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Cascode Mirrorsof YoreWith Low Systematic Transfer Errors

Each of these mirrorsis self biasing, has
a high output impedance, and provides
alow systematic transfer error.

Each requires an input voltage of two
diode drops.

Each has an output compliance voltage
of adiodedrop plusasaturation voltage.

Neither is suitable for use with a low
power supply voltage.
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Wide-Swing Cascode MirrorsWith Low Systematic Transfer Error

e Eachof thesemirrorsisself biasing, has
a high output impedance, and provides
alow systematic transfer error.

e Each has an output compliance voltage
of two saturation voltages.

e The Sooch mirror requires an input
voltage of two diode drops, which
makes it unsuitable for low-voltage
applications.

e The Brooks-Rybicki mirror requires an
input voltage of a diode drop plus
a saturation voltage, but requires a
different value of R for every lip.
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Wide-Swing Cascode MirrorsWith Low Systematic Transfer Error

e To facilitate low-voltage operation, we can
remove the cascode bias-voltage generation ¢ lin
from the input branch. Vv

. . |
e The output compliance voltage remains two | |J¢ out
saturation voltages. 3

e The input voltage becomes a diode drop,
comparable to that of asimple mirror. P‘ %
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Wide-Swing Cascode MirrorsWith Low Systematic Transfer Error

e To facilitate low-voltage operation, we can
remove the cascode bias-voltage generation ¢ lin
from the input branch.

V
. . n | |
e The output compliance voltage remains two | |J¢ a o vle
saturation voltages. 3

e The input voltage becomes a diode drop, -
comparable to that of asimple mirror. P‘ »_1

e linislimitedto I and the optimal value of V,
depends on I, which sometimes requiresusto — —

generate Ven adaptively. Babanézhad & Grégorian
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Wide-Swing Cascode MirrorsWith Low Systematic Transfer Error

cascode mirror comprising a simple mirror
with source degeneration via ohmic MOS
transistors. Vin Vo

e The output compliance voltage remains two P_i
saturation voltages.

e Mulder et al. recently proposed a wide-swing d)
§ )i

e The input voltage is a diode drop plus a
saturation voltage. Vo] |

Mulder et al.
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Wide-Swing Cascode MirrorsWith Low Systematic Transfer Error

Mulder et al. recently proposed a wide-swing
cascode mirror comprising a simple mirror
with source degeneration via ohmic MOS
transistors.

The output compliance voltage remains two
saturation voltages.

The input voltage is a diode drop plus a
saturation voltage.

lin ISlimited to |, and the optimal value of Vy,,
depends critically on l;,, which mandates that
we generate Vy, adaptively.
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Development of a New L ow-Voltage Cascode Current Mirror

e Werecently presented alow-voltage cascode @ @
bias circuit that generates a V., appropriate o (Y ¢ lc
for a unit-width transistor with a channel
current of about |..

e The degree to which the bottom transistor is *i m }*%Vm
saturated dependsonmand |/ l,—thelarger \Y
these values, the closer V isto Vpss. ylcty

e V. IS about a diode drop plus a saturation %
voltage.
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Development of a New L ow-Voltage Cascode Current Mirror

e Suppose we take this circuit and make I the @ @
input current. (¥ ) (¥ )t
"_| m }—»—oVin
V
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Development of a New L ow-Voltage Cascode Current Mirror

e Suppose we take this circuit and make I the @ @
input current. (¥ ) (¥ )l

e Then, weproduceanoutput current by adding

i l 0w
two transistors, as shown. % }i v E¢ t
S m ’_{
V/
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Development of a New L ow-Voltage Cascode Current Mirror

e Suppose we take this circuit and make I the @ @
input current. (¥ ) (¥ )t

e Then, weproduceanoutput current by adding

|
two transistors, as shown. y ¥ lou
ooV il bes SRR
e Inthismirror, V' will be dlightly lower than

V, giving rise to a systematic transfer errror. iy
In fact, it is easy to see that |i, < low < | | out
lin + lp. If lin > |y, this systematic error is | |
negligible.
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Development of a New L ow-Voltage Cascode Current Mirror

e IfwemakeV'equal toV, wecouldeiminate | @@I
the systematic gain error, but we would b in
effectively disable the cascode. ¢
Iout: Iin
Vin
A e
V <2
ylintlb ot |
T
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Development of a New L ow-Voltage Cascode Current Mirror

e |fwemakeV’equal toV,wecouldeliminate @@ @
the systematic gain error, but we would NEPISOL L
effectively disable the cascode. N

e Instead, we can inject another copy of I, into VA o
node V', as shown. *i m P“i

V V
v linHlp v linHlp
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Development of a New L ow-Voltage Cascode Current Mirror

e IfwemakeV'equal toV, wecouldeiminate | d) d)' |
the systematic gain error, but we would o n b
effectively disable the cascode. |

IOUt
-

e Instead, we can inject another copy of I, into Vin
node V', as shown. % m P‘

e If I, is generated by a saturated pMOS
transistor, we can improve the circuit further | |
by adding a diode-connected transistor of | |
width m, as shown. 1 1
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Development of a New L ow-Voltage Cascode Current Mirror

b b

The resulting mirror has a low systematic
transfer error and a high output impedance.

The output compliance voltage of thismirror
IS two saturation voltages.

The input voltage of this mirror is a diode
drop plus a saturation voltage.

The bias current, |, does not represent an
upper limit on I;, and does not need to track
lin adaptively.
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Experimental Results: Input Characteristics
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4l |- simple mirror

— stacked mirror

~ Sooch mirror

-= new mirror, m=4, lp,=l;,

3L |~ new mirror, m=4, I,=1;,/10
- new mirror, m=4, |, =1;,/100

w
)
T

e ST
e S

A=

£

DA

MADRVLS

CIRCUITS &8 SYSTEMS LAB



lin = 1.00nA

ICS

Output Characteri

Experimental Results

585
285
L mmmo
R
£ 4

-= New mirror, m
~- new mirror, m
-=- new mirror, m

=4, 1y

— 4,1,

=4, 1y

|

1.12
1.11+
1.1+

1.09+

1.08+

1.07+

<

c

N

1.06}

=
>
o

4.5

25 3 35

VOUt (V)

2

1.5

<«
=
wy
=
oy
=3
L
-
L
of
“y
-
)
8]
=
L




lin = 10.0nA

ICS

Output Characteri

Experimental Results
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lin = 100. nA
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Experimental Results
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ICS

Output Characteri

Experimental Results

- stacked mirror

—- simple mirror
~ Sooch mirror

Iin

4,1y
4, Iy
4, 1y

-= New mirror, m
~- New mirror, m
-=- new mirror, m

lin/10
lin/100

/N
/N
/N
/N
/N
/N

1.1
1.09+

4.5

25 3 35

VOUt (V)

2

1.5

<«
=
wy
=
oy
=3
L
-
L
of
“y
-
)
8]
=
L




Experimental Results:
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Output Characteristics lj, = 10.0 LA

—- simple mirror
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= new mirror, m=4, l,=,,

- new mirror, m=4, I,=1;,/10
-~ new mirror, m=4, I,=1;,/100
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Experimental Results: Output Characteristics I, = 100. ©A

105 - I, — ——— | | |
|- simple mirror

04 stacked mirror

103} | = Sooch mirror |

= new mirror, m=4, I, =,

102+ | < new mirror, m=4, I,=1;,/10

- new mirror, m=4, |, =1l;,/100
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Experimental Results: Output Characteristics I, = 1.00mA
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