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L ow-Voltage Cascodes

JWout Vipp© C{ #

choJ
L .

o Cascodesarealiveand well, but we I | |
must bias them properly for low- Vi O_i Ven© B
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e How can we generate V., and — P_i
Vep Without consuming too much
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Simple EKV MOS Transistor M odel

e We model the channel current of an nMOS transistor as the difference between aforward
current and a reverse current,
| =l — IR,
whose values are given by

W
e = Wilogt (14 etetevo-vo)r).

where kT 21 CoxU2 C
Ur=—, Ig o T and « = AN
q K Cox + Cdep

e Notethat x = 1/n and that I is approximately twice the threshold current of a square
transistor.
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Simple EKV MOS Transistor M odel

e Themodel coversall regionsof MOS transistor operation and is continuous and smooth.

e The expression reduces asymptotically to an exponential in weak inversion and a
quadratic in strong inversion, given by

| Alog

scale y s
( Exponential
W |Se(K (VG_VTO)—VS(D))/UT \
L ’ Quadratic
Ve < Vo + 5
¢ = ¥To K ~lg/2F - ,/,"\EKV model |
IF(R) AR i
W /'LCOX 2 :
O o (k (V6 — Vo) — Vo)), Ve 1
V. w T
Vg > V1o + D) i:
K |
VTO VG
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Simple EKV MOS Transistor M odel

e Notethat I only depends on Vg and Vs and that |r only depends on Vg and Vp.
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Simple EKV MOS Transistor M odel

e Notethat I only depends on Vg and Vs and that |g only depends on Vg and Vp.

e Iflg> IR, thenl ~ Igandisnearly independent of Vp, which corresponds qualitatively
to the saturation region of operation.
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Simple EKV MOS Transistor M odel

e Notethat I only depends on Vg and Vs and that |g only depends on Vg and Vp.

e Iflg> IR, thenl ~ Igandisnearly independent of Vp, which corresponds qualitatively
to the saturation region of operation.

e IfIg ~ IR, then | dependson both Vs and Vp inasymmetric manner, which corresponds
qualitatively to the ohmic region of operation.
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Simple EKV MOS Transistor M odel

e Notethat I only depends on Vg and Vs and that |g only depends on Vg and Vp.
e Iflg> IR, thenl ~ Igandisnearly independent of Vp, which corresponds qualitatively
to the saturation region of operation.

e IfIg ~ IR, then | dependson both Vs and Vp inasymmetric manner, which corresponds
qualitatively to the ohmic region of operation.

e \Wedefinetheonset of saturation operationally intermsof an arbitrary parameter, A > 1.
We say that an MOS transistor is saturated if and only if Ig/Igr > A.
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Simple EKV MOS Transistor M odel

Note that I only depends on Vg and Vs and that |r only depends on Vg and Vp.

If I > IR, then| =~ Ig andisnearly independent of Vp, which corresponds qualitatively
to the saturation region of operation.

If I ~ IR, then | dependson both Vs and Vp inasymmetric manner, which corresponds
qualitatively to the ohmic region of operation.

We definethe onset of saturation operationally intermsof an arbitrary parameter, A > 1.
We say that an MOS transistor is saturated if and only if Ig/Igr > A.

To find an explicit expression for Vpsst, We write that

= |ng (1 4 e(K(VG_VTO)_VS)/ZUT)

A — — .
IR log? (1 + €((VeVro)~Vs—Vos=)/2Ur)
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Simple EKV MOS Transistor M odel

e Solving for Vps«t, We find that

Vbsat = « (Vg — Vro) — Vs —2Urlog ((1 + e<'<<Ve—VTo>—vs>/2uT)1/ VA _ 1)

eVTe/AW/DTs _ 1

evTe/W/DTs _ 1
2Ut log

, V.
UTlOg A Vg < VTQ—I——S
K

&

1 V
| (1_ﬁ) (k (Vg — V10) — Vs), VG>VTO+7S-
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Simple EKV MOS Transistor M odel
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L ow-Voltage Cascode Bias Circuit

e Assume M; saturated, M, either onmic or saturated:

1~ I and 1y = 1 — Igre.
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L ow-Voltage Cascode Bias Circuit

e Assume M; saturated, M, either onmic or saturated:
1~ I and 1y = 1 — Igre.
e V issource of M; and drain of M», so we have

I I
E ~ S m
m

=

lpr =Ml — lg=

3|
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L ow-Voltage Cascode Bias Circuit

e Assume M; saturated, M, either onmic or saturated:
1~ I and 1y = 1 — Igre.

