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. STripFET H6/F6:
« 30V; 40V; 55V; 60V; 70V; 80V
U STripFET H7/F7:

« 30V; 40V; 60V; 80V; 100V; 120V; 150V

J

U Lowest R g(on) in high power packages
i.e. TO-220 & H?2PAK

U Best parasitic diode performances for
higher efficiency and lowest EMI

L Optimal capacitance C ,/C; ratio for

Klowest EMI

J

STripFET family overview

Voltage class: 100V
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Thermal
capture

Previous tech. F7 technology

Let's have a look in additional details.....



The aim of the benchmark

* The aim of benchmark is to compare the performance of various types
of 40V MOSFETs in a typical motor control application

* The performances compared in:

e Switching performance

» Voltage ringing on the gates during MOSFET turn-on and turn-off

 EMI conducted emissions in frequency range according to CISPR-25 specification
measured on the supply line of the motor control power stage

e Thermal performance of the MOSFET:

» Measuring temperature on the MOSFET case. Lower case temperature shows lower power
losses thus higher efficiency of the application
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Test set-up

* As power stage used 3 phase inverter evaluation board L9906 version 2.3 (parasitic

inductance optimized version with SMD footprints for main switches)

3 phase inverter for high current and low voltage application assembled with driver L9907

» As motor used high power high speed 2 pole-pairs motor

 Driving control method is scalar (six-step) method; driving signals provided from
STM8 universal board

« Control parameters set over GUI consaole from an PC

DC
13.5V
Input
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Inverter stage

Control unit
—~

Current
.} sensing

Gate driver

L9907

Brushles
s motor

Sensorand signal
\ conditioning i

Switching frequency;
PWM duty cycle;
Supply voltage;
Gate voltage;

Ambient temperature;

OUT phase current
Output motor power
Motor RPM

Fo,= 15.6 kHz
D =50%

V,,= 13.5V
Vgae ~ 12V
T,y =25 °C
|phase =~ 60A
P ~280W

~ 5600




L9906 evaluation board version 2.3 mm

« Updated version of L9906 evaluation board with H2PAK-6 footprint for power MOSFETS
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MOSFET type used in benchmark

« STH410N4F7
« Competitor 1
« Competitor 2
« Competitor 3
« Competitor 4
« Competitor 5

« Competitor 6

40V 1.1mQ power MOSFET
40V 2.1mQ power MOSFET
40V 1.5mQ power MOSFET
40V 1.3mQ power MOSFET
40V 0.55mQ power MOSFET
40V 3.0mQ power MOSFET

40V 1.8mQ power MOSFET m

1

H'PAK-6



RDS,,@10V[mQ]

1.0%

0.8.

0.6

0.4

0.2

STripFET™ VII DeepGATE™ F7 Series

Technology Capability in terms of Rpsion)
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F7 vs ST previous Generations
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Capacitance values —

STH410N4F7 Capacitance variation
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C

F7 40V capacitive ratio

/C... capacitance ratio
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Crss/Ciss
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* Crss (reverse transfer capacitance) / Ciss (input capacitance) ratio. The variation
IS minimum and very smooth over V¢ variation

» This is thanks to the lower Miller capacitance with respect to the input
capacitance
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STH 410N4F7 device parameters

[mQ]

Ciss [PF]
@10V

Vsd [mV]

@50mA
STH410N4F7 44.35 4.2 558
Driver features: 456  MOSFET drivers

0.9

3.7

14700

The device is operated in the specified operating range, unless otherwise specified
(Mee=320V1t0 525V, VB =6 Vio 54 V, Ti =-40°C to 150 *C).

