**N5 [U=4] == 8_157_135# 
** N9 [U=4] =8_10_81# 
**N11 [U=2] =8_440_121# 
**N12 [U=3] =8_318_419# 
**N13 [U=2] == 8 466 76# 
* He*:|c :|c:|e ^ ̂ ̂ 9)c:{(if:̂ 9|c He^* * 4:* ^ ̂ 9|( * * * * * * 

** biasl [U=4] 
** dabias [U=3] 
** damn [U=2] 
** damp [U=2] 
** gnd [U=9] 
** vdd [U=ll] 
ENDS 

** Subcircuit definition for tiloop_l 
** Extraction file is /msdl6/falmjl/thesis/amilr2/iclayout/jlflr2c2/tiloop_l.ext 
SUBCKTtiloop_l bias2 vdd bias3 outgnd m 
M3p 1 m gnd gnd CMOSN M=5 W=60OOU L=1 20U GEOO 
M4p out 1 7gnd CMOSN M=5 W=60OOU L=1 20U GEO=0 
Mb8n3bias3 vdd vdd CMOSPM=5 W=30OOU L=6OOU GEO=0 

Mb8p 1 bias23vdd CMOSPM=5 W=30OOU L=6OOU GEO=0 

R1 7gnd biasl_r 

*Rl_lk gnd7RPOLY SCALE=44 15 
* Rl_lk=9890(width=l 20U) 

Rf7inf_r 

*R3_2k m7RPOLY SCALE=8935 
* R3_2k=2001 4(width=l 20U) 

Rout out vdd out_r 

*R4_1.5k vdd outRPOLY SCALE=6725 
* R4_l 5k=15064(width=l 20U) 
C1 bias33 3 2F 

C2bias23 3 4F 

C3 vdd bias328F 
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C4 1 bias232F 

C5 in gnd 1 2F 
C6gnd0308F 
C730 168F 

C8 out0 13 5F 

C9 1 0504F 

C10vdd020 IF 

Cll 70123F 

C12bias20526F 

C13bias3051 OF 

C14 m0462F 

*** Node Listing for subckt tiIoop_l 
==**N0 ^ IdealGND 

**N1 [U=3] =8 162 686# 

**N3 [U=2] == 8 162 656# 
**N7 [U=3] =8 162 358# 
»**♦********♦***♦**»******♦*****»♦**♦♦*******♦******♦**♦***♦ 

** bias2 [U=2] 
** bias3 [U=2] 
** gnd [U=5] 
** in [U=3] 
** out [U=3] 
** vdd [U=5] 
ENDS 

** Subcircuit definition for buffem_l 
** Extraction file is /msdl6/falmjl/thesis/amilr2/iclayout/jlflr2c2/buffem_l ext 
SUBCKT buffemj vdd in out gnd biasl 
Ml vdd in out gnd CMOSN M=10 W=60 OOU L=1 20U GEO=0 
M2 out biasl gnd gnd CMOSN M=10 W=60 OOU L=6 OOU GEO=0 
C1 out m 1 3F 
C2 out biasl 5 8F 
C3 vdd in 1 4F 
C4 gnd biasl 7 2F 
C5 gnd 0 14 9F 
C6out0 19 8F 
C7vdd0 10 3F 
C8 biasl 0 100 IF 
C9 m 0 50 OF 
*** Node Listing for subckt buffem l 
** NO = IdealGND 

** biasl [U=2] 
** gnd [U=4] 
** in [U=2] 
** out [U=3] 
** vdd [U=2] 
ENDS 

** Subcircuit definition for npbias 
** Extraction file is /msdl6/falinjl/thesis/aniilr2/iclayout/jlflr2c2/npbias ext 
SUBCKT npbias bias3 vdd 3 gnd bias2 biasl 
MBl biasl biasl gnd gnd CMOSN W=60 OOU L=6.00U GEO=0 
MB2 bias2 biasl rb gnd CMOSN M=4 W=60 OOU L=6 OOU GEO=0 
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Mb3 biasl bias2sb3 vdd CMOSP W=60OOU L=6OOU GEO=0 

Mb4bias2 bias2 bias3 vddCMOSP W=60OOU L=6OOU GEO=0 

Mb5sb3 bias3 vdd vdd CMOSP W=60OOU L=6OOU GEO=0 

Mb6 bias3 bias3 vdd vdd CMOSP W=60OOU L=6OOU GEO=0 

MSUl3gnd vdd vdd CMOSP W=240U L=30OOU GEO=0 
MSU23 biasl gnd gnd CMOSN W=12OOU L=240U GEO=0 
MSU3bias23 gnd gnd CMOSN W=6OOU L=240U GEO=0 

