1) The circuit of Fig. 1 is used to measure the current flowing in the power MOS Mo.

Mo, M1 M2 and M3 are all part of the same multi-cell DMOS transistor, where Mo includes 3500 cells,
M1 includes 7 cells, Mzand M include 14 cells each (rasen_me=100 mQ). The load is a solenoid valve
(Vs=24V, L= 1mH, R =1.5Q).

a) Determine the ratio /I

The load current is limited to the nominal value of 10 A by a "peak current-mode" controller
operating at fsw = 200 kHz. The MOS switch is mounted on a heat sink (Resc = 3.12 “C/W,
Reca=5°C/W Ta=40 °C).

b) Calculate the duty-cycle and the current ripple in the load.

c¢) Calculate the average junction temperature.

d) Due to a fault, the MOS switch sticks to the ON position. The current protection circuit (hax=12A)

switches off the MOS after a delay of 30 ms. By using the thermal impedance curves shown in Fig.
d) 4, calculate the maximum junction temperature at the end of the delay time.
=010 \;IL VYT, =y, - Yo . ¢
1772 Yotrydvy =
V = Ys 'IM
vin
Yo °T,, =0y - T
3M T vy, b
v Y2 _ Yo .j33ug3
I, va oty Yy
5) - R
I, =loA (Vs~ (R49) T, ) D + RT,(1-D) =0 => D= =0.652
Max VS - Yo IL

. RIE .(1-0)
= = 26
Al LF mA

I D=6.51W

)
_e

1
1]

q3%

=
\

Tpt Pugg ( R°if° T Roca)

ot} Reyg I
APPLY FOR POWER |

‘ ..

T~ SWGLEPULSE |

l], NCRMALIZED EF
TRANSIENT THERMAL R

10605 10E-04 10E-03 1 DE-0Z 106-01 10E+0 10EHT
1, TIME {s)

L
Step vespomse T=g 0 =0.6355 ' Ve
t>>z wei): — =i
€ = 30ms Rtlom

AP =P Pl Tlew = AT.&=AP"RW¢' Y ({),D) = 35%

T{)m :To'o *ATd =93135:=-128%

Tutoriall4 OLD Page 1



2) A solenoid valve (L=0.3 mH; R=1 ©2) is driven by a low-side switch (rascnmax = 0.25 (1) operating at Vg |

a fixed frequency of 100 kHz (Fig. 2). The valve is activated by applying the current profile .
represented in Fig. 3. A “peak current mode" controller is used to limit the load current to the desired 8A
value.

R

a) Calculate the duty cycle of the switch in the time intervals T1 and T2 (Vs=12V, Vp=1V).
b) Calculate the average power dissipated by the power MOS in the time intervals T1 and T2.

Using the curves in Fig. 4: LY
c) calculate the junction temperature at the end of the time interval T1 (Ryyc = 3.12 °C/W; T = 80 —I ™ T2
“C); ) ) o 30ms 100ms
d) calculate the junction temperature at the end of the time interval T2. -
Fig. 2 Fig. 3
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