Table 14. MOSFET drivers electrical characteristics

1120 11700

Maximum gate

current for turning

|7 ON/OFF the FETs

Symbol Parameter Test condition Min Typ Max Unit
Vieg(l) | Low level output voltage VGEx-VSx @ 1= 50 mA - 100 250 mY
Vag(H) | High level output voltage VGx-VSx @ I=-5mA 7.5 15 ; Vi
1G_1,1G_0 = 11 100% Imax 450 750 mA
1G_1,1G_0 = 10 75% Imax 3a3r 450 563 mA
loxx 1 | Tum-on/off cuprent with GCR = 1 k2
= 1G_1,1G_0 = 01 50% Imax 225 300 375 mA
IG_1,1G_0 = 00 25% Imax 112 150 188 mA
IG_1,1G_0 =11 100% Imax 75 100 125 mA
IG_1,1G_0=1075% Imax 56 75 94 mA
lgyx 2 | Turn-on/off current with GCR = 6 k(2
- IG_1,1G_0 =01 50% Imax 37 50 63 mA
IG_1,1G_0 = 00 25% Imax 18 25 32 mA
|SLS><(1} Low side driver SLS output current I(;CUR =1ka , PWM signals - - 33 mA
ISHS,({” High side driver SHS output current EEFR =Tka, PWM signals - - 33 mA
GCR_STG | Gate driver over current protection |- - - 880 0
GCR_OL | Gate driver under current protection | - 22 kO
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STH410N4F7 — HS Ton/ Toff
LS V..+HS V..

* HS Ves, LS Ves; LS Vos; phase OUT current

Turn ON Turn OFF
Te“.?t?'“?el”.si”?'e.sle?...Y..W“?S....__........ R e T""‘:.‘?“?"?’;‘-S!“"'E;-.---;--‘-"-‘F----Iw---;----;----=----;---. ieews |
' ' : ' ' ' : ' : ' civd Posilion
Chi Scale

Liadad sl e by d s s adaga s daaa o caad il
Ch o0 Chz 10.0rnt &2 M 400ns 125654 1T 16004t &hl 50 Ch 1006wy L3 M 400N 125058 1T 1500
Chi 5.0 Chd 5.0% # ChZ r -30.0mY Ehd Lo [0 ) L A 2 4 -3 0mN
B Chd ~ 5.0¥ B Chd o~ S0V

LS drain-source voltage

Phase current

HS gate-source voltage

‘, ’ LS gate-source voltage
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Tek

* HS Vs,

Turn ON

Competitor_1 — HS Ton/ Toff

Stopped Single Seq
T T T T T

LS Ves; LS Vbs; phase OUT current

Ch3 Position

Gh2 Scale

C I vosHs ]

i Yole-ls

_wh.-'d.l N T ‘_

.................. o

| ]

| ]

loLie-i T ]

................................................ —

o b b by by T b b b by a0
Chi 5.0 Chz 10.0rnY & M 400ns 1.25G55 1T 160psdt

Ch3 5.0 Ghd 5.0 4 Ch2 » -30.0mY
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B Chd ~ S04

5.0v

LS V.+HS V.. ™=

Turn OFF

gle Seq 1 dcos

Stopped Sin
L

tenu

Ch
Chi

o0
5.0

Chz
Chd

10.0rmt 2
5.0

M 400rs 125654 1T 1600t
4 ChZ r -30.0mY
B Chd4 ~ 5.0V

LS drain-source voltage

Phase current

HS gate-source voltage

LS gate-source voltage



Competitor 2 — HS Ton/ Toff
LS V.. +HS V..

* HS Ves, LS Ves; LS Vos; phase OUT current

Turn ON Turn OFF
L . (o) T O S Sy e

Ch3 Position

Gh2 Scale

Ch o0 Chz 10.0rnt &2 M 400ns 125654 1T 16004t Ch o0 Chz 10.0rmt 2 M 400rs 125654 1T 1600t
Chi 5.0 Chd 5.0% # ChZ r -30.0mY Chi 5.0 Chd 5.0 4 ChZ r -30.0mY
B Chd ~ 5.0¥ B Chd4 ~ 5.0V

LS drain-source voltage

Phase current

HS gate-source voltage

‘, I LS gate-source voltage
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Competitor_3 — HS Ton/ Toff

* HS Ves, LS Ves; LS Vos; phase OUT current

Turn ON

Tek  Stopped Single Seq 1 doos

BRI BRI S R

........................................ —
Wis-LS | s e
4 _"'*'l"-r'""""‘-'i' gt oy ALkt el balnl s L L ] |
.............................................. o
lowt- ]
o b b by b s T b b b by e
Chi Sy Chz 0.0y g2 MW 400ms 1.2565% T 160ps4m
Chi3 S04 Ch4 SO & Ch2 o -30.0mY
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B Chd ~ S04

Trig Event

B Trig Level

Turn OFF

Stopped Single Seq

LS V..+HS V..

