[bookmark: Title][bookmark: DocumentFor][bookmark: _Toc5938268][bookmark: _Toc9865820]3GPP TSG-RAN WG4 Meeting # 96-e 	R4-2011268
Electronic Meeting, 17 –  28 August, 2020


[bookmark: _GoBack]Source: 	Huawei
Title: 	Initial discussion on the BS-related aspects for 52.6 - 71 GHz range SI
Agenda Item:	13.2.3 (Others)
Document for:	Approval
1 Introduction
In this contribution we provide an initial discussion on BS-related aspects of the 52.6 – 71 GHz study item, including topics which are found to be relevant to the RAN4 part of this SI, but which were not directly addressed in the WID objectives. Related TP to TR 38.808 is attached. 
2 Discussion
Referring to the WID of the 52.6 GHz to 71 GHz study item for NR, the description of the RAN4 part objectives is as follows: 
	Study of applicable numerology including subcarrier spacing, channel BW (including maximum BW), and their impact to FR2 physical layer design to support system functionality considering practical RF impairments [RAN1, RAN4].



The above may be considered as high level descriptions, which may require further elaboration on (BS and UE) aspects within RAN4, e.g. when it comes to the practical RF impairments. On the other hand any potential WID objective modifications are subject to TSG decision, not WG – especially in case of study item led by RAN1, with a secondary RAN4 leadership. Therefore it is felt this this topic may require clarification within RAN4, e.g. based on the discussion topics provided below in this contribution.

Furthermore, recently the study item on 7 – 24 GHz frequency range for NR was concluded. Clearly it is possible to draw certain comparison among the technical topics (to be) covered in both these NR spectrum related studies, i.e. 7 – 24 GHz and 52.6 – 71 GHz. 
Considering the above, as well as the envisioned timeline of this SI (TR 38.808 to be submitted by RAN1 for Approval in December 2020), it is observed that RAN4 objectives of this study may require some further clarification in terms of details expected to be covered in TR 38.808. 
Based on the topics highlighted below, we see some that it would be valuable to capture certain BS-specific aspects in the TR. Therefore it is suggested to consider the attached TP in the discussion on the scope of the work in RAN4, as the current SID wording is seen as very general and does not provide clear view on the envisioned TR content for the RAN4 part of it. Views from other companies are welcome.
As there is some uncertainty on the RAN4 scope of the work, we are only briefly touching on selected aspects which were identified as topics which could be captured in the RAN4 part of the TR 38.808. 
2.1 BS terminology
Referring to the NR BS specification in TS 38.104, the following terms were used to refer to the NR BS types: 
	BS type 1-C:	NR base station operating at FR1 with requirements set consisting only of conducted requirements defined at individual antenna connectors
BS type 1-H:	NR base station operating at FR1 with a requirement set consisting of conducted requirements defined at individual TAB connectors and OTA requirements defined at RIB
BS type 1-O:	NR base station operating at FR1 with a requirement set consisting only of OTA requirements defined at the RIB
BS type 2-O:	NR base station operating at FR2 with a requirement set consisting only of OTA requirements defined at the RIB



The following breakdown can be used towards drawing conclusions for 52.6 – 71 GHz range: 
· FR1
BS type 1-C, BS type 1-H and BS type 1-O were defined for FR1 operation, with BS type 1-C being non-AAS architecture BS with requirements defined at antenna connectors. BS type 1-H and BS type 1-O being AAS architecture BS types. BS type 1-O is not equipped with antenna /TAB connectors. 
· 7 – 24 GHz range
During the 7 – 24 GHz SI it was discussed whether or not new FR range shall be formulated (in-between FR1 and FR2). In the end, it was concluded that during related future WI when considering specific operating bands within 7 – 24 GHz range, RAN4 would need to confirm whether FR1 or FR2 behavior and requirements can be reused or whether something new is needed. If the requirements correspond sufficiently to FR1 or FR2, extension of the FR could be preferred (and with the band 10-10.5 GHz decided to be studied towards WRC-23 for IMT purposes the expected outcome would be to extend FR1 range). All in all, no new Frequency Range was defined for NR, while the NR BS types were distinguished during the study discussions as: 
· BS type xFR-C, 
· BS type xFR-H, 
· BS type xFR-O.
· FR2
For FR2, only the BS type 2-O was defined, being AAS architecture BS with OTA only requirements. 
· 52.6 – 71 GHz range
Due to high frequency range it is safe to assume that this range will rely on the AAS architecture and no antenna connectors will be used (similar as for FR2 products).
Referring to the approach taken in 7 – 24 GHz SI, considering specific operating bands within 52.6 – 71 GHz range, RAN4 would need to confirm whether FR2 and 52.6-71 GHz behavior and requirements could be reused or whether the RF performance and RF characteristics justifies the need for introduction of new Frequency Range, denoted as e.g. FR3. As such decision would have impact on other WG specifications, it is not really up to RAN4 to decide on this, but it is worth to raise it here. 
Still, at this stage it is unclear if sufficient RF technology feasibility studies will be captured in RAN4 part of this SI to decide conclude anything on the matter of “FR2 extension” vs. “FR3 introduction”.
· Beyond 71 GHz 
It is worth to note that the initial NR SI was considering frequency range above 52.6 GHz not only up to 71GHz, but with the potential consideration as high as 114.25 GHz. Still, as the range above 71GHz is out of the scope if this SI, any potential considerations are premature. 

Based on the above arguments, it is felt that for the purpose of BS terminology simplification and to clearly distinguish new developments for NR in Rel-17 and beyond, it is preferred to adopt new term FR3 for the frequency range 52.6 – 71 GHz (with potential extensions up to 114.25 GHz in future, if technically justified).
Proposal: adopt term Frequency Range 3 (FR3) for the frequency range 52.6 – 71GHz, with potential extensions beyond 71GHz depending of RF technology and requirements studies in future. 
Proposal: adopt term BS type 3-O for the purpose of BS classification simplification, as to denote single-RAT NR base station operating at FR3 with a requirement set consisting only of OTA requirements defined at the RIB interface. 
2.2 BS classes
Referring to the content of TR 38.808 provided by RAN1 in Annex A (Link level and system level evaluation assumptions) the following can be observed: 
· Most of the deployment scenarios are Indoor, for obvious reasons of the propagation losses at such high frequencies (proxy frequency of 60 GHz considered).  
· The Outdoor-B Dense Urban scenario with 2 layers considers macro BS at 7GHz, while micro layer operates above 52. GHz. 
Referring to the NR BS specification, the following BS classes were considered for FR2 operation: 
-	Wide Area Base Stations are characterised by requirements derived from Macro Cell scenarios with a BS to UE minimum distance along the ground equal to 35 m.
-	Medium Range Base Stations are characterised by requirements derived from Micro Cell scenarios with a BS to UE minimum distance along the ground equal to 5 m.
-	Local Area Base Stations are characterised by requirements derived from Pico Cell scenarios with a BS to UE minimum distance along the ground equal to 2 m.
Based on the above, it may be sufficient to limit BS classes to MR and LA BS. Further evaluation may be needed based on the consideration of practical antenna array sizes and antenna arrangements, resulting antenna gains and achievable cell ranges, as well as RF impairments such as PA efficiencies, etc. 
Still, it is assumed that some of the above aspects must have been already studied in RAN1 discussion on simulation assumptions. 
Observation: WA BS does not seem to be practical deployment case for above 52.6 GHz. 
2.3 PA trends for 52 - 71 GHz range
Referring to the 7 – 24 GHz SI technical report TR 38.820 [2], the PA performance for 7 – 24 GHz range was captured based on the large database of PAs/transmitters compiled by Prof. Hua Wang et. al., and available online in [3]. The referred database covers published results based on open literature and commercial products from various vendors. This kind of survey can be considered as independent and reliable source of the state of the art PAs/transmitters performance evaluation. 
Therefore it is proposed to use the PA survey in [3] as input to this SI and extract related data for 52.6 – 71 GHz frequency range for purpose of practical implementations consideration of the state of the art product. As the RF technology evolves, it shall be clarified that the referred survey is subject to updates and the conclusions and observation during this SI may change in future as PAs/transmitters  is expected to further evolve and improve – but this is considered as common understanding in RAN4 and does not require further explanations. 
Proposal: it is proposed to capture an extract from the referred PA survey in the TR 38.808, to depict the achievable saturated output power versus frequency for various RF technologies. 
2.4 Noise Figure for 52 - 71 GHz range
Referring to the content of TR 38.808 Annex A (Link level and system level evaluation assumptions) the following details on assumed NF values can be found: 
	BS NF
	7 dB

	UE NF
	10 dB
Optional: 13dB



Referring again to the TR 38.820, reference to the ETSI TR 101 854 on fixed radio systems was captured, which contains a table on typical NF values and associated industrial margins (IMF) of the radio receivers. This table is extracted below. The IMF considers various performance variations of system elements over e.g. temperature extremes, voltage variations, or aging by capturing production spread of RF circuits.
Such information is considered as fitting the topic of the RF impairments of this SI.  
	Frequency band
(GHz)
	Typical Noise Figure (NF)
(dB)
	Industrial margin (IMF)
(dB)

