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ABSTRACT

This thesis presents a high frequency power sources for induction heating. The full
bridge power mosfet inverter is used to produce the high frequency voltage to supply the
heating load. The series resonance type is adopted at the load circuit . The inverter is operated
at nearly unity power factor by phase-lock loop control irrespective of load variation. It
produces the maximum power, maximum overall system efficiency and practically no voltage
spikes on the mosfet at tumn off because it operates at zero-crossing current in a switching

mode. The operation is on 50 kHz - 200 kHz at the rated load of 1.4 kVA.
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Material a p20°C  (Qm)
Aluminium 429%10° 26510
Brass (65%Cu , 35%Zn) 1.6*10° 6.4*10"
Bronze (90%Cu , 11%Zn) 1.86%10° 39%10°
Copper 393*10° 1.72%10"
Pure Iron 6.5%10" 9.71%10"
Lead 3.36*10° 20.65%10"
Silver 41%10° 1.59%10"
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=p, +| — lp, — 2.65)
Po =P: 0,0, (0, —p:) (
uay EQ =c,/p (2.66)
dt
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Hardened Depth Diameter Of Bar Frequency Used In Practice
(mm) (mm) (Hz)
04-125 5-25 450000
125-25 10 - 16 450000(10000)
16 - 25 10000;450000
25-50 10000(3000:450000)
Over 50 10000(3000)
25-5 20 -50 10000;3000
50 - 100 3000(1000;3000)
Over 100 1000(3000)
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f (kHz) 11(A) 12(A) 13 (A) 14 (A) I5(A)
C=77UF | C=66UF | C=44UF | C=34uF | C=22uF
47.62 0.30 0.10 0.10 0.00 0.02
50.00 0.30 0.10 0.10 0.00 0.02
52.63 0.40 0.20 0.10 0.00 0.02
55.56 0.50 0.20 0.10 0.00 0.02
58.82 0.60 0.20 0.20 0.00 0.05
62.50 0.75 0.30 0.30 0.10 0.05
66.67 1.00 0.50 0.40 0.20 0.08
71.43 1.30 0.70 0.50 0.30 0.10
76.92 1.70 0.80 0.70 0.40 0.20
83.33 2.70 1.20 1.10 0.60 0.30
90.90 2.80 230 1.70 0.80 0.40
100.00 1.50 2.10 2.20 1.10 0.50
111.11 0.80 1.20 2.10 1.45 0.60
125.00 0.50 0.50 0.80 2.10 0.80
142.86 0.30 030 0.40 1.25 1.20
166.67 0.20 0.20 0.20 0.55 1.30
200.00 0.10 0.10 0.10 0.25 0.60
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g g
Temp $UU 21.10 . ¥UAU 23.15 Wl
‘o) f, (kHz) L, (uH) f, (kHz) L, (uH)
50 96.15 0.356 95.25 0.363
100 95.21 0.363 95.11 0.364
150 93.43 0.377 93.51 0.376
200 92.17 0.387 91.75 0.391
250 92.17 0.387 91.75 0.391
300 91.44 0.394 90.32 0.403
350 91.24 0.395 90.32 0.403
400 90.72 0.400 90.15 0.405
430 90.72 0.400 90.15 0.405
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Temp. (C) L, (uH) L, (uH)
50 0.356 0.363
100 0.363 0.364
150 0.377 0.376
200 0.387 0.391
250 0.387 0.391
300 0.394 0.403
350 0.395 0.403
400 0.400 0.405
430 0.400 0.405
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Temp. (C) I, (A) L (A)
50 5.00 4.10
100 4.86 393
150 4.11 348
200 4.32 3.65
250 4.15 325
300 3.87 294
350 3.57 2.67
400 3.35 2.45
430 3.18 2.23
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1 4 o l.; J & 1
M31N 4.10 HAYBINTTAARIVEINTLUALOGUUAUHUVY [HIBTNITAIVANLUUVAN )

Temp PLL Manual mmﬁ'mﬁ
ey | Time, ) | 1, A) | Time,s) | L (A) | Time, (s) | L (A)
50 15 5.00 15 5.00 15 5.00
100 20 473 21 495 20 4.86
150 40 4.51 40 485 50 4.41
200 47 4.47 46 4.65 56 432
250 63 4.46 60 4.60 80 415
300 67 4.4 65 4.52 107 3.87
350 80 4.35 75 4.50 131 3.57
400 100 4.35 90 450 158 3.34
430 120 430 | 13 4.45 164 3.18

M3 4.11 oniiflumsidanudeuvemsaumuiuueia 9
Temp.('C) | Time, (s) | Time, (s) | Time, (s)
50 15 15 15
100 20 21 20
150 40 40 50
200 47 46 56
250 63 60 80
300 67 65 107
350 80 75 131
400 100 9 158
430 120 113 164
UMY

— Time, wuwds nalumslinrwdeudiold Phase Lock Loop Tumsaiugy
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— Time, M8 narlunsarwdoudonluguanudlaonisiludsie
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~A— Time3 (s)
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1 4 o~ A' l: v
ﬂ"lﬂdﬁ 4.12 miaﬂawmns:umﬁaqmmmwwmmmsﬂ’mﬂuuuumq 9

Temp.(C) | 1, (A) I, (A) I, (A)
50 5.00 5.00 5.00
100 4.73 495 4.86
150 4.51 4.85 441
200 4.47 4.65 4.32
250 4.46 4.60 4.15
300 444 4.52 3.87
350 4.35 4.50 3.57
400 435 4.50 3.34
430 4.30 445 3.18
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HANTINARAD
P a a A Ao =
ATTNN 4.13 llﬂ’ﬁﬂﬂizﬂ’ﬂﬁﬂ'm‘llﬂsﬂﬂiBﬁ‘llﬂlzﬂuﬂ'liﬂ’)ﬂf]uﬂ’)'luﬂ

awnsasunlaivedivan

Temp Input Output Pin Pout n (%)

(°C) ITac Vac | Cos 6| Vout | Iout | Cos 6

50 750 | 150 [ 0940 | 162 | 589 | 098 | 1057.50 | 935.10 88.43
100 | 745 | 150 [ 0940 | 162 | 584 | 098 | 105045 | 927.16 88.26
150 | 735 | 150 0940 | 162 | 5.74 } 098 | 103535 | 911.29 8793
200 | 7.15 150 | 09351 162 | 554 | 098 | 1008.15 | 879.53 87.24
250 | 7.10 | 150 {0940} 162 | 5.49 | 098 | 1002.79 | 871.59 86.92
300 { 700 | 150 10940 | 162 | 541 | 098 | 987.00 858.81 87.02
350 | 698 | 150 | 0940 | 162 | 5.37 | 098 | 984.18 852.54 86.62
400 | 696 | 150 [ 0940 | 162 | 535 | 098 | 981.36 849.37 86.55
430 | 691 150 10940 | 162 | 530 | 098 | 97431 84143 86.36

