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SUMMARY

A study of RF performance techniques and their tradeoffs for SiGe heterojunction tran-

sistor (HBT) devices was presented. Performance results metrics showed that the� T H can

be reduced by up to 37%, with increasedf max (by 17%), increased 1 dB compression

point (P1 dB) (by 9%), and higher power-added-ef�ciency (PAE) (by 1.3%), and increased

transducer gain (by 4.7%) using only layout optimization, with only a slight degradation

of 4.5% in maximum available gain (MAG), and 8% inf T . The candidate device layouts

presented can assist circuit designers in mitigating thermal memory effects at the device

level, thereby improving the overall linearity of power ampli�ers. This work has been ac-

cepted for publication and is available for early access on IEEE Transactions on Electron

Devices [1].

Similarly, another technique using induced stress to engineer the bandgap and improve

performance was presented. The results show that adding more dummy metal layers to

the BEOL increases collector current density (JC ) and base current density (JB ) at most

by 25% and 15%, respectively. Similarly, additional dummy metal layers reduce current

gain (� ) andJB stress degradation by 30% and 100%, respectively. Sentaurus TCAD was

used to explain how reduced self-heating contributes more strongly to the Auger generation

rate than the stress-induced bandgap modulation, thereby improving reliability. This work

has been accepted for publication and presented at the IEEE BiCMOS and Compound

Semiconductor Integrated Circuits and Technology Symposium [2].

Future work should be focused on how these performance enhancements will be im-

pacted by the RF breakdown due to BEOL dummy layers. In addition, another unexplored

aspect of reliability using BEOL dummy metal layers as a performance enhancement tech-

nique is operation over a wide range of temperatures and its related physics.

ix



CHAPTER 1

INTRODUCTION AND BACKGROUND

Modern SiGe BiCMOS technology has signi�cant potential for high-speed, high-power

applications in the sub-THz range, where improvements are made continuously with the

help of advanced fabrication techniques [3] and the improved understanding of underlying

reliability physics [4]. High-frequency improvements, for example, can be achieved by

reducing the thickness of the collector-base space charge region, which in turn reduces the

transit time of electrons traveling from the emitter to the collector [5]. This reduction will

result in an increased collector current density at the cost of a lower breakdown voltage,

increased power dissipation, and self-healing. However, these drawbacks should not be

taken as a ”hard” limit since current state-of-the-art SiGe BiCMOS platforms are able to

push those boundaries. So far, researchers have achieved a unity gain cutoff frequencies

(f T ) above 500 GHz and unity-power-gain frequencies (f max ) as high as 720 GHz at room

temperature [6] with road-maps demonstrating SiGe HBT platforms capability to push to-

wards terahertz (THz) performance limits [3].

Part of these continuous RF-performance enhancements is pursued due to the increas-

ing demand for higher data rates to support the streaming of online videos, remote work,

and virtual reality [7]. To meet the needs of this rapidly evolving industry, the IEEE

802.11ax protocol was created [8], enabling higher data rates, improved resource allo-

cation, increased network capacity, and extended coverage. This protocol for a wireless

local-area network (WLAN) creates special challenges for power ampli�er (PA) designers

since higher data rates require the PA to sustain larger output powers, with better linearity.
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Figure 1.1: Degradation in HBTf T (circle symbol) andf max )( (square symbol) with an
increase in ambient temperature for a 130nm HBT after [13].

1.1 Trade offs of Thermal Parameters and RF Performance

To support higher output powers, amplifying transistors will inevitably generate more in-

ternal heat. Therefore, understanding self-heating at the device level becomes critical to

improving the performance and reliability of PAs at both the circuit and system level [9].

Increases in junction temperature in SiGe HBTs worsen key device metrics such as

transconductance and frequency response (f T / f max )[10] shown in Fig. Figure 1.1. Ad-

ditionally, an increase in junction temperature can degrade PA performance due to phe-

nomena known as the ”thermal memory effects” [11]. Thermal memory effects are de�ned

as “changes in the amplitude and phase of distortion components caused by changes in

modulation frequency” [12]. Contrary to the electrical memory effect caused by variation

of terminal impedance, which can be minimized using careful design of the matching and

bias circuits, thermal memory effects require additional design complexity to mitigate their

impact.

