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
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*  DC Issues:

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, )
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= 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 M is used to generate source-gate voltages for M,
(which generatesiq,p;) and for M. The second current supply is generated by
first using -1p5 to generate a DC gate-source voltage via diode-connected M-.
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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: Vour =0V (DC); V¥ =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 cal culations
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~  Device Properties. (for smplicity, make all n-channel and all p-channel
MOSFETSs the same dimensions)

MOSFETS: i, Coy = 50 HAVZ, (WIL),, = (50/2), V1, =1V, A, = 0.05 V1
Mp Cox = 25 LAV 2, (WIL), = (80/2), Vyp = - 1V, A, = 0.05 V1
BJTS: Bon = 100, Van =50V, Bop = 50, Va, = 25V
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Reference Resistor

*  Find Rggg such that | g = 50 pA and then find all node voltages and DC bias
currents ...
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»  Substituting | geg = - Ip3 = 50 PA, the source-gate voltage drop is

50 A

Et;g))g(zs UAN?)

Vggs = —(-1V) + = 132V

+  Solve for the reference resistor:

_ Vbp—Vsg)~Vsg3 _ 25V -(-25Vv)-132V

R

= 73.6 kQ

REF —
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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
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= Neglecting base currents, 1, = 50 pA and | 5 = 50 pA
Q1:Om1=2mS, ;1 =50KkQ, ry; = IMQ
Q2 O =2 MS, ;5= 25KQ, ry, = 500 kQ
Source resistances of the current suppliesfor first and second stages:
Foc1 = Foa = (Ma(-1pa)) ! = (0.05(0.05)) ™t = 400 kQ
Focz = Fog = Ms(lpe)) * = (0.05(0.05)) 1 = 400 kQ
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Overall Two-Port Mode

* Rin=Riny =50 kQ and Ryt = Ryyrz = ro2 || oz = 500 KQ || 400 kQ = 220 kQ

= Overall short-circuit transconductance G, -- apply standard procedure
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Find input voltage to the second stage:

Vinz = = G Routa I Rin2 ) Vin == 9ma1 (To1 Il Toct 1 T2) Vin

Output current

lout = Gmz Ving = 9m2 [ Oma (Foz Il Foct Il rr2)] Vin

+  Qverall transconductance:
G =lout/ Vin="-9m2 9m1 (roz Il Toc1 Il ')
Gy =-(2mS)(2mS)(1MQ || 400kQ || 25 kQ) = - (2 mS)(2 mS)(23 kQ)

Gy =-92mS
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Output Voltage Swing

* Find the maximum and minimum values of vg 1
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~  Determine how high the output node can rise before a device leaves its constant-
current region

Q, saturates when vout = Vout(may = 24 V ... Vecay = 0.1V

Note that M is till saturated since Vgpg = VEgg = 0.7V > Vggy + V7 =0.22V
~  Determine how low the output node can drop ...

Mg goes triode when Vpgs = Vpgg(sat) = Voss - VTn =1.32V -1V =032V

VouT(min) = - 25V +0.32V = 218V
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