Ay 1009.12 | 88075 | 87.48 %

& a a A o 4 4
AN 4.14 taadlseaninnuounToIvUZNIANNDAIN

Temp Input Output Pin Pout n %)

Co) | Tac | Vac | Coso | Vout | Tout | Coso

50 750 | 150 0935 162 | 589 | 098 | 935.10 | 1051.88 88.90
100 | 735 150 {0935 162 | 5.75 | 098 | 91287 | 1030.84 88.56
150 | 691 150 0935 | 162 | 530 | 096 | 824.26 969.13 85.05
200 | 682 | 150 | 0940 | 162 | 521 | 095 | 801.82 961.62 83.38
250 | 6.68 150 {0940 | 162 | 5.07 | 094 | 772,06 941.88 81.97
300 | 640 | 150 | 0940 | 162 | 479 | 092 | 713.90 902.40 79.11
350 | 6.10 | 150 {0940 | 162 | 449 | 090 | 654.64 860.10 76.11
400 | 5.87 150 1 0945 162 | 426 | 0.88 607.06 832.07 72.96
430 | 5.7 150 | 0945 162 | 410 | 087 | 57785 809.39 71.39

fungy 756.28 | 928.81 | 80.60 %
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P P a a & P a e
ANTNN 4.15 ﬂ1511ﬁUUl“UUﬂ53ﬁ“ﬁﬂ‘l“luauﬂ‘liﬂjﬁﬂuﬂj‘luﬁllaZﬂ'nUf\ﬂ\iﬂ

Temp. ('C) (%) (%)
50 88.43 88.90
100 88.26 88.56
150 87.93 85.05
200 87.24 83.38
250 86.92 81.97
300 87.02 79.11
350 86.62 76.11
400 86.55 72.96
430 86.36 71.39
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= a a Ao P
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] * 1 4 3 . v
MInd 4.16 mafviuvesguuaiinunm wWellmsauguanuduaz linwguanud

Temp.( C) Time, (sec) | Time, (sec)
50 15 15
100 21 20
150 40 50
200 46 56
250 60 80
300 65 107
350 75 131
400 90 158
430 113 164
nsAnnufdundofitunuen Po= 3= mZ?T
m =  02kg
¢ = 0958 x 10

Act o
ﬂ'iﬂlllﬂ'liﬂ']l]ﬂllﬂ'nllﬂ

P, = (02x0958x10 x (430 - 50)) / (113 - 15)
= 14293 w
ns@audnai
P, = (02x0958x10 x (430 - 50)) / (164 - 15)

= 488.64 w

oo o
ﬂiﬂmﬂ‘lSﬂ’Jnﬂuﬂ’Jmﬂ
Pw 742.93

%) = = x100 = 8435 %
n# = 5o = 8075
ATBININEAIT
Pw 488.
%) = = 64xlOO = 64.61 %

Pout 756.28
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AOTOROLA
,EMlCONDUCTOH TECHNICAL DATA

Desi ner's™ Data Sheet
Tugs E-FET ™ MTW14N50E

Power Field Effect Transistor
T0-247 with Isolated Mounting Hole MO POMER FET

N-Channel Enhancement—Mode Silicon Gate 14 AMPCRES
This advanced TMOS E-FET is designed to withstand high F————— RDS(so 0:) :%:TOSOHM

energy in the avalanche and commutation modes. The new energy !

efficient design also offers a drain—to—source diode with a fast i

recovéry lime. Designed (or high voltage, high speed switching H

applications in power supplies, converters and PWM motor ! .

comtrols, these devices are particularly well suited for bridge circuits - TM(:) s

where diode speed and commutating safe operaling areas are
critical and offer additional safety margin against unexpected
voltage transients.

o Designed to Replace Extemat Zener Transient Suppressor — o
Absorbs High Energy in the Avalanche Mode
¢ Source-to-Drain Diode Recovery Time Comparable to a .
Discrete Fast Recovery Diode _ o
o Dlode is Characterized for Use in Bridge Circuits
* Ipss and Vps(on) Specified at Elevated Temperature
' G
CASE 340F-03, Style 1
TO-247AF
S
MAXIMUM RATINGS (Tc = 25°C unless otherwise noted)
Rating ' Symbol Value Unit
Drain—Source Voitage Vpss 500 Vde
Drain-Gate Voltage (Rgs = 1.0 MQQ) VDGR 500 Vdec
Gate—Source Voltage — Continuous - vVGs 120 vde
Orain Cu;mn( - Continuous Ip 14 Adc
— Contlnuous @ 100°C ip 9.0 .
— Single Putse (t; < 10 pis) ! oM 60 Apk
“Total Power Dissipation Pp 180 Watts
Derate above 25°C ~ 1.44 wrc
Oparating and Storage Temperature Range T Tstg" "] -55t0150 °C
Single Puise Drain—lo—Source Avalanche Energy — STARTING T = 25°C EAs 869 mJ
(VDD = 50 Vdc, Vgs = 10 Vpk, I = 14 Apk, L = 8.8 mH, Rg =25 Q)
Thermal Resistance ~— Junction to Case Rayc 0.7 cw
- Junction to Ambient RoJa 40
Maximum Lead Temperature for Soldering Purposes, 1/8” from case for 10 seconds T 260 C

Dasigner’s Data tor “Worst Case” Conditions — Tha Oaesigner's Oata Sheet pamits the design ol most circuits entirely from the informauon presented. SOA Limdt
curves — representing boundaries on device characteristics — are given o facilitate “worst casa” design.
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MTW14NSOE

POWER MOSFET SWITCHING

Switching behavior is most easily modeled and predicted

by recognizing that the power MOSFET is charge controlied.
' The lengths of various switching intervals (al) are deter-
mined by how fast the FET input capacitance can be charged
by current from the generator.
The published capacitance data is difficuit to use for caiculat-
ing rise and fall because drain—-gate capacitance varies
greatly with appiled voitage.Accordingly, gate charge dala is
used. In most cases, a satisfactory estimate of average input
current ('G(AV)) can be made from a rudimentary analysis of
the drive circuit so that -

t = QlGg(Av)

During the rise and fall time interval when switching a resis-
tive load, VGg remains virtually constant at a level known as
the plateau voltage. Vsgp. Therefore, rise and fall times may
be approximated by the following:

tr = Q2 x RGAVGG ~ VGSP)

t= Q2 x RG/VGSP

where

VGG = the gate drive voltage, which varias from zero o VGG
Rg = the gate drive resistance

and Q7 and VGgp are read from the gate charge curve.

