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5. General description

This report presents the measurement results of the Symmetric Ultra Wideband Doherty demo
AR211097. The device ART1K6FH used can deliver 250Wavq DVB-T, in Advanced Rugged
Technology (LDMOS) in a SOT539 package. The ART1k6 device can work at supply voltages up to
50V.

The ART1K6FH upper section is used as Main amplifier, the lower section is used as Peak
amplifier. The power ratio is 1:1 which provides optimum bandwidth. The presented demo was
designed for the frequency band 165 to 235 MHz (a relative bandwidth of 35%). The Doherty amplifier
is built on TC350 pcb material. The output transformer is split in 2 sections: a 9:1 transformer with
11ohm coaxial cable and a 2.25:1 transformer with 250hm coaxial cable.

The demo was designed for 185Wavg for best linearity and max. 225Wavg for best power/efficiency.

Figure 1 AR211097, 165-235Mhz demo board
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6. Biasing and practical aspects

The efficiencies presented are based on the currents of the drain feeds only.
I.e. the biasing currents for the gate circuitry have not been included.
The biasing is as follows:

Vbb_mAIN = 50V

Vbb_PEAK = 50V

Vaes_MAIN = approx. 2V, leading to an Ipq_ man=600mA

Vas_peak = 0.7V (range 0.3 — 1V, can vary dependent on frequency and device)

Main amplifier = upper section
Peak amplifier = lower section

The application is built on a standard copper heatsink and is water cooled. The actual design can be
made on a smaller heatsink.

In the present application board, the transistor is soldered and PCB’s are bolted down. The best RF
performance is achieved with a soldered transistor. Under the pcb (the area under the coupling
capacitors C18 — 20) thermal compound is used to lower the component/pcb temperature. Another
option (best) is to solder the (output) pcb. The value of C22 can be changed (see Figure 6+7 ). In this
demo circuit we choose for C22=0pF (means capacitor is not applied).

Note:
1. The final PCB layout (version v3) is available (dxf files: ART2k0_50V_pcb_input
_TC350_30mil_v3, ART2k0_50V_output_TC350_30mil_v3).

7. Performance Summary

Table 2:  Performance summary, in band 165-235Mhz

Parameter Condition-1 Condition-2 Unit Pulsed CW DVB-T
Power Idg_m=0.6A Vgs_p=0.7V. W 185-225
Gain Idg_m=0.6A Vgs_p=0.7V  dB >19
Drain Efficiency Idg_m=0.6A Vgs_p=0.7V % >47
Peds 100us/10% Idg_m=0.6A Vgs_p=0.7V W >1200 -
PAR output signal’ CCDFO0.01% ldg_m=0.6A Vgs_p=0.7V  dB >7.5
185W, 225W
Shoulder distance? 185W, 225W ldg_m=0.6A Vgs_p=0.7V  dBc <-22

Note 1: Input PAR DVB-T signal 9.5dB @ CCDF0.01%
Note 2: Shoulder distance +4.3Mhz

The amplifier can deliver 185 - 225W average DVB-T power or pulsed CW 1200W (P6dB) over the hole
bandwidth 165 - 235Mhz. Average power is dependent on linearity requirements. PAR (ccdf) and
shoulder measurements were done with R&S FSV spectrum analyser.

Trade-off:

Vgs_p(eak) has a significant impact on efficiency. Best trade-off between (peak) power and efficiency

was achieved at a Vgs_p of 0.7V. Different transistor batches can result in different Vgs settings
dependent on transistor Vgs_threshold level.

AR211097 All information provided in this document is subject to legal disclaimers. © Ampleon The Netherlands B.V. 2015. All rights reserved.

Application Report v0.1 — 28 May 2021 4 of 15




ANNPLEON

AR211097

ART1K6FH

8. Performance Details

160 to 240Mhz

The amplifier was measured with a DVB-T 8K signal (8Mhz signal bandwidth) and with a Pulsed CW
signal. Normally, Vgs_peak is fixed at 0.7V and Idg_main at 0.6A. The measured freq range is 160 —

240Mhz.

