‘Spring 2004 EE 140 - Design Problem 1 Report

Topology and FOM Minimization strategy -

V.u.l= 1.9V

I,
Vag = OV

Sta V' Shyea Sy Stagey  Stes gl

CS o CS anm ain Sann 00 Lol [
gr Ty Syl esge g P

Figure 1: Circuit schematic

In order to minimize the FOM, I need to reduce the current and device
areas in the gain stages. This desire is counter balanced by the need to meet
the gain specifications. Another consideration is whether I should operate at
moderate or strong inversion. While working in moderate inversion would
give rise to high gain and small currents, it comes at the price of slower
circuits (which is not a factor in this assignment) and greater complexity.



My initial design worked at near sub-threshold regions but after:
looking at the output stage, I realized that the complexity was not justified
since the FOM is dominated by the output stage. Given the 50 ohms load
and an output DC level of at least .5V and using a common drain output
stage as in figure 2, | would need to run a current of 10mA. sice %: lomA |
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Figure 2: output stage

Id = (W/2L)K(Vi - Vout - Vt)*
10mA = (W/L)310uA/VH)(1.1~.5 - 3)

This corresponds to a (W/L) = 46.5 even if | have bias the DC input
level of this stage at 1.1V. Since I would be working with currents ~ . . ‘i the ovdwr "D
microamps .. - _, the Power consumption contributions from the
other stages would be at least an order of magnitude of 3 less. Hence, |
decided to work instead at Vgs > Vt + 3Vth = 0.378V so that the level |
models would be valid. ’



Figure 3: Common Source amp to calculate K
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Using a simple common source circuit as in figure 3, I ran a SPICE
simulation which generated values for Gm and Id for (W/L) =

6u/.13u, .15u/.13u, 50u/.13u for Vgs=.4V and (W/L) = 6u/.13u for Vgs=1V
in the output file. This is summarized in Table 1 below. K is obtained from
back-calculation using K =1d / ( (W/L) (Vgs ~Vt))
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Calculated

' Ids Gm K Gn
(W/L)=6u/.13u, 1143uA [2.86mS | 619uA/V” | 3%ns

Vgs=4V h ,
(W/L)=50u/ .13y, 1.19mA | 23.8mS | 620uA/V* | 388
Vgs=.4V '
(W/L)=.15u/.13u, 71.6uA | 71.6uS | 619uA/V" | 8
Vgs=.4V : ,
7mA 620uA/V” | 2o.tms

(W/L)=6u/.13u, Vgs=1V

Table 1: Calculating K
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I did not calculate lambda because its effect on the cifcuit is << i()%.
From the table, I assumed that the value of K is constant in the range of
values,] would be using at K = 620uA/V>.




To further reduce;“area, I used diode-connected transistors with the
common source stages,as:fﬁ figure 4,in place of resistors. This also
simplifies the calculation for stage voltage gains since:
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Thus, minimizing L to be .13um, 1 need only to consider the ratios of
the Ws. Choosing the diode connected transistor to be of minimum
“dtensions W=.15um, L=.13um. I am expecting a Gm in the order of <=
ImS which gives a diode-connected transistor resistance in the order of 1k
and a maximum current in the order of 100uA for the transistors to be in
saturation since: _
Foe cliode conmscted rovstor, Gmg= K (Vig~ Vo = %)
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‘common source transistor, giving a stage gain of about sqrt(40). This means
I need about 4 gain stages to achieve a gain of 1600, with the expectation
that roughly half the gain has to be traded off in later stages to support the
load of 500hms. ~ —
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" In addition, I set Vout = Vin for each stage so that I need not worry
about the biasing points for transistors in the cascade. I calculated the Vin

required to be: :
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From previous calculations, I need the DC input leve] for the fi nal CD
stage to be about |.1V, hence [ would need to step up the output lwcl [ revinen e
achieved this using a CS stage with a resister. Choosing the same
dimensions as my other common source trans:btors out of convenience, the
current is about 96uA from:

(W/2L)K(Vgs — V) = (6u/.26u) (620u) (0 08") 96uA

With this current, 1 need a resistor with about .1V / 96uA 1000k€2 to
shift the DC level to 1.1V. All transistors except for that in the common
drain stage (stage 6) have their bulk tied to the source to eliminate body
effects since they contribute very little to the FOM and the complexity of
having to deal with the body effect is unjustified.

Stage 5 is used primarily to shitt the DC output level of stage 4 to
match the input DC level of stage 6 using a small resistor at the expense of
some gain. | could have used a PMOS stage instead but since the addition of
more CS stages is relatively cheap, I avoided the unnecessary trouble of
having to calculate the PMOS parameters.



Device Vdsat and Ids calculations

Table 2: Parameters for transistors

W L Vdsat Ids
Measured | Calculated | Measured | Calculated
M1 6u 13u | 85.7mV 2mV 88uA 96uUA
M2 6u A3u | 85.75mV | 82ZmV 88uUA 96uA
M3 6u J13u | 85.46mV | 82mV 87.5u Q6uA
M4 6u A3u | 87TmV g2mV 90.6uA 96uA
Mlb J5u 1.13u | 514mV 518mV 88uA 96uA
M2b Jd5u | 13u | 514mVY 518mV 88uA 96uA
M3b A5u | .13u | 517mV S18mV 87.5uA 96uA
Mdb A5u | 13u ] 579mV 518mV 90.6vA O6uA
M5 6u J3u  78mV 2mV - | 87.TuA 96uA
M6 46.8u | .13u | 365mV 300mV FOmA 10OmA

For M1, M2, M3, M4, M5,

Vdsat = Vgs — Vt

=382V -3V
= 82mV

For M1b, M2b, M3b, M4b,

Vdsat = Vdd - out -3V
= 1.2V ~ 382V -3V
= 518mV

For M6,

Vdsat = out5 — Vout — Vt

it

1V -5V -3V
3Y

The results for the later stages do not match up with the calculations as well -

because | realized, after running through Spicethat the gain was about 800,

so I reduced W/L for stage 6 and the resistance for stage 5, pustieg tha DC biss
o 4 te Josk st to 11V e thn 1Y o m codoulations .
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Table 3: Parameters for Resistors

W L R

RS .78u | .5u

390 o

Simulation Results
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Total Area = 2[(6u*.13u) * 5+ (L15u*. 13u)y*4] -+ 46.8u*,1 3u™ + . 78u * 5u
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