Ouring the turn—on and turn~off delay times, gate current is
not constant. The simplest caiculation uses appropnate val-
ues from the capacitance curves in a standard equation for
voltage change in an RC network. The equations are:

ld(on) = RG Ciss In [VGGAVGG ~ VGSP))
td(off) = ARG Ciss In (VGG/VGSP)

8000 T —
Vps=0V [ l I ' Ty=25°C
7000 v p
=0V
00 \ GS
g N
w 000
5] \ .
=z
= 4000 BN
H T~~~ L™ Css
< 3000
3 AN
2000 ™
NN Coss|.
00 Crss N —
0 .
v - S 0 S 10 15 20 5

~— VG5 + Vo5 —
TE-TO-SOURCE OR DRAIN-TO-SOURCE VOLTAGE (VOLTS)
Figure 7a. Low Voitage Capacitance Variation

The capacitance (Cigg) is read from the capacuancequv..,
a voltage corresponding to the otf-state condition when e”,

cutating tg(on) and is read at a voltage corresponding to N
on-state when calculating fd(oﬂ)

At high switching speeds, parasitic circuit elements-
plicate the analysis. The inductance of the MOSFET
lead, inside the package and in the circuit wiring th:h
common to both the drain and gate current paths,
voltage at the source which reduces the gate drive cum
The voltage is determined by Ldi/dt. but since di/dt is a ¢
tion of drain current, the mathematical solution is compls,
The MO_SFET output capacitance also complicates they
mathematics. And finaily: MOSFETS have finite intemal gatq4
resistance .which effectively adds to the resistance of tha4
driving source, but the internal resistance is difficult to medl-g
sure and, consequently, is not specified. H

The resistive switching time varlation versus gate re:
tance (Figure 10) shows how typical switching pedormanom
is affected by the parasitic circuit elements. If the paraslﬂcs.
were not present, the slope of the curves woulkd maintain a {
value of unity regardiess of the switching speed: The circul:
used to obtain the data is constructed tc minimize common *
inductance in the drain and gate circuit loops and is believed
readily achievable with board mounted components. Mos(
power electronic icads are inductive; the data in Ihe figure & ls
taken with a resistive 1oad, which approximates an optimaly
snubbed inductive load. Power MOSFETs may be sately op-
erated into an Inductive load; however, snubbing reduces
switching losses.
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2000\
& 1000 P
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S T
é : 371 Coss
o 100 <
[&]
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- 5
20
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Figure 7b. High Voltage Capacitance Variation



MTW14N50E
ELECTRICAL CHARACTERISTICS (T = 25°C unless otherwise noted)

[ Characteristie [ symbot | min | 1vp | Max | vom
OFF CHARACTERISTICS

Orain-Source Breakdown Voliage V(BR)OSS Py
(VGs = 0V, Ip = 250 pAdc) 500 — - Vé!
Temperature Coefficient (Positive) - 520 - VA

Zero Gate Voltage Drain Current lpss  wAde
{(Vpg =500 vde, Vs = 0) : — — 250
{Vpg = 500 Vdc, Vgg = 0. T = 125°C) -~ - 1000 .

Gate-Body Leakage Current (VG = =20 Vdc, Vpg =0) iGss — - 100 nAdc 7

ON CHARACTERISTICS*

Gate Threshold Voltage ' vGsiin) .
(VoS = VGs. | = 250 pAdc) 2.0 32 40 vde
Temperature Coeflicient (Negative) — 7.0 —_ mVI‘C'S_‘

Static Drain-Source On—-Resistance (VGs = 10 Vdc, Ip = 7.0 Adc) Rps(on) - 0.32 0.40 Ohmin~

Drain-Source On—Voltage (VGs = 10 Vdc) VDS(on) Voo ”
(Ip = 14 Adc) — —_ 6.7 . wil
(lp =70 Adc, Tj = 125°C) - - 56 &

Forward Transconductance (Vpg = 15 Vdc. ip = 7.0 Adc) 9FS 5.0 - — “'mhos

DYNAMIC CHARACTERISTICS .

Input Capacitance Ciss — 2510 3510 pF*

- " {(Vpg =25 Vde, Vs = 0. _
Output Capacitance [ = 1.0 MH2) Coss 280 392
Reverse Transfer Capacitance Crss - 67 94
SWITCHING CHARACTERISTICS" t
" Tum—On Delay Time t4{on) - 28 60 ns
Rise Time (VoD =250 Vde, Ip = 14 Adc, 1t —_ 80 160
VGs = 10 Vdc,

Tum—Oft Delay Time RG=4.70) (ot - & 160

Fall Time y — 60 120 :

Gate Charge ar _ 65 a5 T nC" B

(VoS =400 Vdc, Ip = 14 Adc, Qq - 17 -~
VGs = 10 Vdc) Q2 — 47 g
Q3 — 34 -
SOURCE-DRAIN DIODE CHARACTERISTICS® -
Forward Cn-Voltage {Is = 14 Adc, Vgs = 0) Vsp - i0 1.6 Vde
(Ig = 14 Adc, Vg = 0. Ty = 125°C) - 0.3 - -
Revorse Recovery Time - t - 390 - ns .
(I5 = 14 Adc, VGgs =0, ta - 245 -
dig/dt = 100 A/us, VGs = 0) % — 145 .
.Reverss Recovery Stored Charge QRR — 5.35 - nC
INTERNAL PACKAGE {NDUCTANCE )
intemnal Drain Inductance Lp - 5.0 — . aH
(Measured from the drain lead 0.25” lrom package to center of die)
——

Internal Source Inductance Ls —_ 13 - nH

{Measured from the source lead 0.25” from package to source bond pad)

‘Puise Test: Pulse Width s 300 yis, Duty Cycle < 2%.
t Switching charactenstics are independent of operating junction temperature.
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SAFE OPERATING AREA

The Forward Biased Safe Operating Area curves define the
maximum simultaneous drain-to-source voltage and drain
current that a-transistor can handle safefy when it is forward
biased. Curves are based upon maximum peak junction tem-
peralure and a case temperature (Tc) of 25°C. Peak repetitive
puised power limits are determined by using the thermal re-

* "sponse data in conjunction with the procedures discussed in

AN569, “Transient Thermal Resistance~-General Data and Its
Use."

Switching betwean the ofi-state and the on-state may tra-
verse any load line provided neither rated peak current (Ipm)
nor rated vokage (VpSS) is excoeded and the transition time
(tr.t) do not exceed 10ps. In addition the total power averaged
over a complete swilching cycle must not exceed (Tj(MAX) —
TcHReuC).

A Power MOSFET designaled E-FET can be safely used in
switching circuits with unclamped inductive loads. For reliable

operation, the stored energy from circuit inductance dissi-
pated in the transistor while in avalanche must be less than
the rated limit and adjusted for operating conditions ditfering
trom those specified. Although industry practice is to rate in

.terms ol &nergy, ‘avalanche energy capabilily is not a

constant. The energy rating decreases non-linearly with an
Increase of peak current in avatanche and peak junction tem-
perature.

