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1998 — Beginning of DTV Transition
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2003 — Increased SS Power & 10T

Efficiency
60.0%
50.0%
40.0% -
30.0% - e I0T
® 5SS

20.0%

10.0%

0.0% | | | | |
1995 2000 2005 2010 2015 2020

ROHDE&SCHWARZ



2006 — Increased SS Efficiency due to Design
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2013 — Improved Design and

Transistors
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Efficiency Enhancement technologies
Basics for amplifying ATSC signals

» High peaks

|
Ml Average power -
W‘“'II | E 78%aegfigency

@ 500mve o H 200ns A Chl £ 116V

Peakvalue [ -/
Crest Factor =

Ave value /

Headroom

ROHDE&SCHWARZ

> Pin



Signal manipulation
Crest factor reduction
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Power Supply Manipulation
Switched mode power amplification SMPA

|  Transistors work in switched mode: 100 % ON or 100 % OFF
|  Amplitude modulated signal is transferred to pulse width modulation

Signal generation PMW modulator Switching amplifier

i miatms Filter

On R ¢ |_Switch
o
I L - ¢ o =
y F
Py Off

Exciter

| Requires specific development in exciter and amplifier
|  Requires specific transistors
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Power supply manipulation
Envelope tracking
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Amplifier manipulation
Doherty amplifier

|  Amplification for main and peak signals is separated
| Main amplifier amplifies average signals (class A/B)
| Peak amplifier amplifies peak signals (class C)
® lower headroom in main amplifier required
® No energy required in peak amplifier as long no peaks are in the signal

—
RF Pout= o

Amplifier

Peak
PA

Exciter
A\ 4
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Amplifier manipulation
Doherty amplifier

| Main and peak signals are amplified separately
| This has historically required in a narrow band design

—E
PA
RF

Amplifier

Exciter

Pout X

e 2 Peak
PA
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Amplifier manipulation
Doherty amplifier

Pro's

Proven technology
Low complexity
Transistors available
High return, +10-15%

Con's

Narrow band design required for
highest efficiency return
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Doherty Amplifier
Why Is It narrowband?

| It all boils down to the fundamental limits of the match
bandwidth as defined by the Bode Fano Limit
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Doherty Amplifier
Why Is It narrowband?

| For brilliant efficiency you need brilliant matching

| Broadband design means worse matching, and less
efficiency

| DGRy

]

I

I

|

I

1 ' i
o e Wy wo Wy
RADIAN FREQUENCY, w A=352T-98

| A narrow band design gives you brilliant matching
therefore brilliant efficiency

ROHDE&SCHWARZ



Doherty Amplifier
Why Is It narrowband?

| The best efficiency is achieved when the transistor is in
saturation, or at its peak power.

> Pin
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Doherty Amplifier
How do we achieve high efficiency?

| This requires as close to a constant load impedance as
possible (matching network)

| But....the input power continuously changes

| So....the best efficiency can't be achieved over a wide
modulation range with a constant load impedance

Pout

> Pin
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Doherty Amplifier
How can we maintain high efficiency?

| Since the compression pointis in inverse proportion to
the impedance

2

Va

i

2R,

50 Ohm = 100W
100 Ohm= 50W

| The solution to this is to dynamically adjust the
Impedance of the load of the low power amplifier

| This is called load impedance modulation or "load pull”
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Doherty Amplifier
How does load pull work

Amp
ON
S soomve H 200ns A Ch1 /7 1.16V @ S00mve . TH 200ns A Chl S 1.6V
Main amplifier - lower headroom required Peak amplifier — works only for signal peaks

| Low power signal - power below -6db
|  Main transmitter has aload of 2 x RL and reaches saturation
| The peak transistor is off
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Doherty Amplifier
How does load pull work

Amp
ON
: : : : A : : : : : : ; ; Coom ; ; : :
@ S500mVe T H200ns A Chl S 116V @ S00mve o H 200ns A Chl £ 116V
Main amplifier - lower headroom required Peak amplifier — works only for signal peaks

| Signal reaches -6db of peak - peak amplifier turns on
| Its current reduces the load impedance of the main amp
| The power of the main and peak amplifiers are combined
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Doherty Amplifier
How does load pull work

Amp
ON
S soomve H 200ns A Ch1 /7 1.16V @ Soomve . H200ns A Chl S 1.6V
Main amplifier - lower headroom required Peak amplifier — works only for signal peaks

| Signal reaches 0db, or max power
| Main and peak amplifiers each deliver half of full power
|  Both amplifiers operate at optimum efficiency at 50 ohm

