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General Description 
 

The CiFET™ is a novel CMOS building block composed of complementary iFET™ devices which are a modification of 
the traditional MOSFET that exploits the transistor's unique charge-based characteristics. It can be built into multiple 
stages creating high gain voltage amplifiers, called CiAmps (single-ended or differential single-stage, 2-stage, 3-stage, 
and 3-stage feed-forward CiAmp can be constructed). This full-differential CiFET OpAmp is anticipated to be a base-
line configuration. Each of the CiAmp arrangements do not use traditional power hungry analog current mirrors or 
state-of-the-art bulky analog transistors for gain, but instead have a low output impedance which drives stiff Resis-
tive and Capacitive loads, is small, low power, and scalable into nanotechnology IC process nodes.   

Typical Applications 
 

 Single-ended Operational Amplifiers (OpAmps) 
 Differential Low Noise Amplifier (LNA) 
 Proportional to Temperature Reference (PTAT) 
 Phase-Locked-Loop (PLL) 
 Ring Oscillator with Ultra-High Spectral Purity 

 Multi-GHz Ring Voltage Controlled Oscillator (VCO) 
 Frequency Mixers 

 Combined Analog and Digital System-on-Chip (SoC) 
 Internet of Things (IoT) 
 Memory and Processors 

 Voltage/Temperature Referencing 

 Analog-to-Digital Conversion (ADC) 
 Digital-to-Analog Conversion (DAC) 
 Sensing 

 Modulation/Demodulation 

 And more. 

Features 
 

Low Quiescent Current: 3μA at 1V or 140μA at 1.8V [VDD]  
Low Offset Voltage: ±0.02µV to ±3.5µV (5% mismatch for any single component) 
Zero-Crossover Distortion 

Low Power Consumption: About 3μW at 1V or 250μW at 1.8V [VDD] 
Low Noise Density -150dB 

AV (Open Loop Gain): 160dB (0.8 to 1.2 VDD) 
Settling Time to 3%: 120pS 

Settling Time to 20-Bits Resolution: 50nS 

Rail to Rail Output 
Rail to Rail Input (+1 diode in both directions for a single-ended-output) 
Supply Voltage: 500mV to 2V (IC Process Limited) 
Tiny IC Area: Typically about the Size of a Reset D-Flip-Flop 

Temperature Range: -55 °C to 125 °C 

Ability to match a low impedance antenna 
Dual bi-directional Complementary I/O Current Ports 

Cut-off frequency: 300 MHz for Full-Differential & 1.6 GHz for a single-ended-output 
Low-Impedance Output (virtually independent of the load and parasitics) 
Common-Mode Rejection Ratio (CMRR): Sensitivity is ≤2µV/V common-mode variation 

Power-Supply Rejection Ratio (PSRR): Sensitivity is ±2µV/V power-supply variation (±500mV Injected On Power Supply) 

NOTE: As process shrinks, performance scales with logic speed  

Figure 1. Full-Differential CiFET OpAmp 
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Electrical Characteristics 

TA=25 °C, 180nm Digital Technology Example (improves proportional to process shrink) 
Table 1. 

Symbol Description Conditions Min. Typ. Max. Unit 
Input Offset 

VOS Input Offset Voltage Over Full Tempera-
ture & Supply Voltage -- ±0.02 ±3.5* µV 

PSRR   Power Supply Rejection Ratio   ±500mV Injected On 
Power Supply    

-- ±2 -- µV/V 
 115  dB 

Input Voltage Range 

VCMR Input Common-Mode range   -- Power 
Supply 

 0.5V 
outside the 

power supply 
V 

CMRR   Common-Mode Rejection Ratio   
-- ±0.05 ±2* µV/V 

Ambient Temperature   
 150 115 dB 

Input Bias Current and Impedance  
IIB Input Bias Current Ambient Temperature -- 0.1 -- pA 

Over Temperature -- 1 -- pA 
IOS Input Offset Current   -- 0.1 -- pA 

CCM Input Capacitance Common-Mode   -- 5 -- fF 
CDIFF Input Capacitance Differential   -- 2.5 -- fF 

R Input Resistance   -- >1 -- GΩ 

Voltage Gain 

AOL Open-Loop Voltage Gain 
VDD = 0.2 V -- 80 -- dB 
VDD = 0.3 V -- 100 -- dB 
VDD = 1.0 V -- 160 -- dB 
VDD = 1.8 V -- 140 -- dB 

Output 
VOUT Maximum Voltage Swing VDD = 1.8 V VSS + 10 -- VDD - 10 mV 
VOSR Linear Output Swing Range VDD = 1.8 V  VSS + 20 -- VDD - 20 mV 

 Maximum Differential Output Swing VDD = 1.8 V -- ~2xVDD -- V 

ROUT Output Resistance** VDD = 1.8 V 25 100 10,000*** Ω 
RLOAD Resistive Load** VDD = 1.8 V 50 10,000 ∞ Ω 
CLOAD Capacitive Load Drive VDD = 1.8 V 0 1 100 pF 

 Linearity VDD = 1.8 V -120 -140 -160 dB 
 Crossover Distortion VDD = 1.8 V  none  dB 

* 5% mismatch for any single component (including switches and capacitors). See table 10 

** Low Rout obtained by paralleling multiple output CiFET stages 

*** Rout over power supply voltage down to 0.2V 
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Electrical Characteristics (cont.) 

TA=25 °C, 180nm Digital Technology Example (improves proportional to process shrink) 
Table 1 Cont. 