Although many E-FETs can withstana the s!ress of drain—
to-source avalanche at currents up to rated pulsed current
(1pm). the energy raling is specified at raled continuous cur-
rent (Ip), in accordance with industry custom. The energy rat-
ing must be derated for temperature a3 shown in the
accompanying graph (Figure 12). Maximum energy at cur-
rents below rated continuous !p can safely be assumed to
equal the values indicated.
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MC140468

PHASE LOCKED LOOP

The MC14046B phase locked-loop contains two phase compara-
tors,. a voltage-controlled oscillator (VCO), source follower, and
zener diode. The comparators have two common signal inputs,
PCA;n and PCBjn. Input PCAn can be used directly coupled to large
voltage signals, or indirectly coupled (with a series capacitor) to
small voltage signals. The self-bias circuit adjusts small voltage signals
in the linear region of the amplifier. Phase comparator 1 {an exclu-
sive OR gate) provides a digital error signal PC1gyq, and maintains
90° phase shift at the center frequency between PCA;n and PCBin
signals (both at 50% duty cycle). Phase comparator 2 {with leading
edge sensing logic) provides digital error signats, PC2q,t and LD,
and maintains a 0° phase shift between PCA;jn and PCBjn signals
(duty cycle is immaterial). The linear VCO produces an output signal
VCOgqyy whose frequency is determined by the voitage of input
VCOin and the capacitor and resistors connected to pins Cla, Clg,
R1, and R2. The source-follower output SFgy¢ with an external re-
sistor is used where the VCOj,, signal is needed but no loading can be
tolerated. The inhibit input Inh, when high, disables the VCO and
source follower to minimize standby power consumption, The zener
diode can be used to assist in power supply regulation,

Applications include FM and FSK modulation and demodulation,
frequency synthesis and multiplication, frequency discrimination,
tone decoding, data synchronization and conditioning, voitage-to-
frequency conversion and motor speed control.

Buffered Qutputs Compatible with MHTL and Low-Power TTL
Diode Protection on All inputs

Supply Voltage Range =3.0to 18V

Pin-for-Pin Replacement for CO40468

Phase Comparator 1 is an Exclusive Or Gate and is Duty Cycle
Limited

® Phase Comparator 2 switches on Rising Edges and is not Duty
Cycle Limited

L SUFFIX
CERAMIC
CASE 620

P SUFFIX
PLASTIC
CASE 648

OW SUFFIX
16 soic
CASE 751G

1

ORDERING INFORMATION

MC14XXXBC> Ptasuc
MC14XXXBC. Ceramic
MC12XXXBT W SOIC

Ta = =55 to 122 C for alt packages.

BLOCK DIAGRAM

;' ——————————————— .
-
! l Phase i 13 PC204¢
rce;, JO: Comparator 2 . w
(_,LL r-J—OA VCOg ¢
VC€Oin 9 N Vettage WA ou
Controlted i
! Oscillator ‘62 A2
ol ! tvcoy L o8 Cla
Vgg = Pin 8 i . 7 cip
! !
tnh 50 1 _’@Y—Cw SFout
! »l |

vgs O— Pl 0" Zener

PIN ASSIGNMENT

togre vpp

15 Zener

PCBjqn 12l PCA,

VCOout 120 PC2 e
Inh 120 R2
Cia 1101 RY

Cig 0P SFout
Vss 2P VCO;p




MC140468B

MAXIMUM RATINGS* (Voltages referenced 1o Vgs)

Rating Symbol Value Unit
OC Supply Voltage Voo -0510 »18 vde
Input Voitage, All Inputs Vin -051t0Vpp~0.5 | Vdc
OC input Current, per Pin tin =10 mAde
Power Oissipation, per Packaget Pp 500 mwW
Operating Temperature Range Ta ~5510 +125 ‘C
Storage Temperature Range T§Lq ~651t0 +150 *C

“Maximum Ratings gre thase values beyond which damags to the device may occur.
$Tempersture Derating: Plastic “P and VDWW~ Packages: ~ 7.0 mW/C From 65°C To 125°C
Ceramic “L" Packages: ~ 12 mW/C From 100°C To 125°C

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Characteristi Symbol | \02 -55C 25°¢ 1257¢ Unit
racteristic mbo ni
v vde [“uin T Max | Min 1 Typ | Max | Min | Max
Output Voitage “0" Level 5.0 - 0.05 — [} 0.05 - 0.05
Vin = Vpp or 0 VoL 10 — | 005 - 0 005 | — | 005 | vae
15 _ 0.05 — 0 0.05 — 0.05
“1" Leve! 50 495 —_— 495 5.0 - 4.95 _
Vin = 0 or VDp VOH 10 9.95 - 9.95 10 —_ 9.95 — Vdc
15 | 1495 | — | 1495 15 — {195 | —
input Voltage ¢ “0” Level
(VO = 4.5 or 0.5 Vde) viL 5.0 —_ 15 - 225 1.5 - 1.5 Vde
(Vo = 9.0 or 1.0 Vdc) ! 10 — 30 - 4.50 3.0 _ 3.0
(Vo = 13.5 or 1.5 Vdc) 15 —_ 40 —_ 6.75 4.0 — 4.0
“1" Level
(Vo = 0.5 or 4.5 Vdc) v 5.0 35 —_ 35 275 - 35 - Vde
(Vo = 1.0 or 9.0 Vdc) H 0] 70 | — 70 5.50 - 70| —
(Vo = 1.5 or 13.5 Vdc) 15 11 —_ 1" 8.25 —_ " —
Output Drive Current
(Vo = 2.5 Vdo) Source 50 | -12{ — -1.0 -17 — | -07| —
(VOH = 4.6 Vdc) 10H 5.0 -0.25 - -02 -0.36 —_ -0.14 _ mAdc
(VOR = 9.5 Vdc) 10 —-0.62 - -05 -0.9 — -0.35 —_
(Vo = 13.5 Vdc) 15 -18 - -15 -35 — -1.1
(VoL = 0.4 Vdc) Sink .0 0.64 - 0.51 0.88 - 0.36 -
(VoL = 0.5 Vde) oL 10 16 — 13 225 - 0.9 — | mAdc
(VoL = 1.5 Vdc) 15 4.2 -_ 3.4 8.8 -— 24 -_
input Current lin 15 - =0.1 — =0.00001{ =0.1 — =1.0 | pAdc
Input Capacitance Cin - - — - 5.0 7.5 - — [N
Quiescent Current oo 5.0 - 50 - 0.005 5.0 — 150 | pAdc
(Per Package) Inh « PCAjn = VpD. 10 - 10 - 0.010 10 - 300
Zener = VCOjn, = 0V, PC8jn = VoD 15 - 20 —_ 0.015 20 —_ 600
or 0V, gyt = O A
Total Supply Currentt T 5.0 tt = (146 uAkHZ) { + IpD pnAdc
(Inh = 0", g = 10 kHz, C_ = 50 pF. 10 T = (2.91 uAKHZ)  + Ipp
R1 = 1.0MQ), R2 = x, Rgg = *, and| 15 It = (4.37 uAKH2) t + Ipp
50% Duty Cycle)

#Noise immunity specified for worst-case input combination.
Noise Margin for both *1" and 0" level = 1.0 Vdc min (« Vpp = 5.0 Vdc
2.0 Vdc min (¢« Vpp = 10 Vdc
2.5 Vde min @@ Vpp = 15 Vde

1To Calculate Tota! Current in General:
VCOjn-1.65 Vpp-1.35\3/4 VCOjn~1.65
It =22%xV, ( n - ) 1. oot L RRILCS
T =22xVpp /1 2 + Gx( Asr

% le of PCA;
100% Outy fgg eo CA"‘) +1q  where: 7 1n A, L in pF. VCOip. VoD in V. 1 in aHz. and
R1. R2. RgF in M{Y. G on VCOopuyt.

