.1

Achievements and Prospects of Solid-State RF Power Amplifier
towards Green Accelerator.

Technologyfusion of'mobile communication, broadcasting devices, and accelerators.
Guide to lowtcost, high reliability solution

October 29, 2019

Presented by Riichiro Kobana
R&K COMPANY LIMITEPresident

721-1 Maeda, Fuji-City,Shizuoka-Pref.416-8577 Japan

R&K Company Limited I

_1_ Tel:+81-545-31-2600 E-mail:info @rkco.jp

Fax: +81-545-31-1600 URL: http://rk-microwave.com




/ Index R K

1. Evolution of Transistor
2. R&K Technical Capability and Strength
3. Architectural Change of SSA and Innovation

4. Evolution and Completion of Modern Green S8Aplication

721-1 Maeda, Fuji-City,Shizuoka-Pref.416-8577 Japan
_2_ Tel:+81-545-31-2600 E-mail:info@rkco.jp
Fax : +81-545-31-1600 URL: http://rk-microwave.com

R&K Company Limited I



/ 1-A. Innovation of Transistors — R

When you think about
high power transistors
and reflected energy

do you envision this...

freescale

-3- R&K Company Limited J



SSA Si Transistor Trends

Trends in LDMOS Cost vs Performance

$ / Watt Performance

Tao Tang will talk
tomorrow about
benefits of using
GaN Transistors

No Scale

1998 2000 2002 2004 2006 2008 2010

This behavior has enabled entire industries where no commercially
available / viable solution was possible before

SN
P

A- Scott Blum, NXP, CWRF2012



Source Choices

* Use SSAs to drive single cavities

Have quotes from several vendors

1.3 GHz units used successfully at ELBE/HZDR and Cornell

» Use 300 kW klystrons to drive 48 cavities (6 cryomodules)

Max power available and near practical limit for rf distribution
Developed by Toshiba for KEK ERL Demo, and by CPI for
HZB and TRIUMF applications (Klystron + PS ~ 6 $/W)

No long term operation experience but not pushing limits - CPI

and e2V have been selling 110-120 kW tubes

_5- 8



COMPARISON WITH

VACUUM TUBES
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4. Size and weight
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J 1-B. Innovation of Transistors ___________[m.k

1. Precise Control

Accurate power control over full dynamic range
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*Low-cost magnetrons work only on or off

*High-end magnetros: can control output power only above 60% of maximum power
*With transistors, power can be set to any level from less than 1% to 100% by
controlling the RF input, the gate and drain voltage, or by pulsing the RF

Magnetron

— Solid State

13

» The magnetron average output power is managed by on/off duty cycles
« Low efficiency at low power (on/off time = 5 ms)

R&K Company Limited



I 1-B. Innovation of Transistors | H.IK

2. Ease of use

- Rapid response to power needs change (by power control or frequency shifting)
- Instant-on: No warm-up or cool down delays

- Uses reliable, compact, and efficient switch-mode power supplies

- Low voltage supply for better safety: 50 V versus 20,000 V

- Easy integration and modular

- No complicated electro-mechanical controls and sequencing

- Insensitive to vibration

15
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I 1-B. Innovation of Transistors | H.IK

3. Reliability

- Transistors ensure RF heating systems remain alw
manufacturing down time.
- High-end 915 MHz magnetrons lifetime is 2000 - 6000 hours (8 months if 24/7)
- Magnetron are difficult to troubleshoot and service, requiring an interruption of the production line for several hours or days

on, dramatically reducing

- Transistors lifetime (MTTF) is 100 years
- Transistors show no performance degradation over time

- Transistors are fault re

- redundancy enables hot swap with limited impact
(the system will continue to run at a reduced power)

), 4

16
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4. Size and weight

- At 915 MHz, transistor-based RF generators can be half the size and weight
of a magnetron-based generator.

750 W @ 915 MHz

17

-11- R&K Company Limited JJ




/ 2. R&K Technical Capability and Strength |1t 5

Mass Production Experience (SSA for PHS Base Station)

1995: R&K started designing and developing SSA for
mobile communication base station

z

2000: Accumulated sales of SSA: 20 thousand units
z

2002: Move into new premise.

Accumulated sales of SSA: 1 million units.

