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Overview

This document provides design information for Smart Gate Driver Coupler operation.

This document is for reference only and should not be used as
the basis for final device design.
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1. Introduction

TLP5214A/TLP5214/TLP5212/TLP5222 are smart gate driver (hereinafter SGD) couplers with a
VCE(sat) detecting function, miller clamping function, FAULT outputting function in addition to a
general-purpose gate driver coupler to protect IGBT from overcurrent generated in the inverter
applications, etc.

To accommodate multi-functionality, 16-pin SO16L package is used for these products.

In this document, the functional outline of TLP5214A/TLP5214/TLP5212/TLP5222 will be
explained.

Table 1-1 General-purpose / SGD coupler comparison

General-purpose

gate driver coupler el T =
Model TLP5702, TLP5754, etc. | TLP5214A/TLP5214/TLP5212/TLP5222
Package/Internal 506L S016L

circuit diagram

Pin count Gpin 16pin
Direct driving of
the IGBT gate V
UVLO function V4

Veesary detecting
function

Active miller clamp =

FAULT outputting -
function

NNKISK

TLP5214A/TLP5214/TLP5212/TLP5222 is designed for a wide range of applications, from inverter
circuits used in industrial equipment (such as general-purpose inverters and power conditioners in
solar power systems) to UPS and residential equipment such as home battery storage systems.

©2021-2022 5 2022-4-21
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2. SGD coupler products comparison

Table 2-1 illustrates some of the key differences among Toshiba SGD couplers.

Table 2-1 Products comparison

Item Symbol TLP5214A | TLP5214 TLP5212 TLP5222 Units
Operating temperature range Topr -40to 110 | -40to 110 | -40to 110 -40 to 110 C
Peak output current (max) Topr / TopL +4.0 +4.0 +2.5 +2.5 A
Supply current (max) Icco 3.8 3.5 5 5 mA
Supply voltage Veea-VEe 15to 30 15to 30 15to 30 15to 30 \Y,
Threshold input current (max) Irn 6 6 6 6 mA
DESAT threshold (typ.) VpEsaT 6.5 6.5 6.6 6.6 \
Blanking capacitor Iche -0.24 -0.24 -0.26 -0.26 mA
charging current (typ.)
Clamp pin threshold voltage Viclamp 2.5 3.0 2.3 2.3 \Y,
(typ.)
Propagation delay (max) MN® |t 1 / tone 150 150 250 250 ns
Propagation delay skew [Note 1] tosk +80 +80 +150 +150 ns
DESAT sense to 90% delay | toesat(sow) 500 500 500 500 ns
(max) [Note 1]
DESAT sense to 10% delay | toesat(io%) 8.5 5 3 3 Hs
(max) [Note 1]
DESAT leading edge blanking | tpesat(Les) 1.1 - 1.27 1.4 Hs
time (typ.) tNoe 1]
DESAT sense to low level fault | toesat(rauLt) 550 500 500 500 ns
signal delay (max) [Note 1] Cr=open
DESAT trailing edge time | toesatLow) 200 200 172 167 ns
(typ) [Note 1]
DESAT input mute toesaT(MUTE) 7 to - 7 to - 5to - 15 to 40 Ms
(min to max) [Note 1.2]
Reset to high level fault signal | treset(rauLt) 0.2to 2 0.2to 2 0.1to 2.5 - 1S
delay [Note 1]
Protection features - UVLO, Vcgsa) detection, Active miller clamp, Fault output -
Fault status resettNote 3] - LED trigger Automatic -

Refer to the data sheet of each product for details of each characteristic.
[Note 1] Measurement conditions are as follows.
TLP5214A/TLP5214: C4=25nF, Ry=10Q
TLP5212/TLP5222: C4=10nF, Rg=10Q
[Note 2] The tpesarmutey has different definition in TLP5214A/TLP5214/TLP5212 and TLP5222. See Table 3-1 in Chapter 3.
[Note 3] See Chapter 3 for more details.

The shutdown time for the TLP5214A/TLP5212/TLP5222 is slightly longer due to the DESAT
leading edge blanking time, to prevent false detection during power device startup.
The TLP5214 has no DESAT leading edge blanking time. It is designed for rapid switching MOSFET

and other devices with instantaneous protection functionality.

2022-4-21
Rev.2.0
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3. Protection features

® UVLO function
UVLO (under voltage lock-out) function prevents gate driver couplers' accidental output while
the power supply for them (VCC2) shows under the threshold voltage.
Gate driver couplers keep their output low-level during the period while the VCC2 have not yet
attained the UVLO threshold voltage, which is mainly for when turning on the power supply.
Similarly, gate driver couplers' output shuts down to prevent accidental output in the event that
the VCC2 drops below the UVLO detection voltage. UVLO resets when the VCC2 rises back up
above the UVLO threshold voltage.

® V(g(sat) detection

The Vcg(sat) detection feature monitors the saturation level of the collector — emitter voltage Vce
of the driver element (such as IGBT) from the DESAT terminal, and shuts down operation when
overcurrent is detected. Normally, Vce is below the saturation voltage Vcesat) (2 V approx.) when
the IGBT is on. In the event of overcurrent causing non-saturation, if Vcgsat) increases beyond
the set threshold a fault is declared and Vour gradually shuts down.

® Active miller clamp
The active miller clamp feature acts to minimize the increase in electrical potential associated
with miller capacitance between the gate and collector of the IGBT or other component by
bypassing gate resistance (or equivalent) and allowing direct connection to Vee.

® Fault output system
This feature is to output a fault signal to notify the primary side (the controller side) of a fault
detected by the Vcgsar) detection feature. Normally, when IGBT is ON, Vcggat) is about 2V. In
the event of overcurrent, Vceesat) increasing causes the DESAT - VE pin-to-pin voltage (Vpesat)
exceeds the threshold of 6.5 V (Typ.), and the following two-stage overcurrent protection
sequence, as depicted in Figure 3.1, will be carried out by the SGD couplers.
@ Soft shutdown of Vout (gradual transition to OFF status) to prevent IGBT breakdown due to

the overcurrent;

@ Fault signal transfer to controller.
While most driver couplers take several microseconds to generate the fault signal to the
controller and shut down LED signal/coupler output, the TLP5214A/TLP5214/TLP5212/TLP5222
are able to initiate the Vout shutdown in less than 500 ns, and are therefore suitable for rapid-
acting safety circuits.

