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STUDY OF A CURRENT-MODE CONTROLLED

VARIABLE-FREQUENCY FLYBACK CONVERTER

Chookiat Bumrungsil
Winai  Nongdee
Dr. Chanin Bunlaksananusorn  Advisor

2004

Abstract

In this thesis, a variable{frequency current-mode controlled flyback converter is studied. The
principle of operation and circuit design of a quasi-resonant and self-oscillating flyback converters
are described. Operating near the boundary between Continuous Conduction Mode (CCM) and
Discontinuous Conduction Mode (DCM), the former is implemented by standard control ICs
equipped with a zero current detection circuit, while the latter by discrete components with no control

IC. The converters are prototyped and experimental results presented
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3
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0.125
maalihmandegi
1-0.3218
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a oA 1
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41_09( 1 \/4(0.367) . \/4(1-0.367)}
08V 3 3
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4.2.2 ysviiu (Bobbin)
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: H . CORE TYPE A, (em) A, (cmY) V_(m’ ¢ (mm)

| —————
/\ ETD 34 0.971 1.220 7.64 78.6
EID 39 - 1.250 1.740 11.50 92.2
| ETD 44 1.740 2.130 18.00 103.0
____] {__;_ ETD-49 2.110 2.710 24.20 114.0
ETD
CORE TYPE A, (cm?) A, (cmY V, (cm’) ¢ (mm)
EE 20/20/5 0.31 0.3s 1.34 43.0
11 EE 30/30/7 0.59 0.78 4.00 66.9
EE 42/42/15 1.82 1.78 17.6 97.0
EE 42/42/30 2.36 1.78 23.1 97.4
. EE 42/54/20 236 2.40 28.8 122.0
EE 42/66. 20 2.36 3.40 34.5 143.0
I—-_] ’_—-l EE 55/55/21 - 3.54 2.50 437" 123.0
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AWG # guina1e mm (§19523RU mm mm’
44 0.0503 0.06604 0.00199
43 0.0564 0.07366 0.00250
42 0.0633 0.08128 0.00314
41 0.0711 0.09144 0.00397
40 0.0798 0.1041 0.00500
39 0.0897 0.1143 0.00631
38 0.1008 0.1295 0.00799
37 0:1130 0.1448 0.01003
36 0.1270 0.1626 0.0127
35 0.1422 0.1778 0.0159
34 0.1600 0.1981 0.0201
33 0.1803 0.2235 0.0255
32 0.2032 0.2489 0.0324
31 0.2261 0.2743 0.0401
30 0.2540 0.3048 0.0507
29 0.2870 0.3404 0.0647
28 0.3200 0.3759 +0.0804
27 0.3607 0.4191 0.1022
26 0.4039 0.4699 0.128
25 0.4547 0.5232 0.162
24 0.5105 0.5817 0.205
23 0.5746 0.6502 0.259
22 0.6426 0.7214 0324
21 0.7239 0.8052 0.412
20 0.8126 0.8966 0.519




A15199 1.1 (@) MINVUIARAIAAITH

RYGH uaduru vnaduruguina1g Aufindhdadn
AWG # fAudNa1e mm 11939401 mm mm’
19 0.9119 1.003 0.653
18 1.024 1.118 0.823
17 1.151 1.247 1.040
16 1.290 1389 1308
15 1.450 1557 1.652
14 1.628 1.737 2.082
13 1.829 1.943 2.627
12 2.052 2172 3.308
11 2.304 2431 4.168
10 2.588 2.720 5.261
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NCP1207

PWM Current-Mode
Controller for Free Running
Quasi-Resonant Operation

The NCPI207 combines a true current mode modulator and
demagnetization detector to ensure full borderline critical
Conduction Mode in any load-line conditions and minimum drain
voltage switching (Quasi—Resonant operation). Due o its inherent skip
cyele capability, the controller enters burst mode as soon as the power
demand falls below a predetermined level. As this happens at low peak
current. no audible noise can be heard. An internal 8.0 us timer prevents
the free—run frequency o exceed 100 kHz (therelore below the 150 kHz
CISPR-22 EMI starting limit). while the skip adjusiment capability lets
the user select the frequency at which the burst foldback takes place.

The Dynamic Seli=Supply (DSS) drastically simplifies the
transformer design in avoiding the use of an auxiliary winding to supph
the NCPI207. This feature is particularly useful in applications where
the output voltage varies during operation (e.g. battery chargers). Due to
its high—voltage technology. the 1C is dirceth connected 1o the
high-voltage DC rail. As a result. the short—vireuit trip point is not
dependent upon any V- auxiliany fevel,

The transformer core reset detection is done through an auxiliary
winding which, brought via a dedicated pin. also enables fast
Overvoltage Protection (QVP)Y. Onee an OVP has been detected. the IC
permanently latches ofl

Finally. the continuous feedback signal monitoring implemented with
an Overcurrent Fault Proteetion (OCP) cireuitry makes the final design
rugged and reliable.

Features
® Pb-Frec Packages are Available®

® Frec—Running Borderline Critical Mode Quasi-Resonant Operation’

¢ Current-Mode with Adjustable Skip-Cyele Capability
® No Auxiliary Winding V¢« Operation

Auto—Recovery Overcurrent Protection

Latching Overvoltage Protection

Externai Lateh Triggering. c.g. Via Overtemperauure Signal
300 mA Peak Current Source Sink Capabilin

Internal 1.0 ms Soft-Stan

Internal 8.0 us Minimum T
Adjustable Skip Level
® Internal Temperature Shutdown

® Direct Optocoupler Connection

® SPICE Models Available for TRANsient Analysix

Typical Applications

e AC-DC Adapters for Notebooks., cte.

® Offline Battery Chargers

® Consumer Electronics (DVD Players, Set—Top Boxes. TVs. ete.)

® Auxiliary Power Supplies (USB. Appliances. TVs, ete)

“For additional information-on our Pb~Free strategy and soldering details, please

download the ON Semiconductor Soldering and Mounting Techniques
Reference Manual, SOLDERRM/D.

Semiconductor Components Industries LLC 2003 1
October, 2004 ~ Rev. 8

http:/lonsemi.com

MARKING
DIAGRAMS
8
SOIC-8
p1,D2SUFFIX | 207
CASE 751
1
8l A dhd
PDIP-8 1207P
N SUFFIX D AWL
CASE 626 O YYww

U TR T

1207/P = Device Code

A = Assembly Location
WL. L = Wafer Lot
YY.Y = Year

WW, W = Work Week

PIN CONNECTIONS

oma [ |° B
Fe[ 2] 7] ne
cs E z] Vee

onof4 | BEY

(Top View)

ORDERING INFORMATION

Device Package Shipping?

NCP1207DR2 SOIC-8 2500/Tape & Reel

NCP1207DR2G| SOIC-8 2500/Tape & Reel

(Pb-Free)
NCP1207P PDIP-8 50 Units/Tube
NCP1207PG PDIP-8 50 Units/Tube
{Pb-Free)

tFor information on tape and reel specifications.
including part orientation and tape sizes, please
refer to our Tape and Reel Packaging Specifications
Brochure. BRD8011/D.

