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Outline
1. Why such high power? And why SSPA ?

2. New technology

3. TGA 2312FL and similar MMIC

4. Construction of the PA end stage
5. Driver

6. Supply and control circuits
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GaAsFET-12V, XA
1~25%

SSPA TWT High voltage in

outdoor environment
GaN FET—-24V, <X/2 A
1~ 40%
Higher gain,
Better thermal stability,
MMIC
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Key Features

TiQuint @

SEMICONDUCTOR TGF2023-20
90 Watt Discrete Power GaN on SiC HEMT

Blas condiions: Vid = 28 V, g = 2 A, Vg =-3.6 V Typical

Frequency Range: DC - 18 GHz . “'-x
496 dBm Mominal Psat at 3 GHz h
52% Macamum PAE

17.5 dB Mominal Power Gain

Bias:Wd=28-32V, ldg=2 A, Vg =-3.6V Typical .
Technology: 0_25 um Power GaN on SiC ; T
Chip Dimensions: .82 x 4.58 x 0.10 mm a
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(GHz) (dBm) (dB) (dB) (%) (V) (mA)
8 to 11 43.5 25 - >25 14 3,600

Product Features

» Frequency range: 8 - 11 GHz

« Saturated output power: 43.5 dBm

« Small signal gain: 25 dB

» Bias: Vd =14V, Idqg = 3.6 A, Vg = -0.6 V typical
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C. tasti Mouser: T72-TGA2312-FL

Cislo castivyrobce:  TGA2312-FL

Vyrobce: TriCuint Semiconductor

38% GaN 60w

Dalsi informace o TriQuint
Semiconductor TGA2312-FL

Zviétsit obrazek T Technicke informace

Obrazky jsou pouze pro referenéni aéely
Viz specifikace produkiu

Pfidat do seznamu pro srovnani Share |

Specifikace

Dokumenty (1) Mé poznamky
Vyrobce: TriQuint

Pro vyvoz ze Spojenych stail miZe byt u fohoto zboZi
vyZzadovana dalsi dokumentace.
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Popis: VF zesilovat 9-10GHz Gain 13dB PAE

Dostupnost v realném case

MNa skladé: 0
Na objednavce: 0
Dodaci Ihita vyrobce 16 tydnyftydnd

Zadejte mnozstvi:

- o

Minimum: 1
Vicenasobné: 1

Stanoveni ceny (EUR)

1: 871650€
25: Nabidka

[ Chcete-li doplnit projekt, prosim Prihlasit se.

Stanoveni ceny (CZK)

1: 30 674,70 KE



Product Features Functional Block Diagram

e Frequency Range: 9 — 10 GHz

. PSAT:48 dBm 1 ?(;:‘1{}

 PAE: 38%

« Small Signal Gain: 13 dB

e Bias:Vp =24V, Ipg = 2.4 A, Vg = -2.6 V Typical RF 21 | 4o RF
« Pulsed: PW = 100us, DC = 10% In Out

* |ntegrated Thermistor Temperature Monitor
* Package Dimensions: 17.4 x 24.0 x 3.9 mm

TGAZ312-FL

5 85

Electrical Specifications

Test conditions unless otherwise noted: 25 °C, Vp = 24 V, lpg = 2400 mA , Pulsed: PW = 100us, DC = 10%, Vg=-26V

Parameter Min Typical Max Units
Operational Frequency Range 9 10 GHz
Small Signal Gain 13 dB
Input Return Loss 15 dB
Qutput Return Loss 14 dB
Qutput Power at Saturation (Pin = 38dBm) 48 dBm
Power-Added Efficiency (Pin = 38dBm) 38 %
Output TOI 49 dBm
Gain Temperature Coefficient -0.02 dB/°C
Power Temperature Coefficient -0.001 dBm/°C
TOIl Temperature Coefficient -0.001 dBm/°C
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Substrate

Top dielectric material is RO4350 0.020 inch thickness with 0.5 oz. copper.

With 4003 20 mil
predicted rise above
ambientis 71 C and
on 6035HTC It IS
only 25 C
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0.635mm Rogers 3210
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Epoxy plug is coming out of its hole

Solder joint has probably melted due to pin
overheating leading to catastrophic failure

Epoxy plugs
coming out

This has been seen on a number of Gigalane connectors now, on several different amplifiers with
output powers of 50-90W at 10GHz. Usually both plugs are similarly affected. Hot smells have also
been observed with the connector under power. Connectors also run hot to the touch.
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Indium Foil
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Pout: Gain, PAE vs. Py @ 10.0 GHz
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GaAs FET TEST '
s TET NECINDATA /A GaAs FET TEST DATA E

‘ TYPE. FLM0910-4F
LOT-No.613UHKO1  S-No. 7243 LOT-No.613UHKO1  S-No. 7244
Va8(DC]IDS(DC)| IDSER | B WG ]