© 2021-2022 7 2022-4-21
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SGD coupler

Veca o | @Vour shuts down

Anode

LED
signal Cathode

Monitoring the collector voltage

through the DESAT pin

T VIV o
DESAT _— DESAT| P
‘ Coiank Veg(sat)

TR R,

W)
[ : |t} |ﬁ}t}
@At VpgsaT = 6.5V, OFF

the LED turns on, and the Tr.

R £ .
>

O
N

of the fault output turns on.

Figure 3-1 Overcurrent protection sequence

® Fault status reset
Once the protection operation is triggered, the LED signal is not received by SGD couplers for a

preset period. This period is denoted tpesat(muTe). There are two types of resetting methods for
Fault signal during protection operation.

@ LED trigger: The New LED signal, arising after tpesat(muTE), initiates reset procedure.
TLP5214A/TLP5214/TLP5212 are applicable.

The timing chart of Protection and fault signal reset are shown in Table 3-1

Table 3-1 Protection and Fault signal reset procedure timing chart

Reset type Protection and reset procedure timing chart
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For the LED trigger reset type, resetting Fault signal is linked with LED signal. Therefore, a
command from the controller is required. On the other hand, for the automatic reset type, Fault
signal is automatically reset over time, which simplifies the sequencing setting in the controller.

© 2021-2022 9 2022-4-21
Toshiba Electronic Devices & Storage Corporation Rev.2.0



TOSHIBA

Application Note

4. Application design

4.1. Parameters

Parameters for SGD coupler applications are given below.

1. Gate resistance

From the gate drivers point of view, gate resistance should not cause the Iop value of the gate
drivers greater than the maximum rating. On the other hand, from the power device (IGBT or
MOSFET) point of view, gate resistance should also be taken into consideration since this has a
bearing on turn-on and turn-off times.

2. Blanking time

The product switches on in the presence of power and an input signal, and gate drive current
is output from Vour. The DESAT function also operates at this time. For power devices with a
longer turn-on time, the DESAT function might detect the collector-emitter voltage level Vce
and switch to shutdown mode before Vce finishes to become the saturation voltage Vcgsat).

The timing of the voltage detection sequence can be adjusted using a blanking capacitor or

peripheral circuit.

3. Short-circuit monitoring

The DESAT terminal is monitored constantly to detect power device faults such as short
circuits. If the voltage exceeds the standard threshold value of 6.5 V, the product is switched to
shutdown mode. The DESAT diode can be augmented with a Zener diode or SBD to further
reduce the short-circuit threshold voltage for the power device.

4. Primary fault signal pull-up resistance

The open collector feedback circuit output is connected to a pull-up resistor. Recovery time
after a fault is governed by the resistance value of the pull-up resistor, and should be tailored to
the system requirements and input power.

5. Preventing malfunction
After all settings have been entered, it may be necessary to insert additional components to

prevent malfunction.

© 2021-2022 10 2022-4-21
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4.2. Blanking time settings and adjustment method
4.2.1. Blanking time

Figure 4-1 shows a typical applied circuit with IGBT drive, while Figure 4-2 shows the timing chart
for the switching sequence. When the LED input current Ir switches from off to on, the increase in
voltage at the output terminal Vour causes the external IGBT to turn on. At the same time, the
blanking capacitance charging current Icxg is output from the DESAT terminal for the purpose of
monitoring the collector-emitter voltage Vce for the external IGBT, and the voltage at the DESAT
terminal begins rising. TLP5214A/TLP5212/TLP5222 have a tpesat(Les) time designed to prevent
malfunction associated with DESAT terminal rise.

When the IGBT switches on normally, the DESAT protection circuit needs to be disabled until Vce
reaches Vwacer), the short-circuit threshold voltage for the IGBT; otherwise a malfunction will occur.
Figure 4-2 illustrates the time from the Ir rise until the DESAT voltage reaches the standard threshold
of 6.5V, known as the blanking time (tsLank). The blanking time depends on the value of the capacitor
(CeLank) between the DESAT and Ve terminals.

Normally, teLank should be longer than the time tw, required for Vce to reach Vinaeer) but shorter
than the IGBT short-circuit tolerance interval tsc.

e
Ir
- Charge I-q¢ to CgLank and adjust VGE ;
DESAT terminal voltage rise time ' t
1 th
[F Veez H HI
- TE1 Ver :
U *j; wout ICHG i -
- e AY) .
2 | LEDsignal | DESAT » th(IGBT) i
£ | .I’—l—cs ANK ._/
< Ve - |
" | ) | |
g SHIELD . @ 1 _L wv/ ’\|\ 5 Ve VDESATKG'SV_ : :
S L | T Yo “:[ T ///\"EE' DESAT termingl | 'emm= "'..i | Ve +(Rogerttlons) +Vegmn
[ ; voltage L |
T X Ve / - - V
o | j _lli External — :C BT Ve -
L ” Vie | IGBT (including Di and & N

rrent Overcurrent
circuit  protection circuit
d time enabled time

Mote: Previcus TLP5214 model does not have tDESAT (LEB)

Figure 4-1 Diagram during Cgrank charging Figure 4-2 Timing chart for LED off
- on sequence
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4.2.2. Calculating the blanking time

teLank is expressed in terms of Cgiank, VpesaT, IcHc and tpesat(Ler) as follows:

Ic

CBLANK

=

I
teLank = CaLank X VpesaT/ IcHg + tDESAT(LEB) y
CE
for example, set Vpesat, IcHe, toesat(Les) as standard value for TLP5214A ‘
VpesaT = 6.5V Voeosr = 6.5V |
DESAT terminal |
ICHG = 240 UA voltage e

toesaT(LeB) = 1.1 ps

When CgLank is 200 pF, tgLank is expressed as follows:
teLank = 200 x 10712F x 6.5V /(240 x 10°) A +1.1 ps

Overcurrent
protection circuit
., enabled time

T 1

|
1
Smaller |
1

otection circuit
disabled time
Larger

= 6.5 us

The Cgpank value can be used to
madify the length of the period
during which overcurrent
protection is disabled. This must
be no longer than the power
device short-circuit tolerance
interval.