Rbias rb gnd bias_r 

*R2_22k rb gnd RPOLY SCALE=9835 
* R2_22k=22030(width=l 20U) 
C1 rb biasl 26F 

C2biasl bias227F 

C3 gnd bias2 1 7F 
C4rb0 123F 

C5gnd022.5F 
C6sb302IF 

C73014 OF 

C8 vddO 11 IF 

C9biasl 063 OF 

C10bias2043 OF 

Cllbias30297F 
*** Node Listing for subckt npbias 
** NO -- =IdealGND 

** N3 [U=4] =8_290_332# 

** biasl [U=6] 
** bias2 [U=6] 
** bias3 [U=5] 
** gnd [U=10] 
** rb [U=2] 
** sb3 [U=2] 
** vdd [U=9] 
ENDS 

****** top level cell is /msdl6/falinjl/thesis/amilr2/iclayout/jlflr2c2/cnicgti ext 
** Instance-id buffem_r_0 
XI vdd2outn gnd biasl bufFem_r 
** Instance-id tiloop_r_0 
X2bias3 vdd bias28gnd2tiloop r 
** Instance-id diffpair3_0 
X39bias2 vdd inn gnd mp8bias2 biasl diffpair3 
** Instance-id tiloop_l_0 
X4bias2 vdd bias3 12 gnd9tiloop_l 
** Instance-id buffem l O 

X5 vdd 12outp gnd biasl buffem_l 
** Instance-id npbias_0 
X6 bias3 vdd 14gnd bias2 biasl npbias 
C1 bias2 bias3 1 9F 

C2gnd0975F 
C3 outp0175F 
C48065F 

C5inn0 15.5F 

C6 mp0169F 
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mp
[U=l]

C7 120 II IF 

C820 11 IF 

C99078F 

C10vdd0665F 

Cll biasl 01167F 

C12bias2099.5F 

C13 bias3080 IF 

*** Node Listing for subckt cmcgti 
**N0 == IdealGND 

**N2 [U=2] == tiloop_r_0/$out 
**N8 [U=2] == tiloop_r_0/$in 

[U=2] == tiloop_l_0/$in 
**N12 [U=2] == bufFem_l_0/$in 
**N14 [U=l] == npbias_0/8_290_332# 

** biasl [U=4] 
** bias2 [U=5] 
** bias3 [U=3] 
** gnd [U=6] 
** mn [U=l] 
** mp LU=ij[U=l] 
** outn [U=l] 
** outp [U=l] 
** vdd [U=6] 

* 

* Model Definitions for HSPICE 
* 

MODELRPOLYRRES=224 

*0errors and0wammgsfound 
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* AMI08um N87RSPICEBSIM3 VERSION3 1(HSPICE Level49)PARAMETERS 
*Used for initial designs 

*DATE 98Sep 14 
*LOT.n87r WAF 106 

MODELCMOSN NMOS(ACM=3HDIF=1 On LEVEL =49 
+VERSI0N=3 1 TNOM =27 TOX =165E-8 
+XJ =15E-7 NCH =17E17 VTHO =06475503 
+K1 =08734941 K2 =-0045857 K3 =179015005 
+K3B =-1 8111522 WO =lE-6 NLX = 1 105246E-9 
+DVTOW =0 DVTIW =53E6 DVT2W =-0032 
+DVTO =28726722 DVTl =04252235 DVT2 =-0 1128732 
+U0 =5685118192 UA = 1 357156E-9 UB =2975976E-19 
+UC =3854652E-11 VSAT = 1 05052E5 AO =07236503 
+AGS =01204483 BO =2260419E-7 B1 =6503398E-7 
+KETA =-00100045 A1 =0 A2 = 1 
+RDSW =1782947E3 PRWG =-9689924E-4 PRWB =-6924912E-7 
-t-WR =1 WINT = 1 542158E-7 LINT =2137216E-7 
+DWG =-1.384742E-8 DWB =3140163E-8 VOFF =-00807621 
+NFACTOR=1 2659085 GIT =0 CDSC =1 506004E-4 
+CDSCD =0 CDSCB =0 ETAO =2313075E-3 
+ETAB =-9030716E-4 DSUB =00428175 PCLM =08408931 
+PDIBLC1=00623678 PDIBLC2=1 507727E-3 PDIBLCB=-lE-3 
+DROUT =04497387 PSCBEl =4664096E9 PSCBE2 =2985985E-8 
+PVAG =00163863 DELTA =001 MOBMOD = 1 
-i-PRT =-1048 UTE =-15 KTl =-03059 
-I-KTIL =1094E-9 KT2 =-002846 UAl =2151E-9 
+UB1 =-3.961E-18 UCl =-7.346E-ll AT =33E4 
-f-WL =0 WLN =1 WW =0 
+WWN =1 WWL =0 LL =0 
+LLN =1 LW =0 LWN = 1 
+LWL =0 CAPMOD =2 CGDO =35E-10 
4-CGSO =35E-10 CGBO =0 CJ =4342775E-4 
+PB =09592711 MJ =04534652 CJSW =3256445E-10 
+PBSW =02561474 MJSW =0.158096 PVTHO =-5837896E-5 
+PRDSW =-4747501239 PK2 =00122217 WKETA =4600566E-3 
+LKETA = 1.41793E-3 ) 
* 