2003: Accumulated sale of SSA: 1.2 million units

2004: Built 2" Factory Building

Total 2.3million SSAs
shipped!

*This shipment record was introduced on 50th year
anniversary edition of Microwave Journal magazine

-12-
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I 2-C.R&K Techni

CA500BW2-2060M Test data

Device : D.A.(ALM0105-4748-SMA / R&K) + F.A.(MRFEBVPE1K25N / NXP)Circulator(CSH498-502M1KA2 / Westmag)
Signal : CW

Typical Performance: VDD = 50 Volts, IDQ = 150 mA

‘Water Temperature : +28°C

Output PowerLinearity Output Power Linearity Output Power Linearity
62 1:499.07MHz 100.00 62 G000 100 62 1:.501.07Mbtz 100.00
60 95.00 60 95 60 95.00
58 90.00 58 %0 58 90.00
56 85.00 56 85 56 85.00
54 80.00 54 80 54 80.00
52 75.00 52 75 52 75.00
E iia) 70,00 = 4’:]’ 70 . ;: 70.00
5 = 65 s.
3 ow § o 00 =
5 4 s500 = 5 55 < s u 5500 <
2 a2 z 2« z S 4 2 =
3 40 5000 § 3 40 50 § H e 00§
B 4500 5 Lt 45 5 x4 = 4500 5
23 4000 © 36 40 © 8 5 4000 ©
3 3 35.00 34 35 3 35.00
b 30.00 32 30 2 30.00
30 25.00 30 25 30 25.00
28 (y’ 2000 28 O’ 20 P O> 20.00
26 15.00 26 15 26 15.00
24 10.00 24 10 24 10.00
22 5.00 22 5 22 5.00
2 0.00 2 0 20 0.00
-25-24 -23-22-21-20-19-18 -17 -16-15 14 -13-12-11-10 -9 -8 -7 6 -5 -4 -3 -2 -1 -25-24 -23-22-21-20-19-18-17 16 -15-14-13-12-11-10 -9 -8 -7 6 -5 4 3 -2 -1 -25-24 -23 22 -21-20 119 -18 -17 -16 -15-14 -13-12-11-10 -9 -8 -7 6 -5 4 -3 -2 -1
Input Power (dBm) Input Power (dBm) Input Power (d8m)
—8—499.07MHz DA =8=499.07MHZ(CW) Current{CW) «=9=500.07MHZ DA, ==500.07MHZ(CW) Current(CW) —8—500.07MHZ(CW)  =—#=501.07MHz DA Current(CW)
Output Ouput Ouputt
499.07MHzZ(CW) Device Total 500.07MHZ(CW) Device Total 501.07MH2(CW) Total
Input(CW) |499.07MHz D.A. Output Current(CW) bC_Efficw) Gain(CcW) Input(CW) |500.07MHz D.A. ouputt Current(CW) bc_Effcw) Gaincw) Input{CW) |501.07MHz D.A. output Current(CW) DC_Eff(CW) Gaincw)
-25| 21.28 32.32 1.12 2.8 11.04 -25) 21.04 32.09 112 2.7 11.08 -25 20.87 31.98 1.08 2.7 11.11
-24 22.23 34.07 1.38 35 11.84 -24 22.06 33.87 1.34 3.4 11.81 -24 21.86 33.77 1.32 3.4 11.91
-23 23.24 35.87 1.68 43 12.63 -23) 23.06 35.71 1.62 4.3 12.65 -23 22.93 35.60 1.58 4.3 12.67