Figure 4-3 shows the relationship between Cplank and tprank. As

Figure 4-4 shows, a higher CgLank value lengthens the delay time until
overcurrent protection is enabled by altering the gradient of the
voltage rise of the DESAT terminal. Note that in real-world applications, tsiank is
other factors such as the parasitic capacitance of connected diode(s).

Figure 4-

3 teLANK VS. time

also influenced by

The CgLank value can be used to adjust the teiank period to prevent malfunction associated with

overcurrent. Note that this period is shorter than the power device short circuit tolerance interval.

",

vy

teLank - Carank
30
25 "
~ —
2 20 ~
% 15 / In addition to CELAMNK capacitance,
4 10 —— the estimate should include the
=2 / capacitance of devices connected
5 [ on the DESAT line as well as stray
\ capacitance.
D . - ______.-—" T
0 200 400 600 ool 1000
Coiank(PF) ~

Figure 4-4 Blanking capacitance vs. blanking time

12
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Reference: Impact of CgLank Onh representative waveform
Figure 4-5 shows actual waveform observations at DESAT and Vout terminals when the TLP5214A
LED is on.

' T Ta=25C, T;=5mA, ' T = =5mA,
. | . , T;=5mA, | - Ta=25, L=5mA,
4 ) V=17V, VEE=-10V [_omA/dv_, g a=4.5H " V=17V, VEE=-10V
Tauan=2ps / e Ry=100, C,=25nF B e OB GRS
H? i DESAT _ Cyac=OnF L—’I D Vi Gaw=100nF
Lys s | oesaT
|13v/'cw\ _ l1ovay \\
\ Vour Qs ! S Vo 2s/div
— \'\_\“
TLP5214A Cgiank = 0 TLP5214A Cgank = 100pF

Figure 4-5 Voltage waveforms observed at DESAT terminal (CsLank = 0, Csank = 100 pF)

It can be seen that the CgLank Value has a direct impact on tgank. In real-world situations, we also
have to consider the capacitance of connected diodes on the DESAT line as well as stray capacitance
in the circuit, so these are incorporated into the design estimates. The example above assumes
substrate capacitance of approximately 25 pF. (The capacitance of the probe used for waveform
observation is also included.)

© 2021-2022 13 2022-4-21
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4.3. Blanking time vs. switching time

The switching time is the period from when the SGD coupler LED comes on to when the IGBT is

turned on (see Figure 4-6). It should be no greater than tsank, thus (using TLP5214A as an
example):

tpLH for TLP5214A + IGBT ton* = switching time < tgLank

* assuming tih = ton
where

tpLH = 150 ns (max) (from TLP5214A data sheet)

ton is calculated as follows:
ton = Qg (for IGBT) / Io (TLP5214A output current)

For the purpose of this example we assume Vge = 15V and Ip = 1.5 A for IGBT GT301341 switching.

Based on the Vce and Ve - Qs characteristics on the data sheet we have Qg = 130 nC (see Figure
4-7). Thus:

ton=130nC/1.5A=87ns

So the switching time is given by:
ton = 150 ns + 87 ns
= 237 ns < 6.5 ps (see page 12)
which can be confirmed that it is under teiank.

Switdcing time < ta e < ems
tow for TLPS52144
e - GT30J341 .
I A Common emitter
F [ ! - RL =100, Tg = 25°C
| e Pulse test <
b y 00 % =
TLPS214A0utput | | ke 15V y
voltage Vo N | - X g >
| ormal operation canno 300 12
TLP5214A output | be guarar?teed when 2 20 2
current Io == tBLANK is shorter than > i FE 3
Ve i |the IGBT switching time 2 200 | s 5
) ! = £ VCE =100V £
Vth(IGBT) __ \_\i ,/ .g g
2 s T ¢ 8
| VL o }
Vpesar=6.5V —?ﬁ.—e—? LE
\jj?;:; te’mir“e‘gl ‘0’. - CO 20 40 60 80 100 1Q0 14p 160 180 208|
Ve I — Total gate charge Qq (nC)
Figure 4-6 Switching time Figure 4-7 Vce - Qg curve for power device
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Reference: Timing sheet for fault event ON

Figure 4-8 shows waveforms at each terminal (If, Vo, Io, Vce and DESAT) during normal operation
and during a fault event.

After input Ir to the SGD couplers, Vo output drives the IGBT gate. If the IGBT switches normally,
the Vce voltage drops to the IGBT saturation voltage. The DESAT terminal voltage monitoring the
Vce terminal likewise drops down to the sum total of the saturation voltage and the DESAT diode V.

LED on during normal operation Fault (arm short)
[ i . . . e
tpLHl IGBT to. 1 H
A — P ' i
1 I 1
1 ] : ] &rProtection mode:
F E r ! | Vg and Ig shutdown |
b i 1 initiated
[/ — T I ' - ¥
VQ E / | @ Arm short 1 :\
H L] ]
i i 1 f
H | 1 !
IO i i : i @ Gradual shut-down
. " = e of IGBT voltage and ‘
: : 1 AWy

VCE

Viniicen) }H

VARRN

1
1
1
! current
1
1
1
1
1

1 - —
H |®Higher current causes increase in VCE:,,B::,|
i E @Higher Veg ..y, causes
' I voltage increase at
== M 1
Voesar=6.5V ' - DESAT terminal .
EDESAT terminal voltage in excess

: e
DESAT termina H 1 1 7
voltage 1 : e of threshold value (standard 6.5 V) is

;
Fry s ! HR ‘__’. deemed a short circuit and protection
o I teLani mode engages

Figure 4-8 Timing chart for normal operation and fault event (reference)

When an alarm short (or equivalent fault) @ occurs, depending on the nature of the fault, the
current Ic (denoted by blue line) increases, leading to overcurrent @. The increase in IGBT current
forces up the IGBT Vcgisat) @ as shown in Figure 4-10. The DESAT terminal voltage also rises
simultaneously @. When the DESAT terminal voltage exceeds the threshold value (6.5 V standard),
the SGD coupler is deemed to have shorted and protection mode engages ®&. The SGD coupler shuts
down Vo and Ip ® and also initiates a gradual shutdown to prevent any noise associated with the
abrupt change to off status @. The SGD coupler responsible for detecting the fault notifies the input
side by switching on an internal LED and forwarding the fault status.