MODELCMOSPPMOS(ACM=3HDIF=1 On LEVEL =49 
+VERSION=3 1 TNOM =27 TOX = 1 65E-8 
+XJ =15E-7 NCH =17E17 VTHO =-1 0082743 
+K1 =04081232 K2 =00297155 K3 =126429294 
-I-K3B =-1.3119983 WO = 1 068181E-6 NLX =5461663E-8 
+DVTOW =0 DVTIW =53E6 DVT2W =-0032 
+DVTO =37963632 DVTl =05066295 DVT2 =-00825464 
+U0 =224.8724776 UA =2665604E-9 UB = 1 163208E-18 
+UC =-432667E-ll VSAT = 1 806072E5 AO =1 0129268 
+AGS =01352013 BO = 1 237387E-6 B1 =2E-6 
+KETA =-2376454E-3 A1 =0 A2 = 1 
+RDSW =2.353688E3 PRWG =-6 109639E-5 PRWB =-lE-3 
-i-WR =1 WINT =219873E-7 LINT = 1 731755E-7 
+DWG =-2936332E-8 DWB =2385534E-8 VOFF =-00787892 
+NFACTOR= 1 0882083 CIT =0 CDSC =4363744E-4 
+CDSCD =0 CDSCB =0 ETAO =00895166 
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+ETAB =-00102423 DSUB =03402012 PCLM =71674779 
+PDIBLC1=9999667E-4 PDIBLC2=001 PDIBLCB=-lE-3 
+DROUT =05924894 PSCBEl =3519381E9 PSCBE2 =5004941E-9 

+PVAG =146719474 DELTA =001 MOBMOD = 1 

+PRT =-4508 UTE =-15 KTl =-04576 

+KT1L =298E-9 KT2 =-002865 UAl =-4244E-10 
+UB1 =-1.619E-18 UCl =-l 138E-12 AT =33E4 
+WL =0 WLN =1 WW =0 
+WWN =1 WWL =0 LL =0 

+LLN =1 LW =0 LWN =1 

+LWL =0 CAPMOD =2 CGDO =35E-10 
+CGSO =3.5E-10 CGBO =0 CJ =6197711E-4 
+PB =09224372 MJ =04882693 CJSW =4753739E-10 
+PBSW =099 MJSW =0445593 PVTHO =00407148 
+PRDSW =-6803241219 PK2 =4241444E-3 WKETA =7531357E-3 
+LKETA =-1 310892E-3 ) 
* 