-22] 24.24 37.66 2.04 55 13.42 -22) 241 37.52 2 5.4 13.42 -22 23.89 37.42 1.96 5.4 13.53
-21 25.27 39.42 2.48 6.8 14.15 -21 25.06 39.27 244 6.7 14.21 -21 24.91 39.18 240 6.6 14.27
-20 26.23 41.12 3.02 8.3 14.89 -20) 26.06 41.01 2.98 8.2 14.95 -20 25.94 40.93 292 8.2 14.99
-19] 27.27 42.81 3.66 10.1 15.54 -19) 27.07 42.67 3.6 10.0 15.60 -19 26.94 42.60 3.50 10.1 15.66
-18) 28.27 44.44 4.40 12.3 16.17 -18 28.09 44.35 4.36 12.2 16.26 -18 27.99 44.27 4.26 12.3 16.28
-17] 293 46.08 5.36 14.8 16.78 -17] 29.1 45.96 5.26 14.7 16.86 -17 28.99 45.89 5.16 14.7 16.90
-16| 303 47.61 6.40 177 17.31 -16} 30.12 47.52 6.3 17.6 17.40 -16 30.01 47.47 6.18 17.7 17.46
-15] 31.31 49,12 7.64 21.0 17.81 -15 31.13 49.03 7.52 20.9 17.90 -15 31.02 48.95 7.36 21.0 17.93
-14] 32.31 50.54 9.02 24.7 18.23 -14 3213 50.46 89 24.6 18.33 -14 32.02 50.42 8.74 24.8 18.40
-13] 33.31 51.94 10.68 28.9 18.63 -13 33.14 51.86 10.48 28.9 18.72 -13 33.03 51.80 10.28 29.1 18.77
12 34.3 53.26 12.52 33.4 18.96 -12] 34.14 53.19 123 33.5 19.05 -12 34.03 53.16 12.14 33.7 19.13
A1 35.28 54.53 14.54 38.6 19.25 -11 35.12 54.46 14.32 38.5 19.34 -1 35.02 54.44 14.12 38.9 19.42
-10 36.26 55.77 16.90 44.2 19.51 -10) 36.1 56.71 16.66 44.2 19.61 -10 36.01 55.69 16.42 44.7 19.68
9| 37.23 56.92 19.50 49.9 19.69 -9| 37.07 56.86 19.26 49.9 19.79 -9 36.97 56.85 18.98 50.5 19.88
-g| 38.2 57.96 22.36 55.3 19.76 -8 38.04 57.89 22.04 55.2 19.85 -8 37.94 57.87 21.76 55.7 19.93
7| 39.15 58.74 25.20 58.7 19.59 -7] 38.99 58.65 2472 58.6 19.66 -1 38.90 58.60 24.34 58.9 19.70
I 40.07 59.27 27.60 60.5 19.20 -6} 39.92 59.17 27.2 60.0 19.25 -6 39.83 59.11 26.60 60.5 19.28
5| 1 59.70 30.00 614 18.70 5 40.85 59.58 204 60.9 18.73 5 40.77 59.51 28.80 61.2 18.74
7] 219 60.04 3220 1.7 1814 4 4175 59.91 314 61.4 18.16 4 41.66 59.84 30.80 61.6 18.18
3 22.81 50.31 34.30 615 17.50 3 4267 60.18 33.40 61.3 17.51 3 42.57 60.11 32.80 61.4 17.54
2 -2 2
] -1 -1
(dBm) (dBm) ) (%) (dB) (dBm) (dBm) (A) (%) (dB) (dBm) (dBm) (A) . (%) (dB)
@Po=1kW_Junction Temperature 87.5C Derating 38.9% @Po=1kW_Junction Temperature 88.9°C Derating 39.5% @Po=1kW_Junction Temperature 88.1°C Derating 39.2%

