Simple Current Mirror Case Study

D. W. Parent



Static CMOS Digital circuits are easy to understand, model,
fabricate, and test.
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Signals go rail to rail. Switch logic easy to verify
Power Mostly dissipated in switching. This makes testing easier.

Can logic determine which circuit is stuck “T” or “F”. IDDQ testing.
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The metrics for a digital circuit are straight forward

Logic Function

Speed

Power

Area

Power Density/Cooling requirements

If the are no stuck hi or stuck low circuits after fabrication
the circuit can still be sold even if it is slower than the specification.

(Reduced Price)



To model the speed or delay of a static CMOS circuit you
try to simply by converting the transistor into an RC network.
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We can rewrte the models more simply:
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The metrics of an analog circuit are easy to understand
but hard to design for.

Power

Area

Matching

Gain

Bandwidth

Filter Characteristics.
FT

The equations for design are all interrelated, and sometimes no closed
form solution exist.



To design a simple current mirror, we need to know
VT, KN, A

v1 Mg

..

gnd gnd

IN, IOUT, ROUT, and Area are all specifications



Current Mirrors operate in Saturation
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A can be quickly found from an ID, VDS curve
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We are ready to begin?

Specification:
IREF=100uA
IOUT=100uA
Ro=10" Ohms
Maximum
Output
swing

1 1-107° 1107 1107 1-10 0.01
r.—=— ——

0 I
?L'ID LD

The Ro at the IOUT we want

Is less 10° Q!
Which is more important Ro or IREF? New spec: Ro >10° Q
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To design W, we need to know VGS. How do we pick it
In a reasonable manner?

Vo= 6V ﬁ
R, = 10°0
A= 0147
. REF T3 5 Ippp=7.143x107°A
N
I 2L
Lyg = 15107 *em Wy = —— S Wy = 25610 em
b (Vg -V
Vg = 0.9V

Note we had to assume a VGS or level of inversion.
0.3V above VT Is a classic assumption.
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DC Results of Current Mirror
W=256u, L=15u, IREF=71u
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DT Response
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Ro within 10%, VGS was measured to be .88V 1



We can increase Ro by increasing
LN to 25um (IREF=71u, W=256um)
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We can increase Ro by Decreasing
IFEF to 50uA (L=15um, W=256um)
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Be Careful!

Note how VGS changed when we changed
IREF or L.

Same for W

We extracted right around our operating
point.

There are some IREF RO, VGS
combinations we cannot achieve!
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IREF=100u, W=256um, L from 10um to 100um.
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There is a practical limit to RO for a given IREF.

DC Response
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VGS and RO vs. L for fixed W=256um and IREF=100uA

1.6

BEEm

4 M

3.8M [
Z.0M [

1.4M [

DC Respanse

Ad yﬂﬁux(VS(”fﬂetEEE” "/hame/dparent/cadence/simulation/current_mirror/spectreS/sch




RO vs VGS
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VGS and RO vs. W for fixed L=15um and IREF=100uA
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RO vs VGS Note: VGS is giving different RO at from
Different LN WN values!
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