High Side Signal Ground

+
VDD
PWM | CZI El —_— Vs
Generator - DT T + D Ts T
S 5
CIA}
— [ 1 [ Vot =

DT, T, -

—_ B

* Gate driver chip must implement v, waveforms
* Issue: source of Q, is not grounded
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Generating Floating Supply

v,
/% S
.
DT, T
Vddz
— Vi |29 ISSS— t _I_/{J_Iz ______
tVDD
v, DT, L
: ] ______________ —
DT, T

* |solated supplies sometimes used; Isolated DC-DC, batteries
* Bootstrap concept: capacitor can be charged when V, is low, then switched
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UCC27211a Internal Diagram
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Cascaded Bootstrapping

V2 ~S%

"|,|'"|

L C“I.‘l Cl'l:\.".'

il
L
3
L

Al

Z.Ye, Y. Lei, W. -C. Liu, P. S. Shenoy and R. . Pilawa-Podgurski, "Improved Bootstrap Methods for Powering Floating Gate Drivers of Flying Capacitor Multilevel

~ Cl'l_l,'

THE UNIVERSITY OF

TENNESSEE

Converters and Hybrid Switched-Capacitor Converters," in IEEE Transactions on Power Electronics, June 2020, doi: 10.1109/TPEL.2019.2951116.
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« v Easiest high-side application the MOSFEF and can

- be driven directly by the PWM controller or by a
Direct Drive Controler oy k_E}M grounq referenced driver, but it must meet two
~—— Sot | ) 0 conditions, as follows:
1 c‘ \E Vee <Ves s and Ve <Viee =V Miller
: o q-:LiH ' /“ﬁi% T IC'L;I Cost impact of isolated supply is significant. Opto-
ggf;'g%ivsewply e T 1‘5‘4;' . 0 coupler tends to be relatively expensive, limited in

bandwidth, and noise sensitive.

Transformer Gives full gate control for an indefinite period of time,
Coupled Drive but is somewhat limited in switching performance.
This can be improved with added complexity.

———————

= NN The turn-on times tend to be long for switching
Charge Pump conter ., Il t applications. Inefficiencies in the voltage
Drive ) P ! multiplication circuit may require more than low

- o 1w | stages of pumping.
|
S Simple and inexpensive with limitations; such as,

the duty cycle and on-time are both constrained by
the need to refresh the bootstrap capacitor.

L =

Bootstrap Drive

——— 1 u;u——g Requires level shift, with the associated difficulties.
mg = o V. IVERSITY OF
~ NESSEE [p ol
= Fairchild Semi App Note AN-6076 LON@REVIILILE

O—¢g



Half Bridge Loop Inductance

Parasitic inductances of input loop explicitly shown: Even better: minimize area of the high frequency loop, thereby
minimizing its inductance

loop: B fields nearly cancel

i Toprep

. L)
! IM&%

T

high frequency currents are shunted through capacitor instead of input
source
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Bridge Layout




Effect of Loop Inductance

|

M” :!E 30% (jvershoot

! l g |
L,,,=1.6nH L, ..=0.4nH
Ioop; V{\W | loop
| ovion 001 lu:m - meEm s y 50680 n:-rpul T Y ::: 5868 .Tl

3V/Div

Auto Septembes 38, 3012 3

5854

D Reusch, “Optimizing PCB Layout”

Efficiency (%)
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Output Current (lovr)

e 2N FET
- 74 ><< | === MOSFET |
~_ L]
L =
/ I/ NG N > o.i’ﬁil
I-Lon =
| // A N N )’ LOVTH
é P T \ Lol
’ - N\ Loop =
( ’ S 1 GnFI
40V MOSFET .
77 Liggp=3nH * ‘
x4 Lioop= ]
; 2.9:{H
4 6 8 10 12 14 16 18 20 2 24
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Half Bridge Layout: Another Example

EPC eGaN FET

Lateral Vertical “Optimal”

——
7 /7:’!:,‘«

I
— 71y oo Z Z Pe

D. Reusch & J Strydom, “Understanding the Effect of PCB Layout on Circuit Performance in a High-Frequency Gallium-Nitride- THE UNIVERSITY OF
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Layout Impact Measurements

4 100 -
a9 | LateralPower _* | , = % La‘eg:‘.’we'.- "
B -— } | . .
g 3.7 :"“ L -~ 8 8 .
2 36 r/ £ e |
Sas 2 Vertical Power 5 60 Vertifal Power
§ 34 - 0op 3 so | | s s
3 33 S 20 . |
* 32 (_ " optimal Power = v, /Optimal Power
31 P—"ryeep T S¥ 1Y Loop
3 20 .
02 04 06 08 1 12 14 16 18 2 02 04 06 08 1 12 14 16 18 2
High Frequency Loop Inductance (Loop) N 3 High Frequency Loop Inductance (Los) 1 H

* Smallest Loop Area results in
— Smaller overvoltage
— Lower switching loss

D. Reusch & J Strydom, “Understanding the Effect of PCB Layout on Circuit Performance in a High-Frequency Gallium-Nitride- THE UNIVERSITY OF
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Sinusoidal Analysis {Ch 19)-
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Sinusoidal Analysis: Comments

* Generally most accurate when operating near resonance with a
high O

* Effective quality factor Q, depends not only on resonant tank, but
also on loading

* Analysis neglects switching intervals; can only predict where ZVS
cannot be obtained

1.0
05 a dale Pone avalyes
E/ = exactM, Qs MMMI won,
g 06 . / . o )’Q'M’ a2 ? "Vr A ¢
> : -7 & exact M, Q=10
II| 04 - g N7+~ -~ approx M, Q=10
El : T e = & exactM, Q=0.5
'.p"." O approx M, Q=0.5
0.2
—
0.0 T T
0.5 0.6 0.7 0.8 0.9 1.0

Fig. 2.14. Comparison of exact and approximate series resonant converter
characteristics, below resonance. -
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AC Link Waveforms

>g i p is gut
¥ 1 i +
Vgc—j _l H Vo é —|— Vs % -
—— kN ——
Do Ac u)owt'-uvvv-f DC
AveraR ,J,.JA;}(AWNU\’*' Nonmon it A"M(

N O = -{o\\/ac,km\ s g =
O e IAVAVA