Vas(DC]1D8(C)) )[ Ath 3
-0.34 [ 1159 [ 1202 | 28 [-46.80 034 [ 1182 [ 1177 | 2.7 |-46.8
\ mA mA | °C/W | dBec V

mA mA | °C/W | dBe
Freq. 9.5 10.0 10.6 QHz Freq. 9.5 10.0 10.6 QHz

P1dB . 36.85[37.05 | dbm PidB | 30.64 | 36.53 | 36.95 | dBm
Qid8 | Bi5 | 7.653] 7.08 dB &7d8 | 7.89 | B.15 | B.79 dB
VDS =10V VDS = 10V

GaAs FET TEST DATA GaAs FET TEST DATA
TYPE. FLM0910-12F - TYFE. FLM0910-12F
LOT-No.6ZHUHKO1 S-No. 1 : LOT-No.6ZHUHKO1  S-No. 1303
Vas(0C]1DS(DC)| IDS(AF)] A 4 Va5(DC]IDS(DO) IDS(RN]_Rih
-0.67 [3169 | 3382 2.3 -0.67 3177 | 3311} 2.4
v mA mA | °C/W 5 v mA mA | °C/W
Freq. 9.5 10.0 10.5 GHZ Freaq. 9.5 10.0 10.5 GHz
prdp [41.20] 41504763 dBn P |41.17[40.84141.36| dBm
GidB | 6.92 | 7568 [ 697 [ dB GidB [7.30 | 7.77 | 6.86 | dB

VDS = 10V VDS = 10V
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8 W Driver

Bivowo
P

8 5dBm 1-306dBm=39.1dBm=8.1w
(Input 2 W, 1,,= 3A)
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We

Power level
measurement
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+30.6dBm=37.2dBm=5.2W
(Input 1,4 W, qu= 1A)
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Cu deska 6mm

100

d4,1 =T

2x$3,1 4xM2,5

135

* ze spodni strany zapustit
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PA cooling design

Thermal and Reliability Information

Parameter Test Conditions Units

Thermal Resistance, 6, (Note 1) Tbaseplate = 85 °C 0.85 °C/W

Channel Temperature, T¢y (Without RF Drive) | Thaseplate = 85 °C, Vp =24 V, 135 °C

. . . . |DQ = 2400 mA, PD|33 W,

Median Lifetime, Ty (Without RF Drive) Pulsed: PW = 100us{DC = 10% 9.75x10M0 Hrs

Channel Temperature, Tcy (Under RF Drive) | Thaseplate = 85 °C, Vp = 24V, I brive = 158 °C
6360 mA, P = 48 dBm, Ppiss =87 W,

Median Lifetime, Ty, (Under RF Drive) Bulsad: Pl = 100Us. DC = 100 7.38x10%9 |  Hrs

Channel Temperature, Tcy (Under RF Drive) | Thaseplate = 85 °C, Vo =30V, Ip prive = 190 °C
6670 mA, POUT =48.8 dBm, PDISS =124

Median Lifetime, Ty (Under RF Drive) W, Pulsed: PW = 100us, DC = 10% 3.12x10"8 Hrs

Notes: (1) Thermal resistance measured at back of the package.

For DC = 100% is O, is 2 times higher — it is 1.7°C/W. Dissipated heat is 5A*24V + 8W —
-52W =76W. T, =50°C + 27.5°C + 76W *1.7°C/W = 207°C -> lifetime > 5E+06 hours

OH - 1.4°C/W => 0.24°C/W (V) . Median Lifetime vs. Channel Temperature

OTH = (1.6A*24V+76W)*0.24 =T 23
_ 57.50C SiEs

F1E+12
2 1E+11
E1E+10
S 1E+09
S 1E+08
§1E+07
= 1E+06
1E+05
1E+04 LFET13
25 50 75 100 125 150 175 200 225 250 275
Channel Temperature, T¢y (°C)

EME a MW seminar. Tri Studné, Brezen 24-26, 2017




Driver 8W (C)

For DC =50% is O, = 1.7°C/W. Dissipated heat is (5A*24V + 8W — 52W)/2 = 38W.
Ty = 50°C +13.7°C + 38W *1.7°C/W = 129°C -> lifetime > 1E+10 hodin

O, = 1.4°C/W => 0.24°C/W (V) [0TH = 0.24°C/W*(1.6A*24V+76W)/2 = 13.7°C

Driver 5W (A)

For DC = 50% is O,. = 1.7°C/W. Dissipated heat is (4.3A*24V + 5W — 42W) = 66W.
Ty = 50°C +19.3°C + 66W *1.7°C/W = 182°C -> lifetime > 5E+07 hodin

O, = 1.4°C/W => 0.24°C/W (V) [0TH = 0.24°C/W*(0.6A*24V+66W) = 19.3°C
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W “F

