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Abstract—A new approach has been developed that uses only Cbcx|—“—|
a simple set of formulas to transform noise andZ- parameters R, L
between common emitter and common base configurations. This L R * |:|C ¢ R L
technique is based on the typical T-model of InP double-hetero- b b Ry ¢
junction bipolar transistor and calculated results agree with the —M W Av“vkvA YW MW N
experimental results, demonstrating that this approach is useful  Base Ruc Collector
for many broad-band low-noise communication circuit designs. L= _Lale
o
Index Terms—Common base, common emitter, InP HBT, noise be > Che
figure, noise parameters,Z-parameters.
Re
I. INTRODUCTION
S IS commonly known, the noise performance for a L
common emitter (CE) and the common base (CB) config- ¢ Emitte
T

uration at very low frequencies is identical [1], [2]. However,
there are some differences at RF and microwave frequency
band due to the base—collector (BC) feedback capacitaﬁ:& L
of the CE configuration. A circuit configuration in the CE
mode usually produces more noise than its CB counterpagtparameter expressions for the small-signal equivalent circuit
This is primarily due to its high input impedance that makesf heterojunction bipolar transistors (HBTs) are derived in [8].
broad-band matching more difficult. A CB configuration haghe extrinsic capacitances to ground are small for the devices
the advantages of ease of broad-band impedance matchifgng on-wafer probing. They are not suspected to significantly
at better gain and a lower noise figure [3], [4]. Therefore, gfluence the results based on the analysis presented. Its corre-
CB configuration is generally more suitable for optical andnponding small-signal equivalent circuit in the CB configuration
microwave broad-band communication applications. Howeveh, pe obtained from rotating Fig. 1 by®90rhe Z-parameter

current methods to calculate the CB noise parameters Usgngressions for the CB configuration are
available CE noise parameters are usually complicated an
time consuming [5], [6]. In this paper, we propose a simple,

T-model in CE configuration.

(1 — a)zpc Ry + 2zp Ry

yet effective transformation technique to convert the CE ZSB =zp+ 2+ A Q)
noise parameters into the CB noise parameters. Also, the o R
transformations of theZ-parameters between the CE and Z5B =zp VFA bi 2)
CB configurations are presented. In this paper, an InP-based aznczr 4 21 Ry,
double-heterojunction bipolar transistor (DHBT) is used to 75> =z + A : (3)
illustrate this method. (znc + Roi)7

ZZCZB :ZC+ZB+% (4)

[I. MODEL

A. Z-Parameter Transformation Between CE and CB where A = Zpc + Zr + Ry and ZSB denotes CB

A typical T-model is used for the InP DHBT and its equivaZ -Parameters. .
lent circuit in the CE configuration is shown in Fig. 1 [7]. The Comparing theZ-parameters of the CE and the CB configu-
rations, we can get the following relations:
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Fig. 2. (a) Two-port device of a CE HBT with its noise represented by equivalent input sources: one current gerentor and one voltage gerentaort(b) Two-p
device of a CE HBT with its noise represented by equivalent input sources: two voltage gerentors.

and theABC D-parameter transformations convenient for this linear two-port noise network. This repre-
sentation is as follows:
ACE
A% = ey ©) Vi =AV; + Bl + V" 18
ACE _ 1 1 2+ Bl +Vy (18)
CCE I, =CVa + DI, + ISE. 19
CCB _ (10) 1 2+ 2+ 17 (19)
ACE — 1

Fig. 2(b) shows the two noise voltage sources at the input and
whereZZE denotes the CEZ-parameters, and“B, C°B and output of the linear two-port noise network; it is relatively easy
ACE| CCE denote thedABCD-parameters of the CB and CE!0 derive the expressions in the impedance form as follows:
configurations, respectively. Vi =210y + Zisly + VEE (20)

_ CE
B. Noise Parameter Transformation Between CE and CB Vo =Zor Iy 4 Zoa Vi + Vo (21)

Fig. 2(a) shows the two-port device of a CE HBT with its Comparing (17) and (18) with (19) and (20), we can obtain
noise represented by an equivalent input source: a current geg®) and (23) as follows:

erator and a voltage generator. These sources and their correla- ACE

. L. K K . VCE — CE _ —ICE (22)
tion coefficient completely characterize the noise of the device. L A (CE"4

