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  PMOS Input Folded Cascode Amplfier Design Example
Star ting point: Sle w rate required 100V/ sec=I/C. For C=2pF , require 200 A (equal to 2I on sc hematic),
whic h sets current thr ough M3,M4,M5. Then I10,11 should be 100 A. To siz e transistor s, choose Von, e .g.,
0.2V and a saf e VDS slightl y lar ger, e.g., 0.4 V. Reminder , Von =VGS-VT is the minim um possib le VDS.
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Labels, Node Number s

Bias Volta ges, Currents

Again, if , and , ,

, . For saf e margin, let

. , (bias v olta ges

sho wn left). Again, s wing fr om about 0.6 V to 2.4 V .
Estimate: , ,

 for ,  for
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von 0.2 V= VTN 0.8V= VTP 0.9– V=

VGSN 1.0 V= VGSP 1.1 V=

V DS Von 0.2V+ 0.4V= = V DD 3 V=
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M1 5 1 3 3  MPCH_0P8 L=0.8U W=60.0U M=1
M2 6 2 3 3  MPCH_0P8 L=0.8U W=60.0U M=1
*M3 3 4 0  0 MNCH_2P0 L=2.0U W=196.0U M=1
I3 99 3 DC 180U
R3 99 3 25K
M4 5 7  0  0 MNCH_0P8 L=0.8U W=43.0U M=1
M5 6 7  0  0 MNCH_0P8 L=0.8U W=43.0U M=1
M6 8 10 5  0 MNCH_2P0 L=2.0U W=100.0U M=1
M7 9 10 6  0 MNCH_2P0 L=2.0U W=100.0U M=1
M8 8 11 12 12 MPCH_0P8 L=0.8U W=65.0U M=1
M9 9 11 13 13 MPCH_0P8 L=0.8U W=65.0U M=1
M10 12 14 99 99 MPCH_0P8 L=.8U W=65.U M=1
M11 13 14 99 99 MPCH_0P8 L=.8U W=65.U M=1
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• Note: All PMOS transistor s have sour ce tied to substrate to a void increased threshold due to bod y eff ect.
This is not possib le with NMOS (since NMOS is in a common substrate) hence M6 and M7 ha ve a slightl y
increased threshold. For this reason, VB3 has been raised to 1.48 V .

• Note also: M3 is replaced with I3 and R3 of appr oximatel y 180 uA and 25K. The v alue of 25K was taken fr om
the NMOS current sour ce fr om the pre vious e xample . In that case , R3 was simpl y 1/GDS3. It can also be
calculated fr om fr om R=1/(Ixlambda). For I=200uA and lambda=0.2, R=25K.  It turns out that lambda f or N
and P are not quite the same , so this should reall y be done more carefull y. Mainl y where this could be
impor tant is in determining common-mode gain. With the abo ve values, the resulting current is 200 uA, if
VGS1,2 =1V. It will be necessar y to adjust I3 slightl y when c hanging the siz e of M1 and M2, since an y
chang e of siz e will c hang e the VGS, and hence the v olta ge across R3

• VFB forms the equiv alent of a current mirr or between M10 and M11. M10 (in series with M8) f orms a diode
connected transistor , that is the v olta ge on node 8 is directl y transf erred to the gate of M10 thr ough VFB.
As a result an y chang e of current, thr ough M10 will be mirr orred b y M11. As well, being diode connected,
node 8 will maintian a nearl y constant v olta ge. Any chang e of volta ge on this node is directl y fed to the gate
of M10, M11, and a small c hang e of volta ge can pr oduce a lar ge chang e of current accor ding to .

Thus as seen on the sc hematic, the output current is .

• Note that VFB could be turned to 0V and the cir cuit w ould still w ork. This par ticular v alue of VFB is ver y
convenient, since then it is simpl y a straight connection. The result w ould be that the v olta ge on node 8 and
node 9 w ould then be , whic h for conditions similar to bef ore w ould be about 1.9V instead of
1.5 V. Thus this can be seen as an output ref erred offset of 0.4 V . With a DC gain of 1000, this corresponds
to an input ref erred offset of 0.4 mV whic h is quite tin y. Recall that with f eedbac k, input ref erred offset is
typicall y what one w ould see . Thus, all one needs is a diff erential input of 0.4 mV and the output v olta ge will
move by 0.4 V whic h will result in the output v olta ge being at 1.5V . Here we c hose to use VFB=0.4V , so we
would nominall y not ha ve any offset.

