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Abstract—A novel base ballasting scheme for interdigitated Qum
power RF bipolar transistors has demonstrated improved perfor-
mance and thermal stability. The nonlinear ballast resistor in se-
ries with each base finger is implemented using a depletion-mode
FET, which requires only minor modification in the fabrication
process. Mixed-mode simulation, instead of analytical equations,
is used for more accurate device characterization.
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Index Terms— Ballasting, parasitic characterization, power
BJT.
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I. INTRODUCTION

I ™

HE positive feedback from inhomogeneous temperature

distributions in interdigitated power bipolar transistorsf
can cause thermal instability or gain collapse [1], [2]. Usually;
emitter ballast resistor is used for prevention, and its optima!
value needs to be carefully chosen to ensure good instability
protection without severe performance degradation [3]. Thé
design of finger spacing is also a tradeoff in view of thermal
management, since its reduction can increase thermal couplitfy 1-
between fingers and hence decrease the current hogging ef-
fect [4], [5], but this reduction will lead to inefficient head
dissipation for the entire cell [5]. We propose to use a new
nonlinear base ballasting scheme that is very effective in
thermal instability protection with little performance penalty at
normal operating conditions. Since the positive feedback fro
Joule heating can be nearly eliminated, the layout design can
also be more aggressive toward handling total heat dissipation.
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Modeled RF BJT layout and T-network for parasitic characterization.
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Intrinsic BJ

Il. POWER RF DEVICE MODELING Re

Power RF devices pose significant challenges to modeling
strategies, since both thermal and parasitic effects need to
be accurately accounted for. For the power bipolar junc-
tion transistor (BJT) in this study (Fig. 1), mixed-mode de-
vice/circuit simulation which interfaces Stanford’s device sim-
ulator PISCES and University of California at Berkeley'§ig- 2. Modeled T-network for RF BJT.

circuit simulator SPICE-3f2 has been demonstrated as gfkcessfully by many authors [8], [9]. For this network it is

effective method to model the parasitic elements and to link thes,med that over the frequency range of concern (from 300

detailed dpping profiles direcftly with circuit perf_ormance [6IMHz to 3 GHz) the equivalent circuit composed of lumped
For devices which are fabricated on a monolithic substraig) ¢ elements, can be described using general interconnect

the circuit often exhibits parasitic behavior due to e]emen rasitics. In reality, at high frequencies the interconnect

that can be represented by a two-port network configuratigRcyit parameters such as resistance may vary with frequency,

as shown in Fig. 2. This T-like topology has been usegl;e to skin and other distributive effects. For the frequency
Manuscript received January 2, 1998: revised May 21, 1998. range considered here, however, .fr.equency—lndependent mod-
J. Jang and R. W. Dutton are with Stanford University, Stanford, CA 94308ling parameters are usually sufficient.

4075 USA. o As shown in Fig. 3, construction of the two-port matrices
E. C. Kan is with Cornell University, Ithaca, NY 14850 USA. __from the inner shell to the outer one or vice versa is straight-
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164 81 Sweden. orward. The extracted parasitics of, Z., Z,, and Z, are
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EXTRACTED PARASITIC VALUES FOR
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Fig. 3. Inclusion of extrinsic parasitics. The center box represents a intrinsic 1(A)

RF BJT which is modeled with device simulator.
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Fig. 4. Fitted Gummel plots using mixed-mode device simulation. Mobility

and lifetime are calibrated.
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Fig. 5. Comparison between measurement and simulatiofiforersusf
and S-parameters.
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Fig. 6. Gummel plots of a unit cell (a base finger and a emitter finger) with
various temperaturelg and I~ increase ad’, increases.