Normally these sources are specified by the following standard oR ISE

set of noise parameters [9]: Vo= CCR (23)

cp (T3 where A°F and C“F denote theABCD-parameters of the
T (11)  two-port device of a CE HBT. Using the method of [5], the CB
(@) noise voltage sourcég“® andV;-® are derived as
CE A
=7 12
T AT 42 VP = — P (24)
ySP =GP 4 jpop = liav) (13) Ve =Vt - v R (25)

cor — 1—}2 . .
(va) and the voltage and current noise souréé® andV B for the
These parameters are known as the noise resistance, nGiBeconfiguration are similarly obtained as

conductance, and correlation admittance, respectively. The VCR

Boltzmann’s constant and reference temperature are denoted VP =V©P — A“BYP = ﬁ (26)
by k& and T}, respectively. The noise sources are defined in (CE -

terms of spectral densities, i.e., volts and amperes per root I8 = — C“BY B = CF—VACE —-ISE (@7
hertz. In terms of these parameters, the noise figure of the AR 1

device is given by [9] where A°® and C“B denote theABCD -parameters of the

two-port device of the CB HBT. Using the definitions of

2
FCF _ pCR RC:?F v _ (Gcﬁ +chipt,) (14) (11)—(13), the CB noise parameters are obtained after some
s v op simple calculations as
whereY, = G, + jB, is the admittance of the source, and ROB _ RSE (28)
n T 2
CE? CE? Ger |ACE .
o )} n 2
Gopr =Geor + RCE (15) GCB — ‘ CCF RCE 4 GCE
. no CE _ n n
BG = - BSY (16) R
and — 2Re {mRSEYSP} (29)
yCB _(CE _ (4CE _ 1) yCE
PSR =1+ 2RS5(GSE +GSE). (17) or =07 = ( ) Yoo (30)

whereRSE, GSF, YEF and RSB, GEB, YEP are the noise re-

Fig. 2(a) shows that the voltage and current noise sourcgastance, noise conductance, and correlation admittance of the
V$® and I§F, the ABCD-matrix description, will be more CE and the CB configurations, respectively.
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Fig. 3. Measuredd) and calculatedo) CB S-parameters versus frequencylafs = 0.84 Vor Vog = 1.5 VandIs = 3.9 mA.

[ll. EXPERIMENTAL RESULTS O Calouiated
- O- Measured
To verify the accuracy of the above noise transformation ex-
pressions, InP/InGaAs DHBTSs in the CE and CB mode with
an emitter area of 5 20 um? were used in this study. De-
tails of the device structure and performance were described in 2L
[10]. These CE devices showed an average extrinsic peak cur-
rent gain of 180. The ideality factors of the collector and base T S TR R
currents werev1.1 and~1.2, 'respec'tlvely. The devices possess Frequency (GHz)
very low leakage current with a high CE breakdown voltage
(BVcro > 9 V). The CE devices have a typical current gaifig. 4. Measuredd) and calculatedo) CB noise figure versus frequency.
cutoff frequency( fr) of 61 GHz and maximum oscillation fre-
quency( fmax) Of 38 GHz. The 5x, 20 um? CB devices have a between the measured and calculategparameter and min-
typical maximum oscillation frequencyfy,,x) of 72 GHz. imum noise figure from 2 to 20 GHz were obtained. To further
The microwave noise parameters were measured from 2iltostrate the effectiveness and accuracy of this approach, we
20 GHz. The measurement system consisted of an ATN-NBBo compared the measuré}® and calculated?S® from
wafer probe test set, HP8970C noise-figure test set, HP897® measuredzS™ at the same bias conditions. As shown in
noise-figure meter, and HP8510C network analyzer, affig. 5, good agreement is observed between the measured and
the signal source for the noise figure test set is shared withlculated results despite the fact that the equivalent noise
HP8510C. The minimum noise figure, noise resistance, and ti@sistance is a difficult parameter to obtain because of the
optimal source impedanc&Fwvin, Ry, Gopr, and Bopr)  uncertainty in theS-parameter measurement. Figs. 6 and 7
were extracted from the measured noise figure Sfgarame- show the measured real p4€t;2) and imaginary part BS?)
ters at a particular dc bias for these devices in the CE and ©Bthe optimum input admittance and the calculagf?
configuration. Fig. 3 shows the comparison of the measured aanbl BS; from the measured’s; and B at the same bias
calculatedS-parameters of the CB configurations using (5)—(&onditions. Although good agreement between the calculated
andS-Z transformations based on the CE small-signal paramesad measured real part of the optimum input admittance was
tersatVeg = 0.84Vor Vog = 1.5 Vandis- = 3.9 mA. Fig. 4 obtained, the errors between the measured and calculated real
shows the comparison of the measured and calculated ngiset increase with increasing frequency. This possible reason is
figure of the CB configuration using (15)—(17), (28)—(30) anthat the measured errors are caused due to very small values of
CE noise figure at the same bias conditions. Good agreemtrd imaginary part of the optimum input admittance.

NF,, (dB)
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IV. SUMMARY

A set of formulas for quick noise parameter transforma-
tions based on thd BC D representation for the CE and CB
configurations has been presented. The simplified transforn
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