Reference data
IGBT toff waveform Reference data
(Vec=300V , VGG=+15V/0V , Ic=15A) VCE(sat)'IC
Vv E Collector-emitter voltage rises
N GE AV S ~| together with IGBT collector
2| current
Loss ~
/\ /\ AJW\JM et ‘a — ==
, —
8 Overcurrent
>
...... RS R kwmmfmuﬂm Normal operating range
I. (A)

Figure 4-10 IGBT saturation voltage vs.

Figure 4-9 IGBT turn-off waveform collector current
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4.4, Setting the time using an external blanking circuit (Rg)

If we increase the Cglank Value to boost noise tolerance during switching, this lengthens the
charging time, raising the possibility that the protection feature may not engage during the tsc period.
Instead, we can use an external resistor as shown in Figure 4-11 to boost the CgLank charging current
and ensure that protection remains enabled. The external resistor Rg between the DESAT terminals
draws external current Ig from the output Vour which supplements Ichg.

Rg allows greater control over the Cgank charging current and therefore greater design flexibility
in regards to the blanking time.

SGD coupler

v, 5}
vV ag Li J‘ CBLANK
LED E T T

(@]
)
bl

0
I %ﬂ”&l—* }

oV —o

1

EEHQEIH

-

Figure 4-11 Suggested external blanking
The voltage applied to the blanking condenser is expressed as follows:
Vi = Vout- VE
= Rg x i(t) + /(Icre + i(t))dt / CaLank
i(t) = (VI/Re + Ichg) exp(- t/(CaLank X Rg)) - IcHe
Vpesat (t) = Vi-Rg X i(t)

=Vi-(Vi+ Rg X Ichg )exp (- t/ (Caiank X Rg)) + Rg X IcHg
Thus blanking time is given by:

teLank = -CpLank X Rp X log(1 - Vpesat/ (Vi+ Rg X IcHg))
For the TLP5214A/TLP5212/TLP5222, blanking time at DESAT rise is included so we add

tpesaT(LeB) to the above.
Given that Cgank = 300 pF, Rg = 30 k2, Vout =17V, VEg = -10 V and VE = 0 V, and from the

TLP5214A data sheet we know that Vpesat = 6.5V, Ichg = 0.24 mA and tpesat(Les) = 1.1 ps, we
have:

t=-300 x 10 'x 30 x 10" x log(1=6.5/ (17 + 30 x 10°x 240 x 10 )+ 1.1 x 10"
-9000 x 10" x log (1 - 6.5/ (17 +7.2)) + 1.1 x 10"

9 x 10" x log (0.7314) + 1.1 x 10"

2.815 x 10+ 1.1 x 10" which gives us tgiank = 3.9 L.
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4.4.1. Impact of Rg on Voytr waveform

Figure 4-12 shows waveform observations for the circuit shown in Figure 4-13, with and without

a 30 kQ Rg resistor, where Cgank= 125 pF (external 100 pF + test substrate capacitance of 25 pF),

Vcez = 17 V and VEg= -10 V.

|__SmA/div ; " a=25%, I,=5mA
Ui ani=4-5015 [ . Voe,=17V, VEE=-10V
i 5V/div R=109, C,=25nF
DESAT Caank=100nF, Rg=0Q
fan il
[10v/div AN
~Ygur 2us/div
S VO
No Rs
. - - Ta=25%, I;:=5mA,
AV tgawE25ps F Veea=17V, VEE=-10V
R,=10Q, C,=25nF
]SV/div DESAT  Coyanx=100nF,
Ry=30kQ
———— e l\ “““““““““““““““
10V/div .
[ \\ Vour 2us/div
--.\__'_‘__‘_
T
Rs =30 kQ

teLaNK is 4.5 ps without Rg and 2.2 ps with Rg.

Blanking time is shorter due to the current I

flowing through Rg.

Thus even using a Cpiank With high value, we
can set up tesLank within short-circuit tolerance

interval tsc by adjusting Rg.

Figure 4-12 Vour waveform with no Rg (top) and Rg = 30kQ (bottom)

w_/‘
\.;‘ )

FAULT

Az
T

HE M0

v !

CATHODE

A A

ANODE

ANODE

CATHODE

H 11

CeLank = 100 pF

1? & & ' -
II."! =N, i "llr SCOPE
1 e L
Vo [TE — -,T x
&l
DESAT T3] 4 4 -'|.I'I..I'I.r—p|—o
— DESAT
Vo E .-i
e b Rg = 30 kO
Ve T2} tF L B
¥
I""l'..g E & l" ':'
1067 = 17V WouT
v, D T1ov
e [

@

Note: Test substrate capacitance = 25 pF approx. (including SBD and Zener diode)

Figure 4-13 Test circuit with Rp
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4.4.2. Varying CgLank While keeping Rg constant

Figure 4-14 shows the impact of Cg ank when Rg is constant, using three values for Cg ank: 100
pF, 330 pF and 680 pF.

‘ i - ! _ Ta=25¢, Ii=5mA, — — Ta=25C, [:=5mA,
LA 7 S TeEsCLEimA, (L |snuii VeV VEE=IOV. | 5 | s | V=17V, VEE=-10V
I [ V=17V, VEE=-10V " R,=10Q, C;=25nF 4 X TUR=100, G20
R - R.=100, C,=250F DESHT / |sv,fcw ' Can=3300F Ry=30kQ | DEstT /| S Couan=680NF, Ry=30kQ
CBLANK=100nFI R5=30k9 .
“““““““““““““““““““ e
| |0V \ [mv,fcw ]IM
Var | ' L0psidy Vu |\ f 10us/div Vor \\  L0psdiv
N ' N -
CeLank=100pF CaLank=330pF CaLank=680pF

Figure 4-14 Impact of CgLank On waveform (Rg constant)

Figure 4-15 shows the test circuit. Waveforms were observed with Rg = 30 kQ (constant), Vce2 =
17 V and Vee = -10 V, and CgLank varying in the range 100 - 3,000 pF (substrate capacitance = 25

pF).