" Publication oﬂagen r:
12
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Universal Network N

‘__1!__”%; == ‘ _ g '

NCP1207

Vou(
[ —_— - - - —N——;—..*. ¢
It
: VA~ —— T
i* {OVPand  NCP1207 |
Demag __.—~ ;
Y [?}; I b
7 A — W GND

i
s
«

- ER - -

‘Please refer to the application information section

AN v

%
/]$ ﬂ“

Figure 1. Typical Application

PIN FUNCTION DESCRIPTION

Pin No. Pin Name Function Description
1 Demag Core reset detection and OVP The auxiliary FLYBACK signal ensures discontinuous operation and
offers a fixed overvoltage detection level of 7.2 V.
2 FB Sets the peak current setpoint By connecting an Optocoupler to this pin. the peak current setpoint is
. adjusted accordingly to the output power demand. By bringing this pin
below the internal skip level. device shuts off.
3 CS Current sense input and This pin senses the primary current and routes it to the internal
skip cycle level selection comparator via an L.E.B. By inserting a resistor in series with the pin, you
control the level at which the skip operation takes place.
4 GND The IC ground I3
5 Drv Driving pulses The driver's output to an external MOSFET.
6 Vee Supplies the IC This pin is connected to an external bulk capacitor of typically 10 uF.
7 NC - This unconnected pin ensures adequate creepage distance.
8 HV High-voltage pin Connected to the high-voltage rail. this pin injects a constant current into

the V¢ bulk capacitor.

http:/lonsemi.com Page 2
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NCP1207

- 45ns
Delay
N - - Resc
HY o . Demag ey a—\/\/\r—é Demag
ove - . N
PYOR IR S ‘
:12 '0‘_’_’ PON . 1 e o 80us T R »va
50V 50 mv = =
i A‘_t_» N 23 N i
Lt = s, v Driver: src = 20 |
* . e sink =10 |
! B = -~ ;
> p N
Vee T o12v.ov o R
5.3V (fault) o i
- 4.2V
3 >~
v : o Nt
To Internal . Fault = % S
: o~ Soft-Start = 1 ms Y
. Supply . Mngt. - — T e 4 4 ——— 3 ;4_’_3_? FB
GND & - : =8, . \: !
A Nd - 1OV 200 4A s ;
B when Div ¥ ¥
Overload? - % is OFF :
M A | i i
i 1
-y Timeout h Cs
50us Reset - B S ;
A " Timeout { a R B -~ :
'S and R are level triggered whereas Sis edge . _ Y, ~ Demag
triggered. R has priority over the other inptis
Figure 2. Internal Circuit Architecture
MAXIMUM RATINGS
Rating ! Symbol Value Units
Power Supply Voltage Vee. Drv 16 \%
Maximum Voltage on all other pins except Pin 8 (HV). Pin 6 {Voe) Pin 5 (Drv) and = -0.3t0 10 \'
Pin 1 (Demag)
Maximum Current into all pins except Vec (6). HV (8) and Demag (1) when 10 V i 5.0 mA
ESD diodes are activated
Maximum Current in Pin 1 Idem +3.0/~2.0 mA
Thermal Resistance, Junction-to-Case Ric 57 oy
Thermal Resistance. Junction-to—Air. SOIC version Riga 178 cw
Thermal Resistance. Junction—to-Air, PDIP version Rija 100 cw
Operating Junction Temperature T, -40to +125 Cc
Maximum Junction Temperature TJmax 150 C
Temperature Shutdown = 155 C
tysteresis in Shutdown - 30 C
Storage Temperature Range - -60 to +150 C
ESD Capability. HBM Model (All pins except HV) : - 2.0 kv
ESD Capability. Machine Modet - 200 \
Maximum Voltage on Pin 8 (HV). Pin 6 (V¢) decoupled to ground with 10 uF Vivmax 500 \
Minimum Voltage on Pin 8 (HV). Pin 6 (Vcc) decoupled to ground with 10 uF ViHvMIN 40 Vv

Maximum ratings are those values beyond which device damage can occur. Maximum ratings applied to the device are individual stress limit
values (not normal operating conditions) and are not valid simultaneousiy. If these limits are exceeded. dewce functional operation & not implied.
damage may occur and reliability may be affected.

http:/lonsemi.com Page 3
3



NCP1207

ELECTRICAL CHARACTERISTICS (For typical values T = 25 C. for nunimax values T, =0 C to +125 C. tax T, = 150 C.

Vce = 11V unless otherwise noted)

[ pin | symbol

Rating Min Typ Max I Unit
DYNAMIC SELF-SUPPLY
Vcc Increasing Level at which the Current Source Turns—off 6 VCCorr 10.8 12 129
V¢ Decreasing Level at which the Current Source Turns-on 6 VCCon 9.1 10 10.6
V¢ Decreasing Level at which the Lalchoff Phase Ends [} VCCiaen - 5.3 -
Internal IC Consumption, No QOutput Load on Pin 5. 6 loan - 1.0 13 mA
Fsw = 60 kHz (Note 1)
Internal IC Consumption, 1.0 nF Output Load on Pin 5 6 lees - 16 2.0 mA
Fsw = 60 kHz (Note 1}
Internal IC Consumption in Latchoff Phase 6 leen - 330 - nA
INTERNAL STARTUP CURRENT SOURCE(T; - 0 C)
High-voltage Current Source, Ve = 10V 8 1c1 4.3 7.0 9.6 mA
High-voltage Current Source, Ve = 0 8 {for) = 8.0 = mA
DRIVE OUTPUT
Output Voltage Rise-time @ CL = 1.0 nF. 10-90% of Output 5 T. 7 40 - ns
Signal
Output Voltage Fall-time @ CL = 1.0 nf. 10-90% of Output 5 T N 20 - ns
Signal
Source Resistance 5 Ron 12 20 36 Q
Sink Resistance 5 RoL 5.0 10 19 Q
CURRENT COMPARATOR (Pin 5 Unloaded)
Input Bias Current @ 1.0V Input Level on Pin 3 3 lig 1 0.02 o A
Maximum Internal Current Setpoint A 1Lt 0.92 1.0 1.12 A
Propagation Delay from Current Detection to Gate OFF State ! TosL Kk 100 160 ns
Leading Edge Blanking Duration 3 TLes = 380 - ns
Internal Current Offset Injected on the CS Pin during OFF Time 3 fsaip E 200 - A
OVERVOLTAGE SECTION (Vce = 11V)
Sampling Delay after ON Time 1 Taample 7 4.5 - us
OVP Internal Reference Level 1 Ve 6.4 7.2 8.0 v
FEEDBACK SECTION (Vce = 11 V. Pin 5 Loaded by 1.0 ke2
Internal Puliup Resistor 2 Rup i 20 - k&2
Pin 3 to Current Setpoint Division Ratio Iratio - 33 o -
Internal Soft-Start = Tss - 1.0 = ms
DEMAGNETIZATION DETECTION BLOCK )
Input Threshold Voltage (Vpin1 Decreasing) 1 Vg 35 50 90 mv
Hysteresis (Vin1 Decreasing) 1 Vi 20 - mV
Input Clamp Voltage
High State (1 1= 3.0 mA) 1 VCh 8.0 10 12 \Y
Low State Iy 1 = -2.0 mA) 1 VC, -09 -0.7 -05 v
Demag Propagation Delay 1 Taem - 210 - ns
Internal Input Capacitance at Va1 = 1.0V 1 Coar - 10 - pF
Minimum Togr (internal Blanking Delay after Ton) 1 Tolan< - 8.0 - us
Timeout After Last Demag Transition 1 Tout - 5.0 - us
Pin i Internal Impedance 1 Rint - 28 - kQ
1. MaxvalueatT,=0C.
http:llonsemi.com Page 4
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NCP1207

TYPICAL CHARACTERISTICS
(T;=-40 Ct0 125 C)

13.2 N
12.81- - R
124] - L -
12.0f. . R |
18 _ﬂ, - J—
120 e —
10.8.- - RN
10.4 i
-50 -25 0 25 50 75 100 125
TEMPERATURE { C)
Figure 3. V¢c Increasing Level at which the
Current Source Turns—off versus Temperature
160 S 7 . - L
1.40]. = 9 PPN\
1.20]-
1.00
0.80}- = N - 4 )
0.60}_ ’T _ (R T
0.40
-50 -25 ¢} 25 50 75 100 125
TEMPERATURE ( C)
Figure 5. Internal IC Consumption, No Output
Load on Pin 5 versus Temperature
12, - — ¥ . k AT
"L IS S —_—
10}~ PR S —
9l
sl
71
6]
5l
4l - L
3 S S . [
2
-50 -25 ¢} 25 50 75 100 125

TEMPERATURE ( C)

Figure 7. Internal Startup Current Source,
Vee = 10 V versus Temperature
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Figure 4. V¢ Decreasing Level at which the
Current Source Turns—on versus Temperature
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Figure 6. Internal IC Consumption, Output
Load on Pin 5 versus Temperature
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Figure 8. Maximum Internal Current Setpoint
versus Temperature
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NCP1207

TYPICAL CHARACTERISTICS

T, =-40 Cto 125 Ci
20
| 5
16 - e e
_ 2
=0
3
5 2
A 3 ;
-50 -25 0 25 50 75 100 125 -50 =25 i} 25 50 75 100 125
TEMPERATURE ( Cy TEMPERATURE ( C)
Figure 9. Source Resistance versus Figure 10. Sink Resistance versus
Temperature Temperature
)5 = Wiy, . 3
o~ "—I—'T“"v
> ' T T
A AL = ‘, —
=
3.5 b nosith =
0]
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Figure 11. Input Voltage (Vpin¢ Decreasing) Figure 12. OVP Internal Reference Level
versus Temperature versus Temperature
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NCP1207