♦AMI08urn N91Y SPICEBS1M3VERSION3 1(HSPICE Level49)PARAMETERS 
♦Use for test transistor simulations 
♦ DATE Mar 3/99 
♦ LOT n91y WAF 03 
♦ Temperature_parameters=Default 
•MODEL CMOSN NMOS ( LEVEL = 49 
+VERSI0N = 3.1 TNOM =27 TOX = 164E-8 
+XJ =2 5E-7 NCH =8E16 VTHO =0 6812727 
-i-Kl =0.884817 K2 =-0 0436447 K3 = 13 4787949 
+K3B =-2 3815393 WO =6 12328E-7 NLX = 1 20287E-9 
+DVTOW =0 DVTIW =5 3E6 DVT2W =-0 032 
+DVTO =2 1839642 DVTl =0 5679128 DVT2 =-015 
+U0 =557 4473897 UA = 1 034171E-9 UB =8 414321E-19 
+UC =4 336661E-11 VSAT = 1 052228E5 AO =0 7878654 
+AGS =0 148654 BO =9 326963E-7 B1 =4 880547E-6 
+KETA =-9 388917E-3 A1 =0 A2 = 1 
+RDSW =1 872799E3 PRWG =9 46047E-4 PRWB =-5 027015E-8 
+WR =1 WINT = 1.756516E-7 LINT = 1 191556E-7 
+XL =-2E-7 XW =0 DWG =-1 85177E-8 
+DWB =2 209169E-8 VOFF =-0.127116 NFACTOR = 0 6149106 
+CIT = 0 CDSC = 1 506004E-4 CDSCD = 0 
+CDSCB =0 ETAO =4 632235E-4 ETAB =-1 662268E-3 
+DSUB =0 2190063 PCLM =0 6861394 PDIBLCl = 0 0335521 
+PDIBLC2 = 5 116937E-3 PDIBLCB = 0 DROUT =0 3858137 
+PSCBE1 =6 150319E9 PSCBE2 = 3 885201E-8 PVAG = 8 173574E-3 
+DELTA = 0 01 MOBMOD = 1 PRT = 0 
+UTE =-1.5 KTl =-011 KTIL =0 
+KT2 = 0 022 UAl =4 31E-9 UBl =-7 61E-18 
+UC1 =-5.6E-ll AT =3 3E4 WL =0 
-i-WLN =1 WW =0 WWN =1 
+WWL =0 LL =0 LLN =1 
+LW =0 LWN =1 LWL =0 
+CAPMOD =2 XPART =04 CGDO =3 50E-10 
+CGSO =3 50E-10 CGBO =0 CJ =4 342201E-4 
+PB =0 99 MJ =0 4609667 CJSW =3 334674E-10 
+PBSW =0 1237512 MJSW =0 1236883 PVTHO =-0 0224301 
+PRDSW =-533 5283178 PK2 =7.749552E-4 WKETA =6 071497E-4 

177 



+LKETA =-5617395E-3 ) 
♦

MODELCMOSPPMOS( LEVEL =49 
+VERSI0N=3 1 TNOM =27 TOX =1.64E-8 

+XJ =25E-7 NCH =5E16 VTHO =-09462535 

+K1 =04190301 K2 =00239883 K3 =173448063 

+K3B =-28701495 WO = 1 699874E-6 NLX =2357712E-10 
+DVTOW =0 DVTIW =53E6 DVT2W =-0032 
+DVTO =45327967 DVTl =07694776 DVT2 =-00793944 
+U0 =213 1081162 UA =244944E-9 UB =9341763E-19 

+UC =-461844E-ll VSAT = 1 316508E5 AO = 1 0047963 
+AGS =01711866 BO = 1 99448lE-6 B1 =5E-6 
+KETA =-4005141E-3 A1 =0 A2 = 1 

+RDSW =2036346E3 PRWG =-l 168572E-4 PRWB =-lE-3 
+WR =1 WINT =2383435E-7 LINT =4876362E-8 

+XL =-2E-7 XW =0 DWG =-2485686E-8 
+DWB =1659405E-8 VOFF =-0 1009826 NFACT0R=2 
+CIT =0 CDSC =4363744E-4 CDSCD =0 
+CDSCB =0 ETAO =0.0978267 ETAB =0 

+DSUB =03387922 PCLM =99914184 PDIBLCl =2485702E-5 
+PDIBLC2=001 PDIBLCB=0 DROUT =0999105 
+PSCBE1 =349925E9 PSCBE2 =4976312E-9 PVAG =109858631 
+DELTA =001 M0BM0D=1 PRT =0 

+UTE =-15 KTl =-0 11 KTIL =0 
+KT2 =0022 UAl =431E-9 UBl =-761E-18 
+UC1 =-56E-ll AT =33E4 WL =0 
+WLN = 1 WW =0 WWN = 1 

+WWL =0 LL =0 LLN = 1 

-i-LW =0 LWN =1 LWL =0 
+CAPMOD =2 XPART =04 CGDO =350E-10 
+CGSO =350E-10 CGBO =0 CJ =6252903E-4 
+PB =08904596 MJ =04772585 CJSW =4144426E-10 
+PBSW =099 MJSW =0.426664 PVTHO =00597171 
+PRDSW =-9803241219 PK2 =4057951E-4 WKETA =4488089E-3 
+LKETA =-1.678619E-3 ) 
* 

* AMI08urn N97L SPICEBSIM3 VERSION 3 1 PARAMETERS 
*Used for simulations to compare to amplifier measurements 
♦SPICE 3f5 Level 8, Star-HSPICE Level 49, UTMOST Level 8 

