Analog Electronics — 1

NMOS Input, Single-Ended Output, Folded-Cascode Amplifier Example (node 8 f ed back to node 14)
Labels, Node Number s @ |vDD If vy, is pic ked to be 0.2V, and V4 = 0.8V,

@
veif—wa—[ ms Vip = 0.9V, then Vg = 1.0V, [Vggp| = 1.1V,

Minim um possib le Vgis V,,, however, to be

on’

safe, setto V,+0.2V = 0.4V, power suppl y rails

at 3.0 V. (bias v oltages sho wn belo w) then s wing
from about 0.6 Vto 2.4V .
Initial estimates: Kpn = 75 pA/V, Kpp = 25 pA/ vV,

)\n’p = 0.2for L = 2 um, )\n]p = 0.5for L = 0.8um

K
- _pW .2 - -
DS ~ "2“|_'Von(1+)‘VDS)' 9 = Ipsh: 1o = V/(Ipsh)

* |nitial Values cal cul ated as above

ML 51 3 0 MNCHOP8 L=0.8U W-26.0U M1
M 62 3 0 MNCHOP8 L=0.8U W-26.0U M1
M3 34 0 0 MNCH 2P0 L=2.0U W-242.U M1
M4 5 7 99 99 MPCH 0P8 L=0.8U W267. U M1
M6 6 7 99 99 MPCH OP8 L=0.8U W267. U M1
M6 8 10 5 5 MPCH 2P0 L=2.0U W326. U M1
M/ 9 10 6 6 MPCH 2P0 L=2.0U W-326. U M1
M8 8 11 12 0 MNCH 2P0 L=2.0U W-110U M=1
M 9 11 13 0 MNCH 2P0 L=2.0U W110U M=1

MLO 12 14 0 0 MNCH 2P0 L=2.0U W110U MF1
ML1 13 14 0 0 MNCH 2P0 L=2.0U W110U M=1
Note, M3 is replaced b y current sour ce of 180 HA and 25 k Q resistor whic h provides 20 pA at 0.5 V. Results
shown on ne xt page. Biggest problem: current thr ough M4, M5 is wa y too big. Fix this fir st bef ore adjusting

more minor pr oblems. E.g., v,, notat0.4V, v, notexactly at 1.5 V.
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Results of initial sim ulations with siz es given on pre vious pa ge, M3 current sour ce

NODE VOLTAGE NODE _ VOLTAGE NODE VOLTAGE NODE VOLTAGE

(D 15000 (2 1.5000 (3) 5256 ©) 2.7406

(6) 27406  (7) 1.9000 (8) 1.6425 (9) 1.6425

(10) 1.5000  (11) 1.4000 (12) 2341 (13) 2341

(14) 1.1425  (98) 1.5000 (99) 3.0000
NAME M1 M2 M4 M5 M6 M7 M8 M9 M10 M11
MODEL |MNCH_OP8 MPCH_OP8MPCH_OPS8MPCH_OP8MPCH_2P0 MPCH_2POMNCH_2P0 MNCH_2P0 MNCH_2P0 MNCH_2P0
D 1.01E-04 1.01E-04 -3.78E-04 -3.78E-04 -2.77E-04 -2.77E-04 2.77E-04 2.77E-04 2.77E-04 2.77E-04
VGS 9.74E-01 9.74E-01 -1.10E+00 -1.10E+00 -1.24E+00 -1.24E+00 1.17E+00 1.17E+00 1.14E+00 1.14E+00
VDS 2.22E+00 2.22E+00 -2.59E-01 -2.59E-01 -1.10E+00 -1.10E+00 1.41E+00 1.41E+00 2.34E-01 2.34E-01
VBS 5.26E-01 -5.26E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 -2.34E-01 -2.34E-01 0.00E+00 0.00E+00
VTH 7.61E-01 7.61E-01 -8.50E-01 -8.50E-01 -9.22E-01 -9.22E-01 8.68E-01 8.68E-01 8.33E-01 8.33E-01
VDSAT  [2.22E-01 2.22E-01 -2.63E-01 -2.63E-01 -3.20E-01 -3.20E-01 2.99E-01 2.99E-01 3.05E-01  3.05E-01
GM 732E-06 7.32E-04 243E-03 2.43E-03 147E-03 147E-03 156E-03 156E-03 1.22E-03 1.22E-03
GDS 3.91E-05 3.91E-05 2.15E-04 2.15E-04 2.00E-05 2.00E-05 3.72E-05 3.72E-05 4.64E-04 4.64E-04
GMB 1.17E-04 1.17E-04 4.64E-04 4.64E-04 4.02E-04 4.02E-04 3.85E-04 3.85E-04 3.49E-04 3.49E-04
CGSO/  |747E-156 7.47E-15 5.73E-14 5.73E-14 7.00E-14 7.00E-14 3.17E-14 3.17E-14 3.17E-14 3.17E-14
CGDOV  |7.47E-15 7.47E-15 573E-14 573E-14 7.00E-14 7.00E-14 3.17E-14 3.17E-14 3.17E-14 3.17E-14
CGBOV |3.72E-16 3.72E-16 4.54E-16 4.54E-16 1.14E-15 1.14E-15 1.05E-15 1.05E-15 1.05E-15 1.05E-15
CGS 223E-14 2.23E-14 2.80E-13 2.80E-13 BG55E-13 B855E-13 2.68E-13 2.68E-13 2.25E-13 2.25E-13
CGD 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.27E-13  1.27E-13