TYPICAL CHARACTERISTICS

T,=-50 Cto 125 C;

105~ - 3
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8.5 == o Z42
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7.5~ e |
7.0~ e 39
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Figure 13. Minimum Ty versus Temperature Figure 14. Internal Soft-Start versus
Temperature
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40 |-
=30
]
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10 |-
Q =
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Figure 15. DMG Pin Internai Resistance versus
Temperature
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NCP1207

Application Information

Introduction

The NCP1207 implements o standard current mode
architecture where the switch-oll time is dictated by the
peak current setpoint whereas the core reset detection
triggers the turn~on event. This component represents the
tdeal candidate where low part- count is the ke parameter.
particularly in low—cost AC DC adapiers. consumer
clectronics. auxiliary  supplies.  ete. Thanks w0 its
high—performance High=Voltage technology. the NCP1207
meorporates all the necessary components — {eatures needed
to build a rugged and reliable Switchmode Power Supply
(SMPS):
® Transjormer core reset defection: borderline  critical

operation s ensured whatever the operating conditions

are. As aresult. there are virtwally no primary switch

turn-on losses and no secondary diode recovery losses.

The comverter also stays a {irst—order system and

accordingly eases the feedback loop design,

Quasi = iesonant operation: by delaving the wrp -on
avent itis possible to restart the MOSFET in the
nunimum of the drain=source wat e, ensuring reduced
EMI video noise perturbations. In nominal power
conditions. the NCP1207 operates in Borderhine
Conducton Mode (BCMY also called Critical
Conduction Mode,

® Dvnamic Self=Supply (DSSy: due toits Very High
Voltage Integrated Circuit tVHVIC) technology.

ON Semiconductor’s NCP1207 allows for a divect pin
connection to the high=voltage DC rail. A dynamic
current source charges up 2 capacitor and thus provides
a fully independent Vg level wthe NCPI20T. Asa
result, there is no need for an auxiliary winding whose
management is always a problen i variable output

voltage designs (e.g. battery chargers).

Overvoliuge Protection (0171 by sampling the plateau
voltage on the demagnetization winding. the NCP1207
goes into latehed fault condition whenever an
overvoltage condition is detected. The controller stays
Tully Tatehed in this position uniil the V- is cyeled
down 0\ e.g when the user un=plugs the power

supply fromy the mains outlet and re- plugs 1t

External lareh rip poin: by externally foremg wiey ef
on the OV greater than the internal setpoint. it 15
possible to latchoft the IC. ¢.g. with a signal conung
from a temperature sensor.

Adjustable skip evele level: by oflering the abisi w0
tatlor the level at which the skip evele takes place. the
designer can make sure that the skip operation only

http://lonsemi.com

ovceurs at low peak current. This point guarantees a
noise -free operation with cheap transformer. This
option also offers the ability to fix the maximum
switching frequency when entering light load
conditions.,

Overcurrent Protection (OCP): by continuously
monitoring the FB line activity, NCP1207 enters burst
mode as soon as the power supply undergoes an
overfoad. The device enters a sale low power operation
which prevents fron any lethal thermal runaway, As
soonas the default disappears. the power supply
resumes operation. Unlike other controlfers. overload
detection s performed independently of any auxiliary
winding level! In presence ol a bad coupling between
both power and auxthary windings. the short cireuit
detection can be severelvaffected. The DSS naturally
shiclds vou against these troubles.

Dynamic Self-Supply
The DSS principle is based on the charge discharge of the
V¢ bulk capacitor fromea low fevel up 1o a higher level, We
can casily describe the current source operation with some
simple logical equations:
POWER-ONHF V¢ VCCoypp THEN Current Source
15 QN no output pulses
VCOCoOn THEN Current Souree is
OFFE. output is pulsing

B\ decreasing

1 Ve nercasing VCCorp THEN Current Source is

ON. output s pulsing

Ivprcal values are: VCCopp = 12V VCCon = 10V

Fo better understand the operavonal principle. Figure 1675
sheteh ofters the necessary light.

- Virippie =2V 7 o y N

G

Ve

CURRENT
SCURC
—

Uone 1L

T Output Pulses

Figure 16. The Charge/Discharge Cycle Over a 10 uF
V¢ Capacitor
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NCP1207

The DSS behavior actually depends on the memal 1C
consumption and the MOSFET S gate charge Qg 1 we
select a MOSFET like the MTP2N00L. Qg equals 22 nC
(maxy. With a maximum switching frequencs selected at
7S KHzL the average power necessary to drive the MOSFET
texcluding he driver cfficiency and neglecting various
voltage dropsy s

Fsw - Qg Ve with:

Fswmaximum switching Irequency

Qg MOSFET's sate charee

Vo Vs levelapplied 1o the gate

To abtain the autput current, simply divide ths result by

Ve ldme Fsn - Qg - Lo mA. The total standby power
consumption at no-load will therefore heavily rely on the
mternal 1C consumption plus the above driving current
taltered by the driver’s efficicneyy. Suppose that the 1€ is
supplied froma 350 VDC line. The current lowing (hrough
pin ¥ s adireet image of the NCPL207 consumption
tneglecting the switehing losses of the H\ current source).
IWleer equals 23 mA o T o0 C. then the power
23mA =
SOS MWL For design and reliability reasons, 1would be

dissipated ddost) by the 10 is simply: 330 V7

interested 10 reduce this. source. of wasted power that
mercase the die wemperatare. This can be achieved by using
different methods:
sSea MOSFET with Jower gate charee Qg.
2. Conneet pin 8 through a diode (1N007 1 picalivi o
ane of the mains input. The average value on pin 8
VmainsPEAK - 2
=7

becomes - Our power contrtbution
S12mW 1 a

resistor 1s instabled between the mains und the diode.

example drops 10: 223 V25 mA

vou further foree the dissipation 1o migrate [rom the
pacKage ta the resistor. The resistor value should
account for low=line startups.

1N40Q7

MAINS

Figure 17. A simple diode naturally reduces the
average voltage on pin 8

http:/lonsemi.com

When using Figure 17 option. it is important to check
the absence ol any negative ringing that could occur
an pin X, The resistor in series should help o damp
any parasitic LC network that would ring when
suddenly applyving the power to the 1C. Also. since
the power disappears during Hdms (half—wave
rectitication). CVee should be caleulated to supply
the 1C during these holes in the supply

- Permanently foree the V- level above Vi¢p with
an auxiliany winding. It will - automatically
disconnect the internal startup source and the 1C will
be fully seli=supplied (rom this winding. Again. the
total power drawn from the mains will significantly
decrease. Make sure the auxiliany voltage never
exeeeds the 16V limit,

Skipping Cycle Mode

The NCP1207 automatically skips switching cveles when
the output power demand drops below a given level. This is
accomplished by monitoring the FB- pin. In normal
operation, pi 2 imposes a peak current accordingly o the
load value. 1 the Toad demand decercases. the internal loop
asks for less peak current. When this setpoint reaches a
determined level the 1C prevents the current  from
decreasing further down and starts w0 blank the output
pulses: the 1C enters the so=called skip cyvele mode. also
named controlled burst operation. The power transfer now
depends upon the width of the pulse bunches (Figure 18) and
tollows the (ollowing tormulkit:

; - Lp-lp - Fsw - Dpyrst with:

Lp primany inductance

Fawswiching frequenes within the burst

Ip - peak current at which skip oyele oceurs

Dy burst width - burst recurrence

— MAXPEAK ___

o \ T NORMAL CURRENT
CURRENT MODE OPERATION
200 eIl SKIPCYCLE  —

CURRENT UMIT __

WIDTH f=>|

CJURRENT SENSE SIGNAL (V)

: 1

RECURRENCE &5

Figure 18. The skip cycle takes place at low peak
currents which guaranties noise free operation
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NCP1207

DRIVER

, DRIVER = HIGH i = 1}
7 DRIVER = LOW 2 1 = 200 nA

RSKIp

Figure 19. A patented method allows for skip level
selection via a series resistor inserted in series
with the current

