Totem Pole Voltage Sources

» Define aseries of bias voltages between the positive and the negative supply
voltages.

@\ouT3
M, \ouT?2
Ql\l 1 ®\ouT1

= In practice, output currents are small (or zero), so that the DC bias voltages are
set by Irer
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MOSFET Current Sources

» Biasn-channel MOSFET with a DC voltage source

®
l'OUT
+

+ I:MZ Vout

VRer N

= Intuitively, Vreg 1S Set by | ree and determines the output current of Mo

IREF

WO
[Q_Lﬂluncox

Veer = VYt = Vgst = Ve
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MOSFET Current Sources (cont.)

= Substituting into the drain current of M, (and neglecting (1 + A,Vps) term)

_ - WO 2
lout = b2 = i, MnCoxVes2 ~Vm)

% | EZ

W REF

| =ln, = BH u C Vo + ~V

ouT = D2 T (pr,Mnoxs T WO | o ™
] [QLDIUn 0X [

= Output current is scaled from | g by a geometrical ratio:

(W/L)
lout = HW/ '—)1DI REF
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MOSFET Current Source Equivalent Circuit

= Small-signal model: source resistanceisry, by inspection

O] @
+

Om1¥gst rol§ Vo = oV Im2\gs2 § fo2

= Combine output resistance with DC output current for approximate equivalent
circuit ... actual iy VS. VouT Characteristics are those of M, with Vg = Vrer

lout i
—. OUT A
+

WIL (WIL),
(D EW/Lii e = our i, Hioz

- \out

Y

@ (b)
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The Cascode Current Source

In order to boost the source resistance, we can study our single-stage building

blocks and recognize that acommon-gate is attractive, due to it high output
resistance

VDD
— Q@ .
l'OUT

<v>|REF

Ti
M o M

3 | 4
M o M
1r | 2

= Adapting the output resistance for acommon gate amplifier, the cascode current

source has a source resistance of

Rs = (1+0m4f 62)704 = Ima' 04’ 02
Penalty for cascode:

needs larger Vot to function
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MOSFET Current Sources and Sinks

= n-channel current source sinks current to ground ... how do we source current
from the positive supply? Answer: p-channel current sources...?

. Voo . .
Ml_> | i ’_JMI i "JMZ i <JM3
iOUTll iOUT2 iOUT?:l

IF{EF

= By mixing n-channel and p-channel diode-connected devices, we can produce
current sinks and sources from areference current connected to Vpp or ground.
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Two-Stage BICM OS Transconductance Amplifier

Concept: cascade two common-emitter stages to get more transconductance --
not an ideal solution but illustrates DC biasing and interstage coupling

Rg lout

-
vs+ +R\i/inm11 ; %Routl Rin2§ Vin2 ¢ % Rout2 RL%

First stage: npn common-emitter amplifier (DC level shifts up)
Second stage: pnp common-emitter amplifier (DC level shifts down)
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Amplifier Topology

» Basic structure -- connect output of CE (npn) to input of CE (pnp),
attach small-signal voltage input (with Rg) and load (R, )

Vi =+25V

= Current source design:

assume that the reference current is generated by aresistor (to ground)
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DC Currentsfrom Reference

= p-channel diode-connected M3 is used to generate source-gate voltages for My
(which generatesig p;) and for Ms. The second current supply is generated by
first using -1p5 to generate a DC gate-source voltage via diode-connected M-.

M3

Vi=+25V

’

IREFi % Reer

= s
wsupl ¢ Ips
isup2¢

-

V' =-25V
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Two-Stage BICM OS Transconductance Amplifier

= Combine current source circuit with basic amplifier topology

Vi=+25V
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DC Bias of Transconductance Amplifier

Given: Vout=0V (DC); VI =25V,V =-25V; Rg= R =50kQ

Sandard simplifications: assume Ig = O for bipolar transistors, neglect Early
effect (BJT) and channel-length modulation (MOSFETS) for hand calculations

Vi=+25V
M
s | — R
¥ Q
RRer ﬂt
“n
M6:“74”: M5 J—__
V=-25V

Device Properties: (for simplicity, make all n-channel and all p-channel
MOSFETSs the same dimensions)

MOSFETS: W, Cox = 50 PAV™2, (WIL),, = (50/2), V1, =1V, A, = 0.05 V1
Hp Cox = 25 HAV 2, (WIL), = (80/2), Vo =- 1V, A, = 0.05 V'
BJTS: Bon = 100, Van =50V, Bop =50, Vap =25V
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Reference Resistor

» Find Rgee such that I g = 50 PA and then find all node voltages and DC bias
currents ...

+25V
+Vas3
ID3'\$31“7— Vess = Vpp — rerRrer — Vss
I
IREFL ;R:j: Vsgs = _VTp+/\/(W/(2L)[))§upCOX
-25V

= Substituting Igeg = - Ip3 = 50 PA, the source-gate voltage drop is

50 uA
180
E(2(2))D

Vggg = —(-1V) + =122V

(50 HANV?)

s  Solvefor the reference resistor:

_ (Vpp—Vsd-Vse3 _ 25V -(25V)-122V

R = = 75.6 kQ
REF
| Rer 50 pA
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DC Operating Point

= Since width-to-length ratios are identical for n-channel and p-channel devices
(separately), the DC supply currents are equal to the reference current

Vi =+25V

= Neglecting base currents, |, = 50 HA and |, = 50 pA
Q1:Om1 =2 mS, 1 =50KQ, ro; = IMQ
Q2 U2 =2 mS, o= 25KQ, rop = 500 kQ
Source resistances of the current suppliesfor first and second stages:
Foc1 = Foa = (A4(-1pg)) ™t = (0.05(0.05)) = 400 kQ
Focz = Fog = (Ae(Ipg)) ™+ = (0.05(0.05)) ™ = 400 kQ
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Overall Two-Port M odel

s R,=Rp=50kQ and Ry = Royr = Fop Il Focp = 500 KQ || 400 kQ = 220 kQ

= Overall short-circuit transconductance G, -- must apply procedure

lout
-

<
>
+
Py
Ps
4_
AW
g
=
=3
S
[\
WA
I%<.
-—
AW
s°
N

CE (npn) CE (pnp)

Find input voltage to the second stage:

Vinz = = G Rout1 1 Rin2) Vin == 9ma (To1 I Toca I Fre2) Vin

Output current

lout = Gz Ving = 92 [- Ima (Foz 1l Toca I rro)] Vin
s Oveadll transconductance:

Gm=lout! Vin=" 9m2 91 (Fo1 ll Toc1 Il ')
Gy = - (2 MS)(2 MS)(L MQ [| 400 KQ || 25 kQ) = - (2 mS)(2 mS)(23 kQ)

G=-92mS
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Output Voltage Swing

= Find the maximum and minimum values of vo 1

V=25V
M
s ] o s
4 Q,
Rrer % o
~ Q, uT
C)_VBIAS M6:_“74”: M
V'=-25V

Determine how high the output node can rise before a device leaves its constant-
current region

Q. saturates when Vot = VouT(max) = 24 V ... Vec(san = 0.1V
Note that M, is still saturated since Vepg = Vggs = 0.7V > Vggy + V3 = 0.22V
Determine how low the output node can drop ...

Mg goes triode when Vout = Vpsysan) = Vasy - Vn = 1.22V - 1V =022V
VouT(min) =- 25V +0.22V =223V
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