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Overview of Envelope Tracking
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Why Envelope Tracking?
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EFFICIENT POWER CONVERSION

Pis Effect of PAPR
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EFFICIENT POWER CONVERSION

pis Effect of Envelope Tracking

Only 1/3 #he losses
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P‘f Hybrid ET Implementation

Voltage Source  Current Source
High BW Low BW
Vbe Eff = 50% Eff > 90% Vbe

Cu rrentl

Envelope!
Signal 1

RF Power Transistor Drain Bias

Improvement in switching device performance buys:

* Improves overall ET efficiency

* Increases Switcher stage bandwidth

« Simplifies Linear stage design / Removes it entirely?
* Increase system BW which increases RFPA fidelity

Kimball, Don, et al. "50% PAE WCDMA basestation amplifier implemented with GaN HFETs." Compound
Semiconductor Integrated Circuit Symposium, 2005. CSIC'05. IEEE. IEEE, 2005.
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Why eGaN FETs for Envelope Tracking
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ldealized Switching

EFFICIENT POWER CONVERSION
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Hard-Switching Figure of
Merit

P

®EPC Gen 4 ¢
®EPC Gen 2 ¢
®Vendor A

®Vendor B

®Vendor C )
®Vendor D
Vendor E

o
o
|

FOM,s=(Qgp+Qgs2) Rps(on) (PC-Q)
=
el

-_—

250

N
()]

Drain-to-Source Voltage (V)

VDS=O'5.VDSS’ IDS=2O A
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High Frequency

pels
D eGaN FETs

R“::()c:q) Min. Typical Charge Capa-tl;)i,t':::le (pF)
(mQ) |Peakld (A) (pC) (Vos = %OV\;; Vs =
BV (V)
EPC Part No. (Vs = 5V, (PUI%éd, 25
’ QG Qcp Qs Qoss Qrr

Ib=0.5A) Tpu's::) 300 Ciss [ Coss | Crss

EPC8004 40 125 7.5 358 31 110 | 493 0 45 | 17 | 0.4
EPC8007 40 160 6 302 25 97 406 0 39 | 14 | 0.3
EPC8008 40 325 2.9 177 12 67 211 0 25| 8 |02
EPC8009 65 138 7.5 380 36 116 | 769 0 47 | 17 | 0.4
EPC8005 65 275 3.8 218 18 77 414 0 29 |1 9.7 0.2
EPC8002 65 530 2 141 9.4 59 244 0 21 [ 59| 0.1
EPC8003 100 300 3) 315 34 110 | 1100 0 38 | 18 | 0.2
EPC8010 100 160 7.5 354 32 109 | 1509 0 47 | 18 | 0.2

eGaN® is a registered trademark of Efficient Power Conversion Corporation
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"%‘s Hard Switching FOM
50 230mQ 24 mq) 90m(2 200mQ) 71mqQ)
45 30V BGAMOSFETS
g 40
O 65V
% 35 eGaN
5 30 FET
3 25
o’
= 20
()]
c;-" 15
*5 10 |
O
0
%)
Q0
D e

EPC - The Leader in eGaN® FETs PELS 2014 WWW.EpC-C0.com n



Pf?f dv/dt Turn-on Immunity

Gate Charge

 EPGC8004
~: eGaNFET |

>
)
o
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100 200
Q,, -Gate Charge (pC)
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Maximizing Device Performance
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Common Source Inductance

EFFICIENT POWER CONVERSION
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PGJS Packaging Evolution

Drain
Source

EFFICIENT POWER CONVERSION

SO-8 LFPAK DirectFET LGA
Device Loss Breakdown 90 | |
y —=S0-8
2.5 ®m Package V| =12V 85 == FPAK _
3 u Die Vour =1.2V || <#-DirectFET
a 2 lour =20A || =80 =e=LGA
9 15 Fs =1MHz £
o § 75
3 1. =
o W70
0.5 18%
82% 65
0 : : : : 0.5 1 1.5 2 2.5 3 3.5
SO-8 LFPAK  DirectFET LGA Switching Frequency (MHz)
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% Converter Parasitics
55 Power Loss vs Parasitic Inductance
L 5.25
5 /
%’,4.75
SR Cout == §:2': LL-OO-D./',J
o 4 S =
2 375 f
1 0. 3.5
Ls: Common Source | *%
Inductance ? O parasitic Inductance (nH)

V=12V, Vour=1.2 V,
f,,=1 MHz, lo,r= 20 A

L, o0p: High Frequency
Power Loop Inductance
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P“;JTf EPC8XXX Package
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EFFICIENT POWER CONVERSION |

Low Parasitic Layout

Top Layer

Vias to next layer
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Low Parasitic Layout

First Inner Layer

EPC - The Leader in eGaN® FETs PELS 2014 m



pels EPC8000 Series
K Improvements

* Reduce active area for lower power / higher

frequency operation
* Minimize Hard Switching Figure of Merit
 Complete dv/dt turn-on immunity
« Separate gate and power loops
 Minimize power loop inductance