One way to help mitigate thermal memory effects is by adding a temperature com-

pensation module [14]. Such an approach has its own set of challenges, one being that it

increases the complexity of the overall design since the interaction of this additional com-
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ponent with the remaining parts of the design must be carefully considered. Furthermore,

for space-constrained analog circuits, accommodating the compensating bias circuit can

become an issue in die size and thus cost. Similarly, for RF circuits additional routing from

the compensating circuit increased parasitics that can negatively affect the performance

of the circuit. Furthermore, implementing the added thermal bias circuit requires support

to the bandwidth necessary to compensate in real-time for any changes in amplitude or

phase due to dynamic temperature increases when transmitting data. The combination of

these challenges creates an additional design complexity that the designer must carefully

consider.

An alternative method to mitigate thermal memory effects is to improve thermal man-

agement at the device level by better understanding the thermal behavior, which at the

lowest level is determined by the transistor-level thermal parameters [11]. The two key

thermal parameters that describe self-heating in a device are thermal resistance (RT H ) and

thermal capacitance (CT H ). RT H determines how much a device will heat up for given

power dissipation, whereasCT H measures how much energy is stored as heat within the

device. Fig Figure 1.2 shows an example cross-section of the heat-�ow distribution from

two main paths, 1) from the top through the BEOL, and 2) from the bottom through the

substrate. Using these two parameters, a thermal time constant (� T H = RT H CT H ) can

be de�ned. This time constant de�nes how fast heat can be dynamically dissipated in the

device and is thus correlated with thermal memory effects. Speci�cally, thermal memory

effects will be reduced for shorter� T H . [14]. Therefore, reducing� T H is paramount when

designing high-performance PAs.

Andrewset al. investigated how transistor layout can be optimized to improve the ther-

mal behavior in PAs [16]. To study layout optimization, they selected multiple thermally-

coupled transistors connected in parallel, using a common-base con�guration in a linear

array, with �xed spacing. The researchers showed that they could reduce the junction tem-

perature by 20% compared to the standard available transistor.
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Figure 1.2: Cross-sectional view of the heat-�ow volume in a vertical bipolar transistor a
modern SiGe HBT after [15].

Furthermore, d'Alessandroet al. examined the impact of layout on thermal parameters,

but only consideredRT H [17]. Both studies have shown that the junction temperature in

SiGe HBTs can be reduced during high-power operation at the device level and hence in the

PA power cell. However, both studies primarily focused on how the different device layouts

impactRT H , and only for earlier generation SiGe technology platforms Layout effects in

state-of-the-art SiGe BiCMOS platforms and their impact on bothRT H , CT H , and� T H has

not yet been investigated. Furthermore, layout modi�cations will inevitably change device

parasitics, which could potentially result in reduced RF performance, thereby limiting high-

frequency operation. A careful study of these layout/thermal/performance trade-offs is

essential for high-power, high-frequency PA design which will be discussed chapter 2.

1.2 RF Performance Enhancements Due to the Back-end-of-Line

Recently, a unique phenomenon of achieving improved device performance using mechan-

ical stress from the back-end-of-the-line (BEOL) has been identi�ed.

Ruckeret al. �rst investigated the impact of BEOL stress on the electrical character-

istics of SiGe HBTs. The main result from their study was that layout variation changed

collector current as much as 50%. It was found that the stress added by BEOL dummy

4



Figure 1.3: Example of an SEM cross-section for SiGe-HBT with 4 additional dummy
metal layers [18].

layers created a mismatch between the thermal expansion coef�cients of the aluminum

metal layers and the BEOL dielectrics during fabrication, acting to reduce the bandgap and

increase the collector current [18]. Following this, Canderleet al. studied not only the

impact of dummy metal layers on DC characteristics but also how RF performance can be

affected [19]. Fig. Figure 1.3 shows a scanning electron microscope (SEM) an example of

a cross-section of SiGe HBT with metal layers added to the BEOL. Dummy layers were

embedded for both DC and RF characterization structures, which showed a 25% increase in

the collector current, and a 21% and 12% increase for the transit frequenciesf T andf max ,

respectively. Therefore, adding dummy metal layers in a given layout shows potential as a

performance enhancement technique for circuit designers.

