Announcements

* Office Hours:
— Shortened office hours today: 1:30-2:20
— Earlier office hours tomorrow: 8:30-9:30

Switching Nonidealities
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Application Example: EV LV Bus
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EV Networks
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System to Design
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Baseline Design

Use Tl WebBench (webench.ti.com) to get a baseline design
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Equivalent Circuit Model
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Device Parameters
Diode MOSFET Inductor

0o
m Inductance  DCR® — SRF
#10% _(mOhms)
w0 Part number' {uH) nom  max )
SERPISL-152KL 15 150 165 60
bl SER2015H-222KL. 2.2 188 205 40
" SER2015L-222KL 22 150 165 50

SER2918H-332KL 3.3 260 286 40
SER2015H-332KL 3.3 188 205 a0
SER2015L-332KL 33 150 168 40
SER2918H-472KL 4.7 260 2.86 a0
SERZI1GH-4T2ZKL 4.7 188 205 25
SER2915L-472KL 4.7 1.50 165 30
SEAZ91BH-GBZKL 68 260 286 25
SEA2915H-GB2KL 68 188 205 20
SER2915L-682KL 6.8 1.50 1.65 25

Respory (M2

i, NETANTAREOUS FORWARD CURRENT (AMPE;

SER2918H-103KL 10 280 286 20

Ty 178 —7} SERZD1SH-103KL 10 186 205 15

" y SERPDIEL-103KL 10 150 165 20
ar / 4 T T T T SEF2918H-153KL 15 260 286 16
o5 ri SERZI1SH-153KL 15 186 205 12
Fi SER2I15L-153KL 15 150 165 15

03 ° SER2018H-223KL 22 280 286 15
,.' ] a0 80 120 160 200 SER2915H-223KL 22 186 205 10

ue JiNiN| Ip 18] SER2015L-223KL 22 150 165 10
;" ,; SER2818H-333KL 33 260 286 10

- SER201SH-333KL 33 186 205 8
@2 03 04 o4 OF OF 0 &3 16 10 L2 SER2OMSL-333KL 93 150 165 7

v, INSTANTANEDUS VOLTAGE (V)

Figure 1. Typical Forward Voltage
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LTSpice Simulation

L1 o
g 5 out
L JMUR4E0
Vi
= c1
Mz
Iy Il-o = !
Va} il My €} ™ Rout]
R
X3 BS5C100NO6LS3
d -2

L lC., S ln(sim)

22uH 22uF 202k  93.9%

THE UNIVERSITY OF

TENNESSEE |8 §

KNOXVILLE




94
74

14
14
-3

LTSpice Simulation

1D1) 1d[M1)+id[M2]

Visw] Y(oul) IIL1)

50V
10v+
30v
20v
104

5.44

[-4.34

E

3.2A

THE UNIVERSITY OF

TENNESSEE [g g

KNOXVILLE

Switching Transition

Y[sw) I[D1) 1d{M1)+id[M2)
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Diode Switching Waveforms
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Power Diodes
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Forward Biased Diode
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Diode Stored Charge

5
The diode equation: i o)
N A\
q(t) = Qu(em.-} - l)
] - b
Charge control equation: | P I8 1 ° oy
@
m =i(t) - @ ©] o © [
dt T +—> O © 4
L] ]
With: — —

Total stored minority charge g

h=1/(26 mV) at 300 K
T, = minority carrier lifetime

(above equations don't i) = q(1) — % e _ 1) =1 (e _ 1
include current that @ T, T ( ) 0 ( )
charges depletion region

capacitance)

Fundamentals of Power Electronics 33 Chapter 4: Switch realization

In equilibrium: dg/dr = 0, and hence
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Diode Turn-On
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Diode Turn-Off
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Diode Reverse Recovery
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Datasheet RR Characteristics

450 T T 70 y y
| Vp=2300V =390\
400 1= 7l q25°C — — = Pif L %;gsccc___-_
L T,=25°C

350 ] v == = | |

300 v .4 50 = —I=30A
—~ 4 -~
Q 250 r a =154 SIS o
e 200—IF=30A"_"““'--—-/$’ = B
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dig/dt (A/ps) dig/dt (Alus)
Fig. 10 - Typical Stored Charge vs. dlg/dt Fig. 9 - Typical Reverse Recovery Time vs. dlg/dt
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Types of Power Diodes

Standard recovery

Intended for converter applications
Schottky diode

A majority carrier device

Essentially no recovered charge

depletion region capacitance

Fundamentals of Power Electronics 41

Reverse recovery time not specified, intended for 50/60Hz

Fast recovery and ultra-fast recovery
Reverse recovery time and recovered charge specified

Model with equilibrium i-v characteristic, in parallel with

Restricted to low voltage (few devices can block 100V or more)

Chapter 4: Switch realization
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Paralleling Diodes

Attempts to parallel diodes, and share the
current so that i, = i, = i/2, generally don't
work.

Reason: thermal instability caused by
temperature dependence of the diode
equation.

Increased temperature leads to increased
current, or reduced voltage.

One diode will hog the current.

To get the diodes to share the current, heroic
measures are required:

+ Select matched devices
+ Package on common thermal substrate

Fundamentals of Power Electronics 43

+ Build external circuitry that forces the currents to balance

Chapter 4: Switch realization
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