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Announcements

e HW4 due Mar 8

e Reading
 Razavi Chapter 9



Agenda

e Cascode Stages

e Current Mirrors
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out,max ~ Emifor”

Rout,max ~ ﬂerl )
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» The maximum output impedance of a bipolar cascode is |
~ bounded by the ever-present r_ between emitter and ground
Of Q1 :

...................................................................................................................................................................................................................................................................................................................

CH 9 Cascode Stages and Current Mirrors 6



Relative to a simple bottom Q2 cascode, lets
try and double this by adding an additional R¢

n( Rout n( o o{ Rout
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R ~ 8milo I(RoutAHr )

> Typlcally r, is smaller than r,, so

Rout ~ 8milol (r02Hr7[1) R

In order to roughly double R, we need

Rzt = 20rpar)  ingeneralitis impossibleto
After some algebra, we find that ~ double the output impedance by
P ~degenerating Q, with a resistor.

OutA -_ LR :

Ly ) 7



out

-

-

R, =10+g, o |70 700 || T

R, = gmerl(rOZ | 7}z1)

~

CH 9 Cascode Stages and Current Mirrors



0{ Rout & 9m1 o1 (roz2llryq)

> Instead of treating cascode as Q, degenerating Q,, we can
~also think of it as Q, stacking on top of Q, (current source)
to boost Q,’s output impedance.

...................................................................................................................................................................................................................................................................................................................
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> When the emitter of Q, is connected to the emitter of Q,, it’s
~ no longer a cascode since Q, becomes a diode-connected
device instead of a current source.

...................................................................................................................................................................................................................................................................................................................
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o{ Rout ® 9m1 o102

o( Rout=To2 :> Vb ._II-: M
X

> Similar to its bipolar counterpart, MOS cascode can be
~ thought of as stacking a transistor on top of a current
source.

» Unlike bipolar cascode, the output impedance is not limited
- byB§.
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> Rp will lower the output impedance, since its parallel
~combination with rq, will always be lower than r,.

...................................................................................................................................................................................................................................................................................................................
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> Since the output impedance of bipolar cascode is higher
~than that of the CE stage, we would expect its voltage gain
to be higher as well.

...................................................................................................................................................................................................................................................................................................................
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» Since rgis much larger than 1/g,,,, most of I; o, flows into the
~ diode-connected Q,. Using R, as before, A, is easily
calculated.

...................................................................................................................................................................................................................................................................................................................
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> Since no current source can be ideal, the output impedance
~ drops.

...................................................................................................................................................................................................................................................................................................................
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» In order to preserve the high output impedance, a cascode
~ PNP current source is used.

...................................................................................................................................................................................................................................................................................................................
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D I
RQPJA R,, = gulortor

out
Ron Rop ~ Em3lo3V04

|I/b1 ._II: MZ 601,11‘ — Ron H Rop/

» Similar to its bipolar counterpart, the output impedance of a
- MOS cascode amplifier can be improved by using a PMOS
cascode current source.

...................................................................................................................................................................................................................................................................................................................
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Agenda

e Cascode Stages

e Current Mirrors
 BJT Current Mirror Basics
 MOS Current Mirrors Basics
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> Since V4, I, p,, and V4, all depend on temperature, |, for
~ both bipolar and MOS depends on temperature and supply.

...................................................................................................................................................................................................................................................................................................................
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» The motivation behind a current mirror is to sense the
~current from a “golden current source” and duplicate this
“golden current” to other locations.

...................................................................................................................................................................................................................................................................................................................
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Vee

/
| ReE Y /copy1
QReF Vi Ch:lJ_rrent
' Irror
Neglecting base current for now (assuming high £), ]
from the /- expression ] _ S1 ]
VBE VBE copy ] REF
Ic=Is|e' —1|~Ige'" S,.REF
the voltage produced by the diode conNNECtEd trANSISTOT IS ettt 5
o [ IREFJ > The diode-connected Qrer
| =Vrin _
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I —
i =%
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» Multiple copies of I can be generated at different
.~ locations by simply applying the idea of current mirror to
more transistors.

...................................................................................................................................................................................................................................................................................................................
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Vee

I REF
Q1
QREF
Neglecting I [ ]copy ; — n]REF}

> By scaling the emitter area of Q; n times with respect to
- Qgep lcopyj IS Also n times larger than Iz This is equivalent
to placing n unit-size transistors in parallel.

...................................................................................................................................................................................................................................................................................................................
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Vee

Irer (W) 0.25 mA 0.75 mA

QRrer
Neglecting I 05 mA
Q4 Qs
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IREF 0.25 mA |

» Afraction of I can be created on Q, by scaling up the
~emitter area of Q.

...................................................................................................................................................................................................................................................................................................................
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> Using the idea of current scaling and fractional scaling,

lcopy2 IS 0.9mA and |, is 0.05mA respectively. All coming
from a source of 0.2mA.

...................................................................................................................................................................................................................................................................................................................
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VCC From a KCL at the base of O, and Qg zr

/ I
C.F Ipp=lcp= cgy(1+l)

n

,62
= hA E Froma KCL at the collector of Oprr
copy
B n n

7 nlppp
s 2 ATl
nl REF I+— (n+1)

1 I
Tpgr =1 o+ 1 rir :M(1+lj+ copy

or 1 > Because of Q, the base currents of
1+— (n + 1)  Qggrand Qqare mostly supplied by
\_ ,B ) Qg rather than Igge. Mirroring error is
~ reduced p times.

> Q; is often called a “B helper”
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Ag

The key to finding the copied currents is to first compute the

total current copied using

Lo = Mowlrer — _ \ 4 REF U ppp
copy.total = 1 (11 15
1+ — (M0 +1) 1+ﬁﬁ(4—%q 4+

Then scale the individual output currents

1 1
1 copyl — (ﬁjl copy total — REIF 5
4+ ?
10 10 gy
Icopy2 = (Hjlcopy,total = 44 li
ﬂZ

32



> PNP current mirror is used as a current source load to an NPN
~amplifier stage.
> But what if we only have 1 ideal reference current that flows
~ from V., as in all the previous NPN current mirror examples?
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| REE | | J copy1

QRrer ~ Q4 Current
: Mirror

> Let Qgerand Q, be discrete NPN devices. Iggeand |, 4 can
~vary in large magnitude due to Ig mismatch.

» Thus, current mirrors may not be used that often in discrete
~ (board-level) design, but are pervasive in integrated circuit
(IC) design

...................................................................................................................................................................................................................................................................................................................
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Agenda

e Cascode Stages

e Current Mirrors
 BJT Current Mirror Basics
« MOS Current Mirrors Basics
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VDD |I/DD

I REF

From the saturation current equation

C
D~ Hn=ox %(VGS - VTH,n)2

the voltage produced by the diode connected transistor is

Vy = 2 g

Hy Cox (W)
L REF

this voltage forms the V55 of the output current source to produce

+ Vg

copy 2 L W
HnCox z
REF
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Current

+ Mirror

copy =
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» Similar to their bipolar counterpart, MOS current mirrors
~can also scale I up or down (I, = 0.2mA, |, = 0.5mA).

...................................................................................................................................................................................................................................................................................................................
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Vout1 Voutz
Voo
_I Vin1 Vin2 °_|
I REF L L L
CS
Foll St
L MREF oliower ageVDD
Vins °_| Vina °_|
Vout3 |'/out4

> The idea of combining NMOS and PMOS to produce CMOS
current mirror is shown above.

...................................................................................................................................................................................................................................................................................................................
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Next Time

e Operational Transconductance Amplifiers
* Lab 7
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