1 dcos

tenu

Ch
Chi

o0
5.0

Chz
Chd

10.0rmt 2
5.0

M 400rs 125654 1T 1600t
4 ChZ r -30.0mY
B Chd4 ~ 5.0V

LS drain-source voltage

Phase current

HS gate-source voltage

LS gate-source voltage



* HS Ves, LS Ves; LS Vos; phase OUT current

Turn ON

Tek  Stopped Single Seq 1 doos

BRI BRI S R

Ch o0 Chz 10.0rnt &2
Chi 5.0 Chd 5.0%
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I 400ns 1.25G5/5
# ChZ r -30.0mY

B Chd ~ S04

Ch3 Position

Gh2 Scale

Turn OFF

Stopped Single Seq 1 dcos
L

Competitor_ 4 — HS Ton/ Toff
LS V.. +HS V..

laut-i

I S e tenu

Ch o0 Chz 10.0rmt 2
Chi 5.0 Chd 5.0

M 400rs 125654 1T 1600t
4 ChZ r -30.0mY
B Chd4 ~ 5.0V

LS drain-source voltage

Phase current

HS gate-source voltage

LS gate-source voltage



Competitor 5 - HS Ton/ Toff
LS V.. +HS V..

* HS Ves, LS Ves; LS Vos; phase OUT current

Turn ON Turn OFF
L . (o) T O S Sy e

Trig Event

B Trig Level

Trig Event

B Trig Level

=
T g T T T T
*
*
.3.
|

oLty T T
e U | I o
Lo b b b b T b b b w by a a0 Lo b b b b T b b b by a a0
Chi 5.0 Chz 10.0rnY & M 400ns 1.25G55 1T 160psdt Chi 5.0 Ch2 100t @ M 400rs 1.25G5% 1T 160psdt
Ch3 5.0 Ghd 5.0 4 Ch2 » -30.0mY Ch3 5.0 Chd 5.0 4 Ch2 » -30.0mY
E Chd -~ 5.0 B Chd ~ 5.0V

LS drain-source voltage

Phase current

HS gate-source voltage

‘, I LS gate-source voltage
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Competitor 6 — HS Ton/ Toff
LS V.. +HS V..

* HS Ves, LS Ves; LS Vos; phase OUT current

Turn ON Turn OFF

Tek  Stopped Single Seq 1 doos 01 Jan 02 02:26:32 Tek  Stopped Single Seq 1 dcos 01 Jan 02 02:29:33
Sopped Single Seq ko 02022682 Sopped Single Seq | Thows o W 02022088

Ch3 Position

Gh2 Scale

A e

P e ST

aaty de-bupa b g

[ ot

Lo b b b b T b b by s o b b b b T b b b b
Chi 5.0 Chz 10.0rnY & M 400ns 1.25G55 1T 160psdt Chi 5.0 Ch2 100t @ M 400rs 1.25G5% 1T 160psdt

Ch3 5.0 Ghd 5.0 4 Ch2 » -30.0mY Ch3 5.0 Chd 5.0 4 Ch2 » -30.0mY

B Chd ~ S04 B Chd .« S0

LS drain-source voltage

Phase current

HS gate-source voltage

‘, I LS gate-source voltage
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LS turn OFF switching comparison

Competitor 1 Competltor 2

Tek Stupped Smgle Seq H\cus
Tek  Stopped Single Seq 1 hcgs F T TTTTTTYT o TTTTTTTT T T T T
Sl SakSey e : (eni) C _ _ _ _ I _ _ _ _ :

Mamica) 15.0¢

Ju 150

rn: 15.0 M2 150
= =00 n: 10

Competitors 1

and 2 show high
frequency ringing '
that affects the

EMI behavior of
the FETs while

L
| M 400ns 1.25G5% [T 160psit
o Chd 5.0V A Chz o -30.0mY

competitor 3 has WOm ® oLre rEvEm e
higher LS Vgs B Chd % 50
bounging and Tek  Stopped Single Seq Cgc[srlpetltor 3
=
. s - LN B R & = it
slightly higher ™ - FEamess o 18R
ringing