Symbol Description Conditions Min. Typ. Max. Unit 
Power Supply 

VDD Supply Voltage   0.5 1 2 V 

IQ Quiescent Supply Current 
VDD = 0.2 V -- 50-pico -- A 
VDD = 1.0 V -- 3μ -- A 
VDD = 1.8 V -- 140μ -- A 

PQ Power Consumption  10-pico 3μ 250μ Watts 

Temperature Range 
TA Operating Range   -55 25 125 °C 

Frequency Response 
BW Bandwidth RLOAD = 10kΩ -- 300 -- MHz 
AOL Open Loop Gain 0.8 to 1.2 VDD -- 160 -- dB 

PM Phase Margin 
VDD = 0.2 V -- 80 -- ° 
VDD = 1.0 V -- 68 -- ° 
VDD = 1.8 V -- 61 -- ° 

tOR Overload Recovery Time VDD = 1.8 V -- 300 -- pS 
FBW Full-power Bandwidth  -- 300 -- MHz 

Noise 
en Input Voltage Noise 

(Voltage Amplifier) 10 kHz -- -120 -- dB {nV/√Hz} 
-- 2 -- nVPP 

Vn Input Voltage Noise Density 10 MHz -- -150 -- dB {nV/√Hz} 
In Input Current Noise Density 10 MHz -- -180 -- dB {nA/√Hz} 

1 GHz -- -200 -- dB {nA/√Hz} 
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Full-Differential CiFET OpAmp Diagram 

Figure 2. Full-Differential CiFET OpAmp 

Seminal CiFET to CiAmp progression: Obtaining larger increases in gain, if desired, is as simple as adding an 

additional stage to the CiAmp 

3-Stage 
Feed-Forward 

Increase speed at 
some cost in gain 

3-Stage 
Basic high gain 
configuration 

2-Stage 
Gain increase 
with roll-off 

compensation 

1-Stage 
Seminal 

CiFET 

Figure 3. Seminal CiFET as 

a component of the CiAmp 

Figure 1. Full-differential CiFET OpAmp symbol 

Figure 4. 3-Stage Feed– Forward CiAmp 

Figure 5. CiAmp symbol 
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Layout Examples 

Figure 7a. Seminal CiFET layout 

(IBM/GlobalFoundries 130nm) 

Figure 7b. FinFET (CiFET) 

layout plan  Figure 6. Conventional NOR-2 

logic cell layout plan 

Figure 8. 3-Stage CiAmp 

5µm 

3.34µm 

5µm 

10µm 

Figure 5. CiAmp symbol 
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Layout Example 

Note: A single “calibrate” logic signal controls all switches as detailed in switch control logic later. 

Figure 9.   CiAmp including its switches 

5µm 

18.7µm 
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Gain and Frequency Plots 

Figure 10. Supply Voltage [V] vs. Voltage Gain [dB]  Figure 13. Supply Voltage [V] vs. Operation Frequency [MHz] 

Figure 14. Supply Voltage [V] vs. Acquisition Time [nS] Figure 11. Supply Voltage [V] vs. Power Consumption 

Figure 15. Input Voltage [mV] vs. Output Voltage [mV]  
6+ Decades of Dynamic Range using a voltage gain of 10 

Figure 12. Input Offset Voltage [nV] vs. Common-Mode Voltage [V] 

Note: Figures 9-13 break out an individual CiAmp to isolate its core performance 
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Dynamic Range (Sine Wave) 

These plots illustrate the 6+ decade dynamic range and drive strength to 2-volt swing with ultra-high spectral purity  

Input (dVin) 

Output (dVout) 

Figure 16. Full-Differential CiFET OpAmp: 100μV output swing  

at 1MHz into a 10KΩ/1pf load  

Figure 17. Full-Differential CiFET OpAmp: 2V output swing  at 1MHz 

into a 100Ω/1pf load, from a 1.8 VDD 

Input (diff Vin) 

Output (diff Vout) 

Input (diff Vin) 

Output (diff Vout) 
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Dynamic Range (Step Response) 

Figure 18. Full-Differential CiFET OpAmp ±20 μVolt Step Response Figure 19. Full-Differential CiFET OpAmp ±2 Volt Step Response 

Input (diff Vin) 

Output (diff Vout) 

Input (diff Vin) 

Output (diff Vout) 

Bandpass Limited, Not Slew Rate; 

Corresponds to 90° of a sinewave maintaining 

low distortion in large signal operation. 
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Open Loop Gain, Phase, Noise Over Frequency 

Total Output 

Referred Noise 

Total Input 

Referred Noise 

3-Stage 

CiAmp 

Figure 20. Frequency response with Total-Input-Referred-Noise and Total-Output-Referred-Noise 
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Table 2. 20dB Gain (10x) performance over frequency using a 10µv small signal input 
Frequency Vpeak [µV] Vvalley [µV] Input Offset [µV] Vp-p [µV] Gain [dB] Delay [nS] Phase Shift [°] 

