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Advanced Compact MOSFET

• Charge-based model
• Single-piece expressions with infinite order 

of continuity for all regions of operation
• Source-drain symmetry of the transistor
• Charge-conserving equations
• Reduced number of parameters
• Developed by Integrated Circuits 

Laboratory  (LCI-UFSC)



Implementation

• Using the User Definable Model (UDM) 
tool

• The iterative algorithm used for the 
numerical calculation of the inversion 
charge in the UCCM obtains relative errors 
of less than 10-7.

• The model code was written in C.
• Example.



Parameters

VThreshold voltageVTO

m2Drain-induced barrier lowering factorSIGMA

mJunction depthXJ

m/sVelocity saturationVMAX

-Temperature factorM

1/VMobility reduction factorTHETA

-Channel length modulation factorLAMBDA

V0.5Body effect factorGAMMA

VSurface potentialPHISO

cm-3Acceptor densitiesNA

mGate oxide thicknessTOX

m2/V.sCarrier mobilityUO

UNITDESCRIPTIONPARAMETERS



Parameter extraction
Threshold Voltage (VTO)

For VDS= 1mV
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Benckmark Tests

• Gummel Symmetry Test (GST)

• M2M network

• Capacitances



Gummel Symmetry Test (GST)
This test is used to show the symmetry of the forward and 
reverse modes of operation and the continuity, around the 
origin, of the drain current and charges as well as their 
derivatives. 

ACM PSP HiSIM
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M2M Network

Current
Mirror (1:1)

VDD

Iref IM2=Iref IM4=I /2ref IM6=I /4ref
IM8=I /8ref IM10=I /8ref

ACM PSP HiSIM



Capacitances



Simulation Time

0.981.131.011.090.981.001s370msTRANab_integer

1.251.861.632.351.021.031s400msACab_ac

1.061.111.061.021.111.073s020msTRANhussamp

1.191.311.231.280.920.98640msTRANg1310

1.281.931.601.750.701.002s430msDCschmitslow

1.161.871.632.140.841.021s580msDCschmitfast

BSIM4PSPHiSIMMM11EKVACMACMcapAnalysisCircuit

Normalized simulation times (with respect to ACMcap) using the different models available in ELDO.



Design Example-I

• Design of a folded cascode amplifier using 
ACM equations

• Specifications

V/µs>4SR

pF5CL

dB>100AVO

MHz10GBW

UnitSpec



Design Example -II
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Folded-cascode op amp Bias network



Design Example –III
Dimensions

13.50.5MN3

3.52(4x 0.5)MN2

13.50.5MP1,MP2,MP3

270.5M5

13.50.5M3A,M4A

13.50.5M1A,M2A

13.50.5M3,M4

270.5M11,M12

13.50.5M1,M2

W(µm)L(µm)Transistor



Design Example –IV
Results

V/µs5>4SR

dB141>100AVO

MHz9.7710GBW

UnitSimulationSpec



Conclusions

• ACM is a powerful and useful tool for 
simulation and design because it consists of 
simple, accurate and single equations 
together with a small number of physical 
parameters.
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