Notes: CBD, CBS, CGB left out as the y are all z eros. M6 and M7 has VSB=0, (no bod Yy effect) allo ws VGS also
of 1.1V, (this option is not a vailable with M8, M9, or M1, M2). Current in M4, M5 is ver y high, attempt to scale
W by 200/378, result (W/L) of about 140. Also, V GS of M1 and M2 is a bit lo w, could make these transistor s a
bit smaller . After that, fir st adjust 14, 15 to 200 uA, bef ore any adjustments can be done on M6, thr ough M10.
Next page shows results after M4, M5 adjusted to give 200 uA, and M1, M2 adjusted slightl y to have VGS of
1V. Note, on next page, all capacitance parameter s left out of tab le.
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M4, M5 adjusted to give about 200 uA, and M1, M2 adjusted slightl y to have VGS of 1V

NODE VOLTAGE |[NODE __ |VOLTAGE |NODE VOLTAGE |NODE VOLTAGE

D 15000 (2 1.5000 ©) 2991 ©) 2.5019

(6) 25919  |(7) 1.9000 (8) 1.4893 (9) 1.4893

(10) 1.5000  |(11) 1.4000 (12) 3415 (13) 3415

(14) .9893 (98) 1.5000 (99) 3.0000
NAME M1 M2 M4 M5 M6 M7 M8 M9 M10 M11
MODEL |[MNCH_OP8 MNCH_0P8 MPCH_OPS8MPCH_OPS8MPCH_2P0 MPCH_2P0 MNCH_2P0 MNCH_2P0 MNCH_2P0 MNCH_2P0
D TO0E-04 L.OOE-04 -20lE-04 -2.0lE04 -1.0IE04 -L.0IE-04 I1.0IEO04 IL.OIE-04 ILOIE-04 LOIE-04
VGS  |1.00E+00 1.00E+00 -1.10E+00 -1.10E+00 -1.09E+00 -1.09E+00 1.06E+00 1.06E+00 9.89E-01  9.89E-01
VDS  |2.09E+00 2.09E+00 -4.08E-01 -4.08E-01 -1.10E+00 -1.10E+00 1.15E+00 1.15E+00 3.41E-01 3.41E-01
VBS  |-4.99E-01 -4.99E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 -3.41E-01 -3.41E-01 0.00E+00 0.00E+00
VTH 764E-01 7.64E-01 -8.40E-01 -8.40E-01 -9.21E-01 -9.21E-01 9.00E-01 9.00E-01  8.30E-01  8.30E-01
VDSAT |2.41E-01 241E-01 -2.71E-01 -271E-01 -191E-01 -1.91E-01 1.81E-01 181E-01 1.79E-01 1.79E-01
GM 6.64E-04 6.64E-04 1.27E-03 1.27E-03 9.06E-04 O.06E-04 0.63E-04 9.63E-04 9.53E-04 9.53E-04
GDS  |3.55E-05 3.55E-05 8.40E-05 8.40E-05 1.22E-05 122E-05 2.30E-05 2.30E-05 2.27E-05 2.27E-05

[ )

® Notes: M1, M2, ha ve the e xpected v oltage.

® M4, and M5 have the correct current, and the

voltage is nearl y as expected (e xpected VDS to be
0.4V, itis 0.408. Thus V GS of M6 and M7 are a bit

too small, could decrease the siz

e of M6, M7 a bit.

= Howmuch? Toget Vgg = 1.1V, requires b

a AV = 0.01V. This will c hang e the current
by g,,%0.01 = 9.06 pA. Present current is

correct at 101 pA, To reduce b y 9.06 pA
requires ¢ hang e of siz e by 92/100 times.

M10, M11 set the output v oltage, since VGS10 +
VFB =VO. Output v oltage is a bit lo w, need lar ger
VGS across M10, M11 so decrease their siz e a bit.
Similar to case f or M6,M7: need AV = 0.011, will
increase current b y gm x 0.011 about 10 uA, then
compensate b y decreasing W b y about 91/101.

M8, M9 set the v oltage on node 12, 13 since it is
voltage on node 11 min us VGS. Since VDS of M10
isonly 0.34, need smaller V GS of M8, M9. Could tr y
larger WI/L, ho wever, VT is increased because of
body effect, so VGS of 1V may be hard to ac hieve.