0.1Hz 101.121 -99.466 0.083 200.586 20.0 4.2 0.0 

1Hz 100.036 -99.815 0.011 199.851 20.0 4.2 0.0 

10Hz 99.975 -99.958 0.001 199.933 20.0 4.2 0.0 

100Hz 99.967 -99.935 0.002 199.902 20.0 4.2 0.0 

1KHz 99.962 -99.972 0.000 199.934 20.0 4.2 0.0 

10KHz 99.962 -99.964 0.000 199.925 20.0 4.2 0.0 

100KHz 99.804 -100.046 -0.012 199.735 20.0 4.2 0.2 

1MHz 100.032 -100.077 -0.002 200.109 20.0 4.1 1.5 

2MHz 99.972 -100.200 -0.011 200.172 20.0 4.1 3.0 

5MHz 100.775 -100.533 0.012 201.308 20.1 4.0 7.2 

10MHz 102.652 -102.489 0.008 205.141 20.2 4.1 14.8 

20MHz 108.916 -108.771 0.007 217.687 20.7 4.5 32.6 

50MHz 81.000 -80.871 0.006 161.870 18.2 6.1 109.2 

55MHz 69.295 -69.153 0.007 138.448 16.8 6.0 119.0 

100MHz 20.362 -20.189 0.009 40.550 6.1 4.4 158.3 

140MHz 10.128 -9.889 0.012 20.018 0.0 3.4 170.2 

300MHz 2.292 -1.947 0.017 4.240 -13.5 1.7 188.8 

1GHz 0.058 -0.332 -0.014 0.391 -34.2 0.8 288.5 

Bandwidth and Phase linearity for various closed-loop gains  

Rolloff & Group Delay Over Frequency Closed Loop  

Figure 21. Full-differential CiFET OpAmp [dB] Gain & Phase [•] 

Double fast roll off -40 dB per decade 

Note: A fixed delay enacted roll-off offers a constant bandwidth advantage (vs. gain-bandwidth) chiefly independent of gain, which 

is stable by reason of 360⁰ phase shift with some gain is needed for oscillation. 

Cutoff at 180⁰ 

phase shift en-

acted by delay 

of 2nd stage 

3dB Bandwidth 

(17dB) 
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Gain Bandwidth Realization (Sine Wave) 

Figure 22. Low level 1MHz input of ±500 nanovolts into a 

voltage gain of 1000 yields a precise ±1 millivolt swing 

Figure 23. High level 1MHz input of ±500 microvolts into a 

voltage gain of 1000 yields a precise ±1 volt swing 

empowered by rapid high-frequency AC rolloff characteristic 

Input (diff Vin) 

Output (diff Vout) 

Input (diff Vin) 

Output (diff Vout) 
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Gain Bandwidth Realization (Step Response) 

Figure 24. Accuracy and (83ns) settling time response to a ±200

-microvolt step input yielding a ±20-millivolt output from a volt-

age gain of 100 driving a capacitive load of 1-pf 

Figure 25. Accuracy and (390ns) settling time response to a ±2.0

-millivolt step input yielding a ±2.0-volt output from a voltage 

gain of 1000 driving a capacitive load of 1-pf 

Input (diffVin) 

Output (diffVout) 

Input (diffVin) 

Output (diffVout) 
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Figure 26. Effect of varied output-capacitive load ranging from  

100-ff to 10-pf, illustrated by a +-10-micro-volt input into 

 a voltage gain of 100 at 1MHz 

 Figure 27. Large Signal PULSE Overdrive Recovery Time (300ps) 

Input (diffVin) 

Output (diffVout) 

Input (diffVin) 

Output (diffVout) 

High Capacitive Loading & Saturation 
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Cont. Parametric Variation Tolerances 

Table 3. Full-differential CiFET OpAmp biased with Vdd/2 
Corner Peak [µV] Valley [µV] Input Rfd Offset [µV] Amplitude [µV] Gain Error [µV] 

Nominal 100.351 -99.578 0.077 199.929 -0.071 

Fast-Fast 100.037 -99.628 0.041 199.665 -0.335 

Slow-Slow 100.032 -99.803 0.023 199.835 -0.165 

Fast-Slow 100.098 -99.928 0.017 200.026 0.026 

Slow-Fast 99.611 -100.309 -0.070 199.920 -0.080 

Offset and performance variation from nominal to all 4 IC process corners using 10uv sine at 1MHz & 10xAv 

Table 4 Full-differential CiFET OpAmp including CiFET virtual ground generator 
Corner Peak [µV] Valley [µV] Input Rfd Offset [µV] Amplitude [µV] Gain Error [µV] 

Nominal 100.163 -99.731 0.043 199.894 -0.106 

Fast-Fast 100.217 -99.298 0.092 199.515 -0.485 

Slow-Slow 99.856 -99.870 -0.001 199.727 -0.273 

Fast-Slow 100.068 -99.802 0.027 199.870 -0.130 

Slow-Fast 99.780 -99.939 -0.016 199.720 -0.280 

Figure 28. 0.5Vdd_Analog-Ground Referenced - offset and 

response variation from nominal to all 4 IC process corners 

Figure 29. Analog-Ground Generator - offset and re-

sponse variation from nominal to all 4 IC process corners 

Input (diffVin) 

Output (diffVout) 

Input (diffVin) 

Output (diffVout) 
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Power Supply 
[V] 

Peak  
[µV] 

Valley  
[µV] 

Input Referred Offset  
[µV] 

Amplitude  
[µV] 

Gain Error  
[nV] 

2.0 99.894 -99.871 0.002 199.766 -0.234 

1.9 99.868 -99.922 -0.005 199.790 -0.210 

1.8 100.113 -99.561 0.055 199.674 -0.326 

1.7 99.883 -99.882 0.000 199.765 -0.235 

1.6 99.926 -99.756 0.017 199.682 -0.318 

1.5 99.878 -99.889 -0.001 199.767 -0.233 

1.4 99.629 -100.060 -0.043 199.689 -0.311 

1.3 99.584 -99.812 -0.023 199.396 -0.604 

1.2 99.061 -99.416 -0.035 198.477 -1.523 

Table 5. Full-differential CiFET OpAmp Gain & Offset Sensitivity to Temperature 

Figure 30. Full-Differential CiFET OpAmp Offset and Gain variation 

over power supply voltage from 2.0 to 1.2volts in -100mv steps 

Power Supply Voltage 

Input (diffVin) 

Output (diffVout) 
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Temperature 
[°C] 

