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What is a Self-Cascode Composite
Transistor?
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(a) Self-Cascode Composite NMOS Transistor (b) Equivalent Simple Transistor

In practical cases, for optimal operation the W/L ratio of Mz should be larger
than that of M, i.e. m>1.

The 2-transistor structure can be treated as a composite transistor, which has
a much larger effective channel length (thus lower output conductance).



Working Conditions

For the composite transistor to function properly, both Mz and Mz should conduct,
thus, the following conditions should be satisfied:

V-V, -V, >0 (1)
V. =V, -V, >0 2)

We can rewrite (1) as:

VX _VS <VG _VS _VT = Vbsar (3)

From (3) we know that transistor M1 must be in linear region. Depending on the drain
voltage, transistor M. can work in saturation region or linear region.



Equivalent Transistor Parameter (1)

For the composite transistor work in saturation region, we know M: should
in saturation and M is in linear region. Thus, we can write equations for these
two transistors as:

: 1
I = %(VGS -V, -V, ¥ L = ﬁl(VGS —V; _va )\/x

Solving i, we can obtain:

iz :1 Lol (VGS —V; )2
2 0,+ 5
From (3), we have /S, =%
1
If ﬂ2:m°ﬁ1 ﬁeq:%—ﬂ1:Mﬁ2
— ﬂeq M—>00 — ﬂl




Comments on VDSAT

Because transistor M1 always operates in linear region while the top
transistor operates in saturation or linear region. Voltage between the source
and drain terminal of M1 is so small that there is no discernable Vosar
difference in both the composite and simple transistors. Thus,self-cascode

structure can be used in low voltage applications.

VDSAT—eq :VDSAT—MZ +VDS—I\/I1 :VDSAT—MZ + IDZRMl
1

where  Rwi=

W
HCox (VGS —V; )L

The operating voltage of a regular cascode circuit is much higher than that of

a single transistor. This characteristic makes regular cascode circuit not suitable

for low voltage applications.



DC Simulation Results (1)

ID vs. VDS DC Response Curve

DC Response of the compesite transistor

I = mm=5@ 1: mm=3@ +: mMm=29¢ s mm=14 o: mm=714
D14u ._v: mm=2a a: mMm=6 =: mm=4 1 mm=2
o _ W/L=1.50/8.8U, m=2——5@  m=50
12u _
11u
1B8u _
9.2u _
8@unll

dec (V)

Effect of “m ” on the output characteristics



DC Simulation Results (1)

From simulations (TMSC 0.35um process), we observe that:

m W/L Equivalent W/L
2 1.5/0.6 1.7/0.9
4 1.5/0.6 2.5/1.5
6 1.5/0.6 3.0/2.1
8 1.5/0.6 3.3/2.4
10 1.5/0.6 3.8/3.0
20 1.5/0.6 20/24

When m is larger, the effective length L is also larger



Equivalent (W/L)Transistor Parameter

Because S is proportional to W/L, we can have the equivalent W/L derived

2 1

SWEy

If lengths of Mz and M: are equal, and M: is m times wider than M, the
equivalent W/L ratio is:

(), walt) =l
L), m+1LL), m+1\{L ),




Equivalent Output Impedance

(Low frequency small signal)

iO VO

%% % [ o-ef
V -V, V
ng % . O et (VG _VT) L

The equivalent output impedance of the composite transistor is:

b =0mbh — L - = (gmzrl —l)l’2 — (m‘ Omih —1)I’2 — (m_l) P
(m>>1)



Effective Transconductance

—L

mW/LE
G_ ] :
O__‘- X .
4 i ) . % .... - Rwi=1/gm

_____________

The lower transistor M1 is equivalent to a resistor But this resistor is input dependent..

The effective transconductance of the composite transistor is approximately
equal to the transconctance of Mu:

gm-eff:gmz/m:gml
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Small-Signal Equivalent Circuit (Single Transistor)

ng

Rs Vg [ Vo
Vs
— Cys 1 T Re
ngVG §go Cd5§
CAST+HASHA,
VY A )= B,s + B,S+ B,
Equations: ==+, +SCq +(VG —VO)-S-ng =0

V S
R_O"'Vo 0o +Vo5-Cys+ 0 Ve "'(Vo _VG)’S'ng =0
L
Solve this equation set we can obtain the voltage gain as a function of the frequency:

AZ - ( gngd + Cgsts + Cdngd ) RL B, = (gmlRL R, + R, +Rq )(CgSCdS + Cgngd + Cdngd)
Al = (gmlcgd + gOng + gOCgs + ngng ) RL B1 = (Cgs +Cds)+ (ng +Cds)' gmlRL +(Cgs +ng XgmlRS + gORLgmlRS + goRs + gORL)
A\) :_gmlng . RL +nggm2(RL+RS+gmlRLRS)

By =9m2 90+ Jms + 9 R 90

This function has 2 poles and 2 zeros, but it is too complex!
11



Small-Signal Equivalent Circuit (Composite
o Transistor)
g

Rs
VG | % Vo

Vs |
gm2(Ve-Vx) | Vx
égml

2
ST+ AS+
A (5)= D2 TASTA
B,s” +B;s+ B,
(VG _Vs )/ Rs +VG 'SCgs +(VG _Vo)' S'ng =0 |
V
R_O+(Vo _Vx )'(go +S'Cds)+ O ’(VG _Vx )+(Vo _VG)'S'ng =0

L

Vy O = Im2 '(VG —Vy )+(Vx _Vo)'(go +S'Cds): 0
Solving this equation set we can obtain the voltage gain as a function of the frequency:
A, =(CqCys +Cy,Cas +CuCys ) Ry B, =(0,uRLRs + R+ R JCyeCys +CyCys +CyeCiy)

=On + + sCgs T4 +Cy
A= (gmlcgd + gOng + gocgs + gmzcgd)' R, ’ s - $ATgs™d gs~gd ds™~gd
By =0z + 96 + I + ImRL9o

Ay =—0m0mn R

Bl = (Cgs +Cds)+(ng +Cds)' gmlRL +(Cgs +ng XgmlRS + gORLgmlRS + gORS + goRL)
+ng ng(RL + RS + gmlRLRS)

Circuit Equations

12



Effect of the Capacitor C , (Simple)

Let’s assume C ;=0 Cy; =0 R g, <<1, thus

A = ng R, B, =0
A =g R B, =C,R.Rs0, +Cyq - R +(0,,R, +DRC,,
A =0 = CyuRs0maRL
B, =R, g, +1=1
The simplified transfer function is:
S+
A (5) = QHQ‘;

This means that if we consider the effect of only Cyq, the function is simplified to
one pole and one zero

One zero: One po|e;
9
w, = sz W, = 1
gd ngRLRSng
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Effect of the Capacitor C_; (Composite)

Let’s assume C ;=0 Cy; =0 R g, <<1, thus

A, =0
A :(gmlcgd +090Cy +091m:Cy ) R = (gml + gmz)'ng R,
Ao :_gmlgmz'RL

B, = 0

B, :ng '(gmlRL +0mRs + 9oR 9 mRs + 9oRs + 9oR, + 9, RL +912Rs + 9,110,
;ngngRL '(1+gm1RS)
Bo =0n2t+90+0m t gmlRLgo =0

The simplified transfer function is:

_AStHA
A 8)= B,s+ B,
One zero: One pole:
- = gmlng ~ gml @, = 1 ~
’ (gml + gm2 )ng ng (1+ gmlRS )RLng gmlRS RLng
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Comments on the Poles and Zeros

Consider the effect of C 4 only, we can get the following conclusion:

The pole of the simple transistor is higher than that of the
composite transistor.

a)Z—Composite _ gml _ 1

W7 _simple Onz M

The same conclusion can be applied to zeros:

a)P—Composite . gml _ 1

WDp_simple Onz M
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Frequency Parameters

The transition time 7 increases as the value of m.
According to reference[1], The relationship is:

T=T, (1+ V1+ m)

Where 7, Is the transition time of an unit transistor used
In the self-cascode structure.

For the saturated MOS transistor in strong inversion
parameters @; (Cutoff frequency) and 7= are related by:

T, =2

16



Advantage of the Self-Cascode Structure

The main advantage of this structure is smaller transistor area. The sum of areas of
Mo and Ms is smaller than the area of the equivalent simple transistor.