500MHz, 1kW/CW RF Output vs Power Efficiency

15 R&K Company Limited JJ




/ 2-D.R&K Technic I __B.E

Radial Combiner Product Examples For CA200BW0-3282RP

Broadband Products Narrowband Products

-200MHz~ 1000MHz 4kW 165 k38
lﬁl BEEHR— 166 RR— DARATLT Y IHAHE

-509MHz+=3MHz 20kW 644 88

RE Sca-d AR SRR — 16 & R —

(QRYZEIA 1-5/8) @ARI%N) (:\*79EIA 7/16) (A 94:TNC)
j é‘r’. .; i \ 7{.- /
"‘,/ 1 ‘i 4 % &
."'(‘,. b .“'/ 4 et ) & y
200MHz 0.2MHz
-1275MHz=+ 100MHz 600W 8& FRRE POWER: 150kW/Pulse
KSR SRR — 8& R — .
- (§79:EiA 7/16) Q%Y 5:SMA) 36WAYCombiner

- 1000MHz ~2500MHz 2kW 165 K88

H{A S 16& pkR— K VAFLT v ERHE
E'.'] (@R24:TNC)

INPUT: N
' ' OUTPUT:-3/8 EIA
For CA1300BW16369R

E"O-

gl
e
F_q -5712MHz +=20MHz 100W 8& ER 28
& -4 RS B BAR S AR — k 168 RA— k
(@R2%N) @RV3:SMA)
e
-2000MHz~ 6000MHz 100W 8& Ek 28
HAESE AR — 8& kAR —

@RI%2N) (AFRV5:SMA)

R&K#TlE. BREKEKREN 'I'E%EO)'E?JAE'A‘%%L HBigEL T, LHid 1300MH 5MH

BHARCEMER COABABRA AR [5S7 L3 1\ A F—] z Z

gggié ; ElIZ&YA—ILYY) v ERTF— T, Hki~100kND 5 POWER: 8kW/CW
14WAYCombiner

R R TDR */ B INDRE R EIEIE I IR RS E T,

FE - PERRIE R £8 X - B S AS TS U £, INPUT: 7/16 EIA

B1E. BhbhmEib. KEAEZBIEL T, FARZEDHTLVET, OUTPUT:-2/S EIA

-16- R&K Company Limited JJ




J/ 2-E.R&K Techr

GE
Critical Power

GP100 6 kW True
Three Phase Rectifier

Applications

¢ Cloud Data Centers that want phase balanced IT loads
¢ Super Computers

* 380/480 V. Three Wire 3@ directly to data cabinets

Advanced Features
« Remote Upgrade from RS485 (or [*C)

Use Scenarios

The GP100 Rectifier provides a high efficiency, intrinsically
phase balanced way to power data center cabinets

directly from 3 wire 3@ 480Vac (or 380 Vac). The AC can

be supplied by a UPS, Generator, or line transformer with
any accepted winding or grounding configuration. The
neutral wire is not connected to the GP100, so there is zero
risk of neutral currents in any normal or fault scenario.

Should there be a line fault, the GP100 is compatible with
GE TLE UPSs in Ring Bus or traditional configurations, as
well as other UPSs with a transfer time of less than 8 ms.
Should there be a rectifier fault, the GP100 is parallelable up
to 100 units. In addition to applications without batteries
on the output, the GP100 is suitable for use in traditional
centralized battery applications, or in distributed systems
with traditional or advanced battery technology. Isolated
serial communications and extensive testing allow the
GP100 to work in either n+1 or N+N configurations.

The GP100 System provides a full featured , N+N redundant
480Vac to 48Vdc battery reserve system in one 19" rack
unit.Two GP100s and a GE Critical Power Edge controller
in each cabinet allow 480Vac to be the only building level
distribution voltage. Application tailored energy storage
batteries can be deployed in data cabinets as needed. The
standard GP100 is designed for international deployment,
accepting 3 phase power from 380V (Global) or 480V
(North American) sources. This system is an excellent
choice for facility scale data applications requiring
modular, very high efficiency AC to 48Vdc intermediate
voltage conversion, such as in cloud data centers.

* Improved Power Metering Accuracy

* Routers/VolP/Soft and other Telecom Switches

* 48V, distributed power architectures

* Industrial Applications

« Preemptive Analytics

Features

Compact 1RU form factor provides high power density of
27 Watts/Cubic inch

Efficient with 96.5% efficiency from 50 to 100% load
Balanced draw from each of the three AC input phases

6000 Watts at 48 Vdc from three wire 3@ 380 or 480 Vac
(no neutral is needed)

Constant power for output voltages from 48 to 58 Vdc
{Output voltage programmable: Off, and from 42 to 58 Vdc)

Communications choices: RS485 or PMBus compliant Dual
redundant 12C serial bus with +5V aux @ 2A

Operates over a broad temperature range: -40°C through
+75°C (Output derates at 2% per °C beginning at +55 °C)

Fail safe performance - Internal faults isolated from
output bus; hot insertion capabilities allow for rectifier
replacement without system shutdown; soft start and
inrush current protection prevent nuisance tripping of
upstream breakers.