	1,3 - 3
	~4
	+3

	3 - 5
	~5
	+3

	6 - 15
	~5
	+3

	18 - 23
	~6
	+3

	26 - 28
	~7
	+3

	32
	~7
	+3

	38 - 42
	~8
	+3

	48 - 50
	~9
	+3

	52 - 55
	~10
	+3

	71 - 76
	~13
	+4

	81 - 86
	~13
		+4	


NOTE: 	The above ETSI originated Industrial Margins (IMF) shall not be confused with the Implementation Margins (IM) used in process of RAN4 conformance requirements derivation.
Observation: Even though the NF values were already decided for the simulation purposes, the above information on NF values across the frequency ranges is seen as fitting the RAN4 part of the SI. 
2.5 BS antenna array 
Referring to the RAN1 simulation assumptions captured in TR 38.808, the following BS antenna parameters were selected for LL or SL simulations: 
	BS Antenna Configuration (Mg,Ng,M,N,P)
	For outdoor macro/sectorized scenarios:
(Mg,Ng,M,N,P) = (1,1,8,16,2)
with (0.5 dv, 0.5 dH)

For outdoor micro-layer scenarios:
(Mg,Ng,M,N,P) = (1,3,8,16,2)
with (0.5 dv, 0.5 dH)
Note: 3 Panel single sector gNB with {0,+120,-120} degree boresight orientations. The gNB will only utilize 1 panel at given moment.

For indoor scenarios:
(Mg,Ng,M,N,P) = (1,1,4,8,2)
with (0.5 dv, 0.5 dH)

	BS Antenna Pattern
	For outdoor scenarios:
- Antenna power pattern given in Table 7.3-1 of TR38.901
(with exception of antenna element gain)

For indoor/factory scenarios:
- Antenna power pattern given in Table A.2.1-7 of TR38.802 for ceiling mount
(with exception of antenna element gain)

	BS Antenna element gain
	5 dBi



	BS Power Limitation
	40 dBm EIRP 
Optional: 60 dBm EIRP

Maximum TxP adjusted to meet EIRP limits



The above assumption can be further used in RAN4 for the analysis of the achievable array gains. As the SI shall not impose implementation specific limitations, further study on the possible array configurations can be done, beyond the RAN1 LL/SL assumptions. 
Observation: RAN1 LL/SL assumptions on the (BS and UE) antenna arrays shall be considered as the starting point for further study on the potential and practical antenna arrays for the 52.6 – 71 GHz range.
2.6 MCS 
Referring to the content of TR 38.808 provided by RAN1 in Annex A (Link level and system level evaluation assumptions) the following details on MCS can be found: 
	MCS/TBS
	From MCS Table 1 (TS38.214):
- MCS 7 (QPSK),
- MCS 16 (16QAM),
- MCS 22 (64QAM),

From MCS Table 2 (TS38.214):
- MCS 27 (256QAM) (optional)

Note: If normal CP and extended CP are to be compared, companies are asked to provide information on the MCS values used that provide similar payload sizes for the comparison.



From RAN4 perspective, it may be worth to look at the feasibilities of the above considered modulation schemes in 52.6 – 71 GHz range (or at 60 GHz proxy), pending the decision on the RF requirements evaluation in this SI in the first place. 
3	Conclusions
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5 		Annex A: Deployment scenarios (TR 38.808 extract)
	Deployment Scenario
	Primary scenarios:
- Scenario indoor-A or C (FFS: which scenario is primary)

Secondary scenarios:
- Scenario indoor-C or A (FFS: which scenario is secondary)
- Scenario outdoor-B

Optional:
- other scenarios listed below

Indoor Office:
Scenario Indoor-A) InH open office model:
Office box 120m x 50 m, 12 BS per operator, 2 operator, BS height at 3m (ceiling), UE height 1m, ISD = 20m, BS randomly deployed within 10m x 10m virtual box
FFS: if the office box can be reduced down to 50m x 50m
FFS: minimum distance between BS
 

Scenario Indoor-B) small InH open office model:
Office box 20m x 20 m, 1 BS per operator, 2 operator, BS height at 3m (ceiling), UE height 1m, BS randomly deployed within 10m x 10m virtual box
FFS: minimum distance between BS
 

Scenario Indoor-C) InH open office model:
Office box 120m x 50 m, 12 BS per operator, 1 operator, BS height at 3m (ceiling), UE height 1m, BS fixed position, ISD = 20m
FFS: if the office box scenario can be reduced down to 50m x 50m

 
Scenario Indoor-D) InH open office model:
Office box 120m x 50 m, 6 BS per operator, 2 operator, BS height at 3m (ceiling), UE height 1m, BS fixed position, ISD = 20m
FFS: if the office box scenario can be reduced down to 50m x 50m


 
Scenario Indoor-E) InH open office model:
Office box 120m x 80 m, 3 BS per operator, 2 operator, BS height at 3m (ceiling), UE height 1m, BS fixed position, a=20m, b=40m, c=20m, and d=40m

 
Dense Urban:
Scenario Outdoor-A) Dense Urban with 1 layer
Hexagonal grid, single layer, 3 sectors per site, 7 sites locations, BS height 10m, UE height 1.5m, ISD = 150m
FFS: whether ISD needs to be smaller
FFS: Reducing deployment size from 7 sites to 1 site for performance evaluations with both single and two operator scenarios.

 

Scenario Outdoor-B) Dense Urban with 2 layers
Macro layer (sub 7GHz – not necessarily need to be simulated for the 60GHz evaluation): 
Hexagonal grid, single layer, 3 sectors per site, 7 sites locations
BS height 25m, UE height 1.5m, ISD = 100m, fixed BS position
Micro layer (above 52.6 GHz):
BS height 10m, UE height 1.5m, 2 operator, 2 BS per hexgrid per operator, random position within macro hexagonal grid per operator, minimum distance between TRP and UE: 10m
FFS: Reducing deployment size from 7 sites to 1 site for performance evaluations with both single and two operator scenarios.

 

Scenario Outdoor-C) Dense Urban with 1 layer
Hexagonal grid, single layer, 3 sectors per site, 3 sites locations, BS height 10m, UE height 1.5m, ISD = 150m
 

Indoor Factory Hall:
Scenario Factory-A) Indoor factory with Dense cluster & low BS (InF-DL)
Grid, 300m x 150m x 10m factor hall
ISD 50m, BS height 1.5m, UE height 1.5m, Typical clutter size 2m, Clutter height 6m, Clutter density 60%

Scenario Factory-B) Indoor factory with sparse clutter & High BS (InF-SH)
Grid, 300m x 150m x 10m factor hall
ISD 50m, BS height 8m, UE height 1.5m, Typical clutter size 10m, Clutter height 2m, Clutter density 20%



6			Annex B: TP to TR 38.808: Study on supporting NR from 52.6 GHz to 71 GHz
Based on the discussion initiated in section 2, below we provide a combined TP briefly indicating some of the BS-related topic areas which could be further studied in RAN4 under this SI. 
The proposed text is provided based on the TR 38.808 skeleton, as potential extension of the RAN4 part of this TR.
------------------------------ Modified section ------------------------------
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[bookmark: _Toc41298316]4.2	RAN4 aspects
Editor’s Note: This section will be further categorized into sub-sections depending on discussions

4.2.1	RF technology considerations in the 52.5 – 71 GHz range
4.2.1.1	PA trends
The PA technology trends are based on PA performance survey in [11]. The referred PA survey captures a large power amplifier database consisting of more than 3200 data points with over 1200 data points for CMOS, SiGe PAs and over 1500 power amplifier data points has been collected for GaN, GaAs, InP. This database covers published results, both from the open literature, as well as commercial amplifiers from various vendors. 
Based on the information in [3], the PA database information was summarized for all the considered RF technologies in figure 4.2.1.1-1 and 4.2.1.1-2, where the 52.6 – 71 GHz frequency range was highlighted. It can be observed that based on the available information, there is no data for the LDMOS technology for the 52.6 – 71 GHz range. 
In order to derive more accurate PA trends data, figure 4.2.1.1 was plotted with PA operating frequencies much wider then just 52.6 – 71 GHz range. More detailed technology-specific plots (e.g. PAE vs. Psat, or Psat vs. frequency) can be found in the Excel sheet capturing all the PA survey data in [3]. 