The skip level selection is done through o simple resistor
inserted between the current sense input and the sense clement.
Eveny time the NCPL207 output driver goes low. a 200 uA
source forces a current to flow through the sense pin
(Figure 19): when the driver is high. the current source is ol
and the current sense information is normally processed. As
soon s the driver goes low: the current souree delin ers 200 wA
and develops a ground referenced yoltage across R Wthis
voltage is below the feedback voltage, the current sense
compaator stays i the high siate and the internal fach can be
triggered by the next clock ey ele. Now it because ofa low load
made the feedback voltage is below Rygip feveis then the

Drain
Signal | |

current sense comparator permanenthy resets the lateh and the
nest clock evede tenven by the demagnetization detection) is
inored: we are skipprig eveles as shown by Figure 200 As
soon s the teedback voltage goes up again. there can be two
the and a
demagnetization detection tnext waved signal triggers the
NCPI207 Tothe opposite. i low ouput power conditions, no

SHUANONS: recurrent period iy smiall new

OIS rnging wines are present on the drain and the wgghng
al the current setise comparator together with the internal 3 us
wmeout miaies 1onew avele st In normal operating
conditions. c.eowhen the drain oscillatons are generous, the
demagnetizatnon comparator can deteet the SO m\ crossing

and gives the “green light™, alone. 10 re-active the power

switch, However when skip evele takes place (e.g. at low
output posver denrands ). the restart event slides along the drain
nnging waveforms facwally the valley locations)y which
quickhh.  depending - on the
Chunie Netvork-damping factor. The situation can

decays more orfess
[‘)‘lllll.ll‘.
thus gquickiv oceur where the ringing becomes oo weak to be
then

permanently stvs Jocked 1na given position and can no fonger

detected 'y the demagnetzation comparator. it

defiver the “wreen hight™ 1o the controlier. To help in this
siwation. the NCPI207 implements o 3 us timeout generator:
cach time the 30 m\- crossing oceurs. the imeout is resct. So.
as long as the rmging becomes o low. the timeout generator
“ifthe

shap stenal s adready present then the conuroller restants:

stars to count and atier 3 us, it delivers as “areen light

atherwise the Togic wails for 1t to set the dove output high.

Frgure 20 depicts these two different situations:

Timeout

Signal

Demag Restart

Current Sense and Timeout Restart

Drain
Signal

Timeout |
Signal

Figure 20. When the primary natural ringing becomes too low, the internal timeout together with the sense
comparator initiates a new cycle when FB passes the skip level.

http:/lonsemi.com
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NCP1207

Demagnetization Detection

The core reset detection is done by monitoring the voliage
activity on the auxiliary winding. This voltage features a
FLYBACK polarity. The typical detection fevel is fixed at
S0 m\ as exemplified by Figure 21,

3
!
|

- T
3 POSSIBLE
RESTARTS

o
o

n

:Ax\u.y.
|

=
~-.

DEMAG SIGNAL (V)
w
o
<+

N
o
T
!

Figure 21. Core reset detection is done through a
dedicated auxiliary winding monitoring

TO INTERNAL

COMPARATOR Rese
<+ —AAA
E
Ring ESD2
n a
s

Rese * R = 28k

Figure 22. Internal Pad implementation
Aninternal tmer prevents any restart within 8.0 ws further
o the driver going—low  tansition, This prevents the
switching frequency to exceed (b (Toy = 8.0 us)) but also
avold false leakage inductance tripping at turn—ofT. In some
cases. the leakage inductanee Kick is so enerectic. that a
slight tiltering is necessary:

The 1207 demagnetization detection pad - features o
specific component arrangement as detailed by Figure 22 In
this picture. the zener diodes network proteet the 1€ against
any potential ESD discharge that could appear on the pins.
The first ESD diode connected to the pad. exhibits a parasitic
capacitance. When this  parasitic  capacttance (10 pF
typically) is combined with R, o restart defay s ereated
and the possibility to switeh right in the drain—source wave
exists, This guarantees QR operation with all the associated
benefits (low EML no turn—on losses cte.). Rygy, should be
calcutated to Timit the maximum current flowing through
pin oo less than =3 mA -2 mAL I during e on, the
auxiliany winding delivers 30\ (at the highest line leveh,
then the iimmum Rgey, value is delined by
GOV -0.7Vy 2mA = 4.0 kQ
This value will be further increased o introduce o restart

detay and also a slight filtering in case of high leakage
Cnergy.
Figure 23 portravs a tvpical Vs shot al nominal output
E ) 3 I’

power.

http://lonsemi.com
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Figure 23. The NCP1207 Operates in
Borderline / Critical Operation

Overvoltage Protection

The overvoltage protection works by sampling the platcau
voltage 4.5 us after the turn—oft sequence. This delay
guarantees. a Clean plateau.. providing that the leakage
inductance ringing has been fully damped. [ this would not
be the case.the designer should install a small RC damper
across the transtormer primary inductance  connections.
Figure 24 shows where the sampling occurs on the auxiliary
winding.

SAMPLING HERE

8.0

-,
=)

N
<

DEMAG SIGNAL (V)
5 1o
o

Figure 24. A voltage sample is taken 4.5 us after
the turn—-off sequence

When an OVP condition has been detected. the NCP1207
enters a latchotl” phase and stops all switching operations.
The controller stayvs {ully latched in this position and the
DSSas sull acuve. Keeping the Ve between 3.3V 12 Voas
i normal operations. This state lasts until the Ve is eycled
down 4\ cogs when the user unplugs the power supply from
the mains outlet.

By defaulic the OVP comparator 1s blased o a 3V
relerence level and pin 1 ois routed via a divide by 144
network. As a result. when Vi reaches 7.2 Vo the OVP
comparator is triggered. The threshold can thus be adjusted
by cither moditving the power winding to auxiliary winding
tuen ratios o mateh this 7.2V level. or insert a resistor from
pint to ground to cope with vour design requirement.
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Latching Off the NCP1207
En-certain cases. it can be very convenient 1o exiernally
shut down permanently the NCPE207 viaca dedicaied signal.

c.gocoming from a temperature sensor. Fhe reset oceurs
when the wser unplugs the power suppiy from the mains
outlet. To gger the Fateholls a CIN (Figure 251 or g simple
NPN transitor (Figure 26) can do the work.

CTN

A%
NCP1207

O\J

Aux

BREE

i

Figure 25. A simple CTN triggers the latchoff as
soon as the temperature exceeds a given setpoint

AN

NCP1207

O\J

AuX

ON/OFF

L

Figure 26. A simple transistor arrangement allows
to trigger the latchoff by an external signal

Shutting Off the NCP1207

Shutdown can casily be implemented through o simple
NPN bipolar transistor as depicted by Figure 27 When OFF,
Q1 1s ransparent to the operation. When {orard biased. the
transistor pulls the FB pin 1o ground (Vg e 200 mVyand
permanenty disables the 1C) A small ime constant on the
transistor base will avoid false triggering (Figure 27)

NCP1207

e~

ON/OFF

T

Figure 27. A simple bipolar transistor totally
disables the IC

http:l/fonsemi.com
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Power Dissipation

Phe NCPI207 s direetly supplicd from the DC rail
through the internal DSS circuitry. The DSS being an
auto -adaptive cireuit (e g the ON OFF Duty Cyele adjusts
isell depending on the current demand ). the current flowing
through the DSS s therefore the direet image of the
NCPI2OT carrent consumption. The total power dissipation
am be evaluated using: (VHyDe  11V) - igc2. I we
operite the deviee ona 230 Vae rail, the maximum rectified
voltage can go up o 330 Vde. Ax a result. the worse case
dissipation oceurs at the maximum switching frequencey and
the highest ine: The dissipation is actually given by the
mternal consumption of the NCP1207 when driving the
selected MOSFET. The best method o evatuate this total
consumption is probably to run the final circuit (rom a
SONde souree applied 1o pin 8 and measure the average
current Howing into this-pin. Suppose that we find 2.0 mA,
meaning that the DSS Duty-Cvelewill be 2.0.7.0 = 28.6"%..
Irom the 330 \Vde il the dissipate:
350V - 2.0 mA 700 mW thowever this 2.0 mA number
will drop ar lagher operating gunction (emperatures).

part will

A DIPS package offers o junction=to=ambient thermal
Roiy of 100°C W The maximum  power
dissipation can thus be computed knowing the maximum
operating ambient temperature (e.g. 70°C) together with
the maximum- allowable junction: temperature (123°C):

reststiancee

Timax ~ TAmax
Ruga
do not teach the worse consumption budget imposed by the

P max - 550 mW. Ax we can see. we

operating conditions. Several solutions exist o cure this

irouble:

e The tirstone consists inadding some copper arca around
the NCP1207 DEPR footprint. By adding a min pad arca
Ol 8O mm” ol 35 wm copper (1 oz ¥ Ry drops to about

S WA axtimum power then grows up 1o 730 mW.