Instead could increase VB3 slightl

y (here to 1.48V).
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Simulations after all currents adjusted, V.~ GS of NMOS all 1V, PMOS 1.1V, VDS set to 0.4V (used VB3=1.48V)

NODE  |VOLTAGE NODE _ VOLTAGE NODE _ VOLTAGE NODE  VOLTAGE

@) 1.5000 @) 15000 @) 2995 ©) 2.6005

(6) 2.6005 @ 1.9000  (8) 1.4976 () 1.4976

(10) 1.5000 (11) 1.4800  (12) 3977 (13) 3977

(14) 9976 (98) 1.5000  (99) 3.0000
NAME  |M1 M2 M4 M5 M6 M7 M8 M9 M10 M11
MODEL |MNCH_OP8 MNCH_OP8 MPCH_OPS8MPCH_OPS8MPCH_2POMPCH_2POMNCH_2P0 MNCH_2P0 MNCH_2P0 MNCH_2P0
D 1.00E-04 1.00E-04 -2.00E-04 -2.00E-04 -1.00E-04 -1.00E-04 1.00E-04 1.00E-04 1.00E-04 1.00E-04
VGS 1.00E+00 1.00E+00 -1.10E+00 -1.10E+00 -1.10E+00 -1.10E+00 1.08E+00 1.08E+00 9.98E-01 9.98E-01
VDS 2.10E+00 2.10E+00 -3.99E-01 -3.99E-01 -1.10E+00 -1.10E+00 1.10E+00 1.10E+00 3.98E-01  3.98E-01
VBS -5.00E-01 -5.00E-01 0.00E+00 0.00E+00 0.00E+00 0.00E+00 -3.98E-01 -3.98E-01 0.00E+00 0.00E+00
VTH 764E-01 7.64E-01 -8.41E-01 -8.41E-01 -9.21E-01 -9.21E-01 9.15E-01 O.15E-01 8.29E-01 8.29E-01
VDSAT  [2.41E-01 2.41E-01 -2.71E-01 -2.71E-01 -1.99E-01 -1.99E-01 1.89E-01 1.89E-01 1.87E-01 1.87E-01
GM 6.64E-04 6.64E-04 1.27E-03 1.27E-03 8.65E-04 8.65E-04 9.15E-04 9.15E-04 9.03E-04 9.03E-04
GDS 3.55E-05 3.55E-05 8.39E-05 8.39E-05 1.17E-05 1.17E-05 2.18E-05 2.18E-05 2.16E-05 2.16E-05
GMB 1.08E-04 1.08E-04 2.42E-04 2.42E-04 2.40E-04 2.40E-04 2.12E-04 2.12E-04 2.50E-04 2.50E-04
CGSO/ |6.32E-15  6.32E-15 2.85E-14 2.85E-14 6.44E-14 6.44E-14 2.88E-14 2.88E-14 2.88E-14 2.88E-14
CGDOV  |6.32E-15 6.32E-15 2.85E-14 2.85E-14 6.44E-14 6.44E-14 2.88E-14 2.88E-14 2.88E-14 2.88E-14
CGBOV |3.72E-16 3.72E-16 4.54E-16 4.54E-16 1.14E-15 1.14E-15 1.05E-15 1.05E-15 1.05E-15 1.05E-15
CGS 1.88E-14 1.88E-14 1.39E-13 130E-13 7.87E-13 7.87/E-13 2.43E-13 2.43E-13 2.43E-13 2.43E-13

Results and fur

ther refinements sho wing eff ect of 0.8 micr

on for M6, M7 and eff ect of lar ger W/L for M1, M2.

L of WI/L of |DC Gain|UGBW |Phs Mag gml, 2 gol, 2 gm6, 7 906, 7 |Comments

M6,M7 (M1,M2 |dB MHz  |Degrees LA/ |HAN |HAN LAV

2H 22/0.8 [50.2 42 70 664 35,5 865 11.7 |Design as abee, cascode L=2 micron for M6, M7,

0.8H [22/0.8 [39.6 44.6 82 664 35.5 685 45.2 Cascode L=0.8 micron, reducedlig, less phase shift

0.8 [44/0.8 [41.9 63.5 775 979 52.3 683 45.1 Previous design, increase W/L of M1, M2, higher UGBW
0.8 [88/0.8 [43.8 88.2 72.0 1420 |759 683 45.1 Increase of W/L of M1, M2, higer UGBVBoorer phase
0.8 [176/0.8 |45.4 118 65.0 2050 109 684 45.2 Increase W/L of M1, M2, higer UGBWoorer phase

0.8 [352/0.8 [46.7 153 55.0 2940 [157 684 45.2 Increase W/L of M1, M2, higer UGBVWWhase main limit
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