[image: ]
Figure 4.2.1.1-1: Saturated output power versus frequency (red box depicts 52.6 – 71 GHz range) [3]

Figure 4.2.1.1-2: Saturated output power versus frequency – focus on 52.6 – 71 GHz range [3]
Based on the analysis of the achievable Psat trends over the 52.6 – 71 GHz range, the saturated output power maximum trend values for 52.6 GHz and 71 GHz from [3] were listed in table 4.2.1.1-1. 
Table 4.2.1.1-1: Maximum trend values of the saturated output power
	RF technology
	Estimated maximum trend value of the saturated output power @52.6 GHz (dBm)
	Estimated maximum trend value of the saturated output power @71 GHz (dBm)

	CMOS
	23
	22

	SiGe
	26
	25

	GaN
	39
	38

	GaAs
	35
	34

	InP
	30
	29



4.2.1.2	Noise Figure
4.2.1.3	Phase Noise
…
4.2.2	NR UE aspects
4.2.3	NR BS aspects
4.2.3.1	BS architecture 
4.2.3.2	BS antenna arrays
4.2.3.3	BS classes
4.2.3.4	[BS RF requirements]

----------------------------- End of modified section ------------------------------
CMOS	210	140	118	109	108	108	108	108	107	100	100	100	100	100	94	94	94	91	90	90	90	90	90	90	89	87	80	80	80	80	80	79	79	79	77	77	77	77	77	77	77	77	77	77	77	77	77	77	76	75	73	73	73	73	72	72	72	71	71	70	67	66	66	65	65	65	65	65	65	64	64	63	63	63	62	61	61	61	61	60.5	60.5	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	60	59	58	58	58	57.3	57	57	56	53.7	53	53	53	53	52	50	50	50	50	50	50	50	50	50	50	47.5	47.5	47.5	47.5	47.5	47.5	47.5	47	47	47	46	46	46	45	45	45	45	45	45	45	45	45	45	45	43	43	43	43	43	42.5	42.5	42	42	41	40	40	39	39	39	39	38.5	38	38	37	37	35	34	33	32.5	32	32	31	31	30.5	30	30	30	30	30	30	30	29	29	29	28.5	28.5	28	28	28	28	28	28	28	28	28	28	28	28	28	28	28	28	28	28	28	28	28	28	28	28	28	28	28	28	28	28	28	28	28	28	28	28	28	28	28	27	27	27	27	27	27	27	27	27	27	27	27	27	27	27	27	27	27	27	27	27	27	27	27	27	27	27	27	27	27	26.75	26.5	26	25.7	25	25	25	25	24	24	24	24	24	24	24	24	24	24	24	24	24	24	24	24	24	24	24	24	24	24	24	24	24	24	24	24	23.5	23	23	23	23	23	22	21	21	21	20	20	20	20	20	20	20	20	19	19	18	18	18	18	18	18	18	18	18	18	15.5	15	15	15	12	10	10	10	10	9.5	9	9	9	9	9	8.4	8	8	8	8	7.4	7	7	6	5.9	5.9	5.9	5.8	5.8	5.8	5.8	5.8	5.8	5.8	5.8	5.8	5.8	5.6	5.53	5.5	5.5	5.5	5.5	5.3	5.3	5.28	5.25	5.25	5.25	5.2	5.2	5.2	5.2	5.2	5.2	5.2	5.2	5.15	5.15	5	5	5	5	5	5	5	5	5	5	5	5	5	4.8	4.7	4.5	4.5	4.3	4.2	4.0999999999999996	4	4	4	3.82	3.71	3.71	3.7	3.65	3.6	3.6	3.6	3.55	3.5	3.5	3.5	3.5	3.2	3.1	3	3	3	2.85	2.8	2.8	2.8	2.8	2.8	2.75	2.6	2.6	2.6	2.59	2.5350000000000001	2.5350000000000001	2.5350000000000001	2.5350000000000001	2.5	2.5	2.5	2.5	2.5	2.5	2.5	2.5	2.5	2.5	2.5	2.5	2.5	2.5	2.484	2.484	2.48	2.4500000000000002	2.4500000000000002	2.4500000000000002	2.4500000000000002	2.4500000000000002	2.4500000000000002	2.4500000000000002	2.4500000000000002	2.4500000000000002	2.4500000000000002	2.4500000000000002	2.4500000000000002	2.4500000000000002	2.4449999999999998	2.44	2.44	2.44	2.4119999999999999	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.4	2.34	2.2999999999999998	2.2999999999999998	2.25	2.25	2.25	2.25	2.25	2.25	2.25	2.25	2.25	2.2000000000000002	2.2000000000000002	2.2000000000000002	2.2000000000000002	2.2000000000000002	2.2000000000000002	2.2000000000000002	2.2000000000000002	2.2000000000000002	2.2000000000000002	2.2000000000000002	2.2000000000000002	2.2000000000000002	2.17	2.15	2.15	2.15	2.1	2.1	2.08	2.08	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2	1.95	1.95	1.95	1.95	1.95	1.95	1.95	1.95	1.95	1.95	1.95	1.95	1.95	1.95	1.95	1.9	1.9	1.9	1.9	1.9	1.9	1.9	1.9	1.9	1.9	1.9	1.9	1.9	1.9	1.9	1.9	1.9	1.9	1.9	1.9	1.9	1.9	1.9	1.88	1.88	1.88	1.88	1.85	1.85	1.85	1.85	1.85	1.85	1.85	1.85	1.85	1.85	1.85	1.85	1.85	1.85	1.8	1.8	1.8	1.8	1.8	1.8	1.8	1.8	1.8	1.8	1.8	1.8	1.8	1.8	1.8	1.8	1.8	1.8	1.8	1.8	1.8	1.8	1.8	1.76	1.75	1.75	1.75	1.75	1.75	1.75	1.74	1.73	1.71	1.7	1.7	1.7	1.7	1.7	1.7	1.7	1.7	1.7	1.7	1.7	1.7	1.6	1.6	1.55	1.5	1.4	1.4	1.4	1.4	1.4	1.4	1.4	1.1000000000000001	1.1000000000000001	0.96	0.95	0.93	0.92	0.92	0.92	0.91500000000000004	0.91500000000000004	0.9	0.9	0.9	0.9	0.9	0.9	0.9	0.9	0.9	0.9	0.9	0.9	0.9	0.9	0.9	0.9	0.9	0.9	0.9	0.9	0.9	0.9	0.9	0.9	0.9	0.9	0.89800000000000002	0.88	0.88	0.87	0.86	0.86	0.86	0.85	0.85	0.85	0.85	0.84699999999999998	0.84	0.84	0.83699999999999997	0.83699999999999997	0.83699999999999997	0.83699999999999997	0.82499999999999996	0.82	0.8	0.8	0.8	0.8	0.8	0.8	0.8	0.8	0.8	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	4.5999999999999996	14.8	14.5	15.2	14.8	12.9	14.8	12.9	2.2999999999999998	10	13.9	13.8	12	11.8	7.6	16.8	10.6	19.2	6.6	6	14.8	18	15.8	19	17	11.9	10.3	13.3	12.3	12.4	21.1	19.3	20.9	11.5	20.9	6.3	9.4	5.8	11.4	9.1	15.8	20.9	16.2	16.2	19.600000000000001	18.7	12	27.4	17.8	12.8	22.6	22.6	14.3	15.6	21	11.4	10.4	7.4	7.4	18.399999999999999	11.8	7.4	17.3	19.399999999999999	19.399999999999999	19.399999999999999	19.399999999999999	9.6	20	23.2	18	16.399999999999999	13.4	23	16.5	9.3000000000000007	15.6	14.35	14	18.100000000000001	16.600000000000001	16.399999999999999	20.100000000000001	20.100000000000001	27.9	27.9	29.1	30.1	8.4	10.6	12.3	7.8	13.8	10.6	12.6	12.5	12	11.5	14.2	11.6	18	14.5	12.3	11	17.7	11.5	16.5	14.5	10.5	10.6	14.5	19.899999999999999	10.7	10.5	11.3	18.600000000000001	16.3	18.3	13.2	10.1	19	18	12.5	17.399999999999999	12.6	15.6	15.6	18.5	11	15.4	17	18.5	9.6	22.6	19.899999999999999	17.2	21	16.8	13	10.7	18	19.7	17.5	19.600000000000001	18.899999999999999	18.899999999999999	14.5	17.899999999999999	20.6	19.3	19.7	17.8	8.4	20.6	19.3	10.8	19.8	13.2	5.6	9	18.5	19.100000000000001	18.899999999999999	28.5	23.7	14.85	14.8	14	22.2	10.7	21.2	21.2	14	9.6	13.3	13.3	13.79	22.4	11	17.2	17.5	17	21.5	21.5	13	19	18	20.6	21.5	19.100000000000001	17.899999999999999	20.3	20.3	18.2	19.100000000000001	17.899999999999999	