¢ 1 renisior Rdvop nceds 1o he inserted with pin 8 fo
atavord negauve spikes at urn-off (see below)
by splic e power budget between this resistor and the
package. The resistor is caleulated by feaving at least 30V
on pin N at mimmunm input yvoltage (suppose 100 Vde in

Vbulkmin 50 V

7.0 mA

pover dissipated by the resistor is thus:

our caser: Rrpp = < 7.1kQ. The

Pdgrop  VdropRMS® Rdrop

i1Ipss  Rdrop ~ Désduty - cycle)
Rdrop
7OmA - 7.1k -, 0.286]
CrikeT o wesmw
Please reter to the application note ANDBO6Y available
from waww.onsemi.com pub nep! 200,
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® Ifthe power consumption budget 1s really 100 bugh tor the

DSS alone. conneet a diode between the auxilian

winding and the V¢ pin which will disable the DSS

operation (Ve > 10V,

The SOIC package offers o 178 C W thermal resistor,
Again. adding some copper arca around the PCI Tootprint
will help decrease this number: 12 mm N 12 mm o drop
Ropa down 0 100°C W with 33 wm copper thickness (1 o7.)
or 6.3 mm N 65 mm with 700 um copper thickness (2 oz.).
As one can sees we do not recommend using the SO-8
package and the DSS i the part operates at high switching
frequencies. In that case. an auxilian winding 1 the best
solution.

Overload Operation

In applications where the output etrrent is purposcly not
controlled (e.g. wall adapters delivering raw DC levelr. itis
interesting to implement i true short - circuit protection. A
short=circut actually forees the output voltage o be at a low
fevel preventing a bias current o curealate in the
Optocoupler LED. As a result. the FB pin evelis pulled up
to 4.2 Voas nternally imposed by the 1C. The peak current
setpoint goes to the maximum and the supply delivers
rather high power with all the associated effects. Please note
that this can also happen in case ot feedback foss e a
broken Optocoupler. To account for this sttuation, NCP 1207
hosts o dedicated overload  deteetion cireuiny, - Onee
activated. this cirewtry imposes to deliver pulses m o burst
manner with a low Duty Cyeles The system recovers when
the fauh condition disappears.

During the startup phase. the peak current 1s pushed to the
maximum until the output voltage reaches its tareet and the

teedbhack foop tkes overs Tlis pertod of time depends on
normal outpuidead conditions and the: maximum peak
current allowed by the system. The time -out used by this 1C
works with the Voo decoupling capacitor: as soon as the
Voo deereises tron the VCCygpy level aypically 12 V) the
deviee mternally watches for an overload current situation.
I0thes condition 1s sttl present when the VCCoy level is
reached. the controtler stops the driving pulses. prevents the
sell” supply current souree 1o restart and puts all the circuitrs
wstandby, consuming as livde as 330 uA wpical (e
parameter). Asaresult. the Vi level stowly discharges
toward 00 When this lexel crosses 3.3\ avpical. the
controller enters anew stagtup phase by turning the current
sudree on Ve eorses toward 120 and again delivers output
pulses atthe VOCqp crossing point, [the fault condition
has been removed betore VCCo\ approaches. then the 1C
centinuesats normal operation. Otherwise. a new tault evele
takes place Freare 28 shows the evolution of the signals in

presence of g lault

Soft-Start

Phe NCPL2O7 teatures an internal |oms Solt=Start o
selien the constramts oceurring in the power supply during
startup. s actvated during the power on sequencel As
soamas Vg reaches VCCop g the peak current s gradually
mereased from nearfy zeroup o the maximum clamping
level e 10N 0 The Soft Start i atso activated during the
overcrent burst tOCP) sequence. Bvery restart attempt is
Tollowed by St -Start activation. Generally speaking, the
Soft=Start will be activited when V- ramps up cither from
serotiresh pawer on sequenced or 3.3\ the latchoff
valtage oceurning during OCP.

Ve
C REGULATION
OCCURS HERE
12V N
X LATCHORF
10V [ - Y s PHASE
53V |- >y
TINE
DRV If the fault is relaxed during the Ve
natural fall down sequence. the IC
automatically resumes.
DRIVER if the fault still persists when Ve
~ PULSES ™ reached VCCqy. then the controller
cuts everything off until recovery.
TIME viing i
INTERNAL
FAULT FLAG
FAULT IS
RELAXED
~— TIME
STARTUP PHASE FAULT OCCURS HERE
Figure 28.
http:/fonsemi.com Page 13
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Calculating the V¢ Capacitor

As the above section describes. the fall down sequence
depends upon the V- level: how long doces it take for the
Ve e to go from 12V 10 10 V2 The required time depends
on the startup sequence of vour system. f.e. when vou first
apply the power to the [C. The corresponding wansient fauk
duration due 1o the output capacitor charging must be less
than the time needed o discharge from 12V 10 10V,
otherwise the supply will not properly start. The test consists
in cither stimulating or measuring in the lab how much time
the system takes 1o reach the regutation at full load. Let's
supposce that this time corresponds to 6.0 ms. Therefore a
Vee fall ume of 10 ms could be well appropriated in order
o not trigeer the overload detection corcuitny. 1f the

corresponding 1C consumption. including the MOSFET

drive. establishes at 1.8 mA (e.gn with an 11 nCMOSFET).
we can caleulate the required capacitor using the following
- AL it av

Atof 10 ms. Cequals 9.0 qF or 22wl for a standard value.
When an overload condition oceurs. the 10 blocks - its
internal circuitry and its consumption drops 1o 330 uA
tyvpical. This happens at Ve 10\ and it remains stuck
until Voo reaches 33\ we arein latcholl phase. Again.

formula: At 200N Then tora wanted

using the caleulated 22 wF and 330.1A current consumption.
this latchofT phase lasts: 313 ms.

HV Pin Recommended Protection
When the user unplugs a power supply built with @ QR
controlier such as the NCPI207. two phenomena can
appear:
LA negative ringing can take place on pind due to @
resonance between the primary mductance and
the bulk capacitor. As anyv CMOS deviee. the
NCPE207 15 sensitive 1o negative voltages that
could appear on it's pins and could create wn
mternal latchup condition.

to

- When the bulk capacitor discharges. the internal
Lately 1s reset by the voltage developed over the
sense resistor and the QN ume expands as leoss
voltage is avaitable. When the high—volage rail
becomes wo low, the gate drives permanenthy
stays high since no reset oceurs, This sitation is
not destrable in many applications.

For the above reasons. we strongly recommend to add a
high—voltage diode like o INJOO7 between the bulk
capacitor and the V¢ pin. When the bulk level collapses. it
naturally shuts the controler down and eradicates the two
above problems.

http:/lonsemi.com
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Figure 29.

Operation Shots

Below are some - osctlloscope  shots  captured — at
Vg P200DC with awansformer featuring a 800 ull
primary inductance.

Figure 30.

Fhis plot gathers wan eforms captured at three ditterent
aperaling painis:

U oupper plot free run. valley switching operation.

Pou 260

206 middle plot: min T clamps the switching lrequency

and seleets the second valley

3 fowest plot: the skip slices the second valley pattern

and will further expand the burst as Py goes low
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Vgare (5 Vidiv) VRsense (200 mVidiv)

200 wA X Rgyip
Y

Current Sense Pin (200 mVidiv)

Figure 31. -

This picture explains how the 200 wA miermnal offset

current ereptes the skip evele level.

http:/lonsemi.com
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Figure 32.

