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Small Signal Response
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Small signal operation
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# 11

h parameter small-signal eq.circuit

Vi =M1k +hpovs
o = hp1h +hoovy

Short-circuit input impedance :
Open circuit reverse voltage ratio :
Short-circuit forward current ratio :

Open circuit output admittance :

hyp = hy = (vy/ iljvzzo

ha =hy = (a/v2 ), g

hop=hs = (iz/ilj\@:o

hpo =hg = (iz/V ]il:o

From T. A. Fjeldly, T. Ytterdal, M. S. Shur, Introduction to Device Modeling and Circuit Simulation,

Wiley, New York , 1998
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Notation for h-parameters

The parameterhy1 (hi) Is called the short-circuit input

Impedance hi, is called the open circuit reverse
voltage ratiolh,), h,; is called the short-circuit
forward current ratio (hs), and hoz Is called the open-
circuit output admittance (ho). In the alternate
notation (i, hy, hs, and ho,), a second subscript is often
used to denote the transistor configurationFor example
the h-parameters for thecommon-emitter transistor circ
configuration are denoted ashie, hre, hfe, and hge. The
total of h-parameters is twelve (four foreach transisto
configuration).In their data sheets, transistor
manufacturers usually provide only common-emitterh-
parameters.

SDM 2, ©Michael Shur 1999-2007
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h parameters

Common-emitter Common-base Common-collector
h-parameters h-parameters h-parameters
hie hib = hie/(hfe + 1) hic = hie

Nre hrb = hiehoe/(hfe + 1) — hre hre=1

hfe hio = — hfe/(hfe + 1) Nic=—hre—1

Noe hob = hoe/(hfe + 1) Noc = hoe

SDM 2, ©Michael Shur 1999-2007
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Hybrid-~ Equivalent Circuit

Often used in CE
configuration.

Relates well to
physical (SPICE)
parameters.

Cy e = Cge + Cyife = Cde(Viye )+ OmrTF
Cp ¢ = Cqc + Cife = Cdc (Ve ) + ImrTR

From T. A. Fjeldly, T. Ytterdal, M. S. Shur, Introduction to
Device Modeling and Circuit Simulation, Wiley, New York ,
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Full (a) and simplified (b)
hybrid-n equivalent circuit
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T equivalent circuit
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Parameter Expressed through h-parameters for | Expressed through h-parameters for
common-emitter configuration common-base configuration
hre /e hip — hrb@"’ hfb)/hob
hie ~NreL+ g Ve [ Mrd/ Mo
(L+ e Y hoe (1~ hep )/ hop
hee/(L+hee ) b
e ~hgy /Q+hpy )
h-parameter Relation to parameters of hybrid w-equivalent circuit

hoe 1 (ftyc +tye)+1/Tee + Omte /(tyc + Mye)

hie Ibb' +Ih'elb'c /(rb' e tlpc )

e Imfertc /(T + Moe)

SDM 2, ©Michael Shur 1999-2007
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Important relationships

Definition of h-parameters

Dynamic resistance of the
forward-biased emitter-base
junction

Transconductance

Resistance in the hybrid-p
equivalent circuit

SDM 2, ©Michael Shur 1999-2007
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Midband

Transistor small
signal equivalent
circuit
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Gains and Impedances

Definition Relation to h-parameters

Zj =v1lig Zi=hj—hshe/(hg +Y|)
Yo = iolvp Yo:ho—hfhr/(hi +RS)

Ay = V2/V1 Ay = AiZL/Zi

Input impedance

Output admittance

\oltage gain

Ays = VolVs Ays = AVZil/(Zj + Ry)
Ai=hs IQ+hoZ))

\oltage gain

Current gain Aj =iy =-lolip

Current gain Ajs = — Iofig Ajs = AiRs/(Zj + Ry)

Power gains Ap = Av Ais Aps = Ays Ajs

SDM 2, ©Michael Shur 1999-2007
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Motorola 2N2219A transistor

Common emitter

Common base

Common collector
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16.4
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4% 10-4

1.1x 107
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-0.987

-76

25

0.329
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1.19

0.0164

15.77

0.334

-71.43

0.986

- 44.72 (33 dB)