T i I i r I
o eoy [y M a00ns 12565k 1T Wo0mgt el b b b T b b L L
,’ Ch3 5.0¢ Chd 5.0 4 ChZ o~ -30.0mY Chl 504 Ch2 10.0mY @ M 400ns 1.25G5% 1T 160psAt
B Chd -~ 5.0v Ch3 = Chd S & Ch2 » -300mY
life.augmented B Chd ~ 5.0¢




\
Agilent E7402A EMI test receiver CISPR-25 conducted emissions

» Laboratory power source 0-20V/ 1.5A
» Laboratory power source 0-60V/ 20A

L9906 V2.3 eval board power stage +
STM8 control board Conducted emissions benchmark Summary

\. * LISN 150kHz-100MHz Y, —
: 14:06:29 Apr 17, 2014 POSItIOI’]II’]g
- Agilent Wil or 17, 1 .
Competitor 1 Power Transistor (From TOP the
Ref 105 dBpY Atten 10 dB o
oo lowest emissions)
10 J ‘
dB/ |, = I
B A A | W STH410N4F7
J } b ﬁ‘ |
ML S2
53 FC
AR .
Competitor 2
Start 156 kHz Stop 168 MHz .
Res BH 128 kHz VBH 300 kHz Sweep 25.63 ms (1717 pts) Com petltor 1
[ |
i Aglent  09:51:52 Rpr 11, 2014 Competitor 2 s Aglent 142555 May 19, 2614 c titor 3 - Alent BESZAN for 23, 2414 STH410N4F7
ompetitor
Ref 165 dBul Atten 10 dB et 165 4Bl e 10 46 p Ref 125 deul fAtten 10 dB
Log Peak Log
10 oo 18
dB/ _ e B/
B 2 SO Aot Mu"‘*‘rmmﬂw, m MNN“\"‘”"M
[ I " M
M,
\ Mo
“1
ML 52 T ML §2
53 FC ot M2 ARl N
AR An
AR
Stop
Start 150 kHz Stop 108 MHz Start 150 kA Stop 160 MH Start 150 kHz Stop 100 MHz
Res BH 128 kHz VBH 360 kHz Sreep 25.63 ms (1717 pts) Res BN 126 Kz VBN 300 kiz Sveep 3008 me (2312 prs)  Res BH 120 khz VEH 300 kHz Sween 25.63 ms (1717 pts)

[1[ e New STH410N4F7 shows the best EMC performance over all tested components
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Thermal performance test conditions

T ~

« Temperature measured directly on package (drain-wing)
on LS MOSFET

* Thermal measurement done with L9906 board placed in to
plastic cover to eliminate cooling with outcome air stream

« Temperature read after certain time when temperature of
the MOSFETs was fully stabilized — no further temperature
increasing.

» To have comparative results the MOS temperature was
read after end of the test cycle which consist from
continues ~ 16 min motor running  with 25% PWM duty
cycle

* Gate current set to 100% L9907 capability ~ 600mA

« External gate resistance 0 Q

N /

Lys
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.

Switching frequency;

PWM duty cycle;
Supply voltage;
Gate voltage;

Ambient temperature;

Motor power
Motor RPM

Test Conditions for thermal
EEE I EENS

F., = 15.6 kHz
D=25%

V, =13.5V
Vigae ~ 12V
Ty = 25 °C

P ~100W

~ 2500 RPM

Test Equipment

2x Fluke 189 multimeter with thermal

probe

Laboratory power source 0-20V/ 1.5A
Laboratory power source 0-60V/ 20A
L9906 V2.3 eval board power stage +

STMS8 control board




Thermal performance test set-up




Thermal performance measurements

Thermal benchmark Summary

Positioning
(From TOP the lowest

Power Transistor Tambient MOSFET Tcase power losses)

STH410N4F7

Competitor_2
Competitor_6
Competitor_5

* Due to high level of produced EMI noise by D.U.T. was SPI communication quite disturbed resulting in failure of board functioning

Lys
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STH410N4F7, Gate charge = 100%, R,_ext =5 ohm