'he short-circuit protection forces the 1C 10 enter burst in
presence of i seeondary overload.
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PACKAGE DIMENSIONS

SOIC-8
D1, D2 SUFFIX
CASE 751-07

ISSUE AC

Tt

MENSION MILLIMETER
) B DO NOT INCLURE

S AXAIUA MOLD PROTRUSION 115+ ¢ 1.
3iDE
B S .r 025(0.010) Y ¥ Py YMENS:Oh 0 DOES NOT NCLUDE DAMBAR
. Ce - 1 PROTRUSION AlL(WABLE DAMBAFR
Y o) PROTRUSION SHALL BE 127 (0.0051 1614l
. EXCESS OF THE D DIMENSION AT

Y K -

T81-01 THRU 751-98 ARE OBSOLETE hLEW
ATANDARD "§ 77137

_ MILLMETERS] _ INCHES _

C N x 45 - CDIM]_ MIN_ | MAX @ MIN
Y A 1 1 ;0,189
SRS 8 $ 50| 0150 | 0157

0.053
$3

7 0.10(0.004)

H
S XS

SOLDERING FOOTPRINT"

A Y

1.52

0.060

i

7.0 3

0.275 0.155

Y
06 AN \\ G
0.024 0.050

“For additionat information on our Pb-Free strategy ana soldenng
details. please downioad the ON Semiconductor Soldering and
Mounting Techniques Reference Marual. SOLDERRM D

http://onsemi.com Page 16
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PACKAGE DIMENSIONS

PDIP-8
N SUFFIX
CASE 626-05
ISSUE L

Il‘ J‘LI lﬂl r[] HOTES

1 DIMENSION L 1O CENTER OF LEAD WHEN

8 S A FORMED PARALLEL

- PACKAGE CONTOUR OPT:ONAL (ROUND 0%

SQUARE CORNERS;

DIMENSIONING AHD TOLERANCING PEA ANS
Y1450 1982

On ‘ ' =

p MILUMETERS | INCHES
h" I'|_|J "|_|'I L[l LD MIN ] MAX | WIN_| MAX
‘J L_ A ] 540 [ 1016 | 0370 [ 0400
F B | 610 660 | 0240 | 0.260
H Y C 39 445 | 0155 | 0175
NOTE 2 f "D | 038 051 ] 0015 0020 :
\ F 102 1 178 | 0.040 )} 0070
G 251BSC 0100BSC |
H | 076 | 127 | 0030 | 0050 :
J 020 : 030 | 0008 | 0.012 !
K} 282 ¢ 343 o5 | 0135
L. 1628BSC 0.300 BSC
M ERD [ - 10
N 1900 0036 T 00sg
SEATING
PLANE
H
http:/lonsemi.com Page 17
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MTP1NG6OE

Preferred Device

Power MOSFET

1 Amp, 600 Volts
N-Channel TO-220

This high voltage MOSFET uses an advanced termination scheme
o provide enhanced voltage--blocking capabitity without degrading
performance over time. In addition. the MOSFET iy designed 1o
withstand high energy in the avatanche and commutation modes. The
new energy efficient design also ofters a drain 1w source diode with o
fust recoven time. Designed Tor high voltage, Tigh speed switching
applications in power supplics. com erters and PWAL motor controls.
these devices are particularty well suited for bridee cireuits. where
diode speed and commutating sale operating areus are critical and
olfer additional safety margin againstunexpected voltage transients
e Robust High Voltage Termination
e Avalanche Energy Specilied
e Source- o Drain Diode Recoveny Time Comparable wa Discrete

Fast Recovery Diode
« Diode is Characterized for Use in Bridge Crettits
e Ipss and Vpsgony Spectiied at Elevated Temperature

MAXIMUM RATINGS (T¢ = 25 C unless otherwise noted)

Rating Symbol | Value Unit

Drain-Source Voltage Vpss 600 Vide

Drain--Gate Voltage (Rgg = 1.0 M) VDGR 600 Vde
Gate-Source Voltage
- Continuous VGs =20 Vde
Non -Repetitive (1p = 10 ms} VEsm =40 Vok
Drain Current -- Continuous D 1.0 Adc
- Continuous @ 100 € D 08
- Single Pulse {t - 10 us) DM 3.0 Apk
Total Power Dissipation Po 50 Watts
Derate above 25 C 04 W C
Operating and Storage Temperature Range Ty Tstg | -551t0 "
- 150
Single Pulse Drain—to-Source Avalanche Eas 45 mJ

Energy - Starting Ty=25C

QN Semiconductor

http://onsemi.com

1 AMPERE
600 VOLTS

RDS(on) = 8Q

N-Channel

MARKING DIAGRAM

& PIN ASSIGNMENT
4
Drain

®

MTPINGOE
LLYWW

23 1 3
7 ) Gate Source

2
Drain

TO-220AB
CASE 221A
STYLES

MTP1NG6OE = Device Code

(VoD = 100 Vde. Vg = 10 Vde. L = Location Code
IL=3.0Apk. L= 10mH Rg ~25) Y = Year
Ww = Work Week
Thermal Resistance — Junction to Case Ry.0 2.50 Ciw
- Junction to Ambient RgJA 62.5
ORDERING INFORMATION
Maximum Lead Temperature for Soldering Ty 260 C
Purposes. 1/8” from case for 10 seconds Device Package Shipping
MTP1NGOE TO-220AB 50 Units/Rail
Preferred devices are recommended choices for future use
i best overal! vaiue
Semconductar Companents Industnes |10 001 1 Publication Order Number:

February, 2001 — Rev. 2

MTP1N60OE/D




MTP1NGOE

ELECTRICAL CHARACTERISTICS (T = 25 C unless otherwise noled)

L Characteristic I Symbol J Min I Typ l Max l Unit J
OFF CHARACTERISTICS
Drain-Source Breakdown Voltage V(BRIDSS
(VGs = 0 Vdc. Ip = 250 pAdc) 600 Vdc
Temperature Coefficient (Positive) 689 mV/ C
Zero Gate Voltage Drain Current Ipss uAdc
(Vps = 600 Vdc. Vg = 0 Vdc) 10
(Vps = 600 Vdc. Vg = 0 Vde. T = 125 C) 100
Gate-Body Leakage Current (Vgg = +20 Vdc. Vpg = 0) lgss 100 nAdc
ON CHARACTERISTICS (Note 1.)
Gate Threshold Voltage VGSith)
(VDS = VGs. Ip = 250 uAdc) 2.0 3.0 4.0 Vde
Temperature Coefficient (Negative) 71 mv/ C
Static Drain-Source On-Resistance (Vgg = 10 Vdc. Ip = 0.5 Adc) RpS(on) 59 8.0 Ohm
Drain-Source On-Voltage (VGgs = 10 Vdc) VDS(on) Vde
(Ip = 1.0 Adc) 6.4 9.6
(ip=0.5Adc. Ty =125 C) 8.4
Forward Transconductance (Vpg = 15 Vde. Ip = 0.5 Adc) gFS 05 08 mhos
DYNAMIC CHARACTERISTICS
Input Capacitance Ciss 224 310 pF
Outout Canacit (Vpsg = 25 Vde. VGs = 0 Vidc,
utput Capacitance f= 1.0 MH2) Coss 27 40
Reverse Transfer Capacitance Crss 6.0 10
SWITCHING CHARACTERISTICS (Note 2))
Turn—On Delay Time tdion} 8.8 17.6 ns
Rise Time (Vpp =300 Vdc. Ip = 1.0 Ade. t 638 13.6
Vgs = 10 Vdc.
Turn—Off Delay Time RG=9.14) ld(off) 15 30
Fall Time i 20 40
Gate Charge Qar 71 10 nC
(See Figure 8)
(Vpg = 300 Vdc. Ip = 1.0 Adc. Q1 1
Vs = 10 Vde) Qp 3.2
Q3 39
SOURCE-DRAIN DIODE CHARACTERISTICS
- Vi
Forward On--Voltage (Note 1)) (s = 1.0 Adc. Vgs = 0 Vdc) Vsp N ) A de
(s =1.0 Adc. Vg = 0Vde. Ty = 125 C) o 4
Reverse Recovery Time ter 464 - ns
{See Figure 14) ‘a 36
(Ig =1.0Ade. Vgg = 0 Vdce.
dlgdt = 100 Alys) | b g™ P 26
Reverse Recovery Stored QRR 0.629 uC
Charge
INTERNAL PACKAGE INDUCTANCE
Internal Drain Inductance Lo nH
{Measured from contact screw on tab to center of die) 35
{Measured from the drain lead 0.25" from package to center of die) 45
Internal Source Inductance Lg 7.5 nH
(Measured from the source lead 0.25” from package to source bond pad)

