i Innogration

e Highlight of Innogration solution

* Industry leading density of LDMOS process and better thermal layout to enable the equivalent or better
power and safety margin at lower Class E operation voltage, comparison in next page

W RS R B E RS 5, (FBITSALDMOSEEX M A ZHT, ERESHYHEFTHNINER

iteeMxrsE, WTIEER

* Run the device at reasonably lower operation drain voltage, Drain voltage adjustable from 32V to 40V
to have more room of power and ruggedness trade off, 36V recommended

s FEIEFEMEFRRAN TERE, MRAREBNEIIMHHEE. BT ERE32VE4AVTE, XFETIY

RERZERITEE, UENEHERSIRMET M, EEHEREF36V

e 1:2 or 1:4 combination recommended as trade off of cost, performance and ruggedness according to
different applications, in most cases, 1:4 recommended, so the key is to develop highly rugged 0.3-
0.9KW pallet to be further combined with certain power margin, see next pages

WFLILL2B)1LL 4R TTER, TEHEELS, DN ADSITRAA/E/ L HE, TALIH300-

0OWZR A ST HFEMRIER, BERE—ENINERE, NEEIEE

* 90 degree hybrid combination recommended, Phase alignment with each path play critical role on
ruggedness

HEOEEXAR, FNBEEE EMBMES RGN = A0,

* Device recommended to be soldered then maximize the dissipated power at extreme mismatch
conditions, and improve the production consistency

erHERFIERE, XA IERmKRERMGT, RAMBAEN, BNSEMELE ™1,
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i Innogration

~~ Technologies Core LDMOS transistors: 01 series @ 13.56MHz

Transistor reference design Frequency CW Power Voltage Transistor size
(MHz) (W) \) (mm)
ITEV0O1600B4C Class E 13.56 600/250 50/36 10*20
MQO11K3VPX Class E 13.56 1300/600 50/36 10*41
MQO12KOVPX Class E 13.56 2000/900 50/36 10*41
MF012K5VPX Class E 13.56 2500/1200 50/36 10*47
= EYahET:

* Lower power preferred Class AB for simplicity
BRARHE X AE R ABKIRIT
* All Class E reference design use the same PCB layout and mechanical design,
only BOM difference
. fgﬁ EXMRem iR 1T ZHE PCBH /NG Mz it, XBLETH
ENE
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i Innogration

~~—— Technologies Core LDMOS transistors: 01 series @ other bands

Transistor reference design “ 27.12MHz 40.68MHz “
MQO11K3VPX Class E Development Ready Development Ready
MQO012KOVPX Class E Ready Ready Ready Ready
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i Innogration

eyt eciinologies >2KW devices Performance Comparison
Competitor MQ012KOVPX MF012K5VPX (New release) | MQO012KO PX (Q3 released
Sample available)
Vds(typical) 65V 50V 50V 60V
Power 2000W 2000W 2500W 2000W
Breakdown Voltage 200V 140V 140V 170V
VSWR @108MHz 65:1 65:1 65:1 65:1
. 1100W/42v
o ooy ot ooy L
Swing voltage/Safety margin 3.5 3.5t03.9 3.5 4
Class E Power*Margin 4200 4200 4900 4400
Class E Efficiency 81% 83% 82% 81%

Absolute Breakdown voltage doesn’t mean everything in design, more important is as high as possible power at enough safety margin

RITIRBPHFEEENEANZERITHNE—%28, EATENEEEBNRIMEERXMT. REEHSHNIREH
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i Innogration
~— lechnologies

Flagship solution: MQO012KOVPX and its combination

« Lump elements Class E reference design
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Innogration

,L,Il Technologies - Example: MQO12KOVPX Class E b!ard at a glance
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i Innogration

L1 rechnologies 13.56MHz: MQO12KOVPX working at 36V--- RF

MQO12KOVPX VDS=36V Vgs=3.1V Idg=5mA CW

Freq(MHz) Pin (dBm) Pout (dBm) Pout (W) IDS(A) Gain (dB) Eff(%) 2nd 3rd
42.1 60.00 1000 334 17.9 83.2 -44 -66