"
)3.4 +1 x10-3(CL + 9 Vppi-

1x10-1 VDDZ(
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ELECTRICAL CHARACTERISTICS® {CL = 50 pF, TA = 25°C)

Voo Minimum Maximum
Characteristic Symbol vde Device Typlcai Device Units
Output Rise Time tTLH ns
tTLH = (3.0 ns/pF) G + 30 ns 5.0 - 180 350
tTLH = (1.5 nspF) CL + 15 ns 10 - 90 150
trLH = (1.1 ns/pF) C + 10 ns 15 — 65 110
Output Fall Time THL ns
tTHL = (1.5nspF} C + 25 ns 5.0 — 100 175
tTHL = (0.75 ns/pF) C_ + 125 ns 10 - 50 75
tTHL = (0.55 ns/pF) C + 8.5 ns 15 — 7 55
PHASE COMPARATORS 1 and 2
Input Resistance — PCAjp Rin §.0 1.0 20 — MO
10 0.2 0.4 —
15 0.1 0.2 —_
— PCBin Rin 15 150 1500 — MO
Minimum input Sensttivity Vin 50 -— 200 300 mV p-p
AC Coupled — PCAjn 10 — 400 600
C series = 1000 pF, { = 50 kHz 15 _— 700 1050
OC Coupled — PCAjn. PCBin - St 15 See Noise Immunity
VOLTAGE CONTROLLED OSCILLATOR (VCO)
Maximum Frequency Imax 5.0 0.5 0.7 —_ MHz
(VCOip = Vpo. C1 = 50 pF 10 1.0 14 —_
R1 = 50k, and R2 = =) 15 1.4 1.9 —_
N Temperature — Frequency Stabllity - 5.0 - 0.12 — % C
{(R2 = x) 10 — 0.04 —_
15 — 0.015 —_
Unearity (R2 = x) - %
(VCOjn = 25V = 03 V, R1 > 10 k(1) 5.0 - 1.0 —_
(VCO = 50V = 25V, R1 > 400 k1) 10 _ 1.0 —_
(VCOjn = 7.5V = 50V, R1 > 1000 kQ1) 15 -— 1.0 —
Output Duty Cycle - S5to 15 - 50 - %
Input Reslstance — VCOjn Rin 15 150 1500 = MO
SOURCE-FOLLOWER
Offset Voltage — 5.0 - 1.65 22 \4
(VCOiy minus SFo. RgF > 500 k1) 10 - 1.66 2.2
- 15 - 1.65 2.2
Unearity - ] %
(VCOjn = 25V = 0.3V, Rgg > 50 k) 50 - 0.1 —
(VCOip = 5.0V = 25 V, RgF > 50 k) 10 - 0.6 -
(VCOjp = 7.5 V = 5.0 V, Rgg > 50 k1) 15 — 0.8 -
ZENER DIODE
Zener Voltage (I = 50 pA) vz - 6.7 70 73 v
Dynamic Resistance {I; = 1.0 mA) Rz - - 100 —_ 4]

“The formula given is for the typical characteristics only.
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FIGURE 1 ~ PHASE COMPARATORS STATE DIAGRAMS

PHASE COMPARATOR 1
1nput State
X X
PCA, ‘PCBin
PC1ou¢ 0 1
PHASE COMPARATOR 2
T
input State : |
t
» 0, b@ OO
wl el NG S0 >
! 1
J-State
PC254¢ ] Ovtput Disconnected !
LD
.- {Lock Detect} N ° ! °

Refer 10 Waveforms in Figure 3.

FIGURE 2 — DESIGN INFORMATION

Charscteristic

Using Phase Comparator 1 Using Phase Comparator 2

No signst on input PCAjq,.

VCO in PLL system adjusts te center frequency
{tol.

quency (fin).

VCO in PLL systam adjusts 10 minimum {re-

Phsse angle between PCA;, and PCB;p.

900 at center froquency (fg], spproaching 0° Alwsys 0° in lock {positive rising edgesl.

and 180° at ends of tock range (21 ).

Locks on harmonics of center frequency.

Yo No

Signal input noise rejection.

High Low

Lock frequency range {21 ).

The frequency range of the input signs!l on which the loop will stay locked if it wes
initislty in tock. 2fy = full VCO trequency range = fmax = fmin

Capture frequency range (2(c).

The frequency range of the input signal on which the toop will tock if it was initislly
out of lock.

Dopend.: on low-pass filter characteristics tc=1tL

(see Figure 3). fc < f

Center trequency (fpl.

The frequency of VCOgyy. when V€O = 1/2 Vpp

VCO output frequency (fl.

Nota: Thess equations are intended to be
a design gulds. Since calcutated component
values may be in error by as much as a factor
of 4, laboratory experimentation may be
required for fixed designs Part to parnt fre-
quency variation with ientical passive com-
ponents is typicatty less than =20%.

1

— (Vco input = Vgg)
R4{C+32pF) co ss

fmin «

1

—— 4 'min
Rq{Cy +32 pFl

fmex w (Vo input = Vpp)

Whers: 10K <Ry < 1M
10K <Rz < 1M
100pF <Cq < .01 uF
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FIGURE 3 -~ GENERAL PHASE-LOCKED LOOP CONNECTIONS AND WAVEFORMS

SF
i Source 10 out
Follower
v
O RsF
PCA,, 14 -
, — Euternal =
® Freauency t cnuie | 2013 Com P R veo 4 - VOui
PClout Filter 1" 12 6 ? ® Freavency Nf' = §

PCB, or = =
PC2 A 8
0

(]
[ Eurernat 1 = =
B { N
L Counter 4
Typicat Low-Pass Filters
Typicaily
{a) A3 (v} a3
tnput O—'VWTO Output tnput Outout RgCa= _2__ - _N____
1, 2rlf
“T ., Y A Ae T oonat
= e,V a58, (th‘:l.ooomc,-'——1’-n‘c2
IC2 max
= 8¢ = tmax = Imin

Note. Sometimes RJ is split 1nto two series resistors each R3 + 2. A capacitor Cg 15 then placed from the —sdpont to ground. The value for
Cc should be such that the corner frequency of this network does not significantly affect wp. In Figure B, the ratio of R3 10 R4 sets
the damping, R4 x {0.11(R3) for optimum results.