Extended service life - parallel operation with automatic
load sharing ensures that units are not unduly stressed

Simple Human Factors - 3 front panel LEDs indicate AC
good (Green), DC good (Green) or Fault (Red)

Agency Compliant - EN/IEC/UL/CSA C22.2 60950-1 2nd
edition +A1, CE mark, FCC part 15, EN55022 Class A,
EN61000 immunity and transient, EN/IEC 61000-3-2 and
EN 60555-2 Power factor correction, IPC 9592 Class Il
Shock & Vibration, NEBS GR-1089, GR-63-CORE, RoHS6/6.

Electrical Specifications

Input
PARAMETER SYMBOL MIN TP MAX UNIT
Startup Input Voltage Vin 300 320 Vac
Operating Voltage Range (3@delta with safety frame ground) Vin 320 380/480 530 Vae
Voltage Swell (no damage) Vin 600 [ Vae
Frequency Fiu a1 50/60 66 He
Operating Current {3@ - all phases operational) In 10-8 | Ac
Inrush Transient (per @ at 480V,,, 25°C, excluding X-Capacitor charging) In 25 30 A
Leakage Current (per @, 530V.., 60Hz) In 5 %
Power Factor (50 - 100% load)} PF 0.96 0.995
Efficiency (480V.. @ 25°C from 50 to 100% load)} n 96.5 %
Holdup fime (outp‘ut allowed to decay down to ;OV,J T 12 [ ms
Ride Through (at 480V, 25°C) T 12 cycle
Output -52VDC Main
PARAMETER SYMBOL MIN TYP MAX UNIT
Output Power ( 430 - 530V, - 3@, Tums = 45°C |VM|> QBV«) w 6000 | Wie
Default Set Point Vour 52 Ve
Overall Regulation (load, temperature, aging) 0 - 45°C, LOAD > 2.5A > 45°C -2 +2 %
Regulation with Controller -0.05 +0.05 %
Output Voltage Set Range - Set by firmware 42 58 | Ve
Output Current (54 / 52Ve, Tenb = 45°C ) lou 1 11/115 | Ae
Output Ripple Peak-to-Peak (5Hz to 20MHz) Vour 250 | mv,.
External Bulk Load Capacitance Cour [} 1700 NFA
Environmental, Compliance & Physical
Operating Ambient Temperature Range -40°C to +75°C (Output derates at 2%;/°C beginning at 55°C)
Cooling Method Front to back airflow with onboard temperature controlled fans
Operating Relative Humidity 0-95% [non-condensing) for use in a controlled environment
Electromagnetic Compatibility FCC Part 15, EN 55022 (CISPR22), EN 55024, Level A, GR-1089
Agency Certifications* Planned UL1950, EN60950, CSA'234/950, NEBS GR-1089, GR-63-CORE, CE Mark, RoHS 6/6
Heat Release 217 Watts, or 740 BTU/hr at full load of 6000 Watts
Acoustic Noise <58dBA @ 25°C
Mean Time Between Failure (MTBF) 300k Hours @ 25°C per Telcordia SR-332, Method 1, Case 3
Height x Width x Depth, Weight, Packaged Weight 1.61x7.97x17.36in (41x202x441mm), 8.95 Ibs (4.1 kgl, 9.85 Ibs (4.5 kg)

Ordering Options

PRODUCT CODE DESCRIPTION OUTPUTVOLTAGE COMCODE

GP100H3R48TEZ 110A rectifier with isolated RS485 communications 52V 150034309

GP100H3R48TEZ-IN 110A rectifier with isolated RS485 communications 48V 150045497

GP100H3M54TEZ 110A rectifier with isolated dual I°C communications 54V 150039274
GE

Critical Power

601 Shiloh Road

Plano, TX 75074

+1 877 546 3243
www.gecriticalpower.com

“Registered trademark of the General Electric Company.
The GE brand, logo, and lumination are trademarks of the General Electric Company. © 2015 General Electric Company.
Information provided is subject to change without notice. All values are design or typical values when measured under
laboratory conditions.