17.600000000000001	20.100000000000001	17.600000000000001	19.8	15.9	22.4	19	18.2	16.8	19.399999999999999	22	16.5	15	24.3	23.5	22.5	28	16.600000000000001	16.600000000000001	16.600000000000001	16.600000000000001	16.600000000000001	23.4	23.4	18	18	21.6	18.5	14.1	18.5	18.899999999999999	20.7	26	16.8	24.8	24.8	18.600000000000001	18.899999999999999	27.2	20.7	12.7	12.7	19.8	15.3	17.899999999999999	17.3	16	14	15.3	15.3	15.3	15.3	15.3	17	14.75	24.5	14.8	17	18.8	12.2	14.4	18.5	22.4	14.8	15.6	18.899999999999999	18.600000000000001	22.4	15.6	17.100000000000001	18	17.100000000000001	17.100000000000001	17.100000000000001	17.100000000000001	17.100000000000001	17.100000000000001	17.100000000000001	17.100000000000001	17.100000000000001	22.4	22.4	22.4	19.8	26	25	26	16	24.6	#N/A	18.7	16.3	#N/A	#N/A	#N/A	#N/A	18.600000000000001	#N/A	15.1	15.1	15.1	15.1	15.1	15.1	15.1	15.1	15.1	15.1	15.1	15.1	15.1	15.1	15.1	15.1	15.1	15.1	18.100000000000001	18.100000000000001	18.100000000000001	23.3	23.3	23.3	23.3	14	14.5	14.5	17.399999999999999	17.899999999999999	18.899999999999999	17.8	19.5	13	20.5	20.5	20.5	16	14.7	16.2	16.2	25.6	14.5	14.5	14	19.100000000000001	17.5	16.8	20.7	22	19	18	16	23.5	15.8	15	16.600000000000001	21.7	13.5	25.3	22.3	24.4	17.600000000000001	13.5	14.5	25.6	23.9	19.8	18	15.7	15.7	22.9	17.399999999999999	19	20.399999999999999	20.3	14	12.5	20	20	20.100000000000001	18.100000000000001	15.6	15.6	23.8	23.8	26.1	23.7	21.7	15.9	15.9	15	12.8	27	26.5	24.3	13.9	25.7	22.5	13.9	22.5	#N/A	14	17	23	21.5	27.1	27.1	17	21.5	20.5	24.8	25.2	25.2	#N/A	21.2	6	21	10	7	26	22.2	#N/A	20.2	27.2	27.2	29	27	14	24.3	24.3	24.3	15	#N/A	#N/A	#N/A	25.8	25.5	#N/A	30.3	22.3	23	#N/A	23	24.1	#N/A	23	26	19.5	19.5	16	8.6999999999999993	20	26	29	#N/A	9	22	#N/A	26	30.7	#N/A	20	#N/A	#N/A	18	10	15	26.5	25	26	25	26.1	20	#N/A	#N/A	22	#N/A	27.3	26.7	26.7	#N/A	26.5	#N/A	27.3	6.8	22.8	25.3	22	25.3	20.5	#N/A	24.3	25.3	24.8	24.8	30.5	24.9	21.7	24.4	24.5	24.9	28	#N/A	28.1	33.1	#N/A	#N/A	#N/A	#N/A	28.3	31	28.6	25.9	28.1	29	31.5	30.8	#N/A	22.5	26.8	24.7	21.4	29	17.5	28.15	22.1	26.7	#N/A	#N/A	#N/A	25	26.3	28.2	31.5	33.5	22	3.5	21	#N/A	23	26	16	3	19	25	15	#N/A	#N/A	6	8	#N/A	#N/A	#N/A	16.899999999999999	19.2	19	27	21.5	23	23.1	24	#N/A	#N/A	24.6	25	28.5	27	24.6	24.6	27	24.7	24.9	27.5	25	#N/A	25.3	#N/A	27.7	27	27	29	#N/A	#N/A	28.3	27.8	27.3	30.1	31.9	#N/A	27.5	28.4	28.8	28.8	34	#N/A	31.5	31.6	32.5	31.6	20	24	23.5	33.4	#N/A	23.5	4	9.6999999999999993	#N/A	2.5	21.3	22.6	23	25	13	22	22	#N/A	31	22	27.5	26.5	1.2	23.7	24.9	23	11	25	-5	22.4	30.1	21.8	22	21.8	25.2	25.2	26.8	26.8	27	29.2	14.6	23.3	23.3	30.1	27.8	28.7	28.7	30.1	30.3	28.6	28.6	25	22.1	13.5	#N/A	24.3	24.3	24	25.6	#N/A	21.9	14.3	20	20.5	20.5	21.9	29.3	27.3	27.3	27.3	27.3	28.5	#N/A	32	29	30	21	30	20.399999999999999	20.399999999999999	25	26	26	#N/A	#N/A	29.3	30.8	31.8	#N/A	#N/A	30.8	#N/A	#N/A	28.4	30.8	27.3	#N/A	27.5	23.5	30	28	29.6	#N/A	35.299999999999997	32	26	22.8	34.47	24	32	28	26.5	33	33	33	24.2	21.5	29.6	30	21	30.1	32	32.5	28	30.2	#N/A	#N/A	#N/A	31.9	#N/A	31.3	30.5	#N/A	#N/A	28	29.7	30.7	20.100000000000001	20.100000000000001	24	24	26	30.2	#N/A	29.4	31.5	33	26	4	31.5	33.5	31.2	31.7	31.6	32.200000000000003	33.770000000000003	26.5	30.2	28.4	23	31.6	27	#N/A	#N/A	#N/A	26.8	31.2	34	30.4	32.5	21.5	27	29.7	27	29.7	29.7	#N/A	#N/A	30	#N/A	23	30.5	#N/A	30.72	30.2	21.4	20	#N/A	#N/A	#N/A	34.4	28.83	24.83	30.9	21	#N/A	28	29.4	#N/A	29	#N/A	27.1	33	11.5	#N/A	24	27.8	30	29.54	28	#N/A	#N/A	31.76	20	4.4000000000000004	31.7	31.7	29.5	35	35	24.9	34.5	23	21	19.5	24.4	24	8.9	24	31.9	27.8	27	34	25.2	33.369999999999997	27.9	28.9	28.9	30	31	31.2	#N/A	#N/A	#N/A	30.3	30.3	30.5	31	29.05	21	20	23.5	24.4	28	30	19	30.5	28	8	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	22	22	#N/A	25.2	#N/A	29.5	#N/A	#N/A	22	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	SiGe	0.84	0.84	8.4	2.4	8	4.9000000000000004	2	2	5.8	0.9	0.9	36	24	5.25	77	61.5	5.3	1.95	1.8	0.9	1.9	24	22	24	22	1.95	1.95	5.0999999999999996	#N/A	1.9	1.88	0.93500000000000005	24	2.4	2.4	5.84	60	5.8	58	60	24	1.95	2.1	1.9	1.8	0.9	85	2.4500000000000002	2	0.87	2	77	60	32	1.96	9.5	2.4	30	33	61	0.87	77	1.71	0.83	90	90	90	90	#N/A	#N/A	65	65	60	7	24	5.9	2.4	3.5	45	42	2.4	4.3	3.4	98	14	77	5.6	60	2.2999999999999998	77	84	45	45	37.5	60	45	2.4	30	61.5	45	45	45	45	45	45	2	2	60	60	130	1.9	1.9	5.5	2.4	38	38	42	77	84	62	2	2	1.9	1.9	8.25	42	78	60	57	82	43	85	40	40	40	90	83	77	41	41	41	12.5	37	25.5	116	116	116	24	120	27	27	29	28	27	27	35	25	15	87	46	29	28	27	82	80	80	35	25	24	45	45	41	41	40	2	1.4	50	120	120	24	24	24	24	28	46	38	8.5	93	93	1.71	29.5	28	29.5	28	83	2.4500000000000002	67	76	76	76	88	85	83	14.1	215	61	30	30	40.5	27	55	55	2.4500000000000002	#N/A	24	24	24	24	24	38	66	120	120	160	26	26	28	29	28	27	28	28	28	39	37	62	40	29.5	29.5	80	78	95	92	10	30	30	30	55	55	85	46	46	34	173	183	33	28.5	28.5	28.5	20	28	28	100	70	70	22	95	5.5	230	60	28	83	27	27	70	70	70	9	10	35	27.5	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	25	27.5	26.3	31.5	26.7	26.7	16	22	22	#N/A	#N/A	25.9	12.5	16.2	25	#N/A	#N/A	#N/A	#N/A	21.5	23	21.5	23	#N/A	#N/A	25	26	25.5	32	34	12	#N/A	27.5	#N/A	20	#N/A	11.5	20	20	#N/A	28	28	28	28	21	#N/A	11.8	20.3	11.8	17.5	23	19.399999999999999	#N/A	22	29	19.399999999999999	19.399999999999999	15.5	27	14.5	#N/A	#N/A	17.7	18.600000000000001	19.3	19.600000000000001	#N/A	#N/A	18.09	18	18.8	20	14.5	25	#N/A	29.3	11.4	19.399999999999999	18.55	19.100000000000001	18.7	5.9	24.45	16	#N/A	17.5	31	15	18	13.6	14.75	14.8	20.5	17.5	27	19	17.399999999999999	20.5	20.5	20.2	21.7	22.3	22.4	23	23	16.8	15.7	7.7	29.1	29.1	#N/A	#N/A	23	21.3	9.5	14.5	18	20.100000000000001	27.3	27.3	29	29	27	28.4	14	13.2	13.3	8	14	16.600000000000001	22.5	22.5	22.2	13.5	14.7	14.2	23.6	23	23.4	23.4	13	