LSI

CIRCPITS L EYSTEME LAR

Evolution of a Folded
Floating-Gate Differential Pair

Bradley A. Minch

Mixed Analog-Digital VLSI Circuits and Systems Laboratory
School of Electrical and Computer Engineering
Cornell University
Ithaca, NY 14853-5401

minch@ee.cornell.edu
http://www.ee.cornell.edu/~minch



Conventional Differential Pairs
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Differential-pair intuition:
= 1= f(V{,-V) andl, = f(V,,-V), wheref Is expansive.

» V adjusts itself so thag + 1, — I.
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A FoldedFloating-Gate Differential Pair
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Differential-pair intuition:

= |, = f(V{,V) andl, = f(V,, V), wheref Is expansive.
» V adjusts itself so thag + 1, — I.
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A FoldedFloating-Gate Differential Pair
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Differential-pair intuition:

= |, = f(V{,V) andl, = f(V,, V), wheref Is expansive.
» V adjusts itself so thag + 1, — I.

Sign difference permits us fold My relative toM1 andMo.
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A FoldedFloating-Gate Differential Pair
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Differential-pair intuition:
= |, = f(V{,V) andl, = f(V,, V), wheref Is expansive.
» V adjusts itself so thag + 1, — I.

M, andMs,p, provide mirror copies af; andl».
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A FoldedFloating-Gate Differential Pair
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Differential-pair intuition:

= |, = f(V{,V) andl, = f(V,, V), wheref Is expansive.
» V adjusts itself so thag + 1, — I.

M;c andMy. mitigate theCyq's of transistordvi;p andMyy,
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A FoldedFloating-Gate Differential Pair
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» C, sets the linear range and transconductance gain.

» C, controls by how mucK changes in response to
changes in eithév,, or |y

> |nput and output voltage ranges are from rail-to-rail.
» Transconductance gain nearly constant Wih.
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Output Currents v&/yn, (Ipb=116uA)
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Output Currents v&/y, (Ipb=1.23uA)
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Output Currents v&/yn, (Ip=110nA)

150

0.6

< Vem=1.6V| |
0.4

<= V=0V

0.2

VAVt el ol el e N aVa Ve aY aa Va Ve Ve a e alat

( \V/
N
- O -— (o) Q 10O
— P § S
— @& X ©
~ TN R >
— T, )
gp xw N
o D [N —_—
90 & ko _
D @ 3
il @ R - N
- QP W) N 10
00 aQ o -
D PP W) N
00 ® ®
00 ) R
00 ) W)
00 Q) A
00 ® R
00 ® o
0 Q ) <
- oD Q) o 4
00} ® & o
010 d GO 1
010 ® o0
OP ® )
010 d A
OO ® OO
Db ) o}
DO 0, o
00 ) GO O
A % o % R :
o o o o o O
1
o LO Lo o LO
—i 1 —i —
1 1

(wu) 141 e1=1 2 ‘T

Sl

CRITE L SYSTHEME LAR



0.6

< |

>
= =32
= L Il l4.
— £ 5| |°
i > >
_ ¢ ¢

(Q\|
= | |°
m N
S >
Nx 1© ¢
> 5
V)
= ~
- 10
n_rb :
| -
D)
-

O Ik
e
D)
o
o | 6 E—
oE: o o S = o

(wu) 141 e1=1 2 ‘T

CRITE L SYSTHEME LAR




an
N
QW
Q

ab
aw N
N

!

an

o Q
D N
oy
oy
oy
oy
oy
oy
W
W

QY D
@ )
V)
® @
®© @
)

oy /)

()

O
i\.
0

DX

)
y
N
X

- ch: 1.6V
Vem=0V

o

R

Q

0.6

0.4

0.2

Output Currents v&/yn, (Ip=1.28nA)
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Output Currents v&/yn, (Ip = 123pA)
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Transconductance Gain W,

10% == 116uA
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Output Currents v/, (Ipb=116uA)
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Output Currents v/, (Ip=10.7uA)
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Output Currents v/, (Ip=1.23uA)
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Output Currents v/, (Ip=110nA)
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Output Currents v/, (Ip=11.1nA)
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Output Currents v/, (Ip=1.28nA)
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Incremental High-Frequency Analysis
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; 1b ‘ Cb Cl‘ % on _- on{ 24 ‘Cl Cb ‘ 2b
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> Given thatg,(r,|2ry) > 1 and C;< C,, we can show that

idm = i1_ i2 — gm Cl 1_SQ/gm Vdm
whereC,=C, +C, +C, +C, .
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Incremental High-Frequency Analysis
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Incremental High-Frequency Analysis

Il+il |2+i2
J VbQ_O{ Mp Fop J

...and so

i Nem C, (1+S(G(C+ G +G,)) (9nC2/Cr))
MRS v~ S5 Je Tor, )G, +072)
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