The table below shows the simulation results with MOSIS TSMC 0.35u CMOS process:

MSW/L | m | MDW/L | Equivalent FET W/L | Area Ratio* | Gain (RL=inf.)
3.0/06u | 3 | 9.0u/0.6u 5.6u/1.2u 1.2/6.72 42dB
3.0u/0.6u | 8 |24.0u/0.6u 38.5u/12.0u 16.2/462.0 47dB
1.5u/0.6u | 11 | 16.5u/0.6u 9.9u/12.0u 10.8/118.8 44dB

* COMPOSITE/SINGLE

For equal chip area:
A\/—CASCODE > A\/—SELF—CASCODE > A\/—SIMPLE—TRANSISTOR
To achieve the same voltage gain:

AREA pscope < AREAse £ cascope < AREAgvpLe transisToR

17



Applications (1)--Current Mirror

M3

Lo I

M1 M2

ne

M1

lout

M4

M2

!

Simple transistors can be substituted with self-cascode structure to achieve
better performance. (i.e. higher output impedance)

18



Schematic of the Circuit for Simulation

~ Composite

Model: TMSC 0.35um CMOS Process
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Current Mirror Simulation Results (DC)

20-lout

CUTPUT CURRENT {4)

DC Hespansze

1 [DEAL C—MIRRORE = SIMNGLE NMOS 2.8u/1.20
5 ggy A1 COMPOSITE NMOS v: SINGLE NMOS 15u/8.6u
0.580
C Output Blas=2@us ==> lout=20uA-Tin
5.40u
>0 Simple(1):  15u/6.6u
5.20u L Simple(2): 3.0u/1.2u
51 b Composite: 15u/0.6u +1.5u/0.6u
i m=10
5By o
4. 9@y _
. - Current Gain Error @15UA:
T Simple(1): 1.3%
®70u o Simple(2): 2.7%
+.60u - Composite: 1.7%
4. 58y e [ E P E N B )

14.5

Ly v v
14.7 14.8 151 15.3 15.5 |
INPUT CURRENT {uh)

Simple(1): 3.5e-3
gO/gm: Simple(2): 7.3e-3 (smaller = better)
Composite: 4.2e-3
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Output Current (A)

Current Mirror Simulation Results (AC)

AC Response Bias Current=15uA
Al S]mpleEQ?: AU 20 =: Compositer m=13 150/ 6u
1.0y 1° Simplei :"15u,/6.6u “ "
G0N _
- Bandwidth:
SN

BWsimple(1)<BWcomposite<BWsimple(2)

- 10% lout Error Point (MHz).
0Bt Simple(1): 14.1

500N - Composite: 28.1

: Simple(2): 164

J2En

4300 [

3000 ¢ Simple(1): 15u/6.6u
: Simple(2):  3.0u/1.2u

2000 |
) : Composite: 15u/0.6u +1.5u/0.6u

188n L m=10

BB [ i i
1K 18K 180K 1M 12 1M 1G

freq ( Hz ) ’1



Application (1) — Current Mirrors

l 1:900 i Traditional Current Mirror
||—' ||—T <| Huge Area (901T)
L

lout

) l in Ioutl
Series-Parallel L -------- T R-Q
Current Mirror d dr P
Ex.R=30,S=1 * ne I L L T T —1t

Q=30,P=1

T rows
Ratio: 1:900 i ':||_ S il | ]
Area: 60T  Ld N Q"I

columns columns




Output Current (A)

Traditional vs. Series-Parallel

1079
] Current Mirror 1/O Characteristic
i AMI 0.6um Process
3 For each transistor, W/L=1.5/0.6um
o
3 — Traditional Structure
[ Series-Parallel Structure
. (R=30, S=1, P=1, Q=30)
i — - Ideal I/O Current {1:900)
-
-
10'4'.»"
| T T T Ll T L) L) L) T 1 T T T Ll ¢ L) L) L) ¢ 1
1077 1078 1070

Input Current (A)



(A)

Output Current

Series-Parallel Current Mirror

AMI 0.6um Process

9
-
I

Y
i
I

Size 1,
Accuracy T

A

Good current matching range

For each transistor, W/L=1.5/0.6um

Series-Parallel Structure
~ (R=3D, 5=1, P=1, Q=30)
Series-Parallel Structure
" (R=60, 5=2, P=2, Q=60)
Series-Parallel Structure
(R=90, 5=3, P=3, Q=90)
Series-Parallel Structure
(R=120, 5=4, P=4, Q=120)

— = Ideal IO Current (1:900)

1078
Input Current (A)



Compare Current Mirrors

Series-Parallel current mirror improves the output impedance

Trad. 1 901T 71.5K  4.0K
30 1 1 30 900 60T 356.8K 12.4K
Series. 60 2 2 60 900 240T 357.3K 20.7K
Parallel  gq 3 3 90 900 540T 357.5K 28.8K
120 4 4 120 900 960T 357.6K 36.8K