e V issource of M; and drain of M», so we have

;e 11 [
m m v o
e Solvingfor I/ Iro, We get vl :
1
| | | |
E:1+—2=1+m—2:1+m(1+—b). =
Iro Iro l1 l1 |
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L ow-Voltage Cascode Bias Circuit

e Setting |1 equal to I/ N, we get
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L ow-Voltage Cascode Bias Circuit

e Setting |1 equal to I/ N, we get

| | I
E:1+m(1+n—b>:1+m(1+n), o/
Iro Iy Ve
@) ¢|1
Independent of |y, —i mo
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L ow-Voltage Cascode Bias Circuit

e Setting |1 equal to I/ N, we get

E:1+m(1+n%>:1+m(1+n), d>lb/n
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L ow-Voltage Cascode Bias Circuit

e Setting I; equal to Ip/n, we get

E:1+m(1+n%):1+m(1+n), d>lb/n
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L ow-Voltage Cascode Bias Circuit

e Setting I; equal to Ip/n, we get

E:1+m(1+n%):1+m(1+n), d>lb/n

Ir2 b Ve
¢|b/n
Independent of I, ~| n\n/ N
e Mypasses(1+1/n) ly. E@
e ITm>1andn> 1, wecan makeV ~ Vpsgt. % 1
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L ow-Voltage Cascode Bias Circuit

e Setting I; equal to Ip/n, we get

|2 Iy
—=14+m{l4+n—)=1+m@A+n),
IRo Iy

Independent of I,
e Mypasses(1+1/n) ly.

e ITm>1andn> 1, wecan makeV ~ Vpsgt.
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L ow-Voltage Cascode Bias Circuit

e Setting I; equal to Ip/n, we get

|2 Iy
—=14+m{l4+n—)=1+m@A+n),
IRo Iy

Independent of I,

e Mypasses(1+1/n) ly.

e ITm>1andn> 1, wecan makeV ~ Vpsgt.
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L ow-Voltage Cascode Bias Circuit

Setting |, equal to I,/ n, we get

|2 Iy
—=14+m{l4+n—)=1+m@A+n),
IRo Iy

Independent of I,
M, passes (1 + 1/n) .

Ifm> 1andn > 1, wecan makeV ~ Vpsgt.

We insert a diode-connected transistor to get V.

prO C{ 1/n % 1
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L ow-Voltage Cascode Bias Circuit

Setting |, equal to I,/ n, we get

|2 Iy
—=14+m{l4+n—)=1+m@A+n),
IRo Iy

Independent of I,
M, passes (1 + 1/n) .

Ifm> 1andn > 1, wecan makeV ~ Vpsgt.

We insert a diode-connected transistor to get V.
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Experimental Drain Characteristics
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Experimental Drain Characteristics

1 (A)
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L ayout Considerations for a L ow-Voltage Cascode Current Mirror

e TO get accurate ratios, we implement

the NMOS of width m as a parale J/Wb/n "l
connection of m unit transistors. Vo9 1 n # 1
Iin¢
e |Jlout
" ol Voo || 1 Lt

T
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L ayout Considerationsfor a Low-Voltage Cascode Current Mirror

e TO get accurate ratios, we implement
the NMOS of width m as a parallél
connection of m unit transistors.

e Similarly, we implement the pMOS of
length n as a series connection of n unit
transistors.

o

Lo Tyl
1/n % 1
i
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% 1
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L ayout Considerationsfor a Low-Voltage Cascode Current Mirror

e TO get accurate ratios, we implement

the nMOS of width m as a paralléd J/Wb/n “lyls
connection of m unit transistors. V"1 % 1
e Similarly, we implement the pMOS of liny
length n as a series connection of n unit - Jylow
transistors. >—| m 1 % v % 1 % 1
e |If we choose m to be even, we can o
optimally share source/drain regions of
thenMOStransistorsinthebiascircuit. —| 1 1 %»—1 1
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L ayout Considerationsfor a Low-Voltage Cascode Current Mirror

To get accurate ratios, we implement
the NMOS of width m as a parallél
connection of m unit transistors.

Similarly, we implement the pMOS of
length n as a series connection of n unit
transistors.

If we choose m to be even, we can
optimally share source/drain regions of
thenM OStransistorsinthebiascircuit.

If we choosen = m + 1, we have as
many pMQOS strips as nMOS strips.
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L ayout-Driven Schematics
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L ayout-Driven Schematics
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L ayout-Driven Schematics
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L ayout-Driven Schematics
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