41.1 59.94 986 33.0 18.8 83.0 / /

40.2 59.86 968 325 19.7 82.8 / /

39.2 59.76 946 32.0 20.6 82.1 / /

38.2 59.61 914 31.2 21.4 81.4 / /

A5 37.2 59.36 863 30.0 22.2 79.9 / /
36.2 58.91 778 28.2 22.7 76.6 / /

35.2 58.18 658 25.5 23.0 71.6 / /

34.2 57.34 542 22.7 231 66.3 / /

33.2 56.54 451 20.1 233 62.3 / /

32.2 55.64 366 17.7 23.4 57.5 / /

31.2 54.44 278 15.3 23.2 50.5 / /

30.2 53.13 206 13.0 22.9 43.9 / /

Application based on Dec 25 2023
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i Innogration

~—— Technologies 13.56MHz: MQO012KOVPX output voltage
DEMO_2 MQO012KOVPX_V2 Drain voltage
VDD=36V
Pout=750W Pout=800W Pout=Psat
97V 98.5V 111V
94V 95V 107V
92V 94V 108V
7 Agilent Technologies TUE MAR 26 14:27:13 20289

6/18/2024 Innogration Confidential



i Innogration

~— Technologies  13.56MHz: MQO12KOVPX working at 36V--- Ruggedness

MQO012KOVPX

Test Signal VSWR(N:1) 900W / Ids(A)
@13.56MHz All phase
10% 30:1 3.3A
100us

15 pcs from 3 Lots
100% survived

All phase Ruggedness test video upon request

SRAMEEENIX IR KRR G
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MQO012K0VPX*2 VDS=36V Vgs=2.9V Idq =56mA CW

Pout (dBm)

63.05

62.89
62.65
62.25
61.80
61.24
60.65
60.00
59.00
57.90
56.80

Pout (W)

2018

1945
1841
1679
1514
1330
1161
1000
794

617

479

69.6

67.8
65.5
62.3
58.3
54.0
51.5
45.1
39.1
34.3
29.6

IDS(A)

Gain (dB) Eff(%)
17.0 80.6
17.8 79.7
18.7 78.0
19.3 74.9
19.8 72.2
20.2 68.5
20.7 62.7
21.0 61.6
21.0 56.4
20.9 50.0
20.8 44.9

.| MQO12KOVPX*2 at 13.56MH:

2000W reached,
highly marginal over
1500W target power
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i Innogration

~—— Technologies 2MHz: MQO012KOVPX working at 36V--- RF

Pout Gain
(d Bm) (dBm) (dB) %

42.2 59.85 31.76 17.7 84.49 /
41.7 59.76 946 31.34 18.1 83.87 -25 -37
41 59.63 918 30.80 18.6 82.82 / /
40.1 59.5 891 30.30 19.4 81.71 / /
39.15 59.3 851 29.34 20.2 80.58 / /
38.18 59.02 798 28.25 20.8 78.47 / /
37.17 58.61 726 27.10 214 74.43 / /
36.18 57.9 617 26.00 21.7 65.88 / /
35.16 57.1 513 24.70 21.9 57.68 / /
34.24 56.36 433 23.25 22.1 51.67 / /
33.22 55.46 352 21.20 22.2 46.06 / /
32.22 54.4 275 18.80 22.2 40.69 / /

Application based on April 19, 2024
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i Innogration

~—— Technologies 27.12MHz: MQ012K0OVPX working at 36V--- RF

41.2 60.42 1102 35.50 19.2 86.19
-37 -60

40.2 60.31 1074 35.12 20.1 84.95 / /
39.3 60.2 1047 34.52 20.9 84.26 / /
38.3 59.97 993 33.60 21.7 82.10 / /
37.3 59.6 912 32.00 22.3 79.17 / /
36.4 59.13 818 30.13 22.7 75.46 / /
354 58.5 708 27.60 23.1 71.25 / /
34.5 57.87 612 25.20 234 67.50 / /
335 57.2 525 22.90 23.7 63.66 / /
325 56.5 447 20.60 24.0 60.23 / /
315 55.5 355 18.40 24.0 53.56 / /
30.5 54.5 282 16.10 24.0 48.63 / /

Application based on April 7, 2023
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i Innogration

~—— Technologies 40.68MHz: MQO012K0OVPX working at 36V--- RF

Pin Pout Gain Eff
(dBm) (dBm) (dB) (VA)