Moreover, a recent investigation by D'Espositoet al. also showed that, with careful

optimization of the metal layers in the BEOL, two important improvements were observed.

First, adding more metal layers that are connected through vias can provide additional paths

for heat dissipation, thus resulting in reduced thermal resistance (i.e., self-heating). Sec-

5



ondly, large-signal output ef�ciency can also be improved, and the wider those metal layers

are, the more performance enhancement can be achieved due to improved self-heating char-

acteristics [20].

Layout modi�cations to the BEOL layers will inevitably change how much mechanical

stress is applied to the device. Excessive stress enhancement due to the metal lines can po-

tentially affect the reliability of SiGe HBTs since they “often experience a lattice mismatch

stress that is already close to the stability limit” [18]. However, existing studies focused

only on how the different layouts using metal layers on the BEOL can be used to im-

prove performance. For state-of-the-art SiGe BiCMOS platforms, neither high-current nor

mixed-mode electrical stress has to date been used to assess the impact of BEOL design on

device reliability. Thus, investigation of how reliability is affected by BEOL dummy metal

layers is essential for robust circuit design which will be discussed in detail in chapter 3 .

1.3 Proposed Work

To begin the goal of chapter 2 is to investigate the trade-offs between device layout effects

on thermal parameters and RF performance in a state-of-the-art SiGe technology. The re-

sults presented includeRT H , CT H , and� T H , as well as small-signal and large-signal perfor-

mance metrics that result from the different layouts examined. These performance metrics

show that the� T H can be reduced by up to 37%, with increasedf max (by 17%), increased

1 dB compression point (P1 dB) (by 9%), and higher power-added-ef�ciency (PAE) (by

1.3%), and increased transducer gain (by 4.7%) using only layout optimization, with only

a slight degradation of 4.5% in maximum available gain (MAG), and 8% inf T . The can-

didate device layouts presented can assist circuit designers in mitigating thermal memory

effects at the device level, thereby improving the overall linearity of power ampli�ers.

Continuing with the second work, chapter 3 aims to systematically investigate the ef-

fects of BEOL-induced stress on device reliability in modern SiGe HBTs. The results

presented include DC characterization, avalanche multiplication factor, thermal resistance,

6



and mixed-mode and high-current stress results, for the different BEOL dummy metal layer

variants. The results show that adding more dummy metal layers to the BEOL increases

collector current density (JC ) and base current density (JB ) at most by 25% and 15%, re-

spectively. Similarly, additional dummy metal layers reduce current gain (� ) andJB stress

degradation by 30% and 100%, respectively. Sentaurus TCAD was used to explain how

reduced self-heating contributes more strongly to the Auger generation rate than the stress-

induced bandgap modulation, thereby improving reliability.

7



CHAPTER 2

IMPACT OF DEVICE LAYOUT ON THERMAL PARAMETERS AND RF

PERFORMANCE OF 90-NM SIGE HBTS

2.1 Experimental Setup

2.1.1 SampleSelection

Several device layout variants were fabricated in 4th-generation GlobalFoundries BiCMOS-

9HP, a 90-nm SiGe BiCMOS technology platform with unity-gain current/power cutoff

frequenciesf T =fmax of 300/360 GHz,JC at peakf T of 20 mA/� m2, and open-base break-

down voltageBVCEO of 1.7 V at room temperature [21]. Five device layouts were exam-

ined, maintaining a constant total emitter area of 0.1� 8� m2 for all device structures, to

ensure the same driving current density.