Peak  
[µV] 

Valley  
[µV] 

Input Referred Offset  
[µV] 

Amplitude  
[µV] 

Gain Error  
[nV] 

-150 100.031 -99.510 0.052 199.541 -0.459 

-125 99.871 -99.746 0.013 199.616 -0.384 

-100 99.924 -99.895 0.003 199.819 -0.181 

-75 100.393 -99.449 0.094 199.841 -0.159 

-50 99.704 -100.204 -0.050 199.907 -0.093 

-25 99.961 -99.806 0.016 199.767 -0.233 

0 100.039 -99.780 0.026 199.819 -0.181 

25 99.997 -99.792 0.020 199.789 -0.211 

50 99.948 -99.646 0.030 199.594 -0.406 

75 99.976 -99.937 0.004 199.912 -0.088 

100 99.850 -99.899 -0.005 199.750 -0.250 

125 99.533 -100.178 -0.064 199.711 -0.289 

150 99.983 -99.918 0.006 199.901 -0.099 

175 100.000 -100.034 -0.003 200.034 0.034 

200 99.788 -100.131 -0.034 199.919 -0.081 

225 99.730 -99.779 -0.005 199.509 -0.491 

240 99.419 -99.284 0.013 198.703 -1.297 

Table 6. Full-differential CiFET OpAmp Gain & Offset Sensitivity to Temperature 

Figure 31. Full-Differential CiFET OpAmp Offset and Gain varia-

tion over temperature from -150C to 225C in 25C steps 

Temperature 

Input (diffVin) 

Output (diffVout) 
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Gain & Offset Drift 

Figure 32. Offset/Noise correction drift 1ms after calibration at 

worst-case temperature of +125⁰C using nominal and all 4 worst 

case IC process corners using a 10uv 1MHz input with a voltage 

gain of 10 into a 1pf load 

Corner Peak [µV] Valley [µV] Input Rfd Offset [µV] Amplitude [µV] Gain Error [µV] 

Nominal 100.042 -100.068 -0.003 200.110 0.110 

FastFast 100.522 -99.336 0.119 199.858 -0.142 

SlowSlow 99.631 -100.274 -0.064 199.904 -0.096 

FastSlow 99.856 -100.320 -0.046 200.176 0.176 

SlowFast 99.946 -100.030 -0.008 199.976 -0.024 

Table 7. Full-differential CiFET OpAmp 125⁰C initial offset just after setup 

Corner Peak [µV] Valley [µV] Input Rfd Offset [µV] Amplitude [µV] Gain Error [µV] 

Nominal 101.947 -98.296 0.365 200.243 0.243 

FastFast 161.740 -38.456 12.328 200.197 0.197 

SlowSlow 85.210 -114.885 -2.968 200.095 0.095 

FastSlow 100.969 -99.156 0.181 200.125 0.125 

SlowFast 93.341 -106.605 -1.326 199.946 -0.054 

Table 8. Full-differential CiFET OpAmp 125⁰C offset drift over 1ms 

Corner Peak [µV] Valley [µV] Input Rfd Offset [µV] Amplitude [µV] Gain Error [µV] 

Nominal 109.732 -90.391 1.934 200.123 0.123 

FastFast 324.186 124.205 44.839 199.981 -0.019 

SlowSlow 113.071 -86.735 2.634 199.806 -0.194 

FastSlow 105.127 -94.971 1.016 200.098 0.098 

SlowFast 115.850 -84.044 3.181 199.893 -0.107 

Table 9. Full-differential CiFET OpAmp 125⁰C offset drift over 10ms 

Input (diffVin) 

Output (diffVout) 
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Input Offset and Gain sensitivity to parametric variation 

Table 10 Low offset option obtained by making Coffset = 10pf 
Imposing individual 5% single channel strength errors 

(Normal parametric limit)  Imposing individual 50% single channel strength errors 
(Over-the-top parametric deviation) 

All Units are in µV 

Channel Output 
Peak 

Output 
Valley 

Input 
Refereed 

Offset 

Output 
Amplitude 

Gain 
Error Description Channel Output 

Peak 
Output 
Valley 

Input 
Referred 

Offset 

Output 
Amplitude 

Gain 
Error 

None 100.050 -99.985 0.006 200.035 0.035  None 100.050 -99.985 0.006 200.035 0.035 

Nss+ 117.475 -82.563 3.4912 200.038 0.038 

Offset      
Switch 

Nss+ 275.098 74.976 35.007 200.123 0.123 

Nss- 82.559 -117.494 -3.4935 200.053 0.053 Nss- -74.968 -275.010 -34.998 200.043 0.043 

Pss+ 82.661 -117.379 -3.4718 200.041 0.041 Pss+ -73.574 -273.661 -34.724 200.087 0.087 

Pss- 117.431 -82.617 3.4814 200.048 0.048 Pss- 273.713 73.660 34.737 200.053 0.053 

Nsu+ 99.850 -100.293 -0.044 200.142 0.142 

Reference 
Switch 

Nsu+ 97.853 -102.216 -0.436 200.069 0.069 

Nsu- 100.318 -99.792 0.053 200.110 0.110 Nsu- 102.205 -97.785 0.442 199.989 -0.011 

Psu+ 100.253 -99.841 0.041 200.094 0.094 Psu+ 102.194 -97.868 0.433 200.062 0.062 

Psu- 99.762 -100.260 -0.050 200.022 0.022 Psu- 97.780 -102.300 -0.452 200.080 0.080 

Nen+ 100.029 -100.087 -0.006 200.116 0.116 

Input       
Switch 

Nen+ 100.026 -100.049 -0.002 200.075 0.075 

Nen- 100.056 -99.973 0.008 200.029 0.029 Nen- 100.108 -99.957 0.015 200.065 0.065 