Thus by comparing measuréfiparameters and the simulated
intrinsic parameters4;i, Z12, Z21, and Zs;), extrinsic par-
asitics values ¢y, Z., Z,, and Z;) can be obtained. Unlike
analytical approaches [3]-[5], the numerical method can cap-
ture detailed transistor behaviors and electrical couplings with
no operation-mode assumption, and hence has a broader range
of applicability. Calibrated Gummel plots to measurements at
room temperature are shown in Fig. 4. The measured SRP
doping profile is also used for calibration. Extracted values of
the parasitic elements are listed in Table | [6]. The emitter
ballast resistance is about 11@ per finger implemented
using a p-type diffusion resistor. Thér as a function of

the collector currentl. and theS-parameters are shown in
Fig. 5. There is quite good agreement between measurements
and simulation.
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Fig. 7. Circuit diagram for depletion-mode FET. Each base finger is con-
nected to an FET.

a s——  BIT with Emiller Resistor
5X107° o———o  BIT with MOSFET
= 4
o 1
(& 10
B i
— [
=T j=} |
= ¢
-— —
S 3x10° o
3 7]
= =
=] =
o o 100 —
5 _
i = I
& B
o
= g
1X10° = 7
T = 300 K
T=2350K 107!
T =400 K
T - 460K AL ALY T oF L
0 PR T e R Collector Currenf (A}
o.2 o.4 c.5

Drain—Scurce Voltage (V‘ . . ) .
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Fig. 8. Ip andVps characteristics at various temperatures. The operatiddOSFET has highefr (@ Vop =5V, andT = 307 K).
point should be chosen close to (maximum protection) or below (maximum
linearity) the onset of saturating region.
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Fig. 9. Gummel plot for BJT with depletion mode MOSFENz and I  Fig. 12. S-parameter comparison between BJT with depletion-mode ballast-
are effectively limited by MOSFET at high current level. ing and BJT with emitter ballasting.
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Fig. 13. Gummel plot for (a) HBT with emitter resistor and (b) HBT with depletion-mode base ballasting at various temperatures.

[Il. NONLINEAR BASE BALLASTING of 3 and 15um, and a threshold voltage 0f0.45 V.

It is apparent that a nonlinear ballast resistor will be superigf'€ dimensions of the depletion-mode FET is determined

to a linear one, since optimal effective resistance values ¢ setting propetly. level for optimal circuit performance

be separately designed for operating conditions and instabif} d _|nstab|l|ty protection. Other Iayogts or devices are also
) . . ; plicable as long as the nonlinear resistance values are chosen
protection. If the ballast resistor is applied to the base end [

[7], the equivalent resistance can be obtained by multiplyin propriately (i.e., an enhancement-mode MOSFET with gate

. ) . . nnected td/...). Fig. 9 shows improved temperature depen-
the emitter resistance with the dc current gain. Although éIe )- Fig b P b

di hat b ballasti | K f nce of the Gummel plot by using the nonlinear ballasting
was argued in [7] that base ballasting can only wor Ycheme. Different ballasting schemes are compared in Fig. 10

heterojunction bipolar transistor (HBT), not BJT, since Currefy e\, of instability protection. Due to increased effective
gain increases with temperatufg, for BJT, a more careful , of nonlinear ballasting scheme, highgr is resulted as
analysis in Fig. 6 reveals that the base curigrgtill increases ghown in Fig. 11. All coupling capacitances have been taken
with 77, though not as fast ak.. Therefore, base ballastinginto account.5-parameters with different ballasting scheme is
can still prevent thermal instability in the BJT, just not agiso compared for high frequency characteristics as shown in
effective as emitter ballasting if the equivalent value is usefig. 12. It can be seen that the new ballast scheme is strongly
A nonlinear emitter ballasting is difficult to implement owingfavorable to the conventional emitter ballasting.

to its small I4,,; value and limited area. With a nonlinear

base resistor implemented by a depletion-mode MOSFET as

shown in Figs. 7 and 8, the saturation region of MOSFET IV. HBT APPLICATIONS

will effectively limit the current through hot fingers, while the The proposed ballast scheme can possibly be applied to
linear region will hardly affect the normal operating point ofpower HBT applications, too. The nonlinear resistor can be
cold fingers. The MOSFET has a channel length and widdbtained by MESFET, although more difficult modification
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