• The follo wing tab le sho ws the nominal star ting design, where siz es were set to result in all V ons being 0.2V
and VDS f or M4,M5, M10,M11 being 0.4V . Then transistor siz es were c hang ed to attempt to ac hieve
maxim um band width, whic h is ac hieved with minim um gate length. Then siz es were c hang ed to attempt to
get maxim um DC gain whic h is obtained with lar ger gate lengths. Note if the design goal was to minimiz e
offset, lar ger gate lengths are also impor tant. Optimizing f or lo w noise will be discussed later . In real lif e,
there is usuall y not a single goal, b ut a combination of goals.
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Plot of the last entr y with lar gest gain

Transistor Sizes Transconductances, Conductances Performance Comments, etc

M1,2, M4,5 M6,7 M8-11 gm1 go1 gm67 go67 go4 Ao UGBW PhMrg Limiting factor Comments

60/0.8 43/0.8 100/2 65/0.8 598 39.6 914 21.8 69.4 42.0 41.7 82 Von=0.2 Starting Point, as on last page.

650/0.8 43/0.8 100/2 65/0.8 2050 134 919 21.9 69.4 49.7 125 61 PM=60 Larger M1,2,  higher gain, BW

1000/0.8 43/0.8 16/0.8 65/0.8 2570 167 553 29.6 69.4 45.5 139 62 PM=60 All  0.8u, best UGBW

60/0.8 195/2 100/2 327/2 600 39.8 917 21.9 42.6 50.7 38.9 68 Von=0.2 M4,5 2u increases gain

120/0.8 195/2 100/2 327/2 866 56.9 915 21.8 42.6 52.4 51.8 60 PM=60 Increase M1,2 better gain

260/2 195/2 100/2 327/2 802 10.8 916 21.9 42.6 56.6 50.3 60 Von=0.2&PM=60 All transistors 2u, best gain

UG=50.25 MHz

Phase =-120.507

DC Gain = 56.5 dB

Gain

Phase
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  Including T ransistor P arasitics. P art of real lif e, but not officiall y par t of 97.477, f or inf ormation onl y.

S1 G1 G2 SN/2+1S2 G3 GNDN/2D1

0.8 1
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2.3
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0.81 1
2.8

L

Transistor siz e is NW/L. Dimensions are  by

Area of the Sour ce is given b y

AS=

Area of Drain is AD=

Perimeter of Sour ce is given b y:

PS=

Perimeter of Drain is PD =

W

N L× N 1–( ) 2.8µ 4.6µ+×+

2 2.3 W× N
2
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  2.8× W×+× 1.4NW 1.8W+=

N
2
---- 2.8 W×× 1.4NW=

2W 4 2.3× 2 N
2
---- 1– 

  2.8×+ + 2.8N 2W 3.6+ +=

2
N
2
----× 2.8× 2.8N=

Results with parasitics inc luded in SPICE Dec k (e.g.,
belo w) with the same cir cuit as bef ore . Conc lusion,
about 5 degrees w orse phase mar gin, b ut still OK.

M1 5 1 3 3  MPCH_2P0 L=2.0U W=260.0U
+AD=364P AS=410P PS=84U PD=28U M=1

NW N W Size AS AD PS PD

50 10 5 5x37.8 70+9=79 70 28+10+3.6=41.6 28
50 5 10 10x19.8 70+18=88 70 14+20+3.6=36.6 14
100 10 10 10x37.8 140+18=158 140 28+20+3.6=51.6 28
200 10 20 20x37.8 280+36=316 280 28+40+3.6=71.6 28
260 10 26 26x37.8 364+46.8=410.8 364 28+52+3.6=83.6 28
327 10 32.7 26x37.8 457.8+58.9=516.7457.828+65.4+3.6=97.028
400 10 40 40x37.8 560+72=632 560 28+80+3.6=111.628
400 20 20 20x73.9 560+36=596 560 56+40+3.6=99.6 56

Gain

Phase
0 dB

-125.7

DC Gain = 56.5 dB

49.2 MHz