Pen+ 100.024 -100.076 -0.005 200.100 0.100 Pen+ 100.021 -99.991 0.003 200.012 0.012 

Pen- 100.036 -100.038 0.000 200.074 0.074 Pen- 100.175 -99.991 0.018 200.166 0.166 

Nout+ 100.019 -100.071 -0.005 200.090 0.090 

Output    
Switch 

Nout+ 100.218 -99.861 0.036 200.079 0.079 

Nout- 100.097 -100.024 0.007 200.121 0.121 Nout- 99.865 -100.124 -0.026 199.989 -0.011 

Pout+ 100.077 -100.040 0.004 200.121 0.121 Pout+ 100.141 -99.990 0.015 200.131 0.131 

Pout- 100.059 -100.098 -0.004 200.157 0.157 Pout- 99.950 -100.140 -0.019 200.090 0.090 

NS1+ 100.787 -99.268 0.152 200.055 0.055 

Low Noise 
Input Stage 

NS1+ 103.726 -96.360 0.737 200.085 0.085 

NS1- 99.195 -100.795 -0.160 199.990 -0.010 NS1- 96.372 -103.658 -0.729 200.030 0.030 

PS1+ 99.166 -100.965 -0.180 200.131 0.131 PS1+ 94.843 -105.179 -1.034 200.022 0.022 

PS1- 100.899 -99.162 0.174 200.061 0.061 PS1- 105.072 -95.097 0.998 200.169 0.169 

ND1+ 100.261 -99.961 0.030 200.221 0.221 ND1+ 101.105 -99.045 0.206 200.150 0.150 

ND1- 99.905 -100.190 -0.028 200.094 0.094 ND1- 98.966 -101.025 -0.206 199.991 -0.009 

PD1+ 99.873 -100.236 -0.036 200.109 0.109 PD1+ 98.770 -101.390 -0.262 200.160 0.160 

PD1- 100.232 -99.866 0.037 200.098 0.098 PD1- 101.444 -98.645 0.280 200.089 0.089 

NS2+ 99.991 -100.082 -0.009 200.073 0.073 

Dominant 
Pole Stage 

NS2+ 99.802 -100.253 -0.045 200.055 0.055 

NS2- 100.102 -100.080 0.002 200.182 0.182 NS2- 100.313 -99.814 0.050 200.127 0.127 

PS2+ 100.075 -100.078 0.000 200.153 0.153 PS2+ 100.073 -100.135 -0.006 200.208 0.208 

PS2- 100.038 -100.072 -0.003 200.110 0.110 PS2- 100.172 -99.931 0.024 200.103 0.103 

ND2+ 100.126 -99.983 0.014 200.108 0.108 ND2+ 100.203 -99.839 0.036 200.042 0.042 

ND2- 100.052 -100.010 0.004 200.062 0.062 ND2- 99.999 -100.182 -0.018 200.182 0.182 

PD2+ 100.039 -100.051 -0.001 200.090 0.090 PD2+ 100.172 -99.952 0.022 200.124 0.124 

PD2- 100.094 -100.017 0.008 200.111 0.111 PD2- 99.881 -100.192 -0.031 200.073 0.073 

NS3+ 100.111 -100.009 0.010 200.120 0.120 

Stiff Output 
Voltage Driver  

Stage 

NS3+ 100.262 -99.874 0.039 200.137 0.137 

NS3- 100.049 -100.098 -0.005 200.147 0.147 NS3- 99.843 -100.320 -0.048 200.163 0.163 

PS3+ 100.045 -100.028 0.002 200.072 0.072 PS3+ 100.226 -99.881 0.034 200.107 0.107 

PS3- 99.972 -100.113 -0.014 200.086 0.086 PS3- 99.931 -100.154 -0.022 200.085 0.085 

ND3+ 100.134 -99.978 0.016 200.112 0.112 ND3+ 100.182 -99.838 0.034 200.020 0.020 

ND3- 100.076 -100.099 -0.002 200.174 0.174 ND3- 99.932 -100.114 -0.018 200.046 0.046 

PD3+ 100.110 -99.920 0.019 200.031 0.031 PD3+ 100.449 -99.642 0.081 200.091 0.091 

PD3- 100.028 -100.075 -0.005 200.102 0.102 PD3- 99.552 -100.386 -0.083 199.938 -0.062 

NSaGnd 100.164 -100.091 0.007 200.255 0.255 NSaGnd 100.038 -100.095 -0.006 200.133 0.133 
Analog  
Ground  

Generator 

PSaGnd 100.077 -99.987 0.009 200.064 0.064 PSaGnd 99.887 -99.986 -0.010 199.873 -0.127 

NDaGnd 100.063 -100.033 0.003 200.096 0.096 NDaGnd 100.073 -100.119 -0.005 200.192 0.192 

PDaGnd 100.062 -100.045 0.002 200.106 0.106 PDaGnd 100.015 -100.012 0.000 200.028 0.028 

Coffset+ 100.271 -99.856 0.042 200.127 0.127 Offset + Noise 
Storage 

Coffset+ 101.264 -98.804 0.246 200.067 0.067 

Coffset- 99.827 -100.280 -0.045 200.107 0.107 Coffset- 98.858 -101.235 -0.238 200.093 0.093 



Planting the Future of Electronic Designs 

Full-Differential CiFET OpAmp 

Advanced Datasheet  |  Revision 3.3  Page 20 of 28 

Figure 35. Continuous high-frequency output is provided by multiple wire-OR connected full-differential CiFET OpAmps that are 

calibrated out of phase to continue the output waveform while a Full-Differential CiFET OpAmp is offline during its calibration  