16	20.8	13.8	17	19.399999999999999	17.5	29.7	31	18	18.600000000000001	18.899999999999999	17.100000000000001	13.8	13.3	8.8000000000000007	7.2	21.8	16.899999999999999	16.5	16.5	17.7	22	19	3.8	5.4	19.399999999999999	22.4	20.2	23.4	18.100000000000001	22.2	29	30	17	17.8	22	30.8	29.8	28.7	24.7	17.100000000000001	28.9	17.2	23.7	19.3	17.7	32	11.1	9.1999999999999993	11.1	9.1999999999999993	19.2	29.5	8.4	16.2	24	27.3	19.5	22	23.2	30	9.6	21.3	#N/A	#N/A	18	17.100000000000001	23.6	23.6	26.5	#N/A	30.8	29.8	28.7	24.7	18	16.5	23.4	15.5	16.5	14	13.6	14.6	16	18	18.600000000000001	18.8	23.7	16.8	16.8	17	17.100000000000001	17.5	23.7	16.8	13.9	19	14.2	23	23.4	26.3	21.3	21.3	21.3	23.6	23.6	22	28.9	28.9	25.5	0.9	-2.8	25.3	17	17	17	17.399999999999999	23	#N/A	16.3	24	16.100000000000001	21.5	23	#N/A	12	17.2	18.399999999999999	18.600000000000001	16.5	16.5	24	16.100000000000001	19.5	26.2	20.2	17.8	17.100000000000001	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	GaN	8	8	9.5	5	1.5	2.4500000000000002	2.5	16	5.2	7.25	8	#N/A	30	35	35	6	10	33	33	33	33	33	10	27	28	1.5	1.9	2	2.14	2.14	5.5	8	9.5	10	10	26.5	27	35	80.5	35	1.5	2	2.14	2.14	3.5	3.6	7.5	7	1.5	1.5	1.94	2	2.14	2.14	2.14	2.14	2.14	2.4500000000000002	2.9	3.3	8	84	95	0.8	1	1	1.8	2	2.14	2.14	2.14	2.6	2.6549999999999998	2.85	4	4.8	5	9.6	9.8000000000000007	10	14.5	76	76.5	0.9	1	2	2	2.14	2.14	2.14	2.5	2.6	2.65	2.6549999999999998	2.6549999999999998	2.6549999999999998	4	4	4	4	6	10.5	18	76.5	88	0.88	0.9	1.8	1.8425	1.95	2	2.14	2.14	2.14	2.14	2.14	2.14	2.5	2.5	2.5499999999999998	2.6	2.6549999999999998	2.6549999999999998	3.5	3.5	3.54	3.7	3.8	5.8	10	10	15	26	31	31.5	91	91	95	95	95	95	0.72499999999999998	0.8	0.8	0.9	0.9	1	1	1	1.6	1.6	1.8	1.8	1.8	1.8	1.8	1.9	2	2	2.08	2.1	2.11	2.14	2.14	2.14	2.14	2.14	2.25	2.4	2.6	2.6	2.6	2.6	2.6	2.6549999999999998	2.6549999999999998	2.7	2.8	2.8	3.4	3.5	3.62	4	5.65	7	10	10	#N/A	#N/A	28.5	29	32.5	32.5	74	74	74	74	84	84	84	88	90	90	93.5	93.5	94	94	94	0.8	0.84	0.85	0.88900000000000001	0.9	0.95	0.95499999999999996	1.2	1.2	1.3149999999999999	1.4	1.5	1.5	1.8	1.85	1.9	1.9	1.9	1.9	2	2.1	2.1	2.1	2.1	2.14	2.14	2.14	2.2000000000000002	2.2999999999999998	2.2999999999999998	2.2999999999999998	2.4	2.5	2.5	2.6	2.6	2.6	2.6	2.64	3.05	3.1	3.1	3.4	4	5.4	5.4	5.72	7	7.6	8.16	10	10	10	13	20	29	29	29	29.5	30	86	0.85	0.86	0.9	1	1.2	1.4	1.5	1.7	1.73	1.74	1.96	2	2	2	2	2	2	2	2	2	2	2	2	2	2	2.14	2.14	2.14	2.14	2.14	2.2000000000000002	2.2000000000000002	2.4	2.5499999999999998	2.6	3	3.5	4.5	8.8000000000000007	8.8000000000000007	9	10	10	10.1	14.375	14.5	14.9	30	#N/A	30	30	74	83	180	29	19	19	19	0.82499999999999996	0.84	0.9	0.9	0.9	1.2	1.52	1.7	1.8	1.84	1.85	1.85	1.9	1.9	1.9	1.9	1.94	1.94	1.95	2	2	2	2	2	2	2	2	2	2	2.1	2.14	2.14	2.14	2.2000000000000002	2.2000000000000002	2.25	2.2999999999999998	2.2999999999999998	2.2999999999999998	2.2999999999999998	2.5	2.5499999999999998	3	3.5	4	5.7	5.9	6	6	7	9.1999999999999993	9.9	10	10.35	11	#N/A	27	30	30	30	31	31	73	28	2.1	4	2.4	2	0.75	0.8	0.85	0.9	0.91	1	1.4	1.5	1.5	1.6	1.62	1.65	1.65	1.7	1.75	1.8	1.8	1.85	1.85	1.9	1.94	1.95	1.96	2	2	2.08	2.08	2.1	2.1	2.1	2.14	2.14	2.14	2.15	2.2000000000000002	2.2000000000000002	2.2999999999999998	2.4	2.6	2.6	2.6	2.6549999999999998	2.6549999999999998	2.67	2.7	2.7	2.75	3	3.4	3.45	3.45	3.45	3.5	3.5	3.57	6	7	18	20	#N/A	31	35	35	36	38	38	74	76	76	80	86	86	86	86	86	92	93	93	0.8	0.82499999999999996	0.85	0.9	1.2	1.5	1.6	1.6	1.6	1.7	1.8	1.8	1.8	1.84	1.84	1.88	1.9	1.9	1.95	2	2	2	2	2	2	2	2.1	2.14	2.14	2.14	2.14	2.2000000000000002	2.2999999999999998	2.4	2.4	2.5	2.5	2.6	2.6	3.5	5.4	5.8	6.2	6.5	11	12	14	15	17.3	20.2	20.2	26	26.5	31	39	39	39	39	39	39	74	90	91	35.4	59	57	64	2.2000000000000002	2.2999999999999998	2.5	5.8	14.6	2.5	0.7	0.8	0.9	1.2	1.2	1.4	1.4	1.6	1.6	1.7	1.7	1.8	1.8	1.84	2	2	2	2.1	2.1	2.1	2.1	2.2000000000000002	2.2000000000000002	2.2999999999999998	2.35	2.4	2.6	2.6	2.6	3.22	3.4	3.6	4.9000000000000004	5.4	5.5	5.9	8	8.5	12	14	14	23	24	26	34	38	39	40	40	90	95	120	147	19	71	90	1.9	8.4	9.3000000000000007	6.5	10.3	8.4	9.3000000000000007	5.4	17.100000000000001	27.7	2.14	3	5	19	2.2000000000000002	2.4500000000000002	6	12	18	10	1.45	1.45	4.3	9	11	1	4.5999999999999996	2.6	9.3000000000000007	9.4	9.5	8.5	19	21	23	2	7.75	8.75	2	6	3.5	1.84	8.8000000000000007	12	12	1.84	3.22	1.8	2.2000000000000002	3.3	3.8	4.7	5	28	3.5	5.4	28	2.35	80	80	2.14	3.4	3.2	3.6	80	80	94	94	38	40	5.9	3.6	27	102	114	28	115	9	2.4	6	8	3.1	3.4	3.7	1.55	0.7	1.8	2.1	12	4.3	2	2.6	4	1	1.1000000000000001	8.1	14.1	1.2	30.5	16	1	1	1	1	2.4	1.6	1.5	1.8	2	2.14	2.4500000000000002	28	30	32	34	36	8	15	0.85	5.9	2.6	2.1	9	0.9	2.4	6.5	3.4	2.1	2.14	2.14	9	2.1	2.6	2.4	3.5	2.4	9.1999999999999993	2.6	2.5	5.4	4.9000000000000004	5.4	5.9	5	5.5	5.9	2.0499999999999998	5.9	2.2000000000000002	2.65	36	0.1	2.65	20	3	3.5	3.5	5.9	3.4	0.36	0.9	2.35	2	2.2000000000000002	3	12	5.4	2	1.8	0.9	5.4	2.4	4.3	10	13.75	37.5	29	38	9.8000000000000007	1.3	1.575	1.2270000000000001	2	26	9	15	#N/A	2.1	2.6	3.6	7	7	0.5	2.21	2.4	2.4	1.5	2.6	2.1	13.25	2.2000000000000002	6	4.5	2	1.5	26.5	7.9	2.4	2.14	0.92	1.72	3	1	8.6	3.7	28.5	3.3	8.5	3.5	5.8	2.5	10	1.8	2.6	1	1.2	2.4	2.1	3.5	5.5	2.6	2.1	5.5	2.6	4.7	2.4500000000000002	10	2.7	2.7	4.5999999999999996	18	9.6999999999999993	2.1	2.2000000000000002	3.8	2.4	32	84	190	#N/A	2.1	2.6	0.7	1	0.85	0.622	32.5	#N/A	#N/A	#N/A	#N/A	#N/A	5	#N/A	0.8	31	#N/A	#N/A	#N/A	2.5	31	#N/A	#N/A	#N/A	#N/A	2.2999999999999998	#N/A	#N/A	2	#N/A	2.6	2.8	2.5	3	3.5	4	4.5	2	2.5	3	1.4	3.5	2.8	3	#N/A	#N/A	#N/A	#N/A	#N/A	2.2000000000000002	10.199999999999999	#N/A	21	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	41.49	39.299999999999997	39	31	31	30	31	43.84	35.5	30.3	35.5	36	32	35.4	35.6	30	39	32.6	31.5	33.4	34.5	30.8	41.3	34.1	36	56.98	37.200000000000003	37.5	46.02	