16 . 6dBm! +30.6dBm =47.2dBm =525W
(Input 2 W, o= 2.3A, 1,=4.9A)
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Amplifier A (5 W)

Gen Inp
Level Level
[dBm] [dBm]

-14 19.10
-13 20.10
-12 21.15
-11 22.15
-10 23.20
-9 24.20
-8 25.20
-7 26.20
-6 27.20
-5 28.30
-4 29.40
-3 30.50
-2 31.60
-1 32.70
0 33.80
1 34.70
2 35.50
3 36.30
4 37.00

Inp
Level

[W]
0.081
0.102
0.130
0.164
0.209
0.263
0.331
0.417
0.525
0.676
0.871
1.122
1.445
1.862
2.399
2.951
3.548
4.266
5.012

Measur

Level
[dBm]
6.40
7.30
8.20
9.10
10.00
10.90
11.80
12.80
13.70
14.60
15.10
15.60
15.70

Id
[A]
1.90
2.00
2.10
2.20
2.40
2.60
2.80
3.10
3.50
3.70
3.97
4.24
4.31

Input
Power
[W]
45.6
48.0
50.4
52.8
57.6
62.4
67.2
74.4
84.0
88.8
95.3
101.8
1034

Output
Power
[dBm]
37.00
37.90
38.80
39.70
40.60
41.50
42.40
43.40
44.30
45.20
45.70
46.20
46.30
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Output
Power
[W]
5.01
6.17
7.59
9.33
11.48
14.13
17.38
21.88
26.92
33.11
37.15
41.69
42.66

Drain
Efficiency
[%]
11
13
15
18
20
23
26
29
32
37
39
41
41

Total
Efficiency
[%]
9
10
12
14
16
19
22
25
28
33
35
37
37

Gain
[dB]
17.9
17.8
17.7
17.6
17.4
17.3
17.2
17.2
17.1
16.9
16.3
15.7
14.7



Amplifier C (8 W)

Gen Inp Inp

Level Level Level

[dBm] [dBm] [W]
-14 19.10 0.081
-13 20.10 0.102
-12 21.15 0.130
-11 22.15 0.164
-10 23.20 0.209
-9 2420 0.263
-8 25.20 0.331
-7 26.20 0.417
-6 27.20 0.525
-5 28.30 0.676
-4 29.40 0.871
-3 30.50 1.122
-2 31.60 1.445
-1 32.70 1.862
0 33.80 2.399
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Amplifier A - Drain Efficiency
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Ampilier C - Output Power
45 I

Cutput level [dBm]
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Amplifier C - Drain efficiency
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10 GHz PA by OK2AQ

Figure 1. Two 10 GHz power ampilifiers with TGA2312FL

Both PA are identical except drivers. TGA2312FL internal thermistor is used for a protection agains
overheating. A 24V/12V step down converter is used for the drivers supply. The TGA2312FL bearing
including PCB with tuned microstrip structure were designed and produced by G3WDG.

The left one developed for OK1DFC has bigger The right one developed for OK2AQ has driver
driver — 8 W and gives 52 W output power at 4.5 W and gives 42 W output power at 1.4 W at
2.4 W at the input. The total efficiency is a little the input. Very good total efficiency results in
bit worse due bigger driver. slightly warm cooler after long time operation.
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CMPA8S801BO025F

25 W, 8.0 - 11.0 GHz, GaN MMIC, Power Amplifier

Cree’'s CMPA801B025F is a gallium nitride (GaN) High Electron
Mobility Transistor (HEMT) based monolithic microwave integrated
circuit (MMIC). GaN has superior properties compared to silicon
or gallium arsenide, including higher breakdown voltage, higher
saturated electron drift velocity and higher thermal conductivity.

GaN HEMTs also offer greater power density and wider bandwidths

compared to Si and GaAs transistors. This MMIC is available in

PN: CMPA8OIBOZSF

a 10 lead metal/ceramic flanged package for optimal electrical and Package Type: 4407
: 08

thermal performance.

Typical Performance Over 8.5-11.0 GHz (1_= 25°C)

Parameter 10.0 GHz 11.0 GHz
Output Power!

Output Power?

Power Added Efficiency?




Wolfspeed

Pal Omalan doaddvly Mrod & J o Cata  "RDPH DFH Tzl bair
1. CMPABY BOZ2SF ks 10 38 .M i - |- e 21% 4 3548 25167 3 CIX
i 25 80 - 11 0dzHz Gal MMIC Powesr Amplfisr
SouieipoloEk i - |- e 4 35548 25167 30 CIK
Zaokrounieni (1l
CELEEM K UHRADE 25 168 00 CFK

Ceny jsouuvedeny v CZK a jsoustanoveny pro kurz CHE1USD = 28 £M KE

DB6NT: 1 W costs ¥~ 67 EUR => 50W ~ 3300 EUR
60 W ~ 4000 EUR
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Dékuji Vam za pozornost

Thanks for your attention
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