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LECTURE 2 -
HOW TO DESIGN CASCODE BIAS CIRCUITS
ropice: INDEPENDENT OF V,,

» Biasing of cascode circuits

» Design procedures
- Cascode bias circuits
- BJT cascode bias circuits

« Examples
What will I learn?
« How to design cascode bias circuits that are independent of Vpp

Dr. Phillip Allen
Prof. Emeritus, ECE, Georgia Tech Version 180706

Designing Bias Circuits Independent of VDD for VNB2 and VPB2 © P.E. Allen 2018 Slide 1




How to Design Bias Circuits Series AICDesign.org

Biasing Cascode Circuits ‘oo
Cascode Circuits s

[ | I H
« Cascode circuits increase output resistance and n| M3 M4 I Mo re ™. VNGas ¥/
improve current mirror matching — M’ZJ > IH Wiicas
 Bias must optimize signal swing by biasing the J——5 ‘ﬂ([: Voscas | Lcas
cascoded transistor at Vpg(sat) T Vewt MNSink]
. . R% Vst s VDssink
Designing Vgy, and Vigps: i el
Assume the K’ and V; of M7, MCas, and Msink are identical. >, 1006250

Veer =V, + Vpseink (sat) — L+ Vo = 2sink RV 2gink
= e = KN, W7/L7 ! KN, WCas/LCas ! KN’ Wsink/LSink

2lg 2l5ink / 2sink 4 Wy _ Ig
KN’ W7/L7 KN’ WCas/LCas KN, WSink/LSink L7 ISink (\/LCas/WCas + \/LSink/WSink)Z

If Weas/Leas = Weinid Lsink Wy Is Wsink  Is Weqs

L;  Algink Lsink  4sink Leas
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Vop Independent Cascode Bias Design
Bias Circuits

Extension of Si\r/prIe Bias Circuit: Self-Bias using Positive Feedback:
t $V20
VBp1 VBp1
L_’]: :,"_J :,"_J ~———— L:]: :r_J :r_J o—
M3 M4 M6 MPSource l/s M7 M8 l<_— M11 MPSource l/Source
: o] MPClas
h I lle s MPCasI h " - |~ Lo hi|| '
VBng MNCasI M3 Jﬂ'i Viane MNC?S
N\
S o J—— o =
' Lo [: | sink i |45k
M5| Vgy1 MNSink 1 M2 M9 Ven1 MNSink
= = | ﬂ: = = > |
%
1 7 —l— 180413-02
Comments: = i Comments:
 Straight-forward extension of * Uses positive feedback with loop
previous bias circuit gains less than unity
* Current mirrors not accurate * Current mirrors accurate
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Vpp Independent Cascode Bias Design Procedure
Design Procedure for Simple Cascode Bias, BV3

VBp1

1 Select/,=1,andIsand /g Pis=Vppll i+t Ig) L:]I I,"_J I,"_J —{o—
M3 M4 M6 [4__ MPSource l Isource
2 Follow BV1 design procedure @‘ DVBP2
Vgn, — Use I with gate-drain connected NMOS (M7) ol I lis I MPCas
3 W,/Lg = (/1) (W,/L,) I known (Step 1) Voo MNGas |
M1 M2 > |
_ _ e M
4 W,/L; = le/ A gy X Assume Wycoof Lycas = [: M5| Vay: MNSink | Isink
Weink/ Lsink Wisinkd Lusin % A = l
Vgp, — Use I with gate-drain connected PMOS (M8) :
5 W5/L5 = (Il/IS)(Wl/Ll) I5 known (Step 1) O 180413-01
6 W8/L8 = (I5/4I50urce) X Assume WPCas/LPCas =
WPSource/ LPSource WPSource/ LPSource
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Vpp Independent Cascode Bias Design Procedure

Example 1

Use the Design Procedure BV3 to design the bias circuit for an NMOS and PMOS
cascode circuit where ISmk ISource - 10|J.A if Pd:ss-40I1W WNCas/LNCas 7 WNSmk/LNSmk y
50I1m/1llm, WPCas/LPas ~ WPSource/LPSource - 100|J-m/1|1m; and KN 7 100|J-A/V2-

1.) Choose I = I, =I5 = Ig = 2uA (Pgiss = 40uW) Vpo

2.) From Design Procedure BV1 we get L3 = L = Lsource = %13 “IAFIJ “IAFEJ ‘_'E;Mpm
1um, W3 = Wy = (I/lsource) X Wsource = 20um, Ly = L, = IE, D yiour
Lsink = 1um, and Wy = Wo/4 =(I1/lsjn) X Weipg = 10pum, 4 Ve Ve e
and R = 11.18kQ). — VBNZ MNCaa

3.) We/Le = (1o/Is)(Wa/La) = 20um/1um - ] b

4.) W/Ly = (I6/8sink) (Wissink/ Lnsink) = (2/40)(50) = R% = ﬁ
2.5um/1pum

1H

5.) Ws/Ls = (I1/I5)(W,/L) = 20um/1um
6.) Ws/Ls = (Is/8lsource) \Whisource/ Lsource) = (2/40)(100) = S5um/1pm
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Vpp Independent Cascode Bias Design Procedure