GP100AC-FS, Rev. 08/2015

-17-
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1.3GH2zx3.8kW
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1.3GHzK 7KW
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I3-A.Architectura| Change of S8Ad Inn

SingleStage Combining by Radial Combiner

|RFINPUT
|200MHz ~ 1000MHz
I

I
I
I
I
|
|
|
I
I
|

X
Final Amp Unit (Output Power 100W, Bo—On T J }
*
Final Amp Unit (Output Power 100W, Go—ORG :
1 L *
\\‘ Final Amp (100W) x 8 = 800W LosettEx o
P ————————————"—— The way to combine with Radial - .
/ Combiner
i
| ——G55—©6  Firal Amp Unit (Output Power 100W) T
I
; ——@98—8€  Final Amp Unit (Output Power 100W Co—O%e—| 53
! ] ' =
} -g ——@08—8@  Fral Amp Unt (Output Power 100W OO— %o E
I ) o
I - — ——G00—io6)  Fnal Amp Unit (Output Power 100W CO—ORe— Qo
RFINPY . s © .
12:(}M:11I:I~|CGGMH{{@IH g = RF OUTPU
| © |——@90—©€  Final Amp Unit (Outout Power 100W C—oo— - Power . 700W
I Ls T
1 Q —— @060  Foal Amp Unt (Output Power 100W Oo—Ra—| >
| = 5
| @ ——B58—8E)  Final Amp Unit (Dutput Power 100W G — R 1
i ©
I
| —GOO—©€)  Final Amp Unit (Output Power 100W) O—ORE—
\
Final Amp (100W) x 8 = 800W Eoss —U!EH

.@@—@—

Conventional way to combine with 90Hybrid Junction - -------——-- = —— = - - -

Final Amp Unit (Output Power 100W OO—ORE- ‘;
Final Amp Unit (Output Power 100W] e @-% ;

Final Amp Unit (Output Power 100W] H— @-\mf

1 f
Final Amp Unit (Output Power 100W) G i 1

Final Amp Unit (Output Power 100W]

I Thebiggest featureof the radial combiner: small insertion Iosi

Low insertion losenhancegedundancy at input/output powerK Input/output linearity becomes better
Low insertion loss reduces calorific value

K Longterm reliability becomes better

IR K

!
1

I The way to combine with 90 Hybrid Junction I

100W x 8=800W (+59.0dBm)
(+50dBm + 9.0dB ( 8-way )

R p 1; E ©ii.1:11@mwzi .I.
T — N | +59.0dBm — 1.8dB = +57.2dBm (525W)

+ | The way to combine with Radial CombinIr

100W > B=800W (+59.0dBm)
(+50dBm + 9 0dB( 8-way )
1

The output power is larger than the way
with 90 Hybrid Junction

|
]
I
|
i @ZDCMH:'“WDCMH:: +5HDE|BI'H - U5dB = +5E5dBI‘I‘I{?WW}
. -_—
]
I
I
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3-B. Architectural Change of

Multi Monitoring System

Status LED (Remote)
Control Buttons (Local, Operate On/Off, Reset)

Micro SD Slot =

Control Buttons (Up, Down)

Status LEDs (Standby, Power On)
Main Power Switch On/Off

Air-Intake Grating

Carrying Handles

Bench Top Operable or 19 inch Rack Mountable

R&K Company Limited



I 3-C.Architectural Change of SSA dndovation .

Multi Monitoring System

P PA UNIT $.2
RF OUTPUT L sl g M 4 [RFsiR] Qv FADCEY, UTORERRERT BRESTETT.
5A FW B A7/ 7E71-NBOTRIAEEER. BREE

FORWARD POWER

o] R 1A TR N 7Y71-y MEORKRSEE
REVERSE POWER b WD1: 5 [F-2R%F] EHTRT—22AMUSBXE VIC10ELL FREFNTETT.
- .64 TEMP: B EHEAE. BFER SRV B /G > 10F
D tRLV b /B = 608
(5H) #TEENEN. RHEN (SE) #aBiEReE (SE) /VEUCDA—S— W ETENNES. REET
T " N RE77E71-ABOT A AFRER. RIEEE
USBXEVICERT— % £ 10FELIERFITEE ! = @BEHFRZB!! B 7r71=y MEOBHASEE
E®RT—2%TFTorL CDICTRIRHERE ! = REFRZS!! 6. [8if /3] USBXEUNSF—2EMYML, BHEKEEBITT 2WATRTY,
; B F-2BF3AN TP ANTREENDE, I/ LATRYASG, F571LT 5B TEET,
RURMERRICET 37— S BIFH SBRFH & THE ! = REHFRAB!? R
AN —OHRRICL BREFONEIES ! =  BREFIRLS! ! i E— S —
1[5z : : i
WMTAR TFT 20X%15/h7- -
BM2)® LCD 20%% 4f//5v951h28& ¥
2 [REAB] EBAD. 2LTOHEE2RELET.