—E] v, v, = _T_ + ‘i SCOFE
13:F a [ %
E ) e [OE] ——* * ":::T
Bl Faur pESAT [13) N Ae—o
svee 4g v, V., [m sl
) L N _
-l-_- =] caTHoDE v, [ is - & %_: Rg =30kQ
*
L4
=] anooe Vour [T + 4 0
J%l:-ﬂ _I_].?‘v‘
L 71 anooe Voue [1014 %
[T catHoDE Ve [ Zr Tiov

Note: Test substrate capacitance = 25 pF approx. (including SBD and Zener diode)

Figure 4-15 Test circuit with Rg constant and CgLank varying

teLaNK is given by the following expression:

40
tatank = -Cerank X Rp x log(1l - Vpesat/(Vi + Re X 30 -
1]
IcHG) ) (see page 16) S
]

. . . 10 - — Calculated values
Figure 4-16 plots the calculated tg ank Vvalues against the ~ Observed values
observed values. ° 2000 4000

Carank (PF)
For CgLank Vvalues up to approximately 2,000 pF, the Figure 4-16 tg ank estimates vs.
calculated values are consistent with the observations. Note observed values

that larger capacitors can be limited by the IGBT short-
circuit tolerance interval, so it is important to consider the appropriate capacity for the capacitor.
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4.4.3. Varying Rg while keeping CgLank constant

Figure 4-17 shows the impact of Rg when CgLank iS constant.

Ta=25C; T:=5mA,— § Ta=25C, I:=5mA, —
VCC2=17VI VEE=-10V L | SmA/dW Vcc;=17v, VEE=-10V |
| Rg=1og,.cq:25n|=.... ............................................. - ....................... R.g:..LOQI.Cg:Z.SnE......

: Cou=330nF, DESAT ‘ T 5V/div ! Coanc=330nF,

T Re=1KQ ; Rg=30kQ2

<! e S R R
| \| L0y | | wlOV/d'v | |

Vour | - Syis/div Vor | - Syis/div

| | |
Ra=1kQ Re=30kQ

Figure 4-17 Impact of Rg on waveform (CsLank constant)

Figure 4-18 shows the test circuit. Waveforms were observed with external Cgiank = 330 pF

(excluding substrate capacitance), Vcco = 17 V and Vee = -10 V, and Rp varying in the range 330Q
to 30 k.

CELANK . 330pF

FAULT DESAT

H L H
EEERE
-t
0_H_u

f v
5V V, Vea +
: 1oF | : ‘- RB = 330
I-_ CATHODE Ve F T B ?,’ to 30kQ

= = |
5 v, 2 s QO
=] anooe il - _|_17V
L 1 7 anoDE Vouw 1014 {
N i L e

Note: Test substrate capacitance = 25 pF approx. (including SBD and Zener diode)

Figure 4-18 Test circuit with CgLank constant and Rg varying

Figure 4-19 plots the observed tg ank values

against the estimates calculated using the 7

expression on page 16. ~ ®

While a lower resistance value can be used to % ®]

keep tgiank short, during Vour output the ; 4/ |

higher current flowing to Rs boosts current o Z Opserved vaiuee.

consumption. OE) 10600 20600 30600 40600
Rs (Q)

Figure 4-19 tg ank estimates vs. observed

values (CgLank fixed)
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4.5. Modifying the IGBT short detection threshold voltage

The DESAT terminal monitors the voltage

during If input. If the terminal voltage Vpesar !
exceeds the standard threshold of 6.5 V, the Vo | /
DESAT circuit engages and the product goes into Vee i Ic

protection mode. Note that the real power device

Vce value monitored through the diode or resistor Vingeer) DESAT terminal

i New Vingeer, — voltage after turn-

may differ from the observed IGBT Vce value. : ggddsp%?dson Ve
: T 5 _

Figure 4-20 shows how to regulate variation in Vossur™6.3V 1 connected diodes

the short detection threshold voltage when a voltage

diode or equivalent is present. .
Figure 4-20 Modifying the short detection

Figure 4-21 shows how we can add multiple
threshold voltaae

DESAT diodes in order to either engage

protection at a lower voltage or reduce the short detection threshold voltage Vihaesr) in line with
the safe operating range of the IGBT are used. By reducing the voltage through Vr for multiple

devices, we can bring down VineeT) and set it as a new Vineer) value. This is method ©. The other
method @), using Zener diodes, offers a small degree of the adjustment.

Method ©: New Vinaeet) = VpoesaT = (N X VE + Rpesat X IcHg) Wwhere n is the number of diodes

Method @: New Vinaeet) = VbesaT = (VF + Vz + Rpesat X IcHg) where Vz is the Zener voltage

For example, with Method @, if we use three diodes with VF = 0.4 V at 240 pyA and
Rpesat = 100 Q, we get: New Vinaeer) = 6.5 - (3 X 0.4V + 100 Q x 240 pA) = 5.3V

SGD coupler
Vec2
_I_ Diode
configuration
A =
- 1000 | (D—eHIHM—
Voszar T W @
C! LAMNK
Ve R
M |
vy T
s
Vierams
Ve

Figure 4-21 Typical diode configuration

In normal operation, forward current flowing to the DESAT diode is used to monitor the IGBT Vce
voltage. In high-power applications, elements such as reverse recovery current may be generated
during switching and these can lead to false detection of DESAT voltage. An FRD with low parasitic
capacitance can be used to keep reverse recovery current to a minimum.
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4.6. Gate capacitance, gate resistance and propagation delay
Using TLP5214A as an example, figure 4-22 illustrates the relationships between propagation delay
tpLH / tpHL and Cg and between tp 1 / tone and Rg. The measuring circuit is shown in Figure 4-23 and

the waveform observation point in Figure 4-24. It can be seen that Cg and Rq have negligible impact
on the propagation delay.

tpLHl tpHL - Cg tpLHf tpHL B Rg
200 200
- 150 : ~— 150
2 toin b CoLw
z 100 Z 100 —
= oy t
= tomL = PHL
& 50 | V=0V & 50 Vee=0V
R, =100 C,=25nF
0 T 1 0 T 1
0 50 100 0 50 100
Cy(nF) Rg ()
Figure 4-22 C4 and Rg vs. propagation delay for TLP5214A
I = 10 mA (P.G.)