* DATE Aug 18/99 
* LOT n971 WAP 03 
* Temperature_parameters=Default 
MODEL CMOSN NMOS ( LEVEL = 49 
+VERSION = 3 1 TNOM = 27 TOX = 1 55E-8 
+XJ =2 5E-7 NCH =8E16 VTHO =0 641718 
+K1 =0 8346873 K2 =-0 042465 K3 = 12 7624417 
+K3B =-4 280204 WO = 1 224565E-6 NLX = lE-8 
+DVTOW =0 DVTIW =0 DVT2W =0 
+DVTO =2 3259952 DVTl =0 5694154 DVT2 =-0 1213192 
+U0 =518 874611 UA =4751316E-10 UB =1421977E-18 
+UC =2 777785E-11 VSAT = 1 089724E5 AO =0 7159742 
+AGS =0 1226906 BO = 1 26035 lE-6 B1 =5E-6 
+KETA =-9 215897E-3 A1 =0 A2 =1 

178 



+RDSW = 1 959338E3 PRWG =-00156176 PRWB =-3095218E-7 
+WR =1 WINT = 1 794755E-7 LINT = 1 270467E-7 
+XL =-2E-7 XW =0 DWG =-2481101E-8 
+DWB =1141719E-8 VOFF =-00461706 NFACTOR= 1 2249987 
+CIT =0 CDSC =8997141E-5 CDSCD =0 
+CDSCB = 1.601628E-6 .ETAO =7778461E-3 ETAB =-00159169 
+DSUB =05668366 PCLM =06901938 PDIBLCl=00327512 
+PDIBLC2=4519874E-3 PDIBLCB=-6055372E-5 DROUT =03916408 
-hPSCBEl =6 165635E9 PSCBE2 =3.895022E-8 PVAG =8271536E-3 
+DELTA =001 MOBMOD = 1 PRT =0 

+UTE =-15 KTl =-0 11 KTIL =0 
+KT2 =0022 UAl =4.31E-9 UBl =-761E-18 
-i-UCl =-56E-ll AT =33E4 WL =0 
+WLN =1 WW =0 WWN =1 
+WWL =0 LL =0 LLN =1 

+LW =0 LWN =1 LWL =0 
+CAPMOD =2 XPART =04 CGDO =182E-10 
+CGSO =182E-10 CGBO =0 CJ =4383428E-4 
-i-PB =095242 MJ =0440893 CJSW =3.672664E-10 
+PBSW =01203645 MJSW =013661 PVTHO =-00158267 
+PRDSW =-5652171303 PK2 =-l 149287E-3 WKETA = 1 719375E-4 
+LKETA =2.545281E-4 acm=3hdiT=l Ou ) 
* 

.MODELCMOSPPMOS( LEVEL =49 
-i-VERSION=3 1 TNOM =27 TOX = 1 55E-8 
-i-XJ =25E-7 NCH =5E16 VTHO =-08875042 
+K1 =03369914 K2 =00371665 K3 =19 1068598 
+K3B =-49002263 WO =2995004E-6 NLX =2015444E-7 
+DVTOW =0 DVTIW =0 DVT2W =0 
+DVTO =27785049 DVTl =0.5598794 DVT2 =-00832108 
+U0 =2064070087 UA =2442882E-9 UB =5717441E-20 
-hUC =-559977E-11 VSAT = 1 942916E5 AO =06065878 
+AGS =00158204 BO =3358896E-6 B1 =5E-6 
+KETA =2311465E-3 A1 =0 A2 = 1 
+RDSW =2129402E3 PRWG =1262219E-3 PRWB =-00228669 
+WR =1 WINT = 1 793093E-7 LINT =6008561E-8 
+XL =-2E-7 XW =0 DWG =-l 88241lE-8 
+DWB =2402293E-8 VOFF =-0047527 NFACTOR= 1 1406197 
+CIT =0 CDSC =2771735E-6 CDSCD =1 041857E-5 
+CDSCB =3087982E-4 ETAO =00703497 ETAB =-6 11347E-4 
+DSUB =03547864 PCLM =5063164 PDIBLCl= 1 071833E-4 
+PDIBLC2=00215228 PDIBLCB=0 1 DROUT =00525797 
+PSCBE1 = 1 944839E9 PSCBE2 =2320666E-9 PVAG =00925467 
+DELTA =001 MOBMOD =1 PRT =0 
+UTE =-15 KTl =-0 11 KTIL =0 
+KT2 =0022 UAl =431E-9 UBl =-761E-18 
-i-UCl =-56E-ll AT =33E4 WL =0 
+WLN = 1 WW =0 WWN =1 
+WWL =0 LL =0 LLN = 1 
+LW =0 LWN =1 LWL =0 
+CAPMOD =2 XPART =04 CGDO =291E-10 
+CGSO =291E-10 CGBO =0 CJ =6184038E-4 
+PB =08945284 MJ =0479411 CJSW =4379993E-10 
+PBSW =099 MJSW =04208291 PVTHO =00492405 
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+PRDSW =-13E3 PK2 = 1 348997E-3 WKETA =-7720116E-3 
+LKETA =-89419E-3 acm=3 hdif=l Ou ) 
* 