Figure 33. Example configuration of a versatile full-differential CiFET OpAmp employing feedback 

CiFET OpAmp Application Examples 

Figure 34. Full-Differential CiFET OpAmp calibration cycle 
of a -180 nano-volt input offset at maximum slope of a 
10KHz 10uv sine wave with a voltage gain of 10  

180nV 

input offset 

500 nS 

Target 

Output 
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Figure 36. Example configuration of a precision 2X full-differential CiFET OpAmp employing capacitive feedback 

Figure 37. Full-floating ultra-precision 2x differential CiFET OpAmp waveforms with half scale additional subtraction capabilities 

Fundamental Building Block Using Capacitive Feedback 

Fundamental 2x building block for a precision ADC/DAC which has capability of half scale subtraction/addition without any precision parts 

Analog input is an increasing sequence of 

alternating polarity voltage steps ranging 

between 0 and 800mv in 2.5mv steps 

This logic control signal is the hold clock 

which inverted is the input sample time    

Precision 2x output voltage ranging from 0 

to 1.6 volts in 5mv steps    
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Flying Capacitor Layout 

Figure 38. 3D Perspective flying capacitor layout in a deep sub-µm process 

Figure 39. Flying capacitor layout 

Note: Connections to each metal 

are always made from the bottom 

up in order to provide a discharge 

path preventing charge accumula-

tion during IC manufacture.  

Note: Connections to each metal 

are always made from the bottom 

up in order to provide a discharge 

path preventing charge accumula-

tion during IC manufacture.  

Note: Alternating layers can be rotated 90 degrees and contacts inserted between all like polarity metal layers to connect and 

increase capacitance density and lower the finger resistance a little.  
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CiFET Detail 

Figure 40.  CiFET 3-D Perspective view 

Figure 41.  CiFET cross sectional view including biased channel charge concentration  

Figure 42.  Newton’s cradle of collision as an analo-

gy of the super-saturated channel conduction 

The charge transmission, or current, is an extremely high-speed 

mechanism resulting from carriers not needing to transit the channel, 

but instead pass their energy from one carrier to an adjacent carrier 

similar to Newton’s Cradle. Here the velocity of the end ball resem-

bles charge movement, and the much higher velocity through the 

dense ball set is vastly different. 

The first or left-most ball represents the charge entering the super-saturated source channel, which is represented by the chain of 

balls in contact with one another. The speed of energy being transmitted into the chain is slow in comparison to rapid energy trans-

mission through the chain, where the balls do not move significantly, to the end where the end ball continues to carry the energy 

to the next chain of balls, which represents the highly saturated drain channel (coincidently going up-hill a bit reflecting an increase 

in voltage). The energy comes out of the drain channel at a voltage gain depending on the drain channel length (representing rm, 

the iFET’s trans-resistance gain in Ω). Although the rm is high, the output impedance is low due to the common gate channel config-

uration and not the anticipated resistance value of rm. 
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Control Logic 

Figure 46. CiFET OpAmp Switch Timing detail at critical non-

overlapping end of calibrate pulse time 

Figure 45. CiFET OpAmp Switch Timing detail at start of 

calibrate pulse time 

Figure 43. CiFET OpAmp Switch Control Logic diagram and corresponding physical layout 

Switch Pch (gate)

Switch Nch (gate) 

Switch Pch (gate)

Switch Nch (gate) 

Output Connected 

Sample offset and Noise 

Figure 44. CiFET OpAmp Switch Timing overview of calibrate pulse (500ns pulse width setup clock)  
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Additional Information For Full-Differential CiFET OpAmp 

Low power supply voltage restrictions in ultra-deep-sub-micron (below 28nm) integrated circuit processes limit the maximum signal 
swing to a much smaller number than most analog designers are accustomed.  So with a smaller signal, the noise must be equally 
small in order to maintain the desired signal to noise ratio.  It is imperative that noise issues be reduced.  The Full-Differential CiFET 
OpAmp technology not only reduces noise by an amount that would be necessary but performs far beyond expectations, delivering 
ultra-quiet front ends. 
 

Additionally, power supply fluxations are addressed by keeping analog signals biased away from the power supply near the power 
supply midpoint where analog signals can maximally swing without pushing into either power rail, where noise and distortion are 
pulled into the analog signal path. Also, differential techniques double the effective analog signal swing headroom.  
 

Process parameter variations including offsets are sampled out during the process of centering the analog operating point near mid-
supply voltage where gain and symmetry are maximized and power supply noise injection is minimized. The front-end of this amplifier 
is managed by setup/enable logic which controls very small metal-insulator-metal (MIM) offset capacitors.  Because of the amplifier’s 
speed and balanced configuration, setup requires a minimum of about 100ns every minute. During this setup time period the amplifier 
output is held on the output capacitance. At lower frequencies this 100ns flat spot in the output is not rationally detectable. If cancel-
lation of 1/f noise is required, the setup cycle is repeated at this noise cancellation rate such as 10KHz for example. For higher output 
drive, only the output transistors are widened; and for continuous output at higher frequencies, two or more of these amplifiers can 
be wire-OR connected and calibrated out of phase. 

Achieved during the setup phase: 

 Internal input voltage bias point is self-biased to approximately ½ the input voltage “sweet spot”  

 Gain and drive symmetry are maximized 

 Offset and 1/f noise are set to zero 

 Process variations are canceled 
These are consistently optimized with each calibration cycle as required, allowing the circuit to be very exact & stable. 

That is constantly corrected on each cycle or as required, Allowing the circuit to be very stable. 