Design Procedure for Self-Biased Cascode Bias, BV4

¢VDD
m— " - I
Select I, =L, and Iy Py = Vppllithtlgt 1) 7 M8 ’_¢|‘_‘ M1 MPSource| | |\ @@
v
and /11 :]I | IE M10 VP2
M5 M6 MPCas
2 Follow BV1 design procedure h Lk | 1o M| :
M3 M4 V, MNCas
3 LetM5&M6=M7 M7 &M8are M3 & | = T ,H
& M8 M4 of BV1 e e
ﬂ1 M'E M'g Ven1 MNSIink ¥
4 LetM3&M4=M1 M1ofBV1 | i = o—,
R
5 Follow BV3 to design M9 through M12
—L— 180413-02
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Vpp Independent Cascode Bias Design Procedure

Example 2

Use the Design Procedure BV4 to design the self-biased cascode circuit if Vpp = 5V,
Paiss = 40UW, Isink = Isource = 10HA, Wsini/Lsink = Wicas/Lncas = S0pm/1um,
Wsource/ Lsource = Wpcas/Lpcas = 100pm/1pm, and Ky” = 100pA/V?2, 4 VoD

1.) Choose I, =1, =lq= 111 = 2UA (Pyjs =
40uW)

2.) From DP BV1, we get, W-/L, = Wg/Lg=
Ws/Ls= We/Lg=20um/1um and W, /L,
= Wy/4L, = W5/L3= W,/L,= 10um/1um,
and R = 11.18kQ.

3.) Wo/Le=W:/L; and W;4/L11=Ws/Lsg

4.) W1y/L1y = (l/Blsine ) (Wisinkd Lisink) =
(2/40)(50) = 2.5um/1um

"J "J VBP1
I II— T II— > I
M7 M8 [4__ M11 MPSource | Isourcs
e mo VBp2 v
~ = 1 |
I| M5 M6 MPCas
v | k2 llg l11l :
M3 M'i Vgne MNCas
| | N\ |
j| ||_’ MZ | 1
/ .
1 M2 M9 N Van1 MNSink } fsine
ﬂ: = = (D |
%
T

5-) WlO/Llo - (I9/4ISource)(WNSource/LNSource) = (2/40)(100) = 5l1m/1lim

180413-02
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Vpp Independent Bias Design Procedure using BITs
Design Procedure using BJTs, BV5
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M3 Mz'u M'fj M'gj Vap
Select I, =15, Is, I, and Iq Pics=Vop(li++ls+g+1g) | II— = II—
2 L3 = L4 = LS = L9 = LSource and W3 = WSourcer LSourcer and ISource known M8 RlPSourge ISource
l/ VBp2
W, = (IZ/I50urce) Weource 1 lIZ lls — |
L 1
3 Choose Ag; and A, Current density of emitter MPCas
4 R V. xIn(A_, /A, Resistor design, R. Assume Ag, = ll7 l’9 .
I, 104, Vane MNCaE
I\ |
5 Ws=(L/1s)(W,/L,) Ls Is and Ls known (step 1) M6 Mm d !
Q1 }+—L1Q2 Isi
6 Wo=(I/ls)(W,a/Ls) L ls and Ly known (step 1) AN J M7 VN1 MNSink | sin
x1 [ ™ |
7 Le=L7=Lsink & We= (Is/Isini)(Wsink) Wsinks Lsink, and Isi,cknown by — I
and W5= (I7/lsini) (Weink) R%
Vys2 — Use Iy with gate-drain connected NMOS (M10) —4- PP
8 Wiy I Wsink Assume both cascode and cas-
Lio  4sme Lok coded transistors have same W/L
V5, — Use I with gate-drain connected PMOS (M8)
9 We Ir Wsource Assume both cascode and cas-
Ls  4Lsource Lsource coded transistors have same W/L
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Example 3
Design the bias current generator and

cascode biases. Assume the BJTs have a current
rating of 1pA/um?2 and Vpp = 5V, Pgiss = 50uW,
10UA, Wsini/Lsink = Wicas/Lncas =
50pum/1um, Weource/ Lsource = Wpcas/ Lpcas =

Isink = Isoyrce =

100pm/1um.

1) Llet =L =I=1, =1, = 2UA

2) L3_L4_ L5 L9 LSource 1“m &
W3—W4 (Iz/ISource)WSource 20|.|m

3.) Let the area of Q1 and Q2 be 10um?

4) R v xIn(A AL

2LA

2

5.) W5= Wg = W4= 20|Jm

_0.026xIn(10) _ 59 93410

AICDesign.org
Design Procedure using BJTs

3
e -
In 1k

Vbp

VBp1

the

MPSource
VBp2
[\ |
| 1
MPCas

M8

I

l ISource

s -
Ven2 MNCas

[N |
L ]

M6

I .
Van1 MNSink Isink

N\ |
L ]

180628-03

6.) Le=L;=Lsink = 1pm and Wes= (Is/Isink)(Wsink) = 10pum and W= (I7/Isink)(Wsink) = 10pm
7.) Wio/Lio = Is/(4Isink) X (Wsink/Lsink) = (2/40)(50/1) = 2.5um/1pm

8) Ws/Lg = I7/(4ISource) X (WSource/LSource)

= (2/40)(100/1) = 5pm/1pm
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Summary - Cascode Bias Circuit Design

Cascode Bias Circuit Design Independent of Vpp

« Biasing cascode circuits

« Vpp independent biasing for cascode circuits using MOSFETs
« Vpp independent biasing using BJTs (and MOSFETSs)

« Design procedures - BV3, BV4, and BV5

« Examples

« All other How to Design Analog Circuit lectures will use these bias circuits
in one form or another to achieve bias currents in MOSFETs that are
independent of Vpp
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