1. Pulse Test: Pulse Width < 300 us, Duty Cycle = 2%.

2. Switching characteristics are independent of operating junction temperature.

http:/fonsemi.com
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TYPICAL ELECTRICAL CHARACTERISTICS
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Figure 1. On-Region Characteristics

VGs. GATE-TO-SOURCE VOLTAGE (VOLTS)

Figure 2. Transfer Characteristics

RDS(on). DRAIN-TO-SOURCE RESISTANCE (OHMS;

Figure 3. On-Resistance versus Drain Current
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Figure 4. On-Resistance versus Drain Current
and Gate Voitage
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Figure 5. On—Resistance Variation with
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Figure 6. Drain-To~Source Leakage
Current versus Voltage
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MTP1NG60E

POWER MOSFET SWITCHING

Switehing behavior is most casilh modeled and predicted

by recognizing that the power MOS

T s charge
controlled. The lengths of various switching miervals (At
are determined by how fast the FET input capacitanee can
be charged by current from the gencrator,

The published capacitance data 1s difficult o use for
caleulating rise and ] because drain -gae capacitance

<

varies greathy with applicd voltag Accordingly . gate
charge data ix used. 1n most cases. a satistictons estimiate of
average mput current (IGiavy) can he nide from o

rudimentary analvsis of the drive cireuit so that
QG

During the vise and fall tme mtenval when switching @
reststive load. V(s remains vistuallh constant ataevel
known as the platcau voltage. V's¢gp. Theretore, riseand fall
times may be approximated by the Tollowing:

o Q2N RG VGG
= Q2xRG Vise

where

Vase)

V(GG - the gate drive voltage. which varies from zero to VGG
R¢;
and Q2 and V;sp are read from the wate charge curnve,

the gate drive resistance

During the wrn—on and turn-ofUdelas times, zate current is
not constant. The simplest caleulation uses appropriate
vakues from the capacitance curves m i standard equation for
voltage change inan RC network. The cquations e

tdton) = RG Cigs D VGG VGG
Weofn = RG Ciss In (VGG VGse

Vasel

Hie capacitance (00 1 read trom the CAPACHANCE Cun e at
avoltage corresponding to the offstate condition when
caleulating g any and is read ata voltage corresponding to the
on state when caleulating o,

MCohigh swiiching speeds. parasitic cireuit elements
complicaie the analysis. The inductance of the MOSFET
source lead. mside the package and in the circuit wiring
which > common 1o bath the dran and gate current paths,
produces anvoltige at the source which reduces the gate drisve
current. The volage 1s determined by Ldi di. but sinee di dt
s o tunction of dram current. the mathematical solution is
camplen.  The  MOSFET owput capacitance
complicites the mathematios. And finally, MOSFETs have

also

tinite snternal gate resistance which effectively adds 1o the

resistance of the deving sources but the internal resistance

> difficutt woomieasure and. consequenthy. is not specified.
The resisive switching time variation versus  gale

resistance - rkigure ) shows - howe ayvpical  switching

pertormance i atfected by the parasitic cireuit elements. 11
the parasities were nat present. the slope of the curves would
mainiin aalue ofunits regardless of the switching speed.
Vhe aireut used o obtain the data is constructed to minimize
commuon inductance 1 the dram and gate cireuit loops and
> bebieved  readihy achievable with  board . mounted
campanents. Most power electronie loads are inductive: the
data e the fiewre s taken with o reststive: load. which
approxiinittes an optimaliy snubbed inductive load. Power
MOSFETS may be safeh operated into an inductive load:

however snubbing reduces switching losses.

500 - - 1000 =
450 T 1
400 — iy ir
350 o
o =
% 300 §
= 250 =
2 S
£ 200 9
<C o
o <€
< 150 Q
Q
100}~
50
o . . FER S
10 5 10 100 1000
~ Vgs - Vps - = s DRAIN-TO-SOURCE VOLTAGE (VOLTS)
GATE-T0-SOURCE OR DRAIN-TO-SOURCE VOLTAGE (VOLTS) Figure 7b. High Voltage Capacitance
Figure 7a. Capacitance Variation Variation
http:/lonsemi.com
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Figure 9. Resistive Switching Time
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DRAIN-TO-SOURCE DIODE CHARACTERISTICS
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Figure 10. Diode Forward Voltage versus Current

SAFE OPERATING AREA

The Forward Biased Sale Operating Arca curves deline
the maximum simultaneous drain=to-source voltage and
drain current that a transistor can handle safely when it is
lorward biased. Curves are based upon maximum peak
Junction temperature and a case temperature (T Vot 25°C,
Peak repetitive pulsed power Himits are determined by using
the thermal response data in conjunction with the procedures
n ANSOY, Thermal
Resistance-General Data and Its Use.”

Switching between the oft=state and the on—state may
traverse any load line provided neither rated peak current
(DA nor rated voltage (Vpsgs) is exceeded and the
transition ume (4.te) do notexceed 10 us. hn addition the total
power averaged over a complete switching evele nmust not
exceed (Tynax) - TOYRGIC).

A Power MOSFET designated E-FET can be salely used
in switching cireuits with unclamped inductive Joads. For

discussed “Transient

reliable operation. the stored energy from etreuit inductance
dissipated i the transistor while in avalanche must be less
than the rated limitand adjusted for operating conditions
diftening tram those specified. Although industry practice is
torate n terms of energy. avalanche energy capability is not
aconstant. The encrey rating decreases non=hoearly with an
incrcase of peak current i avalanche and peak junction
lemperature.

\lthough many B FETs can withstand the stress of
dramn-to -source walanche at currents up to rated pulsed
current (1pap. the energy rating s specitied at rated
continuous current (). in accordance with  industry
custon, The energy rating must be derated for temperature
as shown in the accompanying graph (Figure 12). Maximum
cnergy at currents below rated continuous 1) can safely be
assumed to equat the values indicated.

http:/lonsemi.com
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PACKAGE DIMENSIONS

TO-220 THREE-LEAD

TO-220AB
CASE 221A-09
ISSUE AA
H3S
T gE:L'ENG * DLENS.ONNG AND TOLETANCING PER ANS!
Y14 5Kt 1982
CONTROLLING DIMENSION: :NCH
= B = F T DYHENSION Z DEFINES A ZONE WHERE ALL
BODY AND LEAD 'RAEGULARITIES ARE
. ALLOWED
i i - ——
A Y ___ INCHES MILLIMETERS
a A _DIM_ MIN | MAX | MIN | MAX |
A A_ 0570 1 0620 | 1448 1575
..B 0380 | 0405 : 966 ; 1028 !
X7 u 0160 : 0190 4.82
0025 | 0035 0.88
0.142 0147 373
K - {0,095 | 0105 ' 266
H . ono oass 39
Y J_ 0018} 0025 | 046 | 064
K ;0500 i 0562 @ 12.70 14.27
L 0045 | 0.060 1.15 1.52
N ;0190 | 0210 ) 483 | 533
3 Dt Qoo o} 254! 304
A 0.080 : 0.110 204 § 279
of S 0QE i 0055 115 ¢ 139
1 oms ;0055 . 597 ) 6ar
b U 0000 | 0050 . 000 . 127
w N, - B
z L0080 . 28%:

» SOURCE
: DRAM

http://onsemi.com
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TL431/TL431A

Programmable Shunt Regulator

Features

Programmable Output Voltage to 30 Volis

Low Dy namic Output Impedance 6201 preat

Sink Current Capability of 1 00 T00mA

Equnvalent Full-Range Temperature Cocthicient of
SO0ppm ¢ vpical

Femperature Compensated For Operation Ov e [ udl Rated
Operating Femperature Range

Low Output Noise Voltage

Fast Turn-on Response

Description

Lhe FLA3L 1T 43T A are three-termmal adjustable regulator
sottes with o swaranteed thermal stabibin over applicable
wemperatwe sanges The omput voltage may be set o any
vatue between VR E tapproximately 2.3 volts) and 36 volis
with o enternal resistors These devices have o wvpical
dynamie ouput ipedanee of 0. 2W Active output cireuitn
provides wovery sharp turn-on characteristic. making these
devices excel lent replacement for zener diodes in mans
applications

TO-92 5
b

I Ref2 Anode 3. Cathode !