. - LOW.PASS FILTER
Dehinitions: N « Totat division ratio in feedback 100p Filtar A . Filter B
Ko = Vop/ T for Phase Comoarator 1
Kvco K
Ko = Vpp/4 T tor Phase Comparator 2 . l"o Ve . l KoKvco
215 1yco “r YRAE, = "ARC,A3+Ag)
K .
vCoO Vpp-2V 271 Nwn 0s Aac N '
= D okeied | N - o
tor 3 typical dengn wp =~ " {at phase detector input} § " Kokvco | ¢ ~nfR3C2 KaKveo
.?
§30.207 Flsym —t Fis) = _—_83(:25”
R3C25+1 SIR3C24R4Col+1
Waveforms

Phase Comoparator 1 Phase Comcacator 2

—Vpo Voo

PCAn I I l | PCa,, I | I I
vss vss
Vo

SR s N s A | e I e o

— VoM Vou
PCloye l l | l l l l I Lo l I
Vou H ) VoL

—Von n Vou
veCo,, PC204¢ Il_._ N ] :
— VoL — VoL
— Von
VCO;n °
— Vou

Note- for turther informazion, see:
{1) F. Gardner, “Phase-Lock Technques”, John ‘WVilev :~¢ Son, New York, 1966
{2) G. S. Moschytz, "Miniature RC Filters Using hase-.ocked Loop™, BSTJ, May, *235
(31 Garth Nash, “Phase-Lock Loop Design Fundarrenrta s, AN-535, Motorola Inc
(4) A B. Przedpelski, “Phase-Locked Loop Design Ari £5™. AR254, repninted b Alinola me
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SIMPLE HIGH-SIDE DRIVE PROVIDES FAST
SWITCHING AND CONTINUOUS ON-TIME

By Laszlo Kiraly

Intreduction

P-channel power MOSFET' are typically used as
high-side switches in low power applications since
the gate drive circuitry is very simple. As power
levels, either voltage or current, increase, the
advantages of p-channel devices are quickly offset
by their increased on-resistance, limited voltage
range, increased cost, and increased complexity of
the gate drive circuitry. By switching to an n-
channel device, itis possible to improve on the p-
channel's disadvantages, at the expense of in-
creased gate drive complexity. For high power
levels, the IGBT is extremely well suited for use
as a high-side switch, yet all currently available
IGBTs are n-channel devices. Presented is a
circuit that, with the use of an extra IC and a few
passive components, solves the n-channel gate
drive circuit issue,

Dedicated High-sid¢Drivers Make Life Easier

The dedicated high-side drivers from IR provide .

ground referenced, logic level inputs, and high
energy, low impedance gate drive for MOS-gated
device up to SO0V DC operating voltage when
used in switchmode applications. These MGDs
use the bootstrap technique to create gate voltage
for the MOS-gated device and to power the

floating section of the high-side driver. The ad-
vantages of the bootstrap circuit are its simplicity
and the fast switching times, but to keep the
bootstrap capacitor charged the MOS-gated de-
vice has to periodically be turned off. With the
addition of a simple charge pump, both the fast

1IDF6
N
12K +HV
IR2125
H2vo vee v e
I o~ 2 7 =Flm ‘E[‘;
IN C- D‘ DUT vy ‘I
ERR O——t- e s} 2
. RS
,{%}'cw}: Avss  vslE :
1

N
T

Vi

TCWSSS_J
out

4

o |

2 =

RES]

== G"l? mo-(L

Figure 1
High-Side drive provides fast switching,
continuous on-time and protection for the
switching device



switching of the bootstrap circuit and unlimited
on-time of the charge pump circuitcanbe achieved.

Circuit and Test Results

The schematic diagram of the circuit is shown in
figure 1. The' IR2125 MGD was selected to
demonstrate the cooperation of the charge pump
and the bootstrap circuits. The IR2125 also has
linear current limiting and time-out shut down
capability, providing protection for the MOS-
gated device. To provide the low operating
current requirement of the IR2125, the charge
pump employs a 555 CMOS timer.

When the IGBT is off, the bootstrap .capacitor is
charged through the 10KF6 diode and the load
resistor. When the IGBT is on, the 100k resistor
connected to ground charges the 100nF capacitor
connected between pins 1 and 8 of the 555 timer
generating -15V referenced to pin 5 of the IR2125.

Bootstrap capacitor voltage

Il
i

e

T e A

i

------------

- Figure 2
Waveforms at star{-up

The charge pump circuit formed by the two
IN4148 diodes and' the 10nF capacitor which
converts the 7.5kHz square wave at pin 3 of the
555 timer to +15V referenced to VS and charges
the bootstrap capacitor.

DESIGN TIPS

Figure 2 shows the circuit waveforms at start-up.
As the IGBT turns on, the bootstrap diode discon-
nects pin 8 of the IR2125 from the -+ 12V power
supply, and the voltage across the bootstrap ca-
pacitor starts dropping. At the same time the 100k
resistor located between pin 1 of the 555 timerand

'gmund starts charging the 100aF capacitor con-

nected to it and generates supply voltage for the
CMOS (MAXIM ICL71555IPA) timet. The out-
put voltage of the charge pump increases with
increasing  supply voltage. The charge pump
maintains the voltage in the bootstrap capacitor,
keeping the voltage above the undervoltage thresh-

.old level of the IR2125." *

Design Considerations

- Theabsolute maximum voltage supply voltage
" forthe 555is 18V, consider this when select-
ing thé zener diode and its tolerance.

- The supply curreat at the VB pin (Iqes) Of the
IR2125 increases with increasing tempera-
ture.

- The 100k 1kQ resistor should be sized accord-
ing the maximum supply current at the high
side of the IR2125, the minimum operating
power supply voltage and the timing require-
ments.

Conclusion

This simple, inexpensive charge pump circuit
overcomes the maximum on-time limitation of the
bootstrap circuit. The circuit presented above
utilizes the advantages of the bootstrap and charge
pump technique providing excelient switching
speed and steady state operation allowing the use
of an n-channel MOS-gated power device as a
high-side switch. This improves system effi-
ciency, expands voltage range, and reduces the
cost of the power device required.
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HIGH VOLTAGE
CURRENT LIMITING
MOS GATE DRIVER

IR2125

General Description

configuration with standoff voltage up to 500V.

condition and latched shutdown.

Applications

AC and DC motor drives

High frequency switch-mode power supply
Electronic lamp ballast

Battery charger

Induction heating and welding

Switching amplifier

The IR2125 is a high voltage, fast switching MOS
gate driver with a single floating gate drive channel.
The device can be used to drive a N-channel power
MOSFET or IGBT in the high side or low side

The logic inputs are compatible with standard CMOS,
LSTTL or PWM controller outputs. The output driver
features a high pulse current buffer stage designed
for minimum cross-conduction. The protection
circuitry detects over-current in the driven power
transistor and limits the gate drive voltage. Cycle by
cycle shutdown is programmed by an external
capacitor which directly controls the time internal
between detection of the over-current limiting

Features

High voltage (500V) operation.

