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A. CCII simulation model 
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IEEE.electrical_systems IEEE.math_real

electrical IEEE.electrical_systems

math_2_pi

math_real

entity architecture

electrical

y x nvdd nvss z

n0 n1

vy1 vy2

input stage transfer 
stage

library IEEE; 
use IEEE.math_real.aall; 
use IEEE.electrical_systems.aall; 
ENTITY CCII__model IIS 
GENERIC ( 
--generic constants here); 
PORT (tterminal y, x, z, nvdd, nvss : electrical); 
END ENTITY CCII__model; 
ARCHITECTURE arch_CCII_model OOF CCII_model IIS 
-- inner terminals 
  tterminal n0, n1: electrical; 
-- inner branch quantities 
  qquantity vy aacross iy, icy tthrough y tto electrical_ref; 
  qquantity v_io aacross i2 tthrough y tto n0; 
  qquantity vy1 aacross n0 tto electrical_ref; 
  qquantity vy2 aacross iy2 tthrough n1 tto electrical_ref; 
  qquantity vy3 aacross ix tthrough x tto n1; 
  qquantity vx aacross iib_x, icx tthrough x tto electrical_ref; 
  qquantity iib_y tthrough n0 tto electrical_ref; 
  qquantity iz, irz, icz, io_z tthrough z tto electrical_ref; 
  qquantity vz aacross z tto electrical_ref; 
  qquantity vdd aacross nvdd tto electrical_ref; 
  qquantity vss aacross nvss tto electrical_ref; 
  qquantity ics tthrough nvdd tto nvss; 
-- inner free quantities 
  qquantity vicm:VOLTAGE; 
  qquantity vpsr:VOLTAGE; 
  qquantity vz1:VOLTAGE; 
  qquantity vref:VOLTAGE; 
  qquantity ix_h : current; 
-- constants 
  cconstant wp2: REAL := fp2 * math_2_pi; -- second pole 
  cconstant wp3: REAL := fp3 * math_2_pi; -- third pole  
  cconstant num_DM: REAL_VECTOR := (0 => wp2 * wp3 * axz); 
  cconstant den_DM: REAL_VECTOR :=(wp2*wp3, wp2+wp3, 1.0); 
  cconstant wpcm: REAL := fpcm * math_2_pi; -- -3db pole 

frequency in radians 
  cconstant num_CM: REAL_VECTOR := (wpcm, 1.0); 
  cconstant den_CM: REAL_VECTOR := (wpcm, 0.0); 
begin 
--***input stage***-- 
  iy == vy/ry; 
  icy == cy * vy'dot; 
  iib_y == iib + iio/2.0; 
  vicm == 0.5*(vy+vx); 
  vpsr ==(vdd+vss); 
  v_io == vio + (vicm'ltf(num_CM, den_CM))/CMRR; 
--limitation of the Y2-terninal voltage-- 
  iif vy2'above(vdpy2) uuse vy2 == vdpy2; 
 eelsif not vy2'above(vsny2) uuse vy2 == vsny2; 
   eelse vy2 == ayx * vy1; 
  eend use; 
  vy3 ==  ix_h * rx + lx_h * ix_h'dot; 
--limitation of the Ix current-- 
  iif ix_h'above(ibias) uuse ix == ibias; 
 eelsif not ix_h'above(-ibias) uuse ix == -ibias; 
    eelse ix == ix_h; 
 eend use; 
  icx == cx * vx'dot; 

  iib_x == iib - iio/2.0; 
  ics == SUPPLY_CURRENT; 
--***transfer stage***-- 
  io_z == ioz + vpsr*SVRR; 
  iz == ix'ltf(num_DM, den_DM); 
  vz1 == irz*rz + vref; 
  vref ==(vdd+vss)/2.0; 
--limitation of the output voltage-- 
  iif vz1'above(vdpz) uuse vz == vdpz; 
 eelsif not vz1'above(vsnz) uuse vz == vsnz; 
   eelse vz == vz1'slew(SRp, SRn); 
end use; 
break on vz1'above(vdp), vz1'above(vsn); 
icz == cz * vz'dot; 
END ARCHITECTURE arch_CCII_model; 

B. CCCII simulation model 
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GENERIC (

temp_ambient : real := real'LOW;  -- Ambient temperature [C|K] 
temp_units   : temperature_units := celsius; -- Temperature 

Units 
BETAN : real := … ;-- Forward current gain of the output NPN 

transistor 
BETAP : real := … ;-- Forward current gain of the output PNP 

transistor 
VAN : VOLTAGE := … ;-- Forward Early voltage of the output NPN 

transistor 
VAP : VOLTAGE := … ;-- Forward Early voltage of the output PNP 

transistor 

  Ibias : CURRENT := value); -- bias current   
PORT (terminal y, x, z, nvdd, nvss : electrical); 
END ENTITY CCII_model; 
ARCHITECTURE arch_CCII_model OF CCII_model IS 
-- inner free quantities 
  quantity rx : resistance; 
  quantity rz : resistance; 
  constant TempK : temperature := 

ambientTempFromGeneric(temp_ambient, temp_units); -- Temperaure [K] 
  constant vt : real := PHYS_K*TempK/PHYS_Q; -- Thermal Voltage 

  --PHYS_K = Joules/Kelvin - Boltzmann constant 
  --PHYS_Q = coulomb - electron charge   

begin 
rx == vt/(2.0*ibias); 
rz == 1/((2.0*ibias)/(BETAN*VAN)+ (2.0*ibias)/(BETAP*VAP)); 

END ARCHITECTURE arch_CCII_model; 



C. Improved CFOA simulation models 
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--limitation of the Z-terninal voltage-- 
  iif vz1'above(vdpz) uuse vz == vdpz; 
 eelsif not vz1'above(vsnz) uuse vz == vsnz; 
   eelse vz == vz1; 
  eend use; 
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--***output stage***-- 
  vo1 == azo * vz'slew(SRp, SRn); 
  vo2 == io2_h*ro + lo * io2_h'dot; 
--limitation of the output current-- 
if io2_h'above(i_max_p) uuse io2 == i_max_p; 
 eelsif not io2_h'above(i_max_n) uuse io2 == i_max_n; 
    eelse io2 == io2_h; 
end use; 
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port (tterminal y, x, output, nvdd, nvss : electrical); 
END ENTITY three_terminal_CFOA; 
ARCHITECTURE arch_three_terminal_CFOA of three_terminal_CFOA is 
-- inner terminals 
  tterminal n0, n1, n2, z: electrical; 
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