Setup or Sample “Phase-A” 
1) The amplifier output is tied back to its input with a trans-
mission gate switch establishing the “sweet-spot” bias voltage 
on the amplifier input side of the Coffset capacitor.  
2) The other side of the Coffset capacitor is tied to an analog 
voltage “ACgnd.”   
3) This AC-ground reference can be the input, output, or some 
other reference that both analog voltages will operate around, 
usually near or at the sweet-spot half-scale voltage.  This iso-
lates the digital ground and replaces it with the system’s ana-
log Virtual ground for analog voltages operate about.  A differ-
ent circuit version of this OpAmp has the property of trans-
lating an input voltage, up to a diode outside of either power 
supply rail, to an independent AC output bias point usually 
about the mid-supply voltage.  
4) During “Phase-A” the amplifier output is disconnected from 
its load capacitance so the sweet-spot bias voltage is not prop-
agated outside of the amplifier core.  
 

Enable or Output “Phase-B” 
The analog signal inputs are connected to the offset capacitors 
in place of the AC-ground reference bias voltage, establishing 
a level translation to the sweet-spot gate input voltage.  This 
voltage translation subtracts out all the instantaneous DC er-
ror sources including process parameter variations and 1/f 
noise while biasing the amplifier at the sweet-spot where 
±gain is at its highest and balanced with a ~maximum swing. 

 Offset Correction 
During the Phase-B output enable time window (which is near-
ly all of the time), the offset voltage (between the sweet-spot 
and the Output-Ref) is switched in series with the input volt-
age.  During this Phase-B, the charge on the offset capacitors is 
preserved because one end of the series capacitors always 
sees the high impedance of the CiAmp inputs, thus not provid-
ing a charge transfer path (i.e. charge-mode design vantage 
point).  This precisely places the exact voltage needed at the 
CiAmp input as the CiAmp input immediately returns to its 
sweet-spot voltage, analogous to the output being tied to in-
put in Phase-A to establish the sweet spot.  
 

Virtual Ground Reference 
As in all OpAmp applications, analog signals are referenced to 
some “Virtual Ground” reference.  Even though this virtual 
ground is not an actual input or output signal, it relates to the 
peak range that these analog signals reach.  Careful considera-
tion must be taken to not clip these signal swings against a 
power supply rail.  This configuration uses the same virtual 
ground reference for both the input and output.  It can be 
connected to either the input virtual ground or the output 
virtual ground reference which in effect is the analog system 

virtual ground.  There are other single-ended-output circuit 
configurations that translate between separate input and out-
put virtual ground references at some cost of this circuit’s 
differential cancellation properties.  
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Parasitics 
Parasitic capacitance on both sides of the Coffset capacitor are of 
no effect since both of the Coffset capacitor terminal voltages do 
not significantly vary at any time.  This is the rationale behind 
using a voltage source in the feedback to test and characterize 
the amplifier in a test circuit.  
 

MIM Capacitors 
Note that (due to the high impedance gate only CiAmp input), 
the capacitors do not have a significant current path during 
“Phase-B;” thus, these capacitors retain their charge and keep 
their precise voltages independent of capacitor value.  The effec-
tive leakage current affecting the charge on these offset capaci-
tors is the difference between the P and N leakage currents.  The 
long-term voltage drop will be from the differences between the 
complementary CiFET gate leakages plus the switch leakage 
differences, when their voltages are maintained at a voltage near 
the ~half-scale sweet-spot bias voltage.  Because of the high im-
pedance at this point, a voltage source conveniently models 
feedback.   
 

Self-Biased Properties 
The CiFET stages provide a very high gain due to its self-biased 
cascoding properties operating like a cascoded pair of transis-
tors, yet with no extra voltage bias circuitry.  The natural (or ter-
mination) voltage at the iPort becomes the cascode bias supply, 
but it is on the source (iPort) of the drain channel of the respec-
tive complementary iFETs, instead of an independent gate for 
bias voltage, like that of traditional cascode configurations.  
 

Linearization 
Because the CiFET pull-up and the pull-down transistors pass the 
same current, the complementary circuit configuration within 
the seminal CiFET stage cancels out its own inherent non-
linarites.  This enables the high exponential gain of the source 
channels to cancel providing a high linearity output transfer 
function. 
 

iPort Signal 
A very small signal can ride anywhere on a large signal without 
incurring distortion.  Passive components such as capacitors 
(which are RC related to the iPort input resistance) could be uti-
lized to create an active network for filtering (i.e. band-pass, high
-pass) to amplify at the select frequency of interest with tunable 
properties.   
 

Transimpedance Gain 
Weak-inversion gain and dynamic range are exponentially gener-
ated, but are weak and slow.  The CiFET is the embodiment of 
weak-inversion on steroids.  This has been an evasive target 
since the exponential properties of weak-inversion were discov-
ered and is considered the Holy-Grail of analog by many.   
The transimpedance gain rm depends on the relative channel 
conductance ratios normally set by relative channel sizes primar-
ily and not the IC process parameters, yielding a high degree of 
design portability.  

Transimpedance Characteristics 
The biasing voltage, Vbias, and the iPort “offset” voltages are set 
by the combination of two factors for a given supply voltage: 
1) The ratioing the complementary iFET W/L channels,  
2) sizing the PiFETs with the appropriate multiplication factor 
that accounts for the hole-to-electron mobility differences in the 
same way pMOS is typically done for CMOS logic gate sizing  
 

Highest Gain 
The CiAmp is not bounded by threshold voltages, and its highest 
gain is delivered when the source and drain channels of the com-
plementary iFETs in the circuit are in the exponential sub-
threshold regime.  For instance, the highest gain for the 3-stage 
CiAmp is 160dB (100 Million, equivalent to ~28 digital bits) at a 
supply of 1.0V where the CiAmp has a bandwidth of 1GHz, while 
consuming less than 1.0μA which is a 1.0μW power dissipation.  
 