The selected device layouts are illustrated in Fig. Figure 2.1. All layouts had the same

on-wafer emitter width ofWE = 0.1� m. A summary of the emitter width and length, with

their respective number of emitter stripes, is shown in Table Table 2.1. It is important to

note that device 4 is similar to device 3, but all the stripes share a p-well. Finally, device 5 is

also similar to device 3, but the deep trenches (DTs) are overlapped to make the layout more

compact. The difference between devices 4 and 5 compared to device 3 lies in the reduced

spacing between the parallel emitter stripes, with device 5 occupying the smallest overall

area. The spacing between emitter stripes for devices 4 and 5 was implemented to reduce

some of the routing parasitics and thereby improve �gures-of-merit such asf T =fmax . A

visual description of the various designs can be seen in Fig. Figure 2.1.
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Figure 2.1: Diagram of the SiGe HBT layout variants in the present investigation. (1)
Single 8-� m emitter length device, (2) two emitter stripes with 4-� m emitter length in
parallel, (3) four emitter stripes with 2-� m emitter length in parallel, (4) same as (3) but
sharing a p-well (5) same as (3) with a shared the DT.

2.1.2 ThermalResistanceMeasurements

All measurements were completed on the bare die using ground-signal-ground probes. DC

measurements were performed using an Agilent 4155 Semiconductor Parameter Analyzer.

TheRT H for each layout was extracted using the technique of Paasschenset al. [22], at am-

bient temperatures (TA ) ranging from 308 K to 353 K. This technique involves measuring

the base current (I B ) and collector current (I C ) as a function of collector-emitter voltage

(VCE ) at a �xed base-emitter voltage (VBE ). The set of measurements was performed at

three different temperatures, each separated by 10 K and 0.2 VVCE , in order to cleanly

9



Table 2.1: Descriptions of Tested Device Layouts

DUT 1 2 3 4 5

WE (� m) 0.1 0.1 0.1 0.1 0.1

LE (� m) 8 4 2 2 2

No. Stripes N/A 2 4 4 4

WE = emitter width,LE = emitter length.

extractRT H using (Equation 2.1). The ambient temperature was controlled using a cali-

brated thermal chuck. AllRT H measurements were completed at a �xedVBE of 0.83 V,

and using the middle value of 1.08 V forVCE . Other middleVCE andVBE values were

used to validate the technique [23]. Similar to the available literature [22, 23], theRT H

extraction was found to be insensitive to the� VCE chosen, is both reproducible with high

accuracy.

RT H =
� T

I C � VCE
�

I B (VCE + � VCE ; TA ) � I B (VCE � � VCE ; TA )
I B (VCE ; TA + � T) � I B (VCE ; TA � � T)

(2.1)

2.1.3 ThermalCapacitanceandSmall-signalMeasurements

To extract RF parameters such asf T =fmax andCT H , S-parameter measurements were per-

formed using a Keysight PS5004A Network Analyzer, with an Agilent 4155 to provide DC

bias. The frequency ranged from 1 MHz to 20 GHz.CT H was extracted by �nding the

–3 dB pole in the thermal impedance (ZT H ), following Sahooet al. [24]. Open/short de-

embedding structures for the devices were measured at each temperature to account for any

change in extrinsic layout parasitics due to temperature changes. The bias was purposely

chosen to be close to peakf T , where self-heating is pronounced, but impact ionization is

not dominant [25, 26]. The bias selected was 1.45 V forVCE and aJC about 20 mA/� m2

for all theCT H results presented in this paper.

10



Figure 2.2: Set-up utilized for the large-signal RF measurements.

2.1.4 Large-SignalMeasurements

To quantify how RF performance changed for the different device layouts, large-signal RF

metrics, including P1 dB, PAE, and transducer gain were extracted using the set-up shown

in Fig. Figure 2.2. RF measurements were performed using a Hewlett-Packard 83712A

Synthesized CW Generator. Bias was provided using two Keithley 2400 source meters,

with VBE of 0.95 V andVCE of 1.45 V. The frequency of interest chosen was 2.4 GHz.

The input power was swept from -30 dBm to 0 dBm, using 0.5 dBm steps. Power mea-

surements were performed using two external Agilent E4413A power sensors at the input

and output of the device and read using a Hewlett-Packard 4419A power meter. To avoid

any re�ections from mismatches resulting from the device impedances, isolators were used

in each port of the signal generator to prevent damage to the instruments. An Agilent

87301D directional coupler was used to couple the isolated input/output signals. Losses of

cables and the rest of the components of the experimental setup were de-embedded for the

measurements.