43.89 60.12 1028 34.22 16.2 83.45 -35.3 -53.41
42.9 60 1000 33.64 17.1 82.57 / /
41.9 59.79 953 32.70 17.9 80.94 / /
40.9 59.38 867 30.96 18.5 77.79 / /
40 58.78 755 28.71 18.8 73.06 / /
39 58.06 640 26.16 19.1 67.93 / /
38.1 57.34 542 23.62 19.2 63.74 / /
37.15 56.67 465 21.18 19.5 60.92 / /
36.27 56.11 408 19.12 19.8 59.32 / /
35.3 55.48 353 17.09 20.2 57.41 / /
34.3 54.66 292 15.12 20.4 53.72 / /
33.3 53.45 221 13 20.2 47.29 / /

Application based on April 10, 2024

6/18/2024 Innogration Confidential RF Power matters in the wireless world



i Innogration
~— lechnologies

60MHz: MQO012KOVPX working at 36V--- RF

|I|==I|IIIHII|IIIIHHHHHH!IIIIIIHHHHHHHIIIIIII’!II!IIIIIIIIIE!!IIIIIII%HHHHHIIIIII%HHIII'IIIIlIIIIIIIIIEIHII

6/18/2024

43.17

42.25
41.32
40.38
39.45
38.62
37.67
36.7
35.71
34.74
33.78

Application based on March 13, 2024

Innogration Confidential

60.30

60.10
59.74
59.20
58.50
57.87
57.10
56.30
55.56
54.70
53.80

1072

1023
942
832
708
612
513
427
360
295
240

32.5
30.3
28.9
26.5
24.3
21.9
19.6
17.4
15.3
13.4

17.9
18.4
18.8
19.1
19.3
19.4
19.6
19.9
20.0
20.0

RF Power matters in the wireless world w

78.7
77.8
72.1
66.8
63.0
58.5
54.4
51.8
48.2
44.8
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i Innogration
~— lechnologies

Flagship solution: MQ012KO0VPX

«  Microstrip Balun Class E reference design

6/18/2024 Innogration Confidential

RF Power matters in the wireless world w
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i Innogration

~~— Technologies Simpler elliptical balun design @13.56M

6/18/2024 Innogration Confidential RF Power matters in the wireless world w 16



Innogration

- lechnologies

Simpler design: elliptical balun design @13.56M

F

MQOI2KOVPX  VD§=36V IDQ=120mA CW
Freq Pout Pout DS Pin (ain Eff(%)
(MHz) (dBm) (W) (A) (dBm) (dB)
12.882 60.04 009.3 33.16 36.67 2337 84.54
13.56 60.15 035.1 3390 35.73 2442 §4.82
14.238 60.37 (88.9 35.50 33,73 2462 83.21

6/18/2024 Innogration Confidential
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i n Innogration
= lechnologies
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Simpler elliptical balun design @27.12M

RF Power matters in the wireless world w
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i Innogration
~— lechnologies

6/18/2024

Psat
(dBm)

60.31
60.21
60.07
59.83
59.37
58.75
58.01
57.23
56.39
55.51
54.63
53.68
52.68
51.57

Innogration Confidential

Psat
(W)
1074.0
1049.5
1016.2
961.6
865.0
749.9
632.4
528.4
435.5
355.6
290.4
233.3
185.4
143.5

Simpler elliptical balun design @27.12M

MQO012KOVPYSW VGS=3.30V VDS=36V

IDS
(A)
36.20
35.80
35.23
34.26
32.40
30.09
27.63
25.30
23.04
20.87
18.91
16.99
15.24
13.40

Pin
(dBm)
37.73
36.75
35.85
34.85
33.85
32.85
31.84
30.84
29.83
28.80
27.80
26.80
25.80
24.80

Gain
(dB)
22.58
23.46
24.22
24.98
25.52
25.90
26.17
26.39
26.56
26.71
26.83
26.88
26.88
26.77

IDQ=540mA CW
Eff(%)

82.41
81.44
80.13
77.97
74.16
69.23
63.58
58.02
52.51
47.33
42.66
38.15
33.78
29.76

RF Power matters in the wireless world w
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i Innogration
~— lechnologies