LS turn OFF waveforms LS turn ON waveforms
Agilent Technologies TUE AUG 06 15:30:46 2013 Agilent Technologies TUE AUG 06 15:30:23 2013
] a g d ] a g d
IIoad IIoad
V HS V. HS
|GHS2 ayGHS2 ; "

T VLS /

2)GLS2 95 - /

BW Limit 4 Coupling > Imped BW Limit Fine Invert Probe
] _ DC 1M Ohm _ | _ ~-

Load current = 10A

LS Vg bouncing is negligble Vg4 =12.5V
PWM frequency = 18.75kHz
PWM duty cycle = 25%

The picture shows the turn ON/OFF curves: V4 HS (purple trace), V4 LS (green trace), l,,,4 (pink trace and
the V4 LS (yellow trace). For this trial the gate charging is unlimited up to 100% of the driver source/sinking
capability and a 5 Ohm external gate resistor is used. The turning ON/OFF is fast, there is not any oscillation
on both V, and V4 and the small value of Ry is minimizing the Miller effect reducing the gate-source Vg

I,I bouncing (negligible).
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STx410N4F7, Gate charge = 100%, R, . =5 ohm

Thermal picture

Temperature measurements:
L9907 (driver) = 48°C

HS =50.9°C

LS =51.7°C

The picture shows the steady state thermal picture of the single branch of the power controller (HS switch
plus LS switch without heat-sink ) plus the driver.

Because of the small external gate resistor, with the gate current provided by the driver fixed at 100% of its

capability, the switching is quite fast and submitted to high switching losses. The driver temperature is
guite low, while the LS is slightly hotter.

Lys
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Remarks

* The devices show good switching behavior in term of noise on both V
and V4, waveforms by using a 5 Ohm driving network and setting the
lgate_ max = 600MA (100% gate current).

» There is not any cross conduction risk even using 50% of the driver gate
current sourcing / sinking capability ( ~ 300mA) and 15 Q external gate
resistor (worst case testing conditions) due to the high V, ( ~ 4V for bridge
configuration this is an advantage).

» The measured temperature are quite low, never overcoming 60°C,
switching a 10A load, even without heat-sink.



STripFET™ VII DeepGATE™ F7 Series

EMI consideration

» Most important MOSFET parameter for good EMI erform  ances:

- Crss/ Ciss ratio
- Crss/ Ciss variation

cap I'atiO Cr55!Ci55
* Comparison among several LV devices in the market

iD
Conk
F o
o1, =
H = Cos E
T S
CGS
°s

Crss = CGD Vds [V]

F7 is well optimized in respect to EMI

 Low Crss/Ciss (<0.4)

it cugmentod Well contained Crss/Ciss variations (0.1 + 0.3)



Theoretical explanation

Typical current path during the device turn off

R Lsaxn=Roor | ReLsavn
e [ ) av i

A smaller Cy, and bigger C,¢ will minimize the residual V (capacitive divider) when device is off.

The Vy bouncing, produced by the dV/dt on the motor connection point (source of HS FET connected to the drain of
LS FET of the H bridge), where the V¢ bouncing is just the V=R, o * Cyq*dV/dt, (Ry (o is the sum of the intrinsic
R, plus the external gate resistor Rgc,ff plus the output driver re5|stance RDRV) if next or over the FET V,,, can
produce a sub-threshold conduction of the FET that is the root of the noise . Therefore the gate-source capacitive
fine tuning and the R,  reduction are addressed to minimize the bouncing on the gate. The layout has an impact
(different bridges’ behawor) because the PCB tracks have spurious inductances that affect the di/dt and therefore the
oscillation as well (RCL resonant circuit).

Ry ext @nd IC driver next to the gate pin can improve the switching of the FET. This means L stray minimization and
smoothing of oscillations that are the source for EMI.

Lys
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Waveforms at HS turn ON/OFF

STP310N10F7/ STP180N10F3

‘i Agilent Technologies TUE JUN19 15:0201 2012 ¥ Agilent Technologies TUE JUN 19 14:00:41 2012

] g

V4 and Vg, low side smoothed waveforms V,4s Low side bouncing plus V overshoot

1. Due to the better capacitance ratio and diode recovery behavior, STP310N10F7 shows a better switching
behavior than STP180N10F3.
2. The smoothed noise during turn on/off minimize also the EMI of the system (direct measurement should
‘— confirm last statement) even with 0 Ohm external gate resistor.