*AMI 1.2 um N88ZSPICE BSIM3 VERSION3 I(HSPICE Level49)PARAMETERS 
*Used for initial designs 

*DATE Get 19/98 

*LOT n88z WAF:03 

* Temperature_parameters=Default 
MODELCMOSNNMOS( LEVEL =49 
+VERSION=3 1 TNOM =27 TOX =304E-8 
+XJ =3E-7 NCH =75E16 VTHO =05815607 
+K1 =09340278 K2 =-00670013 K3 =42645743 
+K3B =-2 149369 WO =2544414E-7 NLX = 1 146796E-7 
+DVTOW =0 DVTIW =53E6 DVT2W =-0032 
+DVTO = 1 8024609 DVTl =04371369 DVT2 =-0 1548912 
+U0 =6400382895 UA = 1 134603E-9 UB =4305021E-18 
+UC =6425777E-11 VSAT =1 025002E5 AO =06075572 
+AGS =01089496 BO =9758203E-7 B1 =9451406E-7 
+KETA =-00121885 A1 =0 A2 = 1 
+RDSW =2163377E3 PRWG =-lE-3 PRWB =6127803E-3 
+WR =1 WINT =6756618E-7 LINT = 1 125536E-7 
+DWG =-1 937825E-8 DWB =2628633E-8 VOFF =-0.0836217 
+NFACTOR=04949859 GIT =0 CDSC =24E-4 
+CDSCD =0 CDSCB =0 ETAO =01365138 
+ETAB =-0042698 DSUB =05907438 PCLM = 1 1870837 
+PDIBLC1 =5419543E-3 PDIBLC2=1 208657E-3 PDIBLCB=0 
+DROUT =00281681 PSCBEl = 1 072772E9 PSCBE2 =5002526E-9 
+PVAG =00523589 DELTA =001 MOBMOD = 1 
+PRT =0 UTE =-15 KTl =-0 11 
+KT1L =0 KT2 =0022 UAl =431E-9 
+UB1 =-761E-18 UCl =-56E-ll AT =33E4 
+WL =0 WLN =1 WW =0 
+WWN =1 WWL =0 LL =0 
+LLN =1 LW =0 LWN = 1 
+LWL =0 CAPMOD =2 CGDO =27E-10 
+CGSO =27E-10 CGBO =0 CJ =2806451E-4 
+PB =09785784 MJ =0.5305733 CJSW =146491lE-10 
-i-PBSW =099 MJSW =0 1 PVTHO =-00614433 
+PRDSW =-989097 PK2 =-538285E-3 WKETA =4 117011E-3 
+LKETA =-98354E-4 PAGS =0482296acm=3 hdif=l Ou ) 
* 