(f =10kHz, duty = 50%, tr = tf = 5ns or less)

Ir = 10 maA (P.G.)
(f =10kHz, duty = 50%, tr = tf = 5ns or less)

FAULT DESAT

[ v o [E
] v Viao EJ
=] Ex € L
o=

[ Va3
=] camooe Ve [ -
o oot v Edet w—_:

7] aNoDE Vouser %Z‘—_

@E CATHODE W T
Figure 4-24 ty.n/tpn. Mmeasuring circuit Figure 4-23 Definition of tpn/tpHL
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4.7. Gate capacitance, output power voltage and soft turn-off time

The soft turn-off time of the protection circuit (tbesat(10%)) is governed by gate capacitance Cq and
output power voltage Vccz. Using TLP5214A as an example, figure 4-25 illustrates how Cq and gate

resistance Ry affect soft turn-off time. Unlike normal switching operation, there is a soft shutdown

followed by a gradual decline in electric potential, as shown in Figure 4-26. Clearly the soft turn-off

time is impacted by both the power supply voltage and the gate capacitance.

Toesar(rom) — Cq

Toesar(i0m) — Ry

50 20
—foC=15V _ —oec=15V =
~ 4g | vec=30V EEEz ggo = — — V=30V gEEzzo';:mF
73] 2 wis g 3
=1 =
L L
s 30 =
= ali
- — 2
5 10 / 57’
D T 1 0 T 1
50 100 0 50 100
Cqy(nF) Ry(2)
Figure 4-25 Cg4 and Ry vs. soft turn-off time for TLP5214A
I LDESAT(Low)
1
6.5V = === \I
1 509% .
VDESAT : ° Soft turn-off time
1
_’I ———
I
90% !
VOUT M
1 {oEsaT(zow) !
: |
FAULT e\ 20%
toegaT(FAULT) -
Figure 4-26 Soft turn-off time (observed)
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4.8. Bypass capacitor and spare terminals

The SGD coupler is a high-performance IC coupler. This means that malfunctions may occur if
power supply noise and spare terminals are not dealt with correctly. Figure 4-27 shows how to
employ bypass capacitor and what to do with terminals that are not in use.

@® Install 1 pF bypass capacitors between Vg and Vccz ,and between Ve and Vg, as close as
possible to the terminals. If the circuit uses a negative supply, another bypass capacitor is heeded

between the Ve and Vge terminals.

@ Install a 0.1 pF bypass capacitor between the Vcci and Vs terminals, as close as possible to the
terminals.
® The LED terminal (pin 15) is a test pin and should not be connected to anything.

@ If the VcLamp terminal is unused (i.e. when there is no need for an active miller clamp), short it
to the Vge terminal.

® If the DESAT terminal is unused, short it to the Vg terminal and isolate from protection.

SGD |
coupler . @ ®

1pF 1uF

UviLg

1T
Ll

\/
o,

— 1 Wou

AAA & £

E * »—IE_E%I—< DESAT @ C:) ® b

Ve

%R’ :;EEE : V@ T
s T

2 6

EA
|yl

Controller

¥ |
Ul b 1

=

Figure 4-27 Sample configuration for bypass capacitors and unused terminals
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4.9. Protecting the DESAT terminal from voltage spikes during IGBT switching

A reverse recovery spike from an external IGBT freewheeling diode can cause the DESAT terminal

to fall below the electrical potential of ground, generating forward current and damaging the DESAT
terminal. It is important to protect the DESAT terminal by adding a Zener diode or Schottky diode
(SBD) between the DESAT and Ve terminals as shown in Figure 4-28. Ensure that the diode has the
correct rated value.

The Zener diode (Vz = 7 to 8 V) protects the DESAT terminal from positive overvoltage while the
Schottky diode prevents forward bypass by the parasitic diode at the DESAT terminal. Since adding
diodes to prevent false detection will increase the capacitance between the DESAT and Ve terminals,
it may be necessary to modify the CgLank setting.

LED
Negative power DESAT
supply

V..,
SGD coupler
VEE
Vr,\ur

CLANE

-

JDiodes addedto prevent DESAT

[15] _L'_‘ —— false detection
El-i_ %% I~ CaLank

E ___ FM:—C‘
[i%] l T

l Tor

Eill

[10]

=y

Figure 4-28 Preventing DESAT false detection

A
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4.10. Buffer transistor

Maximum output current of the TLP5214A/TLP5214 and TLP5212/TLP5222 are 4 A and 2.5 A. In
the event of insufficient IGBT gate drive current, a buffer transistor can be added. A capacitor should
also be installed between the buffer input terminal and Ve to allow IGBT soft turn-off when
protection engages. The capacitance will depend on the type of circuit and the soft turn-off time.
For a tpesat(10%) value of 7 ps, a 25 nF capacitor is recommended. A resistor Ry is also required
between the SGD coupler output and NPN/PNP base; the size of the resistor will depend on the
maximum rated value of the product. Where the Vciamp terminal is not used (typically due to negative
supply), connect to the Ve terminal instead.

If the IGBT requires gate drive current greater than the maximum of SGD coupler, consider using
a transistor such as TTC3710B or TTA1452B as shown in Table 4-1. If using a DESAT diode, we
recommend an FRD with voltage resistance equivalent to the IGBT.

Table 4-1 Transistor range

Product code Absolute maximum rating
Package
NPN PNP |Vceol [Ic| [lcpl Pc
TTC3710B TTA1452B 80V 12A - 30w TO-220SIS
TPCP8902 30V 2A 8A 1.6 W PS8
SGD coupler
'\-"k E l
VLE: EIF__
DESAT [14]
v 2 E
th E—_l___
Vo [T—
Vr_'.w.w E« ™ = ; “
v, E{LJ J /"/
Resistance value depends TTA1452B

on rated values of
coupler and transistor

Figure 4-29 Sample buffer transistor configuration

The IGBT gate current and transistor collector current are limited by the gate resistance, as per
the expression below. Circuit design should take into consideration the maximum rating for the Vour
terminal and the rated values for the IGBT and the transistor.

gate current = (Von - VoL) / (Rg + rg) where rg is IGBT internal gate resistance
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4.11. LED signal waveform shaping

Where the control substrate and motor controller substrate are separate and there is considerable
distance between the SGD coupler and the CPU, inductance effects from the wiring can affect input

signal inclination.

Figure 4-30 shows how a hysteresis buffer inserted before the SGD coupler’s input terminal can
be used to shape the waveform of the input signal. Table 4-2 lists recommended CMOS logic buffer

products.