11



2.2 Results and Discussion

2.2.1 ThermalResistance

Adding more devices in parallel, and changing the distance between them, resulting in a

bigger footprint and thus a lowerRT H , as expected. DifferentRT H for the device variations

were achieved using a common technique referred to in the literature as ”emitter segmen-

tation” [10]. From Fig. Figure 2.3, it can be observed that the parallel-stripe device layouts

reduceRT H compared to the single 8-� m device. The reduction is due to the increase in

the total lateral area of the extrinsic device contained within the DT, which improves the

heat �ux distribution [10, 25]. Similarly, applying the emitter segmentation technique also

provides improved current distribution �owing through the metal feed line, thus the cur-

rent density beneath the emitter contact is reduced [10]. This improvement translates into

less temperature increase during operation, all else being equal. Therefore, for devices 1

through 3, a monotonic decrease inRT H is observed as the emitter length is reduced.

Although devices 3, 4, and 5 all have four emitter stripes in parallel that are 2-� m each,

the latter two resulted in higherRT H . This is a result of the emitter stripes in devices 4

and 5 being physically closer together. Making the spacing between parallel emitter stripes

smaller will increaseRT H since mutual thermal coupling becomes more signi�cant. In

this case, neighboring emitter stripes heat each other, contributing to additional tempera-

ture rise [13, 27]. The mutual heating is due to the separation of the emitter stripes that

present themselves as a larger temperature coef�cient ofRT H . However, there are as-

pects involved, beyond the stripe-to-stripe spacing, when comparing devices 3 through 5

that need to be considered. For example, when overlapping the DT of neighboring stripes

in device 4, the region between transistors where heat may spread laterally is eliminated,

which increases mutual heating signi�cantly. Then, examining device 5, the DT between

neighboring stripes is completely removed. The mutual heating is increased, but the lat-

eral heat dissipation is improved. This effect has been studied previously by B. Barbalat
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Figure 2.3: RT H versus ambient temperature. Symbols are experimental data and solid
lines are �tting using the exponential temperature dependence ofRT H in [22].

et al., comparing the impact of self-heating on a single device with the usual DT and then

removing the DT. Using electro-thermal simulations, the researchers showed that removing

the DT improved the lateral heat distribution [28]. Finally, the differences in the tempera-

ture coef�cient ofRT H with device layout from devices 3–5 are not known and need to be

investigated further.

2.2.2 ThermalCapacitanceandThermalTime Constant

Fig. Figure 2.4 shows an example of Y-parameter simulation results for device 1, using

Keysight Advanced Design Systems (ADS) software to illustrate the procedure for extract-

ing theZT H from Y-parameters. First, linear regression is used to �t the isothermal region

after f T H , and then the intercept is selected as theyAC
22 value in Equation (Equation 2.2).

Hence,yDC
12 andyDC

22 can be found, wherey12 andy22 are at zero frequency.

With the measured S-parameters converted to Y-parameters, and using Equation (Equa-

tion 2.2) the normalized thermal impedanceZT H for all devices is shown in Fig. Figure 2.5.

To extractCT H , �rst, the thermal pole (f T H ) was located by �nding the –3 dB pole in the

thermal impedanceZT H for all the device layout variations. Then using the relation de�ned

by Rinaldiet al. wheref T H = 1=2�� T H [29] and knowing theRT H extracted using a sep-
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Figure 2.4: Magnitude ofy22 example used forZT H extraction for all devices.

Table 2.2: Extracted Parasitics* Incurred from Metal Routing

DUT � Rc (
 ) � Rb (
 ) � Re (
 ) � Cbe (fF) � Cbc (fF) � Cce (fF) Total Area

1 0.24 0.90 0.92 8.20 0.76 7.95 1x

2 0.12 0.40 0.58 8.37 0.92 8.36 1.16x

3 0.93 0.32 0.14 16.7 0.78 14.9 2x

4 0.91 0.32 0.14 14.8 0.78 13.1 1.6x

5 0.91 0.32 0.14 12.7 0.78 11.1 1.14x

*Does not include intrinsic device parasitics

arate method explained in theRT H measurements section for the respective temperature,

theCT H can be extracted for all the device layout variations.

