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HF Magnetics (Prof. Perreault, MIT)
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Faster = Smaller, Cheaper (65 W transformers)
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HF Control

* Topology change from hard-switch to soft-switch
* E.g. CCM PFC to CrCM, from QR Flyback to Active Clamp Flyback (ACF)

* HF Controllers ... with more, faster to come

* PWM:
« NCP1252 (500kHz), NCP1565 (1.5MHz)
+ UCC28C44 (1MHz), UCC25705 (4MHz)
* DSP
« UCD3138 (2MHz)
* dsPIC33xx (5MHz)
* ADP1055 (1MHz)

* ACF
* Sampling
e Totem-Pole
* ASIC?
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L6592 (1MHz)
NCP1608 (500kHz+), NCP1615 (500kHz+)
UCC28056 (500kHz+)

FAN7688 (500kHz) (+SR)
ICE2HS01G (1MHz)
NCP1399 (300kHz)
TEA1995 (500kHz, +SR)
UCC25630 (500kHz+)

NCP4305 (500kHz+)
UCC24612 (500kHz+)
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HF Switch: GaN to 40 MHz (Prof. Rivas, Stanford University, 2015)

Power Loss Breakdown (Active Components)
C CIass Phi-2, DC-AC converter |

25 S;
50% less loss than RF Si o | I
* 16x smaller package _ 300W
* Air-core inductors %15 __
 Minimal FET loss 8
* Negligible gate drive loss g 10
Q
a 5 | G
; " UL Total FET Loss Gate Drive Loss
oF gi . \
:—H:Vds::: E
= i | Cr i
: M174 A o
RF Si (ARF521) 500 29%22 oY 27.12 91% 150
: 27.12 96% 150
Navitas 650 QFN >
eMode GaN 5x6

40.00 93% 115
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HF Drive: Eliminate Gate-Loop Impedance

5.0
External drivers a5
e Externalldiriver, ho[Rg
e Just 1-2 nH of gate loop inductance can 4.0 ExtemaliEkiver+10
. : Externaldiriver+2Q
cause unintended turn-on 3% Co
Gate resistors reduce spikes but create v 3.0 | =lntegratedikiverhoRg
additional losses S s
G
(-
. . o 20
Integrated GaN drivers (vavitas) £ .
S .
* Eliminate the problem =
* Negligible turn-off losses 0.5
 Removes unintended turn-on due to no —— - . .
. 4 5 7
high dV/dt Load Current (A)
Discrete FET and drive, no R = out of control Dlscrete FET and drive, with R = slow, lossy Integrated FET and drive, no R = fast, efficient
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HF Drive: Fast & Clean Hard Switching (Navitas)

VIN
Clean HV hard switching

IC prevents noise
coupling into gate L, 4
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Everywhereyoulook”
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Monollth/c D f4'(1oo \R/‘/\Iclj\liv)
Integration V_EIJ_D

PWM @— _»I HV power FET

—
™
L,s i 50 ns/div
e Zero gate-loop inductance L
Prop delay 10-20 ns

eliminates turn-off loss
VRIS
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1 MHZ, 25 W ACF in 5W Size (Prof. Lee, Virginia Tech)

* Single-stage
EMI

e Level-shifter

e 2xsingle
Navitas
GaN Power ICs

* Planar
transformer

* DSP (for
prototype)
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150 VV, 1 MHz Totem-Pole + LLC (Prof. Lee, Virginia Tech)

State-of-the-art Si (2016) 100 kHz 12 W/in3 1 MHz GaN 35 W/in3
© o6] % g par't1l6
Totem-Pole: . gg’sﬂ[” E” ] :I;—'
2 x Navitas GaN | s LLC
Power ICs = 00
3 LLC Primary
5 % Si FETs EiO 2 x Navitas

GaN Power ICs
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Commercial Needs

* Legal “efficiency” needs

* European CoC Tier 2
* DoE Level VI

* Market demand
* Smaller, lighter
* USB Type C connectivity
* USB Power Delivery
* Quick charge

* Cost...
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Qualcomm
Quick Charge 4.0
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65W USB-PD Active Clamp Flyback (Navitas)

* Input : Universal AC (85-265V,., 47-63Hz)
GaN e Qutput : USB-PD (5-20V) (65W)
rowerlCs * Primary : GaN Power ICs
S * Frequency : ~300 kHz
i e Size : 38 x46 x 15.5 mm = 27 cc uncased
43 x 51 x 20.5 mm =45 cc with 2.5 mm case
* Power Density : 2.4 W/cc (39 W/in3) uncased

1.5 W/cc (24 W/in3) cased

* Efficiency : 94.5% peak at 115 V,, 93.4% at 90 V.
All DoE Level VI, Euro CoC Tier 2
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Wireless Charging: Improving Overall Efficiency

e eMode GaN vs Si

* 10x lower Qgp, zero t,,

Multi-stage ~69% (AC to load)

—1 AC/DC DC/DC Power |
| Adapter |19v| Pre-Stage Amplifier | izvs(a)

| (88%) (94%) (93%) | T |
o T — E @ L -
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Coil (92% :
X : 3 Rectifier DC :
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Single-stage 83% (AC to load) $05
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Phase-shifted full-bridge “AC-RF” converter
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50 W AC-RF 6.78 MHz (intel, Navitas)

60 Hz AC Input

Vo: 20 V/div lo: 46

el 50 ns
Vb

Differential
6.78 MHz RF Output

Efficiency from AC to Transmitter Coil

Z 95%
c

2 90%
85%
80%
75%
70%
65%

Eff

20 30 40 50 60
Output Power (W)

50W Macbook Pro: Complete AC-load = 83%
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LiDAR (“Light + RADAR”) = Auto ‘Eyes’ (EPC)
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* Low switch speed (capacitive, inductive) delays and lengthens laser pulse
* CleanV, | pulses needed to discern reflected waveforms
* GaN 7x faster than Si : Higher |, = longer range, improved safety
* GaN 1.5x higher lga¢ : Reduced jitter, shorter cap recharge, shorter pulse (more, better data) 2 more resolution
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High-Frequency Eco-System
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