LED signal

1

74VHCV244FI'_[5_

SGD coupler

)

| LED cu
limiting

A
T

rrent
resistance

Controller

\
)

Figure 4-30 Sample input signal waveform shaping configuration

Table 4-2 Recommended CMOS logic buffers

Product code Function Vee(opr) | Ton| / ToL| tpd Package
Octal Schmitt
74VHCV244FT Bus Buffer 1.8 to 5.5V 16 mA 3.9 ns (typ.) TSSOP20B
© 2021-2022 26 2022-4-21

Toshiba Electronic Devices & Storage Corporation

Rev.2.0




TOSHIBA

Application Note

4.12. Pull-up resistance R for primary side fault signal

The product output is in open collector configuration, and requires pull-up resistance Rr as shown
in Figure 4-31 to be used as voltage signal.

e The secondary side LED for the fault signal flows less than 10 mA. In the event of a fault, the sink
current at the fault signal output terminal is no less than 5 mA (reference value). Assuming Vcci =
5V, and allowing a 50% margin for aging variation and temperature fluctuation, we get

RF=5V +25mA =2kQ
Thus, pull-up resistance should be no less than 2 kQ.

Around 10 kQ is recommended in order to reduce current consumption. Note that FAULT terminal
recovery times become longer for a higher Rr value, so this should be taken into consideration.

e During normal operation, the open collector T is off so the fault terminal has high impedance. At
Vcer = 5V, Re should not be less than 2 kQ, even for a long fault signal cable subject to external
noise interference. Where terminals for multiple devices are connected together, leading to the
possibility of simultaneous fault signals, the supply current should also be taken into consideration.

Buffers may be used to reduce noise and/or supplement the supply current.

o SGD coupler
LED signal  74VHCV244FT How to calculate
74 M At Voo = 3.3V, sink current I ¢ is
N > independent of V¢,
: T e Thus:
5 P Veel Re=3.3V = 2.5 mA (includes 50% margin)
———— 7 I =1.3kQ
K( FAULT ( ok So the minimum pull-up resistance
)) GND1 Rris 1.3 kQ.
Figure 4-31 Circuit diagram for pull-up resistor Rr in primary side fault
signal
©2021-2022 27 2022-4-21

Toshiba Electronic Devices & Storage Corporation Rev_2_0



TOSHIBA

Application Note

4.13. During a protection operation

When the SGD coupler enters protection mode, the feedback LED (i.e., the fault output LED) lights
and the fault outputs to report an IGBT fault. If fault mode persists, the secondary side fault output
LED lights and a current of approximately 10 mA flows between the Vccz and Ve terminals, leading
to increased power loss on the secondary side. Also, bootstrap circuits with IC power are liable to
sudden discharge from the capacitors, so the possibility of voltage drop must be taken into
consideration.

As shown in P.8, for LED trigger type (TLP5214A/TLP5214/TLP5212), the LED signal must be
switched from OFF to ON to cancel the protection operation. For Automatic reset type (TLP5222),
after toesat(mute), protection operation will be canceled automatically. If the protection function
engages, the system should be stopped and restarted as soon as possible. Figure 4-32 shows the
internal block diagram for SGD coupler.

] —

ki

ANODE o—

— - - e
r N
e ! LED current |
FAULT output
FAULT cutput LED

Figure 4-32 Internal circuit diagram

o
DESAT

-}
L

B

v

showing fault path

When Vcez = 30 V and fault mode is engaged with LED current of 10 mA, IC consumption is
approximately 28 V (Vdrop). The loss at IC is given by:
P = Vdrop X ILED
=28V x10 mA
= 280 mW
Given the thermal resistance of the product Rinhg-a) = 70°C/W

Table 4-3 TLP5214A thermal

resistance
Test substrate: standard JEDEC

from Table 4-3) we can calculate the temperature as follows:
( ) P Reference TLP5214A
AT —70x0.28 = 19.6°C Rth(-2) 70%C/W
So using at igh temperatures should be avoided.
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4.14. Miller capacitance error and response

Malfunctions associated with miller capacitance Ccs between the IGBT collector and gate are typical
of the problems that can be caused by inverter switching noise. Figure 4-33 illustrates a miller
capacitance malfunction in a typical coupler configuration on the lower arm of the inverter circuit.

When the IGBT for the upper arm of the inverter circuit is on, the electrical potential at the mid-
point abruptly increases, while the displacement current Is (= Ccg X (dVcg/ dt)) flows via the lower
arm IGBT Ccg in the photocoupler output direction. As it passes through the circuit gate resister Rq
the voltage drops and the gate voltage rises, potentially causing a false ON at the IGBT and shorting
out the upper and lower arms.

0]
. OFF — ON P
" Increase in gate
potential can cause _l
upper and lower
arms to short Cea y ’

Driver H
O coupler %ﬂﬂ—'

Figure 4-33 Miller capacitance malfunction

Three strategies can be employed to prevent a miller capacitance malfunction.

@ Use negative power
A negative power supply puts the gate at negative potential with the IGBT is off, preventing
malfunction (see Figure 4-34).

@ Change the gate resistance
Lower gate resistance combined with diodes in parallel

O

Diriver
coupler i o %
O

Figure 4-34 Negative power

suppresses the gate’s contribution to the voltage increase
(see Figure 4-35).

® Add a miller clamp circuit Driver ~ Reduces
. . . . . coupler ‘ resistance in
The SGD coupler includes an active miller clamp circuit that g —  the pull-out

™, direction

O

A

creates a short-circuit between the IGBT gate and emitter. When

photocoupler output switches from high to low and the gate  Figure 4-35 Gate resistance

voltage falls below 3 V (approximately), the MOSFET between

SGD

Vciamp and Ve switches on and the gate is clamped on the coupler .

A0Onnnnn

emitter Veg, as shown in Figure 4-36.

Figure 4-36 Miller clamp circuit
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5. Key design considerations

The SGD coupler is a high-performance IC coupler with a number of built-in features. It should be
noted that peripheral components can sometimes cause the SGD coupler to malfunction. The
following considerations should also be taken into account at the design stage.

1. Gate resistance Rq

A larger Rg will help to reduce the surge voltage at switching as well as the likelihood of
dv/dt striking error, but the higher resistance may also exacerbate losses due to longer
switching times for power devices. The gate resistance value should take into account
peripheral circuits and power devices.

2. Separation between driver circuit and power device

Excessive separation between the driver circuit (coupler) and the power device can add
noise to and cause oscillation of the gate signal. The potential for a malfunction can be
minimized by designing the driver circuit and power device as close together as possible;
connecting them with the thickest possible wiring; and using a higher gate resistance
value.