0.977

-119.76 (41.6 dB)

120.1

-44.72 (33 dB)

0.977
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Lossless Transmission Line

i)
' Z = (LIC)V2

| = (V,-V,)/Z,

1= (ZL - Zo)/(ZL +Zo)

Reflected wave )

SDM 2, ©Michael Shur 1999-2007
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Device Under Test

Now divide both sides by Z /2

b,y =Sy a3 + S5 A

b, =S5 aj; + Sy A

a,° s the incident power
on port 1

b, is the reflected power
on port 1

SDM 2, ©Michael Shur 1999-2007
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Definitions

ale

is called the reverse transmission ratio,

321 2& 3.2 =0
A

is called the forward transmission ratio, and

a]_ZO

SDM 2, ©Michael Shur 1999-2007
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Cut-off Frequency f;
Simplified hybrid-r equivalent:

. 1 .
Ih = Vb'e{FJF J(D(Cb'e + Cb'c)
'e

From T. A. Fjeldly, T. Ytterdal, M. S. Shur, Introduction to Device
Modeling and Circuit Simulation, Wiley, New York , 1998
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Cut-off Frequency fT (Cont.)

1
e (Cb'e +Cpre )

O)B = 27'CfB =

From T. A. Fjeldly, T. Ytterdal, M. S. Shur, Introduction to Device
Modeling and Circuit Simulation, Wiley, New York , 1998
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Cutoff Frequency for FET and BJT

21(Cgs + Cya

fr

fT — 1/27'Cttr

where ty = L/Veff IS the transit time of electrons in the channel. Assuming that
Veif ,t0 be of the order of 5x10 4m/s (which is about one half of the electron
saturation velocity in Si) we obtain a characteristic transit time for a

MOSFET, on the order of ty(ps) -20 L (um)and fr (GHz) ~8/L (um). In
fact, the measured switching times may be quite a bit larger because the

transistor response is slowed down by the parasitic and fringing capacitances,
Cp, which add to the gate capacitance:
Im

" 27(Cys + Cyq +C,

Compare with BJT: fa—Im L

T 2m(Ce + Cb'c): 2TUT off

fr

SDM 2, ©Michael Shur 1999-2007
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The frequency at which the power gain of the transistor is equal to unit

under optimum matching conditions for the input and output impedances is
called the maximum oscillation frequency, fmax. Using a simplified =-

equivalent circuit where we neglect ryp'c and ree, We obtain

S i
8l Cprc

1:max —

SDM 2, ©Michael Shur 1999-2007
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Solution

Small Signal BJT Amplifier
Vcec 6 0 DC 15V

Vs 10ac 1V sin(0 0.01V 2KHz)
C11220u

RB1 6 2 120k

RB2 2 0 20k

RC 6 4 10k

RL502MEG

RE 302K

CE3015u

C24520u

Q1L423BJT

.model BJT NPN (bf=60 rb=100 cjc=10p)
.ac dec 10 0.1 100Meg

tran 0.1ms 1ms .005ms

.probe

.end

SDM 2, ©Michael Shur 1999-2007
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Input and output current and voltages
for one stage common emitter BJT amplifier

1C(Q1)

S

0.2ms 0.4ms 0.6ms 0.8ms 1.0ms
Time

SDM 2, ©Michael Shur 1999-2007
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Voltage gain for one stage
common emitter BJT amplifier

db(V(5))

1c;1 1&)3 1|o5

Frequency (Hz)

SDM 2, ©Michael Shur 1999-2007
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Summary

E

Common-base | &, = /(1 +] o/o )

current gain

Common-emitter | B, = B/(1+] olo )

current gain

Cutoff frequency crude estimate: fr ~ Om < —9m
O T T ™ 1 (Ce + o) ~ 21Ce

More accurate equation:

fT I~ 1 Where Teff = Te + Tc + TcT ’
2T Teff

Te:(ce +Cpc +Cp)/9m , TcTszcb/Vsn, T¢ =Ics

where ©a ™ 2t = U(Cqre)

where ©pg =27fg = gpe /(Che +Chc)

SDM 2, ©Michael Shur 1999-2007