#N/A	34	42	43.6	43.5	43	37	34.1	36	25	36	40	34.200000000000003	43	#N/A	31.7	41.76	38.299999999999997	38.4	39.5	39.4	#N/A	40	50	46	43.5	40.200000000000003	40	33	39	32.5	34.31	27	26	46.9	41.03	39.700000000000003	#N/A	36.5	49.5	45	40.79	52.5	#N/A	42.3	30.2	55.35	41.8	43.4	50.04	30.2	50.79	12	25.4	40	50	45	41.7	44.8	43	40.5	42.5	45.8	39	50.5	43.5	42.54	42	50	36	33.799999999999997	40	46.33	41.3	31.13	29.3	#N/A	36.700000000000003	43	41	42.79	41.6	53.96	53.01	50	45	41.3	40	41	37	42	#N/A	50	40.5	49.3	35.6	#N/A	50	35.700000000000003	33	43.57	33	47.9	43	42.7	31.7	32.299999999999997	30.8	31.1	30.5	30.1	28.3	40	#N/A	#N/A	41	#N/A	35.9	33	19.2	43.5	41	49.5	43	41	40	31	48.5	42	39	38	40	48.5	41	40.53	40.53	#N/A	#N/A	45	43	57.3	54.6	49.78	#N/A	#N/A	41	#N/A	36.5	41	40	49.4	44	39.74	34	33.299999999999997	34	42.5	27	1.7	2	39.4	37	37.799999999999997	37.799999999999997	4.9000000000000004	3.8	33	31.1	33	32	30	26.4	25.9	24.5	33.299999999999997	32.6	29.7	24.3	23.1	33.450000000000003	49.3	37.299999999999997	45	44	44	#N/A	44.5	37	51	52.5	44.19	42.5	36.33	51	41.8	41.5	#N/A	#N/A	41	42	41	40.5	#N/A	44.47	41.75	41.4	37	44	40.5	#N/A	44.5	40	26.8	48	44.8	42	#N/A	53.01	40	40	40	49.5	45	46	46	#N/A	#N/A	35	#N/A	45	41	37	42.04	36.5	36.700000000000003	33.799999999999997	31.5	37.799999999999997	40.4	35	43	35.9	#N/A	41	41	#N/A	49.5	40	34	46.5	42	46	42.3	42	42	41.8	41.8	41.8	41.8	41.25	41	40.700000000000003	38.5	37	#N/A	54	50	41.5	41.2	40.5	41	40.5	41	#N/A	44	42	44.5	43	41.6	36	55.2	32.5	#N/A	35.270000000000003	49	43	34.700000000000003	37.799999999999997	#N/A	21.4	34.5	28.1	21.4	13.74	40.5	26	31.3	31.7	44	41.5	40.9	40.9	40.200000000000003	49.1	41.9	40.5	42.8	51.9	44	41	46	42	41.5	41	51	50	50	58	57	43.3	42.6	42.2	41.7	41.5	41	36	36	36.4	43.1	42.7	39.799999999999997	41	39.5	42	41	41	35.020000000000003	#N/A	46	42.9	53	37.5	41.5	36.880000000000003	33.9	46.2	37.4	40	#N/A	40	38.200000000000003	37.78	37.200000000000003	#N/A	46.3	39.1	36.5	45.5	41.9	42.6	30.8	39	42.3	#N/A	23.6	36	41	50	42	34.5	38.799999999999997	43	52	43	39	54.7	40.200000000000003	44.5	42.4	36	45	43.7	43	48	43	41	51.5	44	44	42.5	#N/A	40	40	44.5	44	43	50.5	43	43	47.3	47	45.4	44.5	41	44.7	43.9	40.799999999999997	57	#N/A	42.5	54.8	44	44.5	36	47	49.5	42	42	40	40	41.7	38	38	40	38.5	#N/A	37.5	38	37.700000000000003	40.5	24.3	37.1	26.5	31	32.4	31.2	30.5	30.6	30.6	31	31.6	29	30	32.200000000000003	36.700000000000003	46.3	43	46.9	44.2	35	44	43	40	36.6	49	42	42	41.8	#N/A	40	57	45.2	53	44	43.8	43	42	41.8	40.4	40	#N/A	46.2	45	43	42.5	54.3	40.200000000000003	44	42	41.8	35	44	43.9	42.9	35.200000000000003	47.2	44	30.7	40	43	47	36.5	44.77	41	37.5	33.799999999999997	43.4	37.5	33.5	33.5	33.5	33.5	33.5	33.5	31.8	30.6	34.9	42.5	25.5	25	24	36.6	31	#N/A	47.2	36	#N/A	47.4	#N/A	37.700000000000003	46.5	42.3	42	41.3	43	39.9	42.5	40.6	47.8	42.2	39.9	42	41	39.700000000000003	47.2	47	42.9	42.2	47	45.1	42	54	44	43	42	40	39.299999999999997	58.57	#N/A	36.200000000000003	44	37.68	38.700000000000003	36	41.8	43	46.5	38.5	33.799999999999997	30.8	37.200000000000003	28.8	41.3	33.200000000000003	30.2	41.3	28.5	27.7	17.399999999999999	18.2	37.4	31.4	27.8	46.6	#N/A	33.299999999999997	36	44.8	#N/A	45.1	48.5	25	25	60	47	39.5	37.4	48.7	56.5	40	39	37	44.2	34	34	36	44.8	44	35.5	47	36	49.9	50.2	51	48.5	36.5	36.5	36.5	36.799999999999997	44	43.5	44.5	36	24	50.1	48.5	43.9	43.4	39.9	39.299999999999997	44.5	46.5	44.5	44.5	40	40	33	46	48.5	46.2	44.2	27.2	28.6	35	58.57	58.57	58.57	27.2	28.6	33	30	41.3	41.3	38.700000000000003	31.5	35.6	27	29	33.5	20.3	47.2	45.6	37	40	42.9	42.9	42.9	42.4	47.2	47.8	47.4	50.8	36	41	41	40	61.5	61.8	36	38.5	46.5	40.5	44.4	35.200000000000003	35.200000000000003	35.200000000000003	35.200000000000003	36	39.9	43.1	42.4	43.1	42.9	42.8	36.33	35.44	35.68	36.020000000000003	35.44	36	38	46	38.700000000000003	39.909999999999997	42.5	42.5	37.700000000000003	39.9	#N/A	#N/A	#N/A	40.9	41.8	41.49	42.2	42	40	41	38.700000000000003	39	39.5	43.5	43.5	30	27	34.5	37	37.5	37	44	50.8	59.5	54	42.9	48.5	55.3	35	35	40	37.200000000000003	34.6	38.200000000000003	56.9	44.3	44.1	51	41.16	53	42	52	40	41.46	49	46.5	41.76	36.200000000000003	39.54	41	33	40	38	40.700000000000003	43.98	46.9	51.23	41	32	42	41.8	37.5	43.1	40.799999999999997	52	38	38	38.299999999999997	44.62	45.3	38.9	40	40.5	47.78	46.98	48.75	35	42.55	51	50	29	45.8	42.3	44	41.5	41	39.840000000000003	40.5	37.299999999999997	45	25.6	57.24	35	42.6	41	43	41.7	46.5	46.4	46.5	43	43	43	36.700000000000003	37.1	40	#N/A	37.1	40.4	41.5	53.77	35	41	42.5	37.5	39	37.5	47.5	52	#N/A	41.75	39.630000000000003	33.5	14.1	2.4	55.3	45	46.7	39.799999999999997	42	39.299999999999997	45	#N/A	#N/A	#N/A	#N/A	#N/A	36	35	37.6	40	#N/A	#N/A	#N/A	43	#N/A	40	#N/A	#N/A	#N/A	41.5	#N/A	#N/A	42.9	#N/A	50.6	50.8	41	41	41	41	41	42.5	41.75	40.200000000000003	42.5	42.1	41.4	43.7	#N/A	#N/A	#N/A	#N/A	#N/A	43	48.54	#N/A	36.5	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	GaAs	34	26	50	28	20	46	35.799999999999997	35	47	44	44	37	37	94	90	60	60	59.5	94	94	90	26.5	62.5	45.5	44	26	94	77	44.5	35	76	34	34	28	94	77	77	62	62	40	30	28	105	95	94	79	77	62	35	32.799999999999997	32.799999999999997	31	28	20.664999999999999	20.655000000000001	20	20	20	14	8	5	4.1500000000000004	3.2	3.2	1.95	1.95	1.95	1.7450000000000001	0.93500000000000005	0.9	0.9	0.8	0.8	105	36	30.5	25	19	14.25	14.25	14	10	10	8	5.8	5.8	5.8	4.5999999999999996	4.1500000000000004	3.55	2.15	1.95	1.95	1.95	1.95	1.8	1.75	0.95	0.9	0.9	10	40	35	31	11	5	5	2.14	2.14	2	1.95	1.9	1.9	1.9	1.9	1.8	0.9	0.9	0.9	0.9	#N/A	95	90	77	76.5	60	38	29	28	10.199999999999999	10	5.25	5	3.2	1.95	1.95	1.95	1.75	1.75	#N/A	16	18	60	44	34	30	23	19.8	8.4550000000000001	5.25	5.2	5.15	5.03	2.9	2.4	2.4	2.14	2	1.95	1.95	1.95	1.9	1.88	1.88	1.8	0.9	0.83599999999999997	