MODELCMOSPPMOS( LEVEL =49 
+VERSION=3 1 TNOM =27 TOX =304E-8 
+XJ =3E-7 NCH =24E16 VTHO =-08058627 
+K1 =04627141 K2 =-3916965E-3 K3 =134883082 
+K3B =-25656586 WO =2209688E-7 NLX =6936779E-7 
+DVTOW =0 DVTIW =53E6 DVT2W =-0032 
-i-DVTO =2431363 DVTl =05455412 DVT2 =-00725453 
+U0 =2684532224 UA =4801783E-9 UB =4238494E-18 
+UC =-lE-10 VSAT =109645E5 AO =02531802 
+AGS =0155562 BO =4547478E-6 B1 = 1 951094E-6 
+KETA =-00135114 A1 =0 A2 = 1 
+RDSW = 1 45858E3 PRWG =-lE-3 PRWB =-lE-3 
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+WR =1 WINT =6473685E-7 LINT =9093131E-9 
+DWG =-l 55533lE-8 DWB =3228232E-8 VOFF =-00672947 
+NFACTOR=09890363 CIT =0 CDSC =4036955E-4 
+CDSCD =0 CDSCB =0 ETAO =00188953 
+ETAB =0 DSUB =00223077 PCLM =15 
+PDIBLC1=0 PDIBLC2=lE-5 PDIBLCB=0 
+DROUT =3896422E-3 PSCBEl = 1.83251E10 PSCBE2 =5004583E-9 
+PVAG =0 DELTA =001 MOBMOD = 1 
+PRT =0 UTE =-1.5 KTl =-011 
+KT1L =0 KT2 =0022 UAl =431E-9 
+UB1 =-761E-18 UCl =-56E-ll AT =33E4 
+WL =0 WLN =1 WW =0 
+WWN = 1 WWL =0 LL =0 
+LLN =1 LW =0 LWN = 1 
+LWL =0 CAPMOD =2 CGDO =27E-10 
+CGSO =27E-10 CGBO =0 CJ =2959698E-4 
+PB =07491338 MJ =04414592 CJSW =1464496E-10 
+PBSW =09434007 MJSW =0 1 PVTHO =0188273 
+PRDSW =-990 PK2 =-00146098 WKETA =00149993 
+LKETA =00152763 PAGS =285026 acm=3 hdif=l Ou ) 
* 

♦AMI 1 2 um N95Y SPICE BSIM3 VERSION 3 1 PARAMETERS 
♦Used for simulations to compare to amplifier measurements and for test transistors 

♦SPICE 3f5 Level 8, Star-HSPICE Level 49, UTMOST Level 8 

♦ DATE Jun 24/99 
♦ LOT n95y WAF 02 
♦ Temperature_parameters=Default
MODEL CMOSN NMOS ( LEVEL =49 
+VERSION = 3 1 TNOM =27 TOX =3 11E-8 
+XJ =3E-7 NCH =7 5E16 VTHO =0 5834233 
+K1 =0 9177281 K2 =-0 0645085 K3 =0 7218676 
+K3B =-2 1436597 WO = 1 38605E-6 NLX =2 949215E-8 
+DVTOW =0 DVTIW = 5 3E6 DVT2W =-0 032 
+DVTO = 1 1953557 DVTl =0 2894027 DVT2 =-0 1073775 
+U0 =690 3062808 UA =2 27506E-9 UB =2 747214E-20 
+UC =4 103336E-11 VSAT = 1 255459E5 AO =0 7056633 
+AGS =0 113066 BO = 1 071322E-6 B1 =4 846043E-6 
+KETA =-5 726829E-3 A1 =0 A2 =1 
+RDSW =2 797196E3 PRWG =-0 0359635 PRWB =-9 895222E-5 
+WR = 1 WINT = 6 863558E-7 LINT = 2 296937E-7 
+XL =0 XW = 0 DWG = -2 950268E-8 
+DWB =2 716552E-8 VOFF =-0 0403502 NFACTOR = 0 0481384 
+CIT =0 CDSC =2 957397E-4 CDSCD =0 
+CDSCB =2 092898E-4 ETAO =-0 0899643 ETAB =-0 103832 
+DSUB =0 7310526 PCLM =0 8928755 PDIBLCI = 0 0657939 
+PDIBLC2 = 9 574009E-3 PDIBLCB = -lE-3 DROUT =0 3337441 
+PSCBE1 =2 457301E9 PSCBE2 = 1 09611E-8 PVAG =0 0243388 
+DELTA =0 01 MOBMOD = 1 PRT =0 
+UTE =-15 KTl =-011 KTIL =0 
+KT2 =0 022 UAl =4 31E-9 UBl =-7 61E-18 
+UC1 =-56E-ll AT =3 3E4 WL =0 
+WLN =1 WW =0 WWN =1 
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+WWL =0 LL =0 LLN =1 
+LW =0 LWN =1 LWL =0 
+CAPMOD =2 XPART =04 CGDO =1 6E-10 
+CGSO =16E-10 CGBO =0 CJ =2831035E-4 
+PB =09742751 MJ =05233163 CJSW = 1 499584E-10 
+PBSW =09899938 MJSW =0 1 PVTHO =00522966 
+PRDSW =-816757313 PK2 =-306274E-3 WKETA =-1 604076E-3 
+LKETA =-00154349 acin=3 hdif=l Ou) 
* 