Output Impedance Comparison
Input Current = 1uA, Ratio = 1:900



Compare Current Mirrors

Trad. 1 901T  19.1K
30 1 1 30 900 60T 155.4K 4.3K
Series. 60 2 2 60 900 240T 154.4K 4.8K
Parallel  gq 3 3 90 900 540T 154.1K 5.5K
120 4 4 120 900 960T 154.1K 6.2K

Output Impedance Comparison
Input Current = 10uA, Ratio = 1:900



\oltage Swing

Stacked transistors limit the output swing of S-P current mirror

Output Output
Vdsat Vdsat
(lin=1uA) | (lin=10uA)

Trad. 89mV 245mV
30 1 1 30 441mV 1.4V
. 60 2 2 60 303mV 1.0V
Parallel 90 3 3 90 244mV  830mV
120 4 4 120 210mV  720mV

Vdsat (equivalent) of the output transistor reveals
the max swing of the output voltage



Applications (11)--Differential Pair

=x

Voutm
o—

VINPO_|

M1

¥

M2

ITAIL

AVDD

<

=

é ITAIL

Voutm Voutp
o0—— o
Voutp
S M3 M4
Vinum M1 MD E
V'Nz oV INM
] [~

Composite transistors can replace single transistors in a differential pair.
Through self-cascode structure, higher voltage gain can be achieved.
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Cutput Valtage (V)

Differential Pair Simulation Results (DC)

DC Response

a1 AOUTMZ o AOUTPY _
»: NOUTPZ e AOUTM m=10

| tai=20uA

4.

3.

2.1

1.8

Simple Transistor Differential Pair

Composite Transistor Differential Pair

—18m —6.0m o @m  2.6m 5.6m 1@m
Input Woltage (V)
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{ dBvV )

Differential Pair Simulation Results (AC)

ol

4

15

26

.

AC Response

=: Composite Transistor Diffential Fair
o Simple Transistor Differential Pair

Transistor Size:

Simple: 15u/6.6u
Composite: 15u/0.6u +1.5u/0.6u
m=10

DC Gain:
Simple:  49.34dB

Composite: 48.95dB

3dB Bandwidth:
simple: 5.9MHz
Composite: 4.9MHz

T ]

freq ( Hz )

1K II I”I1I§25KI IHIH%@E‘JKI 1I'v1 o

I%I@MI IH

TigeM

16
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LOW VOLTAGE CURRENT-MIRRORS

Iin@ . | Tvcnt Vout
Vin o Iout
Additional
Circuitry

M1

-

l

M2

.

General scheme for high-performance current mirror structure.
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() (d) ()
High-performance current mirrors: 33



Conventional active-input current mirror

V +V
Vi Vimin = MaXx| —20—L Vo0 Vioan
|ref A
v lout
V —— + VOmin :VDSATZ
+ *— clamp
1
Rin ~
F 1 V A. gml
V' 0
i 1
Ml] I:MZ Rout N
goz
- —* — Vss Advantage:

« Lower input impedance

Disadvantage:

« To achieve stability, gm1 can not be arbitrarily small.
Thus, can not work over a wide current range.
« Compensation of the amplifier depends on the value of Iref.

34



Improved active input current mirrors (l)

V Advantage:
[ et ad This current mirror can operate over a very wide
v [ out range of currents: from values equal to junction
b Veam [ + leakage currents up to the maximum current the
N1 OTA might be able to sink.
—= Disadvantage:
Vi Vo « Additional compensation capacitor between n1
M1:|| i~ M2 Ve and n2 may required to achieve stability
| l 'L » The OTA must be able to sink twice the maximum
J'_ 0 expected value for Iref, which imposes an important
- n2 = design constraint for the OTA.
Vi min maX(VT +VDSAT VG +Vc|amp’VDSAT s VCIampj VOmin :VDSATZ
A A+1
1 1 1
in ~ ~ Rout =
A°gm1+(1+ A)°gol A'le g02
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Improved active input current mirrors (ll)

Vdd Advantage:

n | ret |  This current mirror can operate over a very

out wide range of currents: from values equal to

+  &— Vclamp T junction leakage currents up to the maximum
current the OTA might be able to sink.
T+ « |f the differential voltage amplifier is already
Vi Vo compensated for unity gain feedback, the circuit
Mz is always stable.