Flagship solution: MQ011K3VPX and its combination

6/18/2024 Innogration Confidential RF Power matters in the wireless world w
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Innogration

-'.Dr Technologies Example: MQO11K3VPX Class E board at a glance

Application based on Jan 8 2023

6/18/2024 Innogration Confidential RF Power matters in the wireless world
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i Innogration
~— lechnologies

6/18/2024

m Pin (dBm)

40.95
39.95
39.03
38.03
37.03
36.03
35.03
34.03
33.03
32.03
31.03
30.03
29.03

13.56MHz: MQO011K3VPX working at 36V--- RF

MQO011K3VPX VDS=36V Vgs=2.758V Idgq=0mA

Pout
(dBm)

58.89

58.80
58.68
58.48
58.17
57.66
57.01
56.29
55.48
54.33
52.95
51.61
50.35

Pout (W)

774
759
738
705
656
583
502
426
353
271
197
145
108

Application based on Jan 8 2023

Innogration Confidential

IDS(A)

26.70
26.32
25.82
25.07
23.93
22.23
20.14
17.99
15.94
13.72
11.50
9.59
8.02

Gain (dB)

17.9
18.9
19.7
20.5
211
21.6
22.0
22.3
22.5
22.3
21.9
21.6
213

cw

DEMO3
Eff(%)

80.6
80.1
79.4
78.1
76.2
72.9
69.3
65.7
61.5
54.9
47.6
42.0
37.5

RF Power matters in the wireless world w

2nd
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i Innogration
~— lechnologies

6/18/2024

MQO11K3VPX*2 at 13.56MH:

1400W reached,
highly marginal over
1000W target power

MQO11K

mPin (dBm) (Z(I;lr:) Pout (W)

Gain (dB) Eff(%)

2th 3th
46.3 61.68 51.60 15.4 79.3 -48 -70.7
45.44 61.54 1426 50.53 16.1 78.4 / /
44.49 61.30 1349 48.80 16.8 76.8 / /
43.52 60.96 1247 46.38 17.4 74.7 / /
42.55 60.55 1135 43.48 18.0 72.5 / /
41.55 60.03 1007 40.30 18.5 69.4 / /
40.55 59.28 847 36.45 18.7 64.6 / /
39.57 58.39 690 32.31 18.8 59.3 / /
38.57 57.45 556 28.24 18.9 54.7 / /
37.58 56.51 448 24.66 18.9 50.4 / /

Innogration Confidential R FUWET ITIdLLEDD I11 LIIE WITEIEDS WUIIU ™ 23



i Innogration

~— Technologies  13.56MHz: MQO11K3VPX working at 36V--- Ruggedness

MQO012KOVPX

Test Signal VSWR(N:1) 900W / Ids(A)
@13.56MHz All phase
10% 30:1 2.4A
100us

15 pcs from 3 Lots
100% survived

All phase Ruggedness test video upon request

SRAMEEENIX IR KRR G
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i Innogration

~—— Technologies 27.12MHz: MQO011K3VPX working at 36V--- RF

MQO11K3VPX VDS=36V Vgs=3.2V Idg =300mA CW

Pin Pout Pout Gain .
m (dBm)  (dBm) (w) | DS ggy | Eff%) - 2nd 3rd

45.33 58.95 785 26.24 13.6 83.1 -41.3 -64.3
44.3 58.91 778 26.20 14.6 82.5 / /
43.27 58.88 773 26.05 15.6 82.4 / /
42.24 58.82 762 25.92 16.6 81.7 / /
41.22 58.75 750 25.70 17.5 81.1 / /
40.23 58.64 731 25.32 18.4 80.2 / /
39.26 58.46 701 24.37 19.2 80.0 / /
38.3 58.17 656 23.65 19.9 77.1 / /
37.3 57.72 592 22.18 20.4 74.1 / /
36.43 57.21 526 20.60 20.8 70.9 / /
35.43 56.57 454 18.67 21.1 67.5 / /
34.44 55.94 393 16.84 21.5 64.8 / /
33.44 55.26 336 15.14 21.8 61.6 / /
32.44 54.38 274 13.47 21.9 56.5 / /
31.44 53.31 214 11.80 21.9 50.4 / /