#N/A	#N/A	#N/A	#N/A	10	14	14	5.25	60	60	60	45	44	40	28	27	20	10	6.5	3.8	3.5	2.4	2	2	2	1.95	1.95	1.95	1.95	1.95	1.9	1.88	1.8	1.8	1.5	0.9	0.9	0.9	0.9	0.8	#N/A	2	77	44	44	44	43	38	38	24	20	14	10	10	6	5	5	2.14	2.14	2	2	2	1.95	1.95	1.9	1.5	0.9	0.9	0.9	#N/A	#N/A	#N/A	16	5	3.5	60	42	42	42	38	19	10	9.5	9.1999999999999993	5.5	4	3.5	2.5	2.5	2.4500000000000002	2.4	2.4	2	1.95	1.9	1.9	1.88	1.7	0.9	0.9	0.86	0.85	0.8	4.8	1.2749999999999999	1.2749999999999999	100	90	80	60	59	59	35	35	34	24	9.4	9.4	5	3	2.5	2.5	2.4	2.2999999999999998	2	2	1.95	1.88	1.88	1.88	1.75	1.75	1.5	1	0.84	#N/A	2.5	75	60	44	35	33	30	18	2.6	2.6	1.95	1.95	1.95	1.88	1.88	1.88	1.88	1.88	1.88	1.6	0.9	0.84	#N/A	#N/A	#N/A	#N/A	40	2.5	2.5	2.14	2	1.95	1.88	1.87	1.85	1.85	0.87	2.1	12	73	44	35	33	27	18	18	8	2.5350000000000001	2.1	2	1.85	1.85	1.85	1.85	0.8	145	84	76	58	56.5	38	35	30	24	20	10	5.2	3.5	2	1.95	1.95	1.74	1.74	1.7350000000000001	1.71	1.71	0.9	80	76	33	26.4	1.95	0.8	77	74	73.5	60	24	22.4	22	1.85	0.91500000000000004	#N/A	#N/A	#N/A	#N/A	1.85	82	73	61	30	24	1.95	1.85	1.85	1.85	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	61	39.4	39	35	30	28	28	26.6	5	4.5	4	2.0499999999999998	2.0499999999999998	1.9	1.9	1.85	0.91500000000000004	0.88	75.5	75.5	60	38	38	29.8	29	28	27	26	25.8	16	15	11	10	7	6	5	2.6	2.4	1	240	200	96	47	33	32	31.1	28	27	20	5.3	29	46	3.2	3.2	300	28	1.95	5.8	2.7	30	30	40	28	3.36	11.5	31	2.5	5.5	10.3	4.9000000000000004	#N/A	2.65	300	280	285	290	295	300	305	310	315	320	280	285	290	295	300	305	310	315	320	2.4	2	2	3	2	2.2000000000000002	2.4	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	20.5	#N/A	28	#N/A	40.79	27	21.5	20	22.5	24	16.7	31.13	23.8	19	19.399999999999999	26.83	25.68	24.95	20.100000000000001	20	22.43	#N/A	24.7	29.29	30	25.6	24.77	12	36.4	30	13	35.5	30	30	24.77	14.5	14	30	27.2	#N/A	33	34.770000000000003	25	23.5	33.799999999999997	25.5	15	15	30	#N/A	#N/A	#N/A	#N/A	37.78	43.15	24.47	#N/A	#N/A	21	35	19	28.2	#N/A	#N/A	27	#N/A	#N/A	32	35.5	35	34.5	#N/A	#N/A	25	29	#N/A	31	24.6	25	20	#N/A	30	25	24	#N/A	#N/A	#N/A	24.4	28.2	28.2	30	#N/A	#N/A	#N/A	#N/A	33	33.200000000000003	#N/A	35.5	35	29	27	27	30.1	32	#N/A	#N/A	#N/A	#N/A	29.5	#N/A	#N/A	#N/A	#N/A	#N/A	30	#N/A	#N/A	#N/A	#N/A	28	23.3	21	21.5	#N/A	#N/A	#N/A	33.1	36	32.299999999999997	36.4	#N/A	#N/A	49.7	28	16	#N/A	31.5	#N/A	16	#N/A	#N/A	11	34	32	16	19.100000000000001	#N/A	16.899999999999999	27	#N/A	27	#N/A	44.91	29	#N/A	47	#N/A	#N/A	#N/A	#N/A	31	#N/A	#N/A	42.04	30.8	#N/A	#N/A	#N/A	#N/A	#N/A	20.3	39	32	#N/A	41	32	#N/A	34.5	14	27	28.6	34.1	23.3	19.5	#N/A	48.5	34.799999999999997	23	30	26	19.850000000000001	27	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	33	23	30	30.2	#N/A	#N/A	#N/A	30.8	#N/A	19.850000000000001	23.4	33.520000000000003	30.96	28	36	28	15	22	20	38.1	40.49	39.4	22.91	30.8	30.8	55.2	#N/A	31	31	29.3	24.21	#N/A	#N/A	31	30.5	#N/A	#N/A	34.47	29	#N/A	#N/A	#N/A	44.6	#N/A	21.8	#N/A	#N/A	26	30.5	25.2	40	42	26	#N/A	#N/A	41.5	41.5	#N/A	37	26.5	42.2	#N/A	29	28	33	22.2	#N/A	#N/A	#N/A	#N/A	22.4	29.5	#N/A	#N/A	7	23	27	16	28.9	19	35.5	16	27	23	40	40	25	39.5	30	#N/A	#N/A	31	31	#N/A	#N/A	32.5	32.299999999999997	#N/A	20	17	31	30	#N/A	15	40	17	27.5	22	14	47	#N/A	26.4	#N/A	#N/A	28.7	#N/A	#N/A	34	33	#N/A	#N/A	#N/A	#N/A	29.4	33.799999999999997	#N/A	14	#N/A	#N/A	#N/A	37.9	26	#N/A	#N/A	27.9	#N/A	33	30	32	32	35	57	37.9	18.8	33	37	26	23	33.700000000000003	33.700000000000003	27.2	33	#N/A	#N/A	33	33	#N/A	#N/A	#N/A	13.1	19	24.2	18.899999999999999	12.2	30	#N/A	#N/A	23.5	23.7	24	29.5	27.7	#N/A	28	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	20	25.4	#N/A	25.3	28	#N/A	8.6	28	#N/A	10	30.9	32.5	33	#N/A	#N/A	28.5	28	#N/A	#N/A	29	27	31	25	38	31	#N/A	#N/A	#N/A	#N/A	24.5	23	20.5	#N/A	#N/A	#N/A	#N/A	25	20.3	37	27	28.5	31.5	25	#N/A	27.8	28	33.5	32	#N/A	32	#N/A	#N/A	#N/A	33.5	27	27	15	28.1	25.6	26.8	26.5	#N/A	26	24.4	25.1	25.5	27	40.5	26	37	26	26.9	34	29	28.1	10.8	10	27.3	22.7	30	#N/A	26.3	28.7	31	#N/A	31.3	25.4	25.2	42	41.4	4.5	26.5	31.5	23.2	#N/A	28.9	29.6	#N/A	23.3	#N/A	35	32.5	#N/A	41.6	44.8	30	#N/A	#N/A	8	3.3	5.5	6	6.5	7	7	7	7	7	6.8	8	8.1999999999999993	8.5	8.1999999999999993	8.8000000000000007	8.5	8.5	8.1	27.4	28.2	28.6	30.7	31	30.8	30.5	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	LDMOS	0.9	0.9	2.4	1.95	#N/A	1.9	1.95	1.95	1.95	2.1	2.14	0.8	0.9	0.91500000000000004	2.1	2.12	2.14	2.14	2.14	2.1	1	1.8	1.8	1.9	2.12	2.12	2.14	2.14	2.14	2.14	2.14	2.15	0.9	1	1.9	2	2.1	2.14	2.14	2.14	0.84	0.85	0.86	0.86	0.9	0.9	1	1.75	1.8	2.14	2.17	3.4	2.14	0.88	1	1.8	1.81	2.14	2.2000000000000002	0.92	0.94499999999999995	1	1.8	1.8	2	2.0249999999999999	2.14	2.14	5.8	0.7	2	2.14	0.9	#N/A	0.8	0.85	0.8	0.85	0.9	1.8	2.17	0.8	1.8	2	2	2.1	2.14	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	23	23	#N/A	#N/A	52.55	27	#N/A	#N/A	#N/A	43	#N/A	#N/A	35	#N/A	#N/A	50	#N/A	#N/A	#N/A	#N/A	40.93	47.8	41.14	47.8	43.4	50.2	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	41.2	#N/A	#N/A	#N/A	#N/A	#N/A	44.1	40.619999999999997	35.4	#N/A	#N/A	#N/A	34	#N/A	32	33.700000000000003	#N/A	44	46	41	35.799999999999997	#N/A	52.8	33.700000000000003	#N/A	51.76	#N/A	39.54	40	#N/A	36	41.5	48.45	40.700000000000003	#N/A	31.76	41.5	42.5	48	#N/A	#N/A	41	30	#N/A	51	35.5	57.5	52.6	39	46	46.5	46.5	#N/A	49	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	#N/A	InP	44.5	60	25	21	21	25	24	21	21	10	10	10	10	75	150	10	10	38	20	20	324	20	20	20	40	220	215	89	220	214	208	86	86	235	231	225	220	134	94	94	86	81	77	233	230	225	215	210	205	200	86	86	81	76	74	71	118	110	97	95	94	90	87	81	265	265	220	220	200	200	93	89	75	19.5	19.5	325	325	204	204	185	110	302	300	298	296	294	292	290	288	286	284	282	280	278	220	190	185	180	170	165	160	160	155	150	150	150	150	145	145	145	140	140	140	140	130	130	130	130	115	115	115	110	110	