Floating supply designed for bootstrap operation
— Operating offset range from -5 to +500V

— dv/dl immunity rated at +50V/ns

— Quiescent power dissipation of 7.5 mW at 15V

Current detection and limiting loop to limit
driven power transistor current
— Trip point at 230 mV with 30 mV hysteresis

" — Leading edge blanking time of 500 ns

Error pin indicates fault conditions and programs

shutdown time

— Latched shutdown threshold at 1.8V

— Source current of 100 gA to charge timing
capacitor

— Filter time of 1 s for noise immunity

Wide gate drive supply range from 10 to 20V
Under and over-voltage lockout with hysteresis

Qutput driver designed to drive MOS-gated

power devices

— R(on) of pull-up driver typically at 9 ohm

— R(on) of pull-down driver typically at 3 ohm

— Switching time of 43/27 ns typical t;/tf into
3300 pF load

Propagation delay time of 140 ns typical

Typical Connection

P>

(

IR2125

Pinout Assignment

vee | ~ 8 ] vy
0

w2 N 7 ] our
‘N

eRR [ 3 o 6 ] cs

5] vs

For mechanical specifications see back page

f
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Absolute Maximum Ratings

Absolute Maximum Ratings indicate sustained limits beyond which damage to the device may occur.
All voltage ‘parameters are absolute voltages referenced to Vss.

Tlhe Thermal Resistance and Powsr Dissipation ratings are measured under board mounted and still
alr conditions.

Symbol Parameter Min ’ Max Units
Ve Floating Supply Absolute Voltage -05 Vg+20

Vs . Floating Supply Offset Voltage -5 500

Vo Output Voltage . Vg-05 Vg+05

Vee Fixed Supply Voltage ~05 : 20 . v
VIN Input Voltage -05 Vce+05

VERR Error Signal Voltage -05 Vco+05

Vcs Current Sense Signal Voltage Vs-05 Vg +05

dVgl/dt Allowable Offset Supply Voltage Translent — +50 Vins
Pp Package Power Dissipation @ TA <= 25°C - 1 w
RihJA Thermal Resistance, Junction to Ambient - 100 ‘cwW
Tj Junction Temporature ~40 150

Ts Storage Temperature -55 150 °C
To Lead Temperature (Soldering, 10 seconds) —_ 300

Recommended Operating Conditions

The Input/Output Logic Timing Function is shown in Fig. 1. For proper operation the device should be used
within the recommended conditions.

The Vg offset ratings are tested with all supplies biased at 15V differential.

Symbol Parameter Min Max _ Units
\{:] Floating Supply Absolute Voltage Vg+12 Vg+18

Vs Floating Supply Offsat Voltage -5 500

Vo Output Voltage Vg \'/)

Veo Fixed Supply Voltage 12 18 v
VIN Input Voltage Vss Vee

VERR Error Signal Voltage Vss vee

Ves Current Sensa Signal Vollage Vg Vg+5SV

Dynamic Electrical Characteristics
Vee, Vas = 15V unless otherwise specified.
The dynamic selectrical characteristics are defined in Switching Time Diagrams, page 6.

T‘ = 25°C T] = —40 to

150°C
Symbol | Parameter Min Typ Max Min Max | Units Test Conditions
ton Turn-On Propagation Delay —_ 130 170 — 1 20
t Turn-Og Rise Time — 43 60 —_ 80 ns
Turn-Off Propagation Defay - 150 190 - 270
i Turn-Off Fall Time - 28 35 — 50 CL = 3300 pF,
tsd ERR to OutpBt Shutdown — s 18] = |21 = Vs = OV to S00V
Propagation Delay
| tes CS to Output Shutdown Propagation - 550 800 —_ 1000 | ns
Delay
torr CS to ERR Pull-up Propagation Time - 8 10 — 1, s Vg = OV ip 500V,
. Cerr = 270 pF




Static Eleatrical Characteristics

iH2125

Vee: Ves = 15V unless otherwise specified. The Vi, V. and ly parameters are referenced to Vgs. Vg and
lo parameters are referenced to V. )
T, = 25°C T’ = -40 to
150°C
Symbol |Parameter Min Typ Max Min Max |Units Test Conditions
Ik Offset Supply Leakage Current —_ —_— 50 -— 250 Vg = Vg = 500V
loss Quiascent Vgg Supply Current - 350 700 - 800 IN = CS = OV
-— 500 1000 - 1300 IN w CS = SV
loce Quiescent Vo Supply Current - 650 1000 — 1200 iN = CS = OV
—_ 850 1200 - 1500 rA IN = CS = 5V
N+ Logic “1" Input Bias Current —_ 4 25 - 30 IN = SV
lin- Logic “0" Input Bias Current — 1 - 1 IN = OV
Ics+ “High" CS Bias Current —_ 8 15 - 30 CS = 3V
ics- “Low™ CS Bias Current - —_ 1 —_ 1 CS = OV
ViH Logic 1" input Voltage - - -— 2.2 —
Vi Logic 0" input Voitage - — - - 08 v VeG = 10 to 20V
VERR + Logic 1" ERR Input Voltage - - - 2.2 -
VERR- Logic “0" ERR Input Voltage - - — — 08
VestH+ | CS Input Positive Going Threshold 155 1 230 320 - - oy Vgs = 10 to 20V
VCSTH- CS Input Negative Going Threshold 135 200 260 - -
VBsuv+ |Vas Supply Undervoltage Positive 86 93 99 - -
Going Threshold
vesuv- Vgs Supply Undervoltage Negative 79 85 9 —_ -_
Going Threshold
vesov+ |VBs Supply Overvoltage Positive 20 215 | 228 - - -
Going Threshold
VBsov- | VBs Supply Overvoltage Negative 193 | 208 | 224 - —
Going Threshold v
Vecuv+ |Vee Supply Undervoltage Positive 84 88 9.4 —_ -
Going Threshold
Vecuv- Vce Supply Undervoltage Negative 7 8.1 8.5 - -
Going Threshold
Vccov+ | Ve Supply Overvoltage Positive 20 21,2 | 224 - —
Going Threshold
vVecov- Vee Supply Overvoltage Negative 196 | 207 1.7 - —
- Going Threshotd
lepr ERR Timing Chargs Current 80 100 120 - — A IN = 5V,CS = 3V,
ERR < VERR +
leRR + ERR Pull-Up Current - 15 — — - IN w 5V,CS = 3V,
mA ERR > VERR+
lERR~ ERR Pull-Down Current - 30 - - - IN =« OV
VOH High Leve! Output Voltage vg-0.1| — — vg-0.1 - v IN = 5V, ig = 0A
VoL Low Level Output Voltage - ~ {Vg+0.1 — |Vs+01 IN = OV, 10 = OA .
Rgn,ON Output High on Resistance —_— 9 —_ — —_ 0
Ron. OFF [ Output Low on Resistance —_ 3 —_ —_ —_
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Functional Block Diagram -