Aside from the extraction, the general trend observed forZT H vs. frequency is relevant,

because it shows two important regions. These two frequency regions illustrate the dynamic

behavior due to the self-heating of the devices.

ZT H (! ) = RT H �
y22(! ) � yAC

22

yDC
22 � yAC

22
�

I C + VBE yDC
12 + VC yDC

22

I C + VBE y12(! ) + VC y22(! )
� (2.2)

The �rst frequency region corresponds to the dynamic (AC+DC) self-heating, or non-
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Figure 2.5:ZT H , normalized to the correspondingRT H , to extractCT H for all devices with
a �xed VCE = 1.45 V andJC about 20 mA/� m2.

isothermal region before the thermal cut-off (f T H ) frequency (below 300 MHz), which is

de�ned asf T H = 1=2�� T H [29]. In this region of operation, the thermal impedance

around 300 MHz decreases due to the junction temperature variation, since self-heating is

proportional to the instantaneous power dissipation in the device. The second frequency re-

gion, which begins above thef T H (i.e., above 300 MHz) corresponds to the AC isothermal

region or DC-only self-heating [24]. Past thef T H , the frequency is high enough that the

variation in the junction can no longer keep up with the instantaneous power dissipation,

and thus it no longer contributes.

Fig. Figure 2.6 shows the frequency response of the thermal impedance for two differ-

ent bias points. Studying both isothermal and non-isothermal regions with increased bias

provides added insight into progressive self-heating, and how fast the devices dissipate

heat during operation. For Fig. Figure 2.6 (a), it can be observed that for a bias at a �xed

VBE = 0.90 V andVCE = 1.45 V, the thermal pole and its dynamic behavior over frequency

shows a minimal difference in thermal impedance between the various device layouts. This

response is bias-dependent. In Fig. Figure 2.6 (b), where bias is now increased to 0.95 V

for VBE , while keepingVCE �xed, where self-heating is more signi�cant, differences in the

thermal response can be observed among the device variants. In the second case, for an
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increased bias with elevated self-heating present, devices 2-5 now show how improving the

RT H can induce a shift in the thermal pole, so that the dynamic behavior from isothermal

to non-isothermal occurs at a faster rate.

Although theCT H does not directly contribute to self-heating, it sets� T H , which in

turn controls how much time is required for heat to accumulate or dissipate. This can be

clearly observed in Fig. Figure 2.6, with lower� T H for devices 2-5 compared to device

1. Results of the thermal parameters are summarized in Fig. Figure 2.7. TheRT H of

device 3 was reduced by 27%; and the� T H , by 37% when compared to a single 8-� m

device. These are signi�cant levels improvements, and, importantly, made at the device

level, which should enable a circuit designer to achieve shorter electro-thermal transients,

thereby helping mitigate thermal memory effects [14].

When comparing the different layouts, one critical parameter designers must consider is

the maximum available gain (MAG) that can be achieved for a given layout. Fig. Figure 2.8

shows that MAG decreases by at most 3.3% for the parallel devices at 2.4 GHz, which is

a reasonable trade-off in order to achieve improved thermal management. Similarly, peak

f T results from Fig. Figure 2.9 show a slight degradation (at most 8%) when compared

to the single 8-� m device. It is commonly known that this degradation is the result of

implementing the “emitter segmentation” technique, where additional layout parasitics are

incurred when connecting emitter stripes in parallel [10]. Table Table 2.2 summarizes

the change of the parasitics (routing contributions) and the total area (increased layout

footprint) for the different device layouts examined extracted using Mentor Calibre [30].

The most critical parasitic parameters that affectf T / f max and MAG are the emitter-base

and the collector-base capacitance's (� Cbe and� Cbc), as well as the base resistance (� Rb).

From Table Table 2.2 it can be observed that although the change in� Cbc is small,� Cbe

increases for devices 2-5, since they increase with the total relative area, resulting in a

slight degradation off T . The degradation is slightly less for devices 4 and 5 compared

to device 3 since the emitter stripes are placed physically closer to each other, thereby
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reducing the� Cbe and the total footprint of the layout. A trade-off between accepting a

slight degradation in MAG orf T for improved thermal behavior should be acceptable for

most practical PA designs.