.MODELCMOSPPMOS( LEVEL =49 
+VERSI0N=3 1 TNOM =27 TOX =311E-8 
+XJ =3E-7 NCH =24E16 VTHO =-08707461 
+K1 =04533691 K2 =-426725E-6 K3 =8 1004871 
+K3B =-28196525 WO = 1 523558E-6 NLX =5883224E-7 
+DVTOW =0 DVTIW =53E6 DVT2W =-0032 
+DVTO =1 1416024 DVTl =0267023 DVT2 =-00515191 
+U0 =2679805436 UA =4851956E-9 UB =1 02028lE-20 
+UC =-8.83788E-ll VSAT = 1 844714E5 AO =03956586 
+AGS =0106958 BO =4821438E-6 B1 =5E-6 
+KETA =00104968 A1 =0 A2 = 1 
+RDSW = 1 658522E3 PRWG =00494189 PRWB =-04784961 
+WR =1 WINT =7619443E-7 LINT =5866791E-8 
+XL =0 XW =0 DWG =-4047892E-8 
+DWB =2525684E-8 VOFF =-00432922 NFACTOR=0 
+CIT =0 CDSC =6146378E-5 CDSCD =0 
+CDSCB = 1 741688E-6 ETAO =00128587 ETAB =9007555E-5 
+DSUB =0014281 PCLM =102292554 PDIBLCl=0094122 
+PDIBLC2=lE-6 PDlBLCB=4381676E-4 DROUT =05020934 
+PSCBE1 = 1 905232E10 PSCBE2 =5203185E-9 PVAG = 1 7473999 
+DELTA =001 MOBMOD = 1 PRT =0 
+UTE =-15 KTl =-011 KTIL =0 
+KT2 =0022 UAl =431E-9 UBl =-761E-18 
+UC1 =-56E-ll AT =33E4 WL =0 
+WLN = 1 WW =0 WWN = 1 
+WWL =0 LL =0 LLN = 1 
+LW =0 LWN =1 LWL =0 
+CAPMOD =2 XPART =04 CGDO =2 HE-10 
+CGSO =211E-10 CGBO =0 CJ =3088002E-4 
+PB =07572848 MJ =04470466 CJSW =2191562E-10 
+PBSW =09892851 MJSW =01420903 PVTHO =-590657E-3 
+PRDSW =-681 5148875 PK2 =00119686 WKETA =349834E-3 
+LKETA =-00305345 acm=3 hdif=l Ou) 
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*AMI 1.2um -Two Stage Amplifier with EnhancementModeLoad 
*gain and phase measurementsimulation file 

.param vdd_rail=5 

.param cm_v=1.5 

.param load_cap=10pf 
param rbias=2203 
.param bias_r=('rbias*1') 

ac dec50 100k lOOOeb 

.op 

.tfV(outn,outp)Vin 

vgnd gnd0dc0 
Vpower vdd0dc vdd_rail 
Einninn vcm vin005 

Einp inp vcm vin0-0.5 
Vicm vcm0dccm_v 
Vin vin0dc0ac 1 

Rin vin0Ik 

Cln outn gnd load_cap 

Clp outp gnd load_cap 

include'e:\8qm\thesis\amilr2\iclayout\simple_res spice' 
include'n88z_enh.models' 

.probe ac 
+tc=par('iml(x2.mln)/vm(inp)') 
+re=par('1/(iml(x2.m2n)/vm(2))') 
+onesidegain=par('20*logl0(vm(outn)/vm(inp)/2)') 
+phase_a=par('VP(outn)-YP(inp)') 
+phase_b=par('VP(outp)-VP(inn)') 
+buffer=par('vm(oum)/vm(2)') 

optionsPOSTC0NVERGE=1 METHOD=GEAR 
.alter 

.param bias_r=('rbias*0.8') 

.alter 

param bias_r=('rbias*l 2') 

END 
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*AMI 1.2iim -Two Stage Amplifier with EnhancementModeLoad 
*noise simulation file 

param vdd_rail=5 
•param cm_v=25 
.param load_cap=5pf 
.param r_bias=2203 
.param bias_r=par(T.7*r_bias') 

.noise v(outp)Vnoise5 

.acdec 5010500e6 

.op 

vgnd gnd0do0 
Vpower vdd0do vdd_rail 

Vnoise inp0do 2.5 ac 1 
Vcminn0do 2.5 ac0 

Cln outn gnd load_cap 

Clp outp gnd load_cap 

.include'e:\8qm\thesis\amilr2\iclayout\simple_res spice' 

.include'n95y_enh.models' 

.optionsPOSTC0NVERGE=1 

.END 
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