Application based on May 6, 2024, FR-4 board materials

6/18/2024 Innogration Confidential RF Power matters in the wireless world



i Innogration

~— Technologies ~ Another simpler design: Microstrip balun design @60M

Application based on May 30, 2024

6/18/2024 Innogration Confidential RF Power matters in the wireless world w 26



i Innogration
~— lechnologies

Flagship solution: ITEV01600B4C (Low cost by Plastic open cavity)

6/18/2024 Innogration Confidential RF Power matters in the wireless world
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i Innogration
~— lechnologies

Example: ITEV0O1600B4C Class E board at a glance

Application base

6/18/2024 Innogration Confidential

d on June 18 2024

RF Power matters in the wireless world w
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i Innogration

~—— Technologies 13.56MHz: ITEVO1600B4C working at 36V--- RF
EHEIERH TR

(dBm) (dBm) (dB) %

37.1 55.15 11.00 18.1 82.66 -34.5 -58.1
36.1 55.03 318 10.81 18.9 81.82 / /

35 54.87 307 10.54 19.9 80.88 / /

34 54.66 292 10.20 20.7 79.63 / /

33 54.4 275 9.81 21.4 77.99 / /
31.9 54.1 257 9.36 22.2 76.28 / /
30.9 53.7 234 8.84 22.8 73.66 / /
29.8 53.24 211 8.25 23.4 71.00 / /
28.8 52.55 180 7.50 23.8 66.62 / /
27.7 51.2 132 6.70 23.5 54.65 / /

Application based on June 18 2024

6/18/2024 Innogration Confidential RF Power matters in the wireless world



i Innogration
~— lechnologies

MFO012K5VPX---Potential cost down and size reduction

6/18/2024 Innogration Confidential RF Power matters in the wireless world
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i Innogration

~— lechnologies
The same PCB size as
MQO11K3VPX and
MQO12KOVPX but
more power

May 15t 2024

mmmn

61.14 1300 44.00 9.0 82.08

-45.1 -64
41.1 61.03 1268 43.30 19.9 81.32 / /
40.1 60.91 1233 42.60 20.8 80.41 / /
39.2 60.76 1191 41.60 21.6 79.54 / /
38.2 60.5 1122 40.20 22.3 77.53 / /
37.2 60.3 1072 38.40 23.1 77.51 / /
36.2 59.8 955 35.80 23.6 74.10 / /
35.2 59 794 32.40 23.8 68.10 / /
34.2 58.1 646 28.70 23.9 62.49 / /
33.2 57.2 525 25.40 24.0 57.39 / /

6/18/2024 Innograt 32.2 56.2 417 22.40 24.0 51.70 / / 31



i Innogration
~— lechnologies

MQO012KOUPX---Potential more rugged solution with higher

breakdown voltage up to 170V

6/18/2024 Innogration Confidential RF Power matters in the wireless world w
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i Innogration
~— lechnologies

The same PCB size as
MQO11K3VPX and
MQO12KOVPX but
more ruggedness
margin

May 29t 2024
mmm

59.34 29.33 81.4 -44.5 -65.1
43 59.28 847 29.12 16.3 80.8 / /
42 59.22 836 28.87 17.2 80.4 / /
41 59.15 822 28.60 18.2 79.9 / /
40 59.07 807 28.20 19.1 79.5 / /
39.1 58.96 787 27.70 19.9 78.9 / /
38.08 58.80 759 26.90 20.7 78.3 / /
37.06 58.50 708 25.64 21.4 76.7 / /
36.06 57.97 627 23.76 21.9 73.3 / /
35.06 57.25 531 21.50 22.2 68.6 / /
34 56.48 445 19.25 22.5 64.2 / /
33 55.66 368 17.10 22.7 59.8 / /
31.9 54.68 294 15.00 22.8 54.4 / /

6/18/2024 |nnogration Confidential KF POwer matters In tne wireiess worid mw 33



i Innogration
~— lechnologies

Driver and predrivers all by plastic devices

6/18/2024 Innogration Confidential RF Power matters in the wireless world
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i Innogration