Disadvantage:
L JT—' « Higher power supply may be required for amplifier
) « More chip area and power consumption

_ Vipsars +Vr + AV R. 1 1

clamp in ~ ~
A+1 (1+A)'(gm1+gol) (1+A)'gm1
1

Y902

R

out
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Ilrbnproved act

IOUtl ® V

ive input current mirrors (lll)

©)
i
ON®)

\Y

M6 | —e@

cntout

Ibias

(%)lmﬁlz

(b)

M7

L

Vo> ov3 v

ouT DSAT oV
MIN o Q MAX
= + +
VCNOUT Mp 3VDSAT VoV

©)

(a) Proposed low-voltage high-performance current mirror.
(b) Implementation of the differential amplifier A,.



I bias (b)

Open-loop response analysis: (a) input side and (b) output side.
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Active regulated cascode current mirror

* Vdd

V;: +V
CDIref - Vi = max( T_DOoAT +VD,VDSAT)
Vb |“7 +
Vomin — 2\/DSAT
‘ >—| M3
A2 V Rin ~ -
+ Al ° Al- gml
I I
Vi i LM Ouns(1+ A2)
M1 - Rout
B Vss J03902
Advantages: Disadvantages:
 High output impedance « Poles and zeros may cause unstability
« Low input impedance « more power and area
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Techniques for Wideband Amplifiers

Conventional

L,

L )

]

—— CM

.

L | g
Low Frequency
Behavior

.

Ut

High Frequency
Behavior

ELEN 607 (ESS)

Wideband Alternative

Frequency Dependent
Current Mirror (FDCM)

Cr>> Cgs
0.1K<R<1K

T. Itakura and T. Iida, “A Feedforward Technique with Frequency-Dependent Current Mirrors for a Low-Voltage
Wideband Amplifier,” IEEE J. Solid-State Circuits, Vol. 31, No.6, pp. 847-849, June 1996. 40



An example of its use: ELEN 607 (ESS)

R VDD
Mp; =I ’\/\/?{, (le
M I MP4
- < > gl YAl
Vino— Me, C —oYin ° Vo
F —=C
| . L
MPS: }_ R :Mn]_ < R —|—>Mn4
1 M, 2
_VSS

Wideband Amplifier with Feedforward Technique

« C, by passes two current mirrors.
« C, isfed forward to the input of another FDCM and signal
Is amplified.
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ELEN 607 (ESS)
Next, we discuss different families of wideband reported in the literature

AW
<’\/V\/
S D
<
(@)
WV
Py
E

« An alternative is to

connect C. instead
VIJHO—A—{ Mnl M }—'—o _

to nodes B to nodes A
Vin

D = b b

F. Centurelli et al, “A Bootstrap Technique for Wideband Amplifiers,” IEEE Trans. on Circuits
And Systesm — I, Vol. 49, No. 10, pp. 1474-1480, October 2002
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FOLDED-CASCODE WIDEBAND AMPLIFIER

> ?Vb4
M Py M Py
M P2 d _Ovb]_ Vb_|_ O— A M A
vin v o
—T, TCVour
Gr ltail Vbo2 I\;/I ns
M n3 I M ng

Conventional Folded-Cascode (FC)

W\, WV
_ |V
CF1:: —» C - Vb2
Gr ltail -
Moy ]|
4_ P

Mng

FC with Capacitive Feedforward

_OVO
LT
I

ol > > |
I Rg RE, I
V Wy w _
l Ibias - _gl - ‘_(;/bl V0+ Viﬁ \ébl_‘ -
VO_O—_L——,_ CFl__ O_| L 5 }_O
| E | | [
<« | | | L |
J o
,—} | | '
€ > |
] S

\Y

DD

=
-

Differential Wideband Amplifier

F. Opt Eynde, W. Sansen, “A CMOS Wideband Amplifier with 800MHz Bandwidth,” IEEE Custom Integrated Circuits Conf., pp. 9.1.1-9.1.4, 1991

_VSS
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Different OTAS

<~ MB -
Ve I MB MB | |—o
VOO—ﬂ
}_Ovin,cm
5
i R../2
Source Degenerated OTA-1 Common-Mode Equivalent Circuit

. gm,n (rds,p ” [(gm,n + gmb,n )rds,n(Rs + 2Rss)+ rds,n + Rs + 2Rss ]) (1)