BRF-SWOON/OFF{REE, ETRHNEN. RHEN

3 [PS—LERF] 7F-—LBEE UTOABERRLET. . [#FE EQREE, HEE SEHBRTY.
N BAHN BARE EERY -EFES B RE7 /7271 NBOFNRAAERER. HEEE2EKER SRLTWSS.
B FRAAHEERRSE T ARRKREERSE Iv-JIvy— FAREEI=v FHABEL HEETH, HREROREFERATY.
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I 3-D. Architectural Chang

Expandability of SSA

150kW 200kW
wayYQa {{! OFry SELIYR AGA
Block Construction that is expandable system hardwar
architecture designed to add final amplifier units and

capacitor bank units later when more output power is
required for test or application at the user.

e.g.
In this case, output power can increase from 150kW to
200kW by adding one set of Final Amp Unit and
Capacitor Bank Unit, and replacinéadial Combiner
R&K- CA200BWO.4282RP from 36way to 48way. R&K- CA200BWO0.4383RP

23 R&K Company Limited




I 3-E.Architectural Change of SSA dn

(HighAvailability PowerSupply)

HAPS

Previously..

IR K

AC IN —|

Switching
Power Supply 1]

AC IN —

Switching
Power Supply 2

AC IN —

Switching
Power Supply N

DC OUT

RF Amplifier
Module 1

—
=

RF Amplifier
Module 2

—

RF Amplifier
Module N

laS abA2RSc¢
Switching DC OUT
ACIN — Power Supply 1 N
Switching
ACIN — Power Supply 2 H
Switching
ACIN — Power Supply N H

¥

T2N bbwm

RF Amplifier
Module 1

RF Amplifier
Module 2

RF Amplifier
Module N

ACIN —

Switching
Power Supply 1

DC OUT

WERAZIBRhY C® ¢ ¢

ACIN —
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NXP Transistor Product Introduction

NXP Semiconductors Document Number: MRF13750H
Technical Data Rev. 1, 01/2018
VRoHS
RF Power LDMOS Transistors
N-Channel Enhancement-Mode Lateral MOSFETs MRF13750H
These 750 W CW transistors are designed for industrial, scientific and MRF13750HS

medical (ISM) applications in the 700 to 1300 MHz frequency range. The
transistors are capable of GV or pulse power in narrowband operation.

Typical Performance: Vpy; = 50 Vdc

e S 3 700-1300 MHz, 750 W CW, 50 V
it D
(MHz) Signal Type (\;V") (de’) % RF POWER LDMOS TRANSISTORS
915 cw 750 193 67.1
9152 Pulse 850 205 69.2
(100 pisec, 10% Duty Cycle)
13000 ow 700 17.2 56.0
Load Mismatch/Ruggedness
Frequency Pin Test
(MHz) | SignalType | VSWR W) | Voltage |  Result i
915 Pulse >10:1 atall | 15.9 Peak 50 No Device
(100 yisec, 10% | Phase (3d8 Degradation
Duty Cycle) Angles | Overdrive)
1. Measured in 915 MHz narrowband reference circuit (page 5).
2. Measured in 915 MHz narrowband production test fixture (page 11).
3. Measured in 1300 MHz narrowband reference circuit (page 8).
NI-1230S-4S
Features MRF13750HS
* Internally input pre-matched for ease of use
* Device can be used single-ended or in a push-pull
* Characterized for 30 to 50 V
* Suitable for linear applications with appropriate biasing
* Integrated ESD protection
. driver: MR @wW Gate A F—D—] DrinA

Included in NXP product longevity program with assured supply for a
minimum of 15 years after launch

Typical Applications Gate B E > a Drin B
* 915 MHz industrial heating/welding systems
* 1300 MHz particle accelerators

(Top View)

Note: The backside of the package is the
source terminal for the transistor.

Figure 1. Pin Connections
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