~— lechnologies DI’IVEI‘ OpthﬂS fOI‘ a" bandS
I [ T T T
BTO9AG 500hm Berex Low voltage driver
_Integrated with
LTC6433-15 50o0hm 0.1 5 ADI VCO
IMENOOO1-5 500hm 5 12 Innogration
ITGV22010C6 External 5 36 Innogration
[ IMGV0001-15 500hm 15 36 Innogration
ITGV10030C6 External 20 36 Innogration
ITGV10050C6 External 30 36 Innogration
high voltage fjriver ITEVO1150C9 External 75 36 Innogration
Integrated with —
Final stage ITEVO1300C9 External 150 36 Innogration
or
ITEVO1151C9A
+B

e

6/18/2024 Innogration Confidential RF Power matters in the wireless world 35
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177 BEREX BT09AG LI”EAD
5-4000 MHz Wideband Medium Power Amplifier LIC6433-15

TECHNOLOGY  Low Frequency to 1.4GHz
502 Gain Block IF Amplifier

5V IF amplifier from open market

Device Features

« 0IP3 =43.0 dBm @ 900 MHz
e e FEATURES DESCRIPTION
* Output P1dB = 24.5 dBm @ 900 MHz = Low Frequency to 1.4GHz Bandwidth The LTC*6433-15 is a gain-block amplifier with excellent
¢ RoHS2-compliant SOT-89 SMT package = 100kHz to 1GHz Flat Gain from a Single Demo Circuit  linearity atfrequencies below 100kHz to beyond 1000MHz
= Low Frequency Cutoff Is User Defined and with low associated output noise.
= 15.9dB Power Gain 3 e o :

The unique combination of high linearity, low noise and
Product Description Electrical Specifications : i;::$ g::g :: :;‘:JI.I";HZ low power dissipation makes this an ideal candidate for
BeRex's BTOSAG isa hlgh performance and a Device performance _ measured on a BeRex evaluation board at 25°C, V=5V, 5001 system. A "F B 3_22dB at 150MHZ many Slgnal'chaln aDD|IcalI0ﬂS. The LTC6433'1 5 |S easy
h|gh dvnamic range ampiiﬁer in a low cost Parameter Conditions Min Typ Max Unit - 1nv,’m TD'laI I“put Noisﬂ De“s“,v at 150MHZ to use, I’EQUIrIng aminimum Of exterl‘lal Components “ IS
surface mount package(SOT-89) with a (Operational & prem = $11<-10dB Up to 1.2GHz internally input/output matched to 50€2 and it draws only
RoHS2-compliant, that incorporates reliable  [Frequency Range . = $22 <-10dB up \ 1'%“ 95mA from a single 5V supply.
heterojunction-bipolar-transistor (HBT) de- Test Frequency 900 MHz ot i ol 'Z . : :
vices fabricated with InGaP GaAs technology. |..i\ 175 20.0 4B ® >2Vp.p Linear Output Swing The LTCE43.3-1 5 ngrates bk “.”de bandwidth. Asingle
This device is designed for use where high e s = = P1dB =19.2dBm demonstration circuit offers flat gain from 100kHz to 1GHz.
linearity is required and features high OIP3 : = DCPower=475mW While this device is not capable of DC coupled operation,

) ) Output Return Loss -14.0 d8 = 50Q Single-Ended Operation define the low f -off b iat
and P1 with low consumption current(85mA) e i REER users can define the low frequency cut-off by appropriate
) ) Output IP3 e | a00 | a30 dBm = |nsensitive to Vg Variation hoice of external t

and requires a few external matching compo- Ated Wit = A-Grade 100% OIP3 T choice or external components.

g ] Output P1dB 235 | 245 dBm ade o ested at 150MHz - ; o
nents such as a DC blocking capacitors on the i - ™ = |nput/Qutput Internally Matched to 50Q On-chip bias and temperature compensation maintain
In/Output pin, a bypass capacitor and a RF it ek - = Single 5V Supply performance over environmental changes.

CGta AR T — = Unconditionally Stable The LTC6433-15 uses a high performance SiGe BICMOS

ot - I — REFLII Gaks amplfrs. AlA-gradeLTCS435-T5deviesar st
Bandwidth 5 4000 M ; i : % §

Applications e R TR R = Single-Ended IF Ampidfier and guaranteed for OIP3 at 150MHz. The LTC6433-15 is
e ® ADC Driver housed in a 4mm x 4mm 24-lead QFN package with an

- Foranealm D . B mE S = CAV exposed pad for thermal managementand lowinductance

* Commercial/Industrial/Military wireless system LT 50 ow m Test Equipment p P g y .

e Wireless LAN (Operating Case Temperature -40 +85 °C L7, LT LTC, LTM, Linear Technology and the Linear logo are registered trademarks of Linear

Technology Corporation. All other trademarks are the property of their respective owners.