8.1 DVB-T measurement, Pavg=185W, Vgs_p variation

AR211097

ART1k6_AR211097, DVB-T, Deff, Vgs_p variation
185Wavg, 50V, Idg_m=0.6A, Vgs_p=0.3-1.0V
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Figure 2 DVB-T, (Drain) efficiency ~ Vgs p =0.3- 1V

ART1k6_AR211097, DVB-T, Gain, Vgs_p variation
185Wavg, 50V, Idg_m=0.6A, Vgs_p=0.3-1.0V
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Figure 3 DVB-T, Gain Vgs p=0.3-1V
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ART1k6_AR211097, DVB-T, PAR, Vgs_p variation
185Wavg, 50V, Idg_m=0.6A, Vgs_p=0.3-1V
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Figure 4 DVB-T, PAR Vgs p=0.3-1V

ART1k6_AR211097, DVB-T, Shoulder +/-4.3MHz
185Wavg, 50V, Idg_m=0.6A, Vgs_p=0.7V
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Figure 5 DVB-T, Shoulder [dB] Vgs _p=0.7V
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8.2 DVB-T measurement, Pavg=185W, C22 variation

ART1k6_AR211097, DVB-T, Deff, C22 variation
185Wavg, 50V, Idg_m=0.6A, Vgs_p=0.7V
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Figure 6 DVB-T, (Drain) efficiency =~ C22=0-0.7-1.5pF, Vgs_p = 0.7V

ART1k6_AR211097, DVB-T, Gain, C22 variation
185Wavg, 50V, Idg_m=0.6A, Vgs_p=0.7V
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Figure 7 DVB-T, Gain C22=0-0.7-1.5pF, Vgs_p = 0.7V
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8.3 DVB-T measurement, Pavg=225W, Vgs_p variation
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ART1k6_AR211097, DVB-T, PAR, Vgs_p variation
225Wavg, 50V, Idg_m=0.6A, Vgs_p=0.7-0.85V
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Figure 10 DVB-T, PAR Vgs p=0.7, 0.85V

ART1k6_AR211097, DVB-T, Shoulder +/-4.3MHz
225Wavg, 50V, Idg_m=0.6A, Vgs_p=0.7V
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Figure 11 DVB-T, Shoulder [dBc] Vgs p=0.7V
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8.4 Pulsed CW power sweeps

Pulse condition: 100us/10%. Vds=50V, Idq_m=600mA, Vgs_p=0.7V
ANNPLEON

+ Gain&Eff vs Pout[W] - ART2KOFE VHF Doherty
PCW 0.100ms 10%, Vds=50.0V, ldq1=622mA, Vgs2=0.70V
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Figure 12 Pulsed CW, Gain [dB] + Deff [%] as function of Pout [W] Vdd=50V, Vgs_p=0.7V

ANVIPLEON - Gain&Eff vs Pout - ART2KOFE VHF Doherty
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Figure 13  Pulsed CW, Gain [dB] + Deff [%] as function of Pout [dBm] Vdd=50V, Vgs _p=0.7V
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9. Hardware

9.1 Board Image

s

1 TR

Figure 14  Picture of AR211097, 165-235Mhz demo board (top view)
Total board dimensions: 152 x 80mm

AR211097
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9.2 Copper Layout
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Figure 15 Layout drawing

9.3 Component Mapping
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Figure 16 Component drawing
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Bill of materials

Table 3:  Bill of Materials

Description
Output

€1, C2
C3,C4,C5,C6,C7
c8

c9

€10,C11

C12

C13,C14
C15,C16,C17
C18,€19,C20
c21

c22
€23,C24,€25,C26
€27,C28,€29,C30,C31,C32
€33,C34

L1

R1

B1,B2

B3,B4

Input
C40
C41,C48
C42
C43
C44,Cc45
C46
C47
C49
C50
C51
C52,C53
C54,C55
R3,R4
R5,R6
L3

L4

L5

AR211097

Value

68pF
91pF
62pF
20pF
110pF
33pF
56pF
68pF
330pF
39pF
NA
1000pF
4.7uF / 100V
470uF

1Q
12Q / 60mm
250 / 60mm

910pF
51pF
1.5pF
100pF
15pF
7.5pF
1000pF
160pF
12pF
22pF
1000pF
4.7uF / 50V
5.6Q
200Q
39nH
68nH
47nH

Case

ATC800B
ATC800B
ATC800B
ATC800B
ATC800B
ATC800B
ATC800B
ATC800B
ATC100B
ATC800B
ATC800B
ATC800B

ATC800B

ATC100B
ATC800B
ATC800B
ATC800B
ATC800B
ATC800B
ATC100B
ATC800B
ATC800B
ATC800B
ATC800B

0805

1206
1111SQ_39NJEB
1812SMS_68NGLB
1111SQ_47NJEB

160 to 240Mhz

Supplier Remark

ATC
ATC
ATC
ATC
ATC
TDK
ATC
ATC
ATC
ATC
ATC See figure 6+7
ATC
TDK

1 turn, 4-5mm diameter

TC12, flexible coaxial cable
UT-90C-25, semi rigid coaxial cable

TDK

In parallel
Coilcraft
Coilcraft
Coilcraft
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9.4 Board material