Low Power & Speed 
Low power operation along with high speed is due two reasons: 
1) The minimum parasitic capacitance due to the attributes of 
the digital-like, minimally-sized transistors that make up the 
CiFET and  
2) having a maximum current density within the CiFET to charge 
those capacitances, while the total power supply current is rela-
tively small because of the small device sizes.   
Note that high current density is set up by the CiFET channel 
length to be within a safe maximum level in their IC process.  
 

Speed Limitations 
The CiAmp configurations are not limited in terms of speed due 
to velocity saturation like traditional amplifiers.  The super-
saturated channels transmit current predominately by diffusion 
rather than carrier transport.  In other words, the electrons do 
not have to transverse the entire channel length, but rather have 
to only push on the adjacent electrons in order to knock an elec-
tron off the end of the drain channel.  This in turn provides the 
low output impedance, which adequately drives CiAmp loads 
along with any additional parasitics.  The CiAmp speed scales 
directly with logic process ring oscillator speed.  
 

1/f Noise, Offset Voltage and Parametric Variation 
This is by far the most significant noise contributor, especially in 
the source channels where voltage gain is generated.  It is cali-
brated out by the Coffset capacitor through the phase A/B 
(Setup/Enable) at every calibration cycle.  Between these calibra-
tion points, noise voltage is accumulated along with offset volt-
age drift resulting from the differential differences that exist.  
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Source Channel Noise 
1/f noise in the gain generating source channel is reduced be-
cause the self-bias scheme provides a high field strength to the 
source channel by its gate, forcing carriers in the channel to 
operate below the surface, where there is a smoother path 
(fewer obstructions), rather than along the surface where crys-
tal lattice defects interfere.   
 

Drain Channel Noise 
1/f noise in the level translating drain channel is low.  Unlike 
conventional analog designs, the gate is self-biased near the 
half-way point between the power supply rails, as is the drain, 
while the iPort is within ~100 millivolts of the power rail.  With 
the high electric field along the drain channel, and the gate 
voltage equal to the drain terminal voltage, the carriers are 
constrained to flow mostly below the channel surface.  This 
keeps the drain channel out of pinched off conditions, where 
unwanted 1/f noise would be generated.  
 

Wide Band Noise 
Wide band noise (white-noise) is always an issue in high gain, 
high frequency circuits.  While conventional designs adjust the 
gate voltage to establish the operating point, Circuit Seed de-
signs establish the gate voltage at the optimum point (the 
“sweet-spot”) and then adjust the longer channel lengths to 
establish the desired operating current.  This approach estab-
lishes a higher quiescent current where, for reasons explained 
above, higher current density circuits have lower wide band 
noise.  
 

Ground-Loop noise 
Diminished because the circuit ground is “virtual” (just like in 
many op-amp circuits) rather than ground being one or the 
other power supply connections where ground currents inject 
voltage noise.  In resistor feedback applications, the isolated 
virtual ground is the reference and in high precision closed-
loop cases, “flying capacitors” are employed to decouple even 
the output from the input.  With “flying capacitors” there is no 
direct electrical connection between stages, so there is no 
common ground, virtual or otherwise.  The use of “differential 
decoupling” (flying capacitors) offers transformer-like isolation 
between stages with the compactness of integrated circuit 
elements. 
 

Resistor Noise 
Resistor noise is reduced because the self-bias configuration 
puts the complementary pair at its lowest channel resistance 
operating point.  Resistance is caused by collisions between 
carriers and the surrounding atoms in the conductor.  The low-
er the resistance, the fewer the collisions.  
 
 
 
 

Power Supply Noise 
High common mode power supply rejection is inherent in the 
complementary CiFET circuit.  Signals are with respect to the 
mid-point instead of being with respect to one of the power 
supply rails (similar to an op amp with its “virtual” ground).  
Power supply noise is from one rail to the other, equal and 
opposite in phase with respect to each other, thus canceling 
around the mid-point.  Inputs and Outputs are floating with 
respect to the power supply to minimise injected noise.  
 

Coupled noise 
From “parasitic induced crosstalk” increases by the square of 
the signal amplitude.  Unintended capacitive coupling with a 1 
volt signal causes a lot more trouble than with a 100 mV sig-
nal, by a factor of 100:1 (square law effect).  The small voltage 
signals employed in the analog sections reduce this capacitive 
coupled interference substantially.  Nearby digital signals will, 
by definition, be high amplitude (rail-to-rail).  Good layout 
practices are still the best defense against this digital source of 
noise.  
 

Scalability 
Since CiFET based circuits are fundamentally based on a logic 
inverter and operate wherever an inverter operates yielding 
proportional performance while being about as portable as 
logic circuits.  Their operation is highly scalable to IC process 
nodes not requiring major rework to accommodate process 
parameter variation.  However, due to their high gain and 
speed, careful physical layout to keep stability and perfor-
mance in check.  
 

Charge Mode Design 
The Full-Differential CiFET OpAmp charge-mode logic digital 
circuit operate on fast switching changes in current instead of 
voltage.  Essentially inverters are the gain element which are 
arguably the highest gain configuration of a complementary 
pair of transistors.  The balanced complementary nature also 
balances out non-linarites.  
 

Summary Thought 
As in any good analog design, good design practices should be 
used in charge-mode CiFET based designs.  

Note: CiFET circuits are linearized and symmetrically balanced through the use of complementary diffusion types rather than 

conventional analog loading techniques. 
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