* Minimize gate loop inductance

EPC - The Leader in eGaN® FETs PELS 2014 WWWw.epc-Co.com



Experimental Results
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ET Prototype Board
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IE 20 Vgys, 10 MHz, 4 A Switching

File Vertical Timebase Trngger Display Cursors Measure Math  Analysis  Utilities Help

No measureable overshoot

Measure P1:duty(C2) P2:frealC3) P3:nse(C3) P4:fall(C3) P5:- - - PE:- - - P7:--- P8:- - -
value - 495 ps 393 ps
status i o v

10 ns/div and 5 V/div,1 GHz 100:1,1 pF TM probe

LeCroy 6/28/2013 1:46:28 PM
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I% Near 90% @ >4:1 step down ratio

EFFICIENT POWER CONVERSION

959 15 V,y to 3.3 V¢ 10 MHz 15
93% <
91% > y. 1
89% /
/ —
_ 87% / — 08 =
(& ] o / L \ &
'S 83% . 06 T
S g Q
w 81% pad >
(@]
79% = < 04 &
75% +——f~T—— 0.2
0 -
3% EPC8007
71% | 0
0 1 2 3 4 5 6 7
Output Power (W)
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e Vertical Timebase Trigger Display Cursors Measure Math Analysis Utiliies Help

-------------------------------------------

dl/dt mterval

f Rlse tlme "'1 O ns | |

TotaI sw1tchmg time " 1 2 ns |
_4 _________________________________________________________________________________________________________
[
Measure F'1:dut\f(C2-:|x- P2:freq(C3) P3:nse(C3) .P4:faII(C3'| P3--- P&:--- PYV.--- P8:---
value - 1.005 ns -—
status : EY o EY

Ui 2 ns/div and 10 V/div, 1 GHz 100:1,1pF TM probe

LeCroy 712/2013 31551 PM

EPC - The Leader in eGaN® FETs PELS 2014 WWW.EpC-C0.com m




P55 42V, 20 Voyr, 10 MHz

EFFICIENT POWER CONVERSION

90% 5

85% 4
80% 3 =
Z 2
9 2
= -~
5 75% —p = — | — 2 5
—1 11T Gate driver and Magnetics 5

70% = 1

Additional losses
EPC8005
65% ! ! 0
0 4 3 12 16 20 24 28 32 36 40
Output power (W)
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Current Limitations
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pf?f Parasitic Losses

Reverse
recovery

Switch-node
rising edge
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No-load Switching

EFFICIENT POWER CONVERSION

10 MHz switching, no load, large dead-time |10 V/div, 100 mA/div, 10 ns/div

Expected commutation based on
_ eGaN FET Cygg,

0\)«6\ m& : \:
T _;\_\G\Q" _____ '_______ - __/_..7._: P e i N

Initially slow /
I

rising edge / \ ~ \ L//

/
N \ 4
" WJ’_,_.__.:« Actual voltage commutation

slopes are different, even
though currentls are th§ same

Rise(? }: 13.6ns HFalliZy: 7.1ns HFreq(? }'No edges Max(? ) 42 8V
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Loss Breakdown

EFFICIENT POWER CONVERSION

10 MHz switching, no load, large dead-time 10 V/div,[100 mA/div, 10 ns/div
(é{‘i‘m |
oW M\bﬁa- .
----@cgﬁff’- -------- S .Switch-node voltage |||
AR / -«\ \
& \ N L//
,v/j.:: Vi
Tb- ,.-'/'/’ ~:: \
R ’ I,
2 ettt }\ \ oty ey
Actual commutation based on total
Bootstrap Qgg Coss — including IC capacitance
Rise(? ). 13.6ns FalliZ). /.1ns B0l 1IND eades V1dX
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PELS 2014
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P55 42V, 20 Vor, 10 MHz

EFFICIENT POWER CONVERSION

90%, 5
85%, 4
0% 3‘_‘
g =3
Q §
U | L....,.....,_‘
| _I
| ) :;‘:——____H\/-—-———-__.__ (0SS 2 E
I ‘ g
1 — | Gate driver and Magnetics :
/L//%
709/ l I Switching | 1
Cogs Gate Driver
Qg Bootstrap diode
65% r r | i i i i | [ 0
0 4 3 12 16 20 24 » . : |
Output power (W)
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eGaN FET Limited Efficiency

P

95% - - | | . .

90% -

85% -

80% -

R
| and Qoo™ ;
75% - 4 i ‘ . y grvel | ” |

0% -

Efficiency

J
'\
65% - = ' '
0 5 10 15 20 25 30 35 40
Output power (W)

W

N
Power Loss (W)
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p‘f Summary

* New devices enable higher switching frequencies
« Switching 42 V, 40 W at 10 MHz at 89% possible.

 Driver parasitics limit performance — light load losses

can be cut in half, and full load losses can be reduced

by 25%
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Thank you!

Questions?

EPC - The Leader in eGaN® FETs PELS 2014 WWWw.epc-Co.com
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The end of the road
for silicon.....

is the beginning of
the eGaN FET

Jjourney!