Electrical specifications are measured at specified test conditions.

are not over all
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Innogration

TechnologidVIEN0001-5:12V 5W Fully matched for all bands (under development)

* Lower cost and simpler
e Support 10-100M all bands
« >17dB power gain, 65% efficiency @5W (Target)

6/18/2024 Innogration Confidential RF Power matters in the wireless world
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IMGV0001-15:36V 15W Fully

T L u.‘ ‘- “ ‘ " ,
1R AL Lt
’ ‘.\ \ ] \ 5

K

\-j1 '

Vbs= 36V, |DQ=225 mA

Vgs =3.75V
Parameter 13. 56MHz | 27. 12MHz | 40. 68MHz | 60MHz | 128MHz | 150MHz | Units
Linear Gain 1921 19. 5 19.9 20. 7 20.0 19.6 dB
Gain@Pin=26dBm 157 15.6 15.7 15. 8 15.6 15.6 dB
Pout@Pin=26dBm 14.9 14.6 14.6 15.0 14. 5 14. 4 W
Eff@Pin=26dBm 73 75 76 77 70 67 %

6/18/2024 Innogration Confidential
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i Innogration

~~ Technologies ITGV22010C6 one design for all bands

Vds=36V, Idg=50mA

25.2 6.0 0.39 12.6

37.80

13.56 241 38.3 6.7 14.2
0.32

27.12 24.9 6.5 13.2
38.10 0.30

40.68 25.1 12.6
37.70 5.9 0.37
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6/18/2024

Pout
(dBm)

43.60
43.49
43.33
43.07
42.69
42.24
41.79
41.24
40.37
39.18

Innogration Confidential

ITGV1 0030C6 @1 3. 56MHz

,,,,,,

~

........

...........

ITGV10030C6 VGS ‘ 40V VDS= 36V

Pout
(W)
22.9
22.3
21.5
20.3
18.6
16.7
15.1
13.3
10.9
8.3

IDS
(A)
0.78
0.77
0.76
0.73
0.70
0.67
0.63
0.59
0.53
0.47

RF Power matters in the wireless world w

Pin
(dBm)
22.10
21.10
20.10
19.11
18.11
17.11
16.11
15.12
14.12
13.12

Gain
(dB)
21.50
22.39
23.23
23.96
24.58
25.13
25.68
26.12
26.25
26.06

IDQ=50mA CW

Eff(%)

81.58
80.58
78.68
77.16
73.72
69.44
66.58
62.64
57.07
48.93

2nd (dBc)

-11.3
/

NSNS TSNS TSNS TSNS NS NN S

3rd (dBc)

-15.1
/

SN TSNS TSNS TSNS NS SN N
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BEE G

6/18/2024

Pout

45.27
45.14
44.78
44.29
43.81
43.19
42.12
40.85
39.57

Innogration Confidential

Pout
(W)
33.7
32.7
30.1
26.9
24.0
20.8
16.3
12.2
9.1

IDS
(A)
1.11
1.10
1.06
1.01
0.96
0.89
0.79
0.68
0.60

Pin
(dBm)
24.28
23.28
22.28
21.27
20.27
19.27
18.27
17.27
16.27

Eff(%)

84.21
82.47
78.78
73.85
69.57
65.06
57.29
49.68
41.93

RF Power matters in the wireless world w

2nd (dBc)
-11.7

N~ TSNS TSNS SN NS NS

3rd (dBc)
-21.3

NS SN SN NS SN NS
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(dBm)
52.32
52.19
51.97
51.64
51.28
50.63
49.69
48.61
47.43