Am = 1+ (gm,n + gmb,nXRS-l—ZRSS)
-,
Vo _O’X; _ l gm,n(rds,p ” [(gm,n + gmb,n)rds,nRS -+ rdS,n + RS]) (2)
0 _Ovinf 2 1+ (gmn + gmb,n)RS

Differential-Mode
Equivalent Circuit. 45



Where

c:|\/||\/|R=f’d—f

m

Assume

(gm,n + gmb,n )rds,n(Rs + 2Rss)>> Rs’ Rss 1 rds,n 1 rds,p

(gm,n + gmb,n )rds,n Rs >> Rs’ rds,n 1 rds,p
1

gm,n + gmb,n

<< R, R, << Ry

rds p 1 rds p R
LAy - P CMRR~—=
= Ay

An* 2R, 2 2R,

S

46



' MB |

Ve L M8
_ovo _E) L 5
MD MD V, M
Vli;_{ NOoR, —oViy
WA | —°
2Rss G’)Iﬁ Iﬁ D 2Rss %
2 2
Source Degenerated OTA-2 CM Equivalent Circuit
_‘:)\}/i%Vb AC = gm,n ) (rds,p ” [(gm,n + gmb,n )rds,anss + rds,n + 2Rss ]) (3)
vV ?—» ) 1+ (gm,n + gmb,n )2Rss
ou

o,

2Rss||Rs

. 1 gm,n ) (rds,p ” [(gm,n + gmb,n )rds,n(Rs ” 2Rss)+ r-ds,n + RSS ” ZRSS ]) (4)
. Ay =
Virtual Ground 2 1+ (gm,n T Gmb,n )(Rs 1 RSS)

Differential-Mode
Equivalent Circuit
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Where

CMRR_fﬂ A, ~ 5P
Aem

Then

CMRR ~ s
R

rds

2R

_as,p

SS

A =5

r-ds p

48



Ao

o

VIN

ML [ ML

—o0 VO
MD  MD |-V,
L
ISS
Rss % ‘ ?

1
gm,n ) [(g ” rds,pJ ” [(gm,n + gmb,n )rds,nZRss + rds,n + 2Rss ]j
m,p

1+ (gm,n + gmb,n )ZRss

A\jf = gm,n (rds,p ” r-ds,n)

()

(6)
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Where

_ A L
CMRR=-" A, g 2R

m SS

Then

CMRR = gm,n(rds,p ” Irds,n)gm,p 2R

SS

) Adf — gm,n(rds,p ” rds,n)

50



lop i %R/Z
n

—{[ MDP MDP|}—

Vadiam o—] o VI-N

~—{[MDN MDN|H %Em

n
% % CM Equivalent Circuit

Complementary OTA

Vo1 t+——oVi,

|.(gm,p + gmb,p)rds,pZRN + rds,p + 2RN J” [(gm,n + gmb,n )rds,nZRN + rds,n + 2RN]

(1"' (gm,n + Ombn )ZRN )” (1"' (gm,p + gmb,p)ZRN J
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Where

At

CMRR =— A\;m ~ Z{I_(gmp + gmb,p)rds,pJ” |_(gm,n + gmb,n)rds,nj} !

Then

CMRR =

m

Adf = %(gm,n+gm,pxrds,p ” rds,n)

) (gm,n + gm,p_ers,p ” rds.,n)
4ﬂ(gm,p T gmb,p)rds,pJ” [(gm,n + gmb,n )rds,n]}
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Folding Cascode Amplifier Architecture
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Fig. 1 Conventional folded cascode
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Fig. 2 Recyeling folded cascode

Recycling folded cascode (RFC): The conventional FC 15 shown mn
Fig. 1. Note that transistors N/ and &2 conduct the most current and
thus have the largest transconductance, yet act as current sinks only.
Previous work to enhance the performance of the FC exploited
multipath schemes [3]. However, N/ and N2 were left unexplored.
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Fig. 3 Unity gain capacitive buffer

Table 1: Performance summary of conventional folded cascode
and recycling folded cascode

Parameter Folded cascode | Recychng folded cascode
Cp (pF) I I
GBW (MHz) 467.7 489.8
Power (pA) | 185 551
Cramn (dB) 41.1 50.9
Phase margmm (deg) 85.1 77.2
0.1% setting time (ns) 5.7 5.1
Static error (%) 2.04 .ol
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Cascode with positive feedback and bulk-driven input stage
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Scheme of the initial idea to use of bulk and positive feedback.
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1V CDB Folded Cascode OTA
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Fig. 6. 1-V CDB folded cascode OTA.
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