ROHDE&SCHWARZ



Doherty Amplifier
Doherty combiner

Ol 500mvQ - tH 200ns A Chl £ 1.16 V' I S00mveQ - H200ns A Chl S 1.16V

Main and peak
Jawrdauun Main amplifier in saturation amplifier in saturation

Efficiency

: Efficiency
Efficiency B ) =S /’g-\
a\\\_// J
—
—

Back-off|point=—6 dB Full power Back-off point = 6 dB Full power Back-off point = -6 dB Full power

Class A/B Class C
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Doherty Amplifier
Combined signals
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Additional Sources of Efficiency

= Liquid flow

---- Serial bus /

S 1 : :
. i : 1 =3 ._T"": ;
p . t‘ l Heat
ekl L exchanger
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Efficient Cooling System
Custom pump and heat exchanger

Custom designed pump system

| -
tlsdl g b
= i ,.('1. -..

I
| Variable speed pumps

| High efficiency heat exchanger
| Variable speed fans

mw
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Efficient Cooling System

 Power supplies and Power Amplifiers Liquid Cooled
e Liquid cooling provides for maximum removal of heat

from room
« Reducing AC Requirement

ROHDE&SCHWARZ  Sept 30th, 2015




Efficient Combiner Designs

Interfaces to the amplifiers Absorbers

Liquid intake and outlet

ROHDE &SCHWARZ



Efficient Combiner
Design

No cables

No hoses
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2013 - Introduction of Doherty
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2016 — Current Modern Design
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1998 — 2016 Evolution over 20 years
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Case Study- 40kW SS vs MSDC IOT

WWSI 40kW Replacement

 Article compared SS
Doherty VS High Efficiency 10T

poue

s 10
i tubE amph
i

* SS approaches plant efficiency of
MSDC IOT, less than 2% difference

* Installation easy compared to 10T
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Case Study - Replace 15yr old 30kW SS
KERA (Dallas PBS) 50kW TPO Required

Legacy SS THU9-48 Difference
Transmitter length .......... 20ft 8 ft 52 sq ft
Output power ............... 30kW 50kW 20kW More!
Efficiency ..................... 18% 40% More than 2x Eff
Estimated operating ... $131,400/yr $98,550/yr $32,850/yr
cost @ $.09 Kw/hr

ROHDE&SCHWARZ



nin poW@r consumptlo

mou nt Due

| jpany palef“a $40, 000 "rebate" t

Meter Constant

KWH Us sed

Credits 1 $.06591
Energy Cherges/ 0 £00 KWH ; g
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Case Study — 7kW VHF In PR

iPad = 12:34 PM

Spreadsheets Undo Transmitter Cost of Ownership

Transmitter Comparison

Replace the bold values in the Transmitter Comparison table with your own values by taping
the cell and moving the sliders. The other values are calculated for you.

Transmitter Details Cost of Ownersh1p

THU9 @ S8 Transmitter/  THU9 | SS

Transmltter l}.fe (Years) 15
1 ‘) 51 88 S‘H le

b()’) f.ti : 5181 )(w
5'}-' '.x ‘)ESI 3)1
“ . 5575 154
,. EJH,EPIB

Electnclty rate {Kw/ hr} $0.26

Transrmtter power {Kw] 7

Eﬂic:lency 50% : :

Power consumpuon of
cooling, drivers, heater, | Included
fDCuS Supply etc. (Kw) mn‘ol‘]] il!!

Tb la t t .
N ul erep cement cos ) ‘?H‘}U]

Tube hfe (years) 82-,5 [](Jl 50,

$286978 | $844,052

: $31 8 86-’1—" S‘H?,Hi'}
“.“Si 50,7 )[Jm
-.."..5582 {)‘:fm

Malntenam:e cost ($/yr)
parts & la.bor

i iig iR

,_.
‘e

Purc hase pri rice

bt
N -

=
w i

32 I‘] lE

=
L

544-[) 41(}
SI 8 nm P gl
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Redundancy
elements

12 power amplifiers per rack

Dozens of supplies

2 tubes
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Difference in size and cost of components

10T technology Solid state technology

1 Expensive component 1 Small components
1 Grid-Re-Adjustment needed 1 Minor effect when failure
1—3 dB loss when serviced 1 Only small loss when serviced

Big tube to be replaced regularly Small components as spare parts



Difference in handling

10T technology Solid state technology

Complex special equipment Simple service tools

I0T: Complex & dangerous Simple & Safe
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Thank You!
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