6/18/2024 Innogration Confidential

Psat
(W)
170.6
165.6
157.4
145.9
134.3
115.6
93.1
72.6
55.3

IDS
(A)
4.23
4.18
4.10
3.99
3.84
3.55
3.14
2.71
2.27

Pin
(dBm)
33.60
32.60
31.55
30.55
29.55
28.50
27.50
26.30
25.10

Gain
(dB)
18.72
19.59
20.42
21.09
21.73
22.13
22.19
22.31
22.33

ITEV01150C9 @13.56MHz

Eff(%)

80.67
79.22
76.78
73.12
69.94
65.13
59.31
53.59
48.75

RF Power matters in the wireless world w
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Innogration Confidential

ITEVO

Pin (dBm)
32.2
31.2
30.2
29.2
28.2
27.2
26.2
25.2
24.2
23.2
22.2

ITEV01300C9 VDS=50V
Psat (dBm)
54.94
54.86
54.76
54.58
54.23
53.75
53.22
52.56
51.80
51.00
49.90

|

1300C9 @13.56MHz

Idg=50mA Vgs=3.2V
Psat (W)
312
306
299
287
265
237
210
180
151
126
98

cwW

8.20
8.16
8.10
8.00
7.83
7.58
7.21
6.69
6.06
5.33
4.54

RF Power matters in the wireless world

Gain (dB)
22.7
23.7
24.6
25.4
26.0
26.6
27.0
27.4
27.6
27.8
27.7

Eff(%)
76.1
75.0
73.9
71.8
67.7
62.6
58.2
53.9
50.0
47.2
43.1
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ITEVO1151C9A+B @13.56MHz

6/18/2024

Innogration Confidential

F(M I-;z)

Pin (dBm)

Vds=36V, Idg=30mA

Psat (dBm) Psat (W) | I(A) | Gain (dB) | Eff(%)

32 52.13 163 544 20.1 83.39
31 52.1 162 543 21.1 82.97
30 52.04 160 541 22.0 82.13
28.9 51.95 157 5.34 23.1 81.50
27.8 51.8 151 5.26 24.0 79.93
13.56 26.7 51.57 144 512 249 77.88
25.6 51.25 133 492 25.7 75.29
245 50.55 114 4.47 26.1 70.53
23.4 4943 88 3.90 26.0 62.46
22.3 48.12 65 3.29 25.8 54.76

RfFPowermattersimthewiretess world=
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System configuration suggestion

&it: SRAIUIRIENRS, B,

6/18/2024 Innogration Confidential

MRZESFAREREITHE
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mnogration - pugged 1KW 13.56MHz Generator Lineup

ITGV22010C6 ITGV1

>

2:1 hybrid combination preferred as balance for cost,
ruggedness and thermal management
So key is to have best solution for >600W as unit

block for further combination

6/18/2024 Innogration Confidential

y

0050C6 MQO11K3VPX*2

&

36V

RF Power matters in the wireless world w
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1 [1 Innogration Rugged 2KW 13.56MHz Generator Lineup

= lechnologies

ITGV22010C6 ITEVO1150C9

MUO517VX Q\\,

.

y

MQO11K3VPX*4

36V

>

e >4:1 and hybrid combination preferred as balance for

cost, ruggedness and thermal management

* So key is to have best solution for >600W as unit

block for further combination

6/18/2024 Innogration Confidential
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1 [1 Innogration Rugged 3KW 13.56MHz Generator Lineup

= lechnologies

.

MUO530VX Q\\,

y

ITGV22010C6 ITEVO1300C9 MQO12KOVPX*4

>

 >4:1 and hybrid combination preferred as balance for
cost, ruggedness and thermal management

* So key is to have best solution for >900W as unit
block for further combination

36V

6/18/2024 Innogration Confidential RF Power matters in the wireless world
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In Innogration . .
<= Technologies Supportlng Materlals

e Schematic, BOM and layout of Class E Final stage: MQ0170VPX, MQ011K3VPX, MQ012KOVPX
RTFRENEERMARRIERE, Tk, MmEE

e Schematic, BOM and layout of Class AB driver stage: ITEV01150C9/ITEV01300C9 or MU0517VX/MU0530VX
FATIKNIABRI AR RIER], TasfEk, mEE

* Soldering guidance of LDMOS:

LDMOS# 121255

Application note: v FA X4

v" Ruggedness consideration of power combination of multi path class E power amplifier

ZIERM AR EF AN TR MR 0
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