‘Application Information

The IR2125 is a monolithic high voltage and high
speed single channel power MOSFET and IGBT driver.
Refer to the section on Functional ‘Block Diagram for
the internal partitioning of the various circuit blocks.
The driver translates logic input signal into in phase
low impedance output. The floating output (Vouy) is
referenced to a floating rail (Vs) with offset capability
up to 500V,

Input/Output Lodic

The logic circuit provides the control pulses for the
output channel corresponding to the logic Inputs
as indicated by the Input/Output Logic Timing Fung-
tion diagram (Fig. 1). The output will turn off when the
ERR pin is above its threshold (1.8V) and the output will

remain off even after the ERR pin retumns to low until the
next rising adge of the IN signal. The output will also
turn oft when the floating CS input is above its
threshold (230 mV) but tum back on if the CS input
goes low. The CS and ERR logic functions are coupled
through a timing scheme explained in the following.
saction on Protection Logic. In the case when V¢ is
below the under-voitage or above the over-voltage trip
point the UV/OV detect block will send a shutdown
signal to disable the output channel. Also a separate
UV/QV detect block is used to disable the floating
channe! when Vgg is beyond its own trip point limits.
The logic input uses comparator with hysteresis to
provide high notse immunity and can accept inputs
with slow rise fime. The input threshglds are CMOS
or LSTTL compatible with V,_at 0.8V and Vy at 2.2V.



Protection d.ogic

The ERR and CS logic 1unct|ons are designed to
protect the driven power device when abnormal over-
stress conditions occur. Over-stress conditions are
detected by sensing power device output current as
shown in Fig. 2. When the voltage across the sensing
resistor reaches the threshold (230 mV) of the CS input
pin, the output driver is switched into a linear mode with
a feedback amplifier controlling the output voltage. The
amplifier and the driven power device together'form a
negative feedback loop to settle the gate drive voltage
to a lower value such that the power device current is
limited to a pre-set value determined by the sensing
resistor. To avoid false triggering of the CS trip
comparator, a leading edge blanking time of 500 ns is
designed in to filter out noise spike caused by the
switching action of the power device.

The ERR pin serves multiple functions: including
status reporting, linear mode timing and cycle by cycle
logic shutdown. When the IN signal is low the ERR pin
is pulled down by 30 mA of pull-down current. After the
input is switched high the ERR pin is switched into a
high impedance state with 1 MOhm pull-down. if the
output stage is switched into the linear mode the status
logic block is notified such that a charging current
of 100 pA into the ERR pin is enabled. The ERR pin is
thus pulled up by the charging current at a rate
determined by the capacitor connected to the ERR pin
(dt = C « (dv/lerr)). The charging current is terminated
if the output stage is switched bagk to switching mode.
However when the ERR capacitor is charged to above
18V such that the ERR trip comparator is triggered, the
outputis then turned off for the remainder of the cycle.
The ERR trip comparator also triggers a pull-up current
of 15 mA such that the ERR pin is pulled up to V¢c to
indicate error status. The ERR trip comparator can also
be triggered by external pulses for cycle by cycle
shutdown function.

The ERR and CS ‘logic functions are designed to
handle both *hard" and pulsed short conditions as
shown in Fig. 3. In the case of a “hard" short (Fig. 3a)
the choice of ERR capacitor will determine the duration
for which the driven power device stays in linear
condition with lower gate drive before cycle by cycle
shutdown occurs. In the case of a pulsed short
(Fig. 3b) the ERR capacitor serves an integraling
funclion to determine the number of shorted pulses
before shutdown for the remaining cycle.

Level Shifting

Narrow “On" and “Off" pulses triggered respectively
by the rising and the falling ‘edge of IN signal are
generated by the pulse generator block, The respective
pulse is used to drive separate high voltage N-Channel
DMOS level translator that set or reset a RS latch
operating off the floating rail. Leve! shifting of the ground
referenced IN signal is thus accomplished by
transposing the references of the signal to the floating
rail. Because each high voltage N-Channel DMOS level
translator is turned on for only the duration of the short
“On" or “"Off" pulses for each setor reset event, power

IR2125

dissipation is minimized. False triggering of the RS latch
from fast dv/dt transients on the Vg node is effectively
differentiated from normal pull-down pulses through a
pulse discriminator circuit that makes the fioating
channel immune to dv/dt. Also_the high voltage level
shifting circuit is designed to fﬁnctlon normally even
when the Vg node swings more than 5V below the Vgg
pin. This condition can often occur during the
recirculation period of the output free-wheeling diode.

The status of the output stage is communicated
to the status logic block using a similar pulse mode level
shifting scheme as the leve! shift up circuit. In the
level shift down circuit high voltage P-Channe!
OMOS level translators are used to transmit the status
logic signal.

Output Driver

The output driver is a low impedance CMOS buffer
stage with peak current capability above 1A for the pull-
up and 2A for pull-down. The on resistance of the pull-
up device is 9 Ohm typical and 3 Ohm for the pull-down
device. To avoid cross-conduction noise spike the buffer
stage is designed such that the pull-up device is turned
oft before the pull-down device turns on and vice versa.
For a typical 3300 pF foad the rise and fall times are
43 ns and 27 ns respectively. The output driver is
designed to deliver gate drives for fast switching speed
even for high current power MOS device with relatively
high gate charge requirement. To minimize inductance
in the gate drive loop, the driven power device should
have a Kelvin source or emitter return connected to the
Vs pin of the IR2125. For smaller power device a series
gate resistor between the OUT pin and the gate of the
driven power device is recommended to limit switching
speed. The value of the gate resistor depends on EM!
requirement, switching losses and the maximum
allowable dv/dt.

Bootstrap Supply

Typically the floating supply is derived from the fixed
supply using a bootstrap technique as shown in the
section on Typical Connection. The charging diode must
have a voltage withstand capability higher than the peak
HV bus voltage. To prevent the bootstrap capacilor from
discharging a fast recovery diode is recommended. The
value of the bootstrap capacitor depends on the
switching frequency, duty cycle and gate charge
requirement of Lhe power MOSFET. The voltage across
the capacitor should not be allowed to drop below the

. under-voltage lockout threshold. A 0.1 uF capacitor is

usually suitable for applications switching above 5 kHz.
Supply bypass capacitors between V¢ and Vgg are
required to supply the transient current needed for
refreshing the bootstrap supply. Typically a value of 10
times the bootstrap capacitor is recommended. These
capacitors together with the reservoir capacitor across
Vg and Vg must be connected close to the device. A
0.47 1F ceramic disk capacitor in parallel with a 4.7 uF
tantalum capacitor are recommended for the Vee
bypass with typical bootstrap capacitor up to 0.1 xF.
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Fig. 1 — Input/Output Logic Timing Function
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Fig. 2 — Overcurrent Sensing
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