110	110	100	100	100	90	90	90	80	80	70	60	55	50	45	44	40	35	30	25	20	10	10	5	2	104	100	96	28	23.5	22.3	20	26.6	21.5	26	18.8	20.100000000000001	16.5	16.5	21	21	19	13	20.5	20.5	30.6	29.4	29.4	1.1299999999999999	29.4	32	32	10	17.7	18.2	19.7	22	22.6	21.6	20.399999999999999	23.1	16	16	17	17	8.5	11	12.8	20.86	26.7	9.1999999999999993	24.5	28.5	25.4	26	23.2	26.5	23.4	25.5	25.6	25.6	26.4	26.3	25.8	19.3	20.2	20.2	14.4	20.2	22	23	21.1	16.5	17.2	20.7	22.8	21.5	24	12	15.6	21.4	#N/A	#N/A	9.34	11.33	15.39	17.989999999999998	13	11	10	11	11	12	12	12	12	11	11	11.5	11	10.5	10.199999999999999	10.1	18.39	19.079999999999998	18.920000000000002	19.399999999999999	7.5	8.5	19.079999999999998	9	21.03	23.26	10	19.239999999999998	21.46	23.56	10.199999999999999	21.84	24.03	20.13	20.49	21	23.78	21.27	20.68	21	20.9	19.239999999999998	20.6	23.24	20.93	18.3	20	21.79	21.07	19.7	16	21.37	19.3	21.34	21	20.57	21.24	19.64	10.5	22.67	10.8	11	11	11	11	#N/A	11	10.8	12	19.600000000000001	20.3	20.3	Trend_CMOS	0.7	1	5	10	15	20	25	30	35	40	45	50	55	60	65	70	75	80	85	90	95	100	105	110	115	120	125	130	135	140	145	150	155	160	38.248362303785562	37	31.36696730648065	28.940952174520838	27.521824296142263	26.51493704256103	25.733934612961299	25.095809164182455	24.556281784787053	24.088921910601222	23.67668128580388	23.307919481001491	22.974333851686353	22.669794032222647	22.389644555365273	22.130266652827242	21.888791602622916	21.662906778641414	21.450720602283891	21.250666153844072	21.06143087939811	20.88190434904168	20.711138774448671	20.548318719726542	20.392737550728626	20.243778900262839	20.100901919441945	19.963629423405461	19.831538275465498	19.704251520867437	19.581431901527992	19.462776470663105	19.348012090782635	19.236891646681606	Trend_SiGe	10	15	20	25	30	35	40	45	50	55	60	65	70	75	80	85	90	95	100	105	110	115	120	125	130	135	140	145	150	155	160	32.789659628023813	31.167799195591158	30.017070905784038	29.124496700527196	28.395210473351376	27.778607754042348	27.244482183544257	26.773350040918722	26.351907978287414	25.970667259070115	25.622621751111598	25.302450920417453	25.006019031802563	24.73004754585476	24.471893461304475	24.229394974038733	24.00076131867894	23.784492433597837	23.579319256047633	23.384158599369908	23.198078536830334	23.020271486546999	22.850033028871817	22.686745050790794	22.529862198177671	22.378900886246281	22.233430309562785	22.093065030317703	21.957458823614978	21.826299532323013	21.699304739064694	Trend_GaN	7	10	15	20	25	30	35	40	45	50	55	60	65	70	75	80	85	90	95	100	105	110	115	120	125	130	135	140	145	150	155	160	57.486808658502184	54.27673416305359	50.627548190080105	48.038409538014079	46.0301175761862	44.389223565040602	43.001867446595277	41.800084912974576	40.740037592067125	39.791792951146689	38.934001332907762	38.150898940001099	37.430514570939266	36.763542821555767	36.142606978173205	35.561760287935073	35.016138691587152	34.501712967027615	34.015107975595136	33.553468326107172	33.11435684858229	32.695676707868252	32.295610844730746	31.912574314961589	31.545176364279286	31.192189945899763	30.852526994054131	30.525218196516263	30.209396318214829	29.904282353133702	29.609173947726781	29.323435662895562	Trend_GaAs	1	5	10	15	20	25	30	35	40	45	50	55	60	65	70	75	80	85	90	95	100	105	110	115	120	125	130	135	140	145	150	155	160	55	46.952810437829498	43.48707453502977	41.459748994488947	40.021338632230048	38.905620875658997	37.994013091689226	37.223259692552929	36.555602729430319	35.966687551148404	35.439884972859275	34.963334073837643	34.528277188889497	34.128063650521817	33.757523789753208	33.412559432318446	33.089866826630598	32.786743717548418	32.500951648348675	32.230615541997295	31.974149070059539	31.730198249212386	31.497598171037918	31.27533935818375	31.062541286089772	30.858431313488492	30.662327747722088	30.473626107807853	30.291787886953479	30.116331287897129	29.946823529518724	29.782874415403768	29.624130923830869	Trend_LDMOS	1.8	5	6	57.568693372153376	35.092365926449794	31.081291676982794	Trend_InP	20	25	30	35	40	45	50	55	60	65	70	75	80	85	90	95	100	105	110	115	120	125	130	135	140	145	150	155	160	165	170	190	195	200	300	35.021338632230048	33.905620875658997	32.994013091689226	32.223259692552929	31.555602729430319	30.966687551148404	30.439884972859272	29.963334073837643	29.528277188889497	29.128063650521817	28.757523789753204	28.412559432318449	28.089866826630594	27.786743717548418	27.500951648348675	27.230615541997295	26.974149070059539	26.730198249212386	26.497598171037918	26.27533935818375	26.062541286089772	25.858431313488492	25.662327747722088	25.473626107807853	25.291787886953479	25.116331287897129	24.946823529518724	24.782874415403768	24.624130923830869	24.470272630497099	24.32100781474869	23.76487963919757	23.635002207181266	23.508413167259818	21.481087626718995	Oscillators	320	316	212	240	256	210	219.6	215	190.5	195	175.6	300	342	213	-3.3	-21	-7.1	-7	4.0999999999999996	1.4	-3.7	5.6	-2.1	6.5	4.8	0.6	-10.5	-6.93	Multipliers	92.5	100	90.1	49.2	94	100	244	141	180	210	202	415	690	1330	80	122	134	92.5	100	480	125	39	60	62	28	62.49	94	58	62	33	24	255	225	325	53	200	129	150	128	142	230	154	204	920	170	-14.3	-8.6999999999999993	-13.5	-1.8	8.5	-1.5	-6.6	2.2999999999999998	0	3	5.2	-10	-21.3	-22.7	-8.1999999999999993	0.1	4.2	-11	-20	-6.3	-1.5	0.9	-4.4000000000000004	-4.3	-10	0	-7.12	7.4	5.7	-20	-17	-8.5	-3	-1	9.8000000000000007	-6	-2.4	2.2000000000000002	4.4000000000000004	10	2	5.6	-2.6	-17.3	4.5	Frequency (GHz)

Psat (dBm)



image1.png
120 m





image2.png
200

2w
Tom
T
5ol @

10m*10m box
without walls




image3.png
S50m

E
10m 20m 20m 20m 20m 20m 10m
E
° o ° °
E
120m

Figure 7.2-1: Layout of indoor office scenarios.
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