Since the wiring for the DESAT terminal that monitors the power device saturation
voltage can affect the blanking time, it should be kept as far as possible from Ve so that it
does not create capacitance.

3. Bootstrap circuit diode
Given that the GND potential of the high side IGBT/MOSFET can vary anywhere
between zero and 600 V or higher, depending on the application, power for the driver
coupler has to come from a floating power supply or bootstrap circuit. If the bootstrap
option is used, a high-speed diode is recommended, one that is designed for the same
withstand voltages as the power device (at least 600 V).

4. Gate-emitter resistance Rge
The IGBT can fail if voltage is applied to the collector-emitter when gate-emitter is
open. This can be prevented by either adding in up to 10 kQ of resistance or changing
the power supply input order so that the gate is served first.

5. Power device in parallel
Power devices for high-capacitance inverters are often wired in parallel. In this case it
is important that the circuit is designed to provide all devices with the same level of
current. This will prevent oscillation, which can occur if current is unbalanced and
becomes concentrated in a single device.
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RESTRICTIONS ON PRODUCT USE

Toshiba Corporation and its subsidiaries and affiliates are collectively referred to as “TOSHIBA”.
Hardware, software and systems described in this document are collectively referred to as “Product”.

o TOSHIBA reserves the right to make changes to the information in this document and related Product without notice.

e This document and any information herein may not be reproduced without prior written permission from TOSHIBA. Even with TOSHIBA's
written permission, reproduction is permissible only if reproduction is without alteration/omission.

e Though TOSHIBA works continually to improve Product's quality and reliability, Product can malfunction or fail. Customers are responsible for
complying with safety standards and for providing adequate designs and safeguards for their hardware, software and systems which
minimize risk and avoid situations in which a malfunction or failure of Product could cause loss of human life, bodily injury or damage to
property, including data loss or corruption. Before customers use the Product, create designs including the Product, or incorporate the
Product into their own applications, customers must also refer to and comply with (a) the latest versions of all relevant TOSHIBA information,
including without limitation, this document, the specifications, the data sheets and application notes for Product and the precautions and
conditions set forth in the "TOSHIBA Semiconductor Reliability Handbook" and (b) the instructions for the application with which the Product
will be used with or for. Customers are solely responsible for all aspects of their own product design or applications, including but not limited
to (a) determining the appropriateness of the use of this Product in such design or applications; (b) evaluating and determining the
applicability of any information contained in this document, or in charts, diagrams, programs, algorithms, sample application circuits, or any
other referenced documents; and (c) validating all operating parameters for such designs and applications. TOSHIBA ASSUMES NO
LIABILITY FOR CUSTOMERS' PRODUCT DESIGN OR APPLICATIONS.

e PRODUCT IS NEITHER INTENDED NOR WARRANTED FOR USE IN EQUIPMENTS OR SYSTEMS THAT REQUIRE
EXTRAORDINARILY HIGH LEVELS OF QUALITY AND/OR RELIABILITY, AND/OR A MALFUNCTION OR FAILURE OF WHICH MAY
CAUSE LOSS OF HUMAN LIFE, BODILY INJURY, SERIOUS PROPERTY DAMAGE AND/OR SERIOUS PUBLIC IMPACT
("UNINTENDED USE"). Except for specific applications as expressly stated in this document, Unintended Use includes, without limitation,
equipment used in nuclear facilities, equipment used in the aerospace industry, lifesaving and/or life supporting medical equipment,
equipment used for automobiles, trains, ships and other transportation, traffic signaling equipment, equipment used to control combustions or
explosions, safety devices, elevators and escalators, and devices related to power plant. IF YOU USE PRODUCT FOR UNINTENDED USE,
TOSHIBA ASSUMES NO LIABILITY FOR PRODUCT. For details, please contact your TOSHIBA sales representative or contact us via our
website.

o Do not disassemble, analyze, reverse-engineer, alter, modify, translate or copy Product, whether in whole or in part.

e Product shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any
applicable laws or regulations.

o The information contained herein is presented only as guidance for Product use. No responsibility is assumed by TOSHIBA for any
infringement of patents or any other intellectual property rights of third parties that may result from the use of Product. No license to any
intellectual property right is granted by this document, whether express or implied, by estoppel or otherwise.

e ABSENT AWRITTEN SIGNED AGREEMENT, EXCEPT AS PROVIDED IN THE RELEVANT TERMS AND CONDITIONS OF SALE FOR
PRODUCT, AND TO THE MAXIMUM EXTENT ALLOWABLE BY LAW, TOSHIBA (1) ASSUMES NO LIABILITY WHATSOEVER,
INCLUDING WITHOUT LIMITATION, INDIRECT, CONSEQUENTIAL, SPECIAL, OR INCIDENTAL DAMAGES OR LOSS, INCLUDING
WITHOUT LIMITATION, LOSS OF PROFITS, LOSS OF OPPORTUNITIES, BUSINESS INTERRUPTION AND LOSS OF DATA, AND (2)
DISCLAIMS ANY AND ALL EXPRESS OR IMPLIED WARRANTIES AND CONDITIONS RELATED TO SALE, USE OF PRODUCT, OR
INFORMATION, INCLUDING WARRANTIES OR CONDITIONS OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE,
ACCURACY OF INFORMATION, OR NONINFRINGEMENT.

¢ Do not use or otherwise make available Product or related software or technology for any military purposes, including without limitation, for
the design, development, use, stockpiling or manufacturing of nuclear, chemical, or biological weapons or missile technology products (mass
destruction weapons). Product and related software and technology may be controlled under the applicable export laws and regulations
including, without limitation, the Japanese Foreign Exchange and Foreign Trade Law and the U.S. Export Administration Regulations. Export
and re-export of Product or related software or technology are strictly prohibited except in compliance with all applicable export laws and
regulations.

* Please contact your TOSHIBA sales representative for details as to environmental matters such as the RoHS compatibility of Product. Please
use Product in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled substances, including
without limitation, the EU RoHS Directive. TOSHIBA ASSUMES NO LIABILITY FOR DAMAGES OR LOSSES OCCURRING AS A RESULT
OF NONCOMPLIANCE WITH APPLICABLE LAWS AND REGULATIONS.

TOSHIBA ELECTRONIC DEVICES & STORAGE CORPORATION

https://toshiba.semicon-storage.com/
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