) /4
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wew
H-bridge configuration F7
80V-100V

STripFET F7 technology matches very well application

requirements:

* Improved switching behavior

* No high frequency ringing between gate and source
» Entire system EMI performance enhacement

- Agilent  13:85:57 Dec 43, G5

System] Alignments, Align Now, Al reguired

!
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Main electrical parameters’ comparison

Vi @250pA
V]
STL35N6F3 3.13 68.9 624 18.1 763 173 16 3.24
LNK1 3.5 > 60 630 19.5 1280 499 49 2.25

This measurement was performed at 1MHz by LCZ meter and by curve tracer

Lys
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Cr/Ci

04

0,35

0,3

0,25

0,2

0,15

0,1

0,05

Capacitive ratio comparison

Crss/Ciss comparison

>~
//

\\\

L

4
VDS

e STL35N6F3

6

| NK1

8

10



F7 switching LS turn OFF

Fin | | Versesl | Hormikeq | Trig | Depeey | Cue stn | MyScope | Anaiyze | L =] Ix
@-
! |
L
A
(& el MDD Bs00M | R & v || 2008 2568w T Zspaipt |
&) i MO Bso0M Pravie w 1MQ 8):500M 400psipt
(Cea )5 IME B:se0M 0 acas RLA0M MO 8500
Aste  July 27,2013 180101 iMa 8y:500M RLIZ8k
~ 1MQ §y:500M Auto January 07,2013 17:38:16
anav (TEa yMin 400, 0mY
BE) (E ) Min® <200.8mV

¥ BAY
£4 jMax 10,5V

1. The waveforms are not affected by any voltage oscillation.

Because of the better capacitive ratio and proper V,, value, even using the original customer set up, LNK1, new F7
technology ST device, didn’t show any voltage oscillation during the reverse motor movement. This electrical behavior

during the switching improves the EMI sensitiveness of the whole system.
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Down movement with F7 Down movement with F3

------ i Agilent 19:10:07 Dec 43, 55 - I Peak Search 5 Agilent  18:24:24 Dec 43, 55 | Sweep
! dBp Atten 5 dB - i ?. E:Illl_lli

Atten 5 dB Sweep Time

[ il I

Meas Tools 4,088 ms

Auto Man

afily Hlignment 2] Sweep

Next Peak Single Cont

Auto Sweep

Coupling

| SR sh
! I

Next Pk Right

BBU f“ Next Pk Left . I & |
JH' W M W ll Al ﬂ\ il 1# pi "“\'“‘."‘i“i“,J‘r#:'*‘n,"“p'Jf"H” \.J',J‘.‘ ‘ /“ ‘ " lalh “ ‘ "

Sto GHZ Hore
UBH 3 MHz Sweep 4 ms (401 pts) Lofe

A:\SCRENB22.GIF file saved

Segmented

YBH 3 MHz

N ._'.‘ £
_I

The down movement is heavily affected by EMI,
Measurement performed by AGILENT E4402B 100Hz-3 GHz spectrum analyzer and
RSH 400-1 probe SET HZ-15 (0+3GHz) -20dB attenuation ROHDE SCHWARZ



What's next?

Turn-off waveforms

40V-60V STripFET F6 with mono Schottky

= Monolithic Schottky diode improves overall MOSFET
peformances in bridge configurations:
* Reverse recovery process optimization  (smaller Optimized
lrrm @nd lower Q,, Vg spike reduction) reverse recovery
« Lower diode power dissipation S
» Efficiency improvement

Mono Schottky vs. std :parameters overview

Tech. Irm (A)  Qrr(nC)  Tirm (ns) Trr (ns) 8

F6 std. 2.56 70.6 34.4 HEs 86
F6 + Schottky 1.92 47.9 31.5 49.75

- 81
1 80
79
78
7
76

‘ 0 2 3 4 5 6 7
" lout [A]

———STrpFET F6 + Mono Schottky — STripFET F6 std

efficiency [%)

-
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