Table 4:  Board specifications

160 to 240Mhz

Parameter Value thickness metallisation
Manufacturer Rogers

Input pcb TC350 30 mil 35 Cu, ground layer full Cu
Output pcb TC350 30 mil 35 Cu, ground layer full Cu

Input pcb: 40 x 80 mm, file (dxf) name = ART2k0_50V_pcb_input_TC350_30mil_v3
Output pcb: 102 x 80 mm, file (dxf) name = ART2k0_50V_pcb_output_TC350_30mil_v3

9.5 Device markings

Table 5:  Device specifics

Parameter Value
Manufacturer Ampleon
Device ART1K6FH
Marking M2030-0005
Comments

AR211097
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10.Legal information

160 to 240Mhz

10.1 Definitions

Draft — The document is a draft version only. The content is still under
internal review and subject to formal approval, which may result in
modifications or additions. Ampleon does not give any representations or
warranties as to the accuracy or completeness of information included herein
and shall have no liability for the consequences of use of such information.

10.2 Disclaimers

Limited warranty and liability — Information in this document is believed to
be accurate and reliable. However, Ampleon does not give any
representations or warranties, expressed or implied, as to the accuracy or
completeness of such information and shall have no liability for the
consequences of use of such information. Ampleon takes no responsibility
for the content in this document if provided by an information source outside
of Ampleon.

In no event shall Ampleon be liable for any indirect, incidental, punitive,
special or consequential damages (including - without limitation - lost profits,
lost savings, business interruption, costs related to the removal or
replacement of any products or rework charges) whether or not such
damages are based on tort (including negligence), warranty, breach of
contract or any other legal theory.

Notwithstanding any damages that customer might incur for any reason
whatsoever, Ampleon’s aggregate and cumulative liability towards customer
for the products described herein shall be limited in accordance with the
Terms and conditions of commercial sale of Ampleon.

Right to make changes — Ampleon reserves the right to make changes to
information published in this document, including without limitation
specifications and product descriptions, at any time and without notice. This
document supersedes and replaces all information supplied prior to the
publication hereof.

Suitability for use — Ampleon products are not designed, authorized or
warranted to be suitable for use in life support, life-critical or safety-critical
systems or equipment, nor in applications where failure or malfunction of an
Ampleon product can reasonably be expected to result in personal injury,
death or severe property or environmental damage. Ampleon and its
suppliers accepts no liability for inclusion and/or use of Ampleon products in
such equipment or applications and therefore such inclusion and/or use is at
the customer’s own risk.

10.4 Contact information

Applications — Applications that are described herein for any of these
products are for illustrative purposes only. Ampleon makes no representation
or warranty that such applications will be suitable for the specified use
without further testing or modification.

Customers are responsible for the design and operation of their applications
and products using Ampleon products, and Ampleon accepts no liability for
any assistance with applications or customer product design. It is customer’s
sole responsibility to determine whether the Ampleon product is suitable and
fit for the customer’s applications and products planned, as well as for the
planned application and use of customer’s third party customer(s).
Customers should provide appropriate design and operating safeguards to
minimize the risks associated with their applications and products.

Ampleon does not accept any liability related to any default, damage, costs
or problem which is based on any weakness or default in the customer’s
applications or products, or the application or use by customer’s third party
customer(s). Customer is responsible for doing all necessary testing for the
customer’s applications and products using Ampleon products in order to
avoid a default of the applications and the products or of the application or
use by customer’s third party customer(s). Ampleon does not accept any
liability in this respect.

Export control — This document as well as the item(s) described herein
may be subject to export control regulations. Export might require a prior
authorization from competent authorities.

10.3 Trademarks

Notice: All referenced brands, product names, service names and
trademarks are the property of their respective owners.

Any reference or use of any ‘NXP’ trademark in this document or in or on the
surface of Ampleon products does not result in any claim, liability or
entitlement vis-a-vis the owner of this trademark. Ampleon is no longer part
of the NXP group of companies and any reference to or use of the ‘NXP’
trademarks will be replaced by reference to or use of Ampleon’s own
trademarks.

For more information, please visit: http://www.ampleon.com

For sales office addresses, please visit: http://www.ampleon.com/sales
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