Similarly, comparing the different layouts in Fig. Figure 2.9, an improvement inf max

(up to 17%) was observed when compared to the single 8-� m device. This improvement

is also expected, since using emitter stripes in parallel reduces base resistance (� Rb), as

shown in Table Table 2.2, a fact that is relevant for high-frequency power ampli�ers. Fur-

thermore, making the spacing between the parallel devices smaller (devices 4 and 5) will

reduce� Rb on average, which translates to a higherf max , as seen in Fig. Figure 2.9 (b).

2.2.3 Large-SignalPerformance

Large-signal performance metrics were measured for a �xed frequency of 2.4 GHz. The

input power was swept and compared against the output power in order to assess perfor-

mance metrics such as the 1 dB compression point (P1dB), power-added-ef�ciency (PAE),

and transducer gain for the layout variants. Table Table 2.3 summarizes the results from the

large-signal �gures-of-merit and shows that for devices 2-5, the 1 dB compression point,

the PAE, and the transducer gain are all improved with ef�cient thermal management and

layout optimization at the device level, which is clearly welcome news.

Fig. Figure 2.10 shows that the 1 dB compression point is extended and that roll-off

begins at a higher input power for devices 2 through 5, which results in a P1dB maximum

improvement for device 5 of 9% over device 1. Furthermore, Fig. Figure 2.11 shows that

the transducer-gain is 4.7% larger and that PAE improved between 1% and 1.6% for devices

2-5.

2.3 Summary

This paper presents an investigation of how SiGe HBT thermal parameters are impacted by

transistor layout, as well as quantifying the trade-off between electrical and thermal perfor-
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Table 2.3: Summary Large-Signal Performance Parameters

DUT Transducer Gain* (dBm) PAE* (%) P1dB (dBm)

1 23.2 35.0 -18.6

2 24.2 36.61 -19.7

3 24.2 36.0 -19.8

4 24.3 36.2 -20.0

5 24.3 36.3 -20.3

Extracted at a �xed temperature of 313 K, with a bias condition ofVBE = 0.95 V, and
VCE = 1.45 V.

*Peak values over input power.

mance. Small-signal and large-signal data were compared for different device layouts, and

show minimal degradation in RF performance, while thermal components were substan-

tially improved. These �ndings can be translated to guidelines for designers, as follows: 1)

Emitter segmentation reduces theRT H , and consequently� T H . 2) Closer spacing between

the emitter stripes in parallel will increaseRT H due to mutual heating, but reduced routing

parasitics will improve post-layoutf T /f max . 3) Adding more emitter stripes in parallel will

also increase layout parasitics, but from the presented results and the literature, this results

in only a slight degradation inf T , and for the designer, it is likely a worthwhile tradeoff for

reducingRT H , since it results in improvement of P1 dB, PAE, and transducer gain. More-

over, since PA designers often prefer to reduce the spacing between the emitter stripes to

reduce parasitics, the results in this study also reveal that the slope in the thermal resistance

for a con�guration comparable to device 5, suggests that the junction temperature is more

stable across temperatures. It is known that the thermal memory effects can be reduced for

a device with shorter� T H . The results of the present study suggest that careful optimization

of device layouts will reduce� T H , which will consequently help mitigate thermal memory

effects at the device level for applications involving highly linear RF power ampli�ers.
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Figure 2.6: Thermal Impedance extracted at a �xed temperature of 313 K and aVCE of
1.45 V for the different device structures. (a)ZT H at a �xed VBE = 0.90 V, (b)ZT H at a
�xed VBE = 0.95 V.
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Figure 2.7: Thermal parameters extracted at a �xed temperature of 313 K for the different
device structures. (a)RT H , (b) CT H , (c) � T H .
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Figure 2.8: Maximum available gain as a function of frequency for the different device
structures at a �xed temperature of 313 K.
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Figure 2.9: (a) Peakf T , (b) peakf max sweepingVBE at a constantVCE of 1.45 V for a
�xed temperature of 313 K.
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Figure 2.10:Pout versusPin at a �xed temperature of 313 K for the different device struc-
tures.

Figure 2.11: Large-signal performance measurements at a �xed temperature of 313 K for
the different device structures.
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