8-DIP
7

1.Cathode 2.3 4.5.7 NC 1
5.Anode 8.Ref i

8-SOP

1 Cathode Z 3 6. 7. Anode
8 Refd 5 NC

Rev. 1.0.3

©2003 Fairchild Semiconductor Corporation



TL431/TL4A31A

Internal Block Diagram

'f' __________ n
REFERENCE O ' ' O CATHODE
| .
| !
{ ‘
L T =
CATHOOE (K)
REFERENCE (R) O—
LANODE (A)
Absolute Maximum Ratings
(Operating temperature range applies unless otherwise specified.)
Parameter Symbol Value Unit
Cathode Voltage VKA 37 vV
Cathode Current Range (Continuous) IKA : -100 ~ +150 mA
Reference Input Current Range IREF -0.05 ~ +10 mA
Power Dissipation
D. LP Suffix Package PD 770 mw
P Suffix Package ) 1000 . mw
Operating Temperature Range TOPR _ -25 ~ +85 ‘ C
Junction Temperature TJ ‘ 150 f §C
Storage Temperature Range TSTG 65 ~ +150 \ &
Recommended Operating Conditions
Parameter Symbol Min - Typ A" Max Unit
Cathode Voltage VKA VREF - j 36 v
Cathode Current KA . 1.0 . . ‘ 100 mA




TL431/TLA31A

Electrical Characteristics

(Ta = +25°C. unless otherwise specified)

. TL431 TL431A .
: Parameter Symbol Conditions - - Unit
i Min. | Typ. | Max. | Min. | Typ. | Max.
i Reference input Voltage VREF VKA=VREF. IKA=10mA | 2.440: 2,485 2.550 {2.470|2.495|2.520| V
Deviation of Reference :
Input Voltage Over- \VREF/ | VKA=VREF. IKA=10mA - _ -
i 4, . 17
Temperature (Note 1) AT TMINSTASTMAX 4.5 1 45 mv
Ratio of Change in \VREF/ AVKA=10V- e S, - 10 | -27
Reference Input Voltage AWKA | Ika VREF : y
m
to the Change in =10mA | AVKA=36V- :
- AP -2. - -0. -2.0
Cathode Voltage 10V | 5 20 5 .
i
IKA=10mA. y
i al - . 4 A
Reference Input Current IREF R1=10KQ Rp<e 5 4 1.5 1
Deviation of Reference Ika=10mA, i
Input Current Over Fuli R1=10KQ.R2=e> [ = -
{5 H 04 1.2 0.4 1.2 A
Temperature Range AREFA Ta =Full Range : : 9
Minimum Cathode Cur- ¢
VKA= - 104 1.0 - 0.45 1.0 mA
rent for Regulation IKAMIN KASVREF ) .
3 j
Off - Stage Cathode VKA=36V. i
- 1 005 1.0 - 0.05 1.0 uA
Current vl VREF=0 i i
Dynamic Impedance VKA=VREF. :
Note 2 ZKA | IKA=T to 100mA .- | gM5 0577 7¢ 0.15 0.5 Q
(Note 2) ? b {1.0KHz | j ! | ;

© TMIN=-25"'C. TMAX= +85 C




TL431/TL431A

Test Circuits

Figure 1. Test Circuit for VKA=VREF

INPUT O——AWr - O Ve

| o

» TLA31IA

Figure 3. Test Circuit for IKA(OFF)

Figure 2. Test Circuit for VKA2VREF




TL431/TL431A

Typical Perfomance Characteristics
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TL431/TLA31A

Typical Application

§“2 TL431/A

o- . . . O

Figure 10. Shunt Regulator
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Figure 13. Current Limit or Current Source
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TL431A s
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Figure 11. Output Control for Three-

Termian! Fixed Regulator

Figure 12. High Current Shunt Regula-
tor
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Figure 14. Constant-Current Sink




TLA31/TL431A

Mechanical Dimensions

Package
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TL431/TL431A

Mechanical Dimensions (Continued

Package

8-DIP

6.40 +0.20 5 =
g}
0.252 +0.008 ~ o W, ¥
— -— > o ;,_\ =3 -
= =
— i o &
#1 o -
10 /P =
[ j % 38 !
= gie !
o ~ O
[Ge} N O
[ ] Y)W i
#al ] [ J#s. 1
1
%8
N (=]
5.08 3.30 -0.30
0.200 MAX 0.130 001
7.62 Y, -V s
0.300 3.40 -0.20 0.33 MIN
- = 0.134 =0.008 0.013
~0.10
0.25 -0.05
+0.004
0.010 _0.002
o \5 - -
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TL431/TL431A

Mechanical Dimensions (continueq)

Package
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TL431/TLA31A

Ordering Information

Product Number . Output Voltage Tolerance 1 Package Operating Temperature
_ Tuwsiacte T % __To® |
TL431ACD 8-SOP
TL431CLP R 1092 | -25 ~ + 85°C
| TL4sicP ' 2% Teop
5 TL431CD ‘ . 8-SOP !
DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
PRODUCTS HEREIN TO IMPROVE RELIABILITY. FUNCTION OR DESIGN FAIRCHILD DOES NOT ASSUME ANY
LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT DESCRIBED HEREIN; NEITHER
DOES IT CONVEY ANY LICENSE UNDER ITS PATENT RIGHTS. NOR THE RIGHTS OF OTHERS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES
OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD SEMICONDUCTOR
CORPORATION. As used herein

1. Life support devices or systems are devices or systems 2 A critical component in any component of a life support
which, (a) are intended for surgical implant into the body. device or system whose failure to perform can be
or (b) support or sustain life. and (c) whose failure to reasonably expected to cause the failure of the life support
perform when properly used in accordance with device or system. or to affect its safety or effectiveness.

instructions for use provided in the labeling. can be
reasonably expected to result in a significant injury of the
user.

www fairchildsemi.com

8/4/03 0.0m 001
Stock#DSxxxxXxXX
2003 Farchild Semiconductor Corporation



TOSHIBA

TIP621,TIP621-2,TIP621-4

TOSHIBA PHOTOCOUPLER GaAs IRED & PHOTO-TRANSISTOR

TLP621, TLP621-2, TLP621-4

PROGRAMMABLE CONTROLLER
AC/DC-INPUT MODULE
SOLID STATE RELAY

The TOSHIBA TLP621, -2. and -4 consists of a photo-transistor
optically coupled to a gallium arsenide infrared emitting diode.
The TLP621-2 offers two isolated channels in an eight lead
plastic DIP. which the TLP621-4 provides four isolated channels
in a sixteen plastic DIP.

®  Collector-Emitter Voltage : 55V (Min.)

®  Current Transfer Ratio 50% (Min.)

Rank GB 100% (Min.)

PIN CONFIGURATIONS (TOP VIEW)

TLP621 TLP621-2 TLP621-4
10 YR s 16
!!:<L iz:'—(L y=

2 s 20 7 20 15

1 . ANODE R

2 | CATHODL 30 I{J" 3g 1

3 . EMITTER y= y=

4 : COLLECTOR i be) 4 b
1,3 . ANODE
2, 4 . CATHODE > [ (112
5.7« RMITTER v=
6. 8 . COLLECTOR b

"
il

8

135,57 . ANODE

2, 4.6, 8 . CATHODE
9, 11,13, 15  EMITTER
10,12,14,16 : COLLECTOR

Unit in mm

TLP621
LTE2zCES
T
I PRSI
LoTdR 3R
TOSHIBA 11-5B2
Weight : 0.26g
e TLP621-2
& &:‘
w2 :i,_;.,\~
TOSHIBA 11-10C4
Weight : 0.54g
TLP621-4
TOSHIBA 11-20A3
Weight : 1.1g

2001-06-01



TOSHIBA TLP621,TLP621-2,TLP621-4

®  Current Transfer Ratio

CURRENT TRANSFER RATIO
CLASSI- _ (%) (¢ / Ip)
TYPE FICATION MARKING OF
- Ip=5mA, Veg=5V, Ta=25°C CLASSIFICATION
MIN. MAX.
(None) 50 600 BLANK, Y, Y® G, G®, B, B®, GB
Rank Y 50 150 Yy, Y®
TLP621 Rank GR 00 - 300 G, GH
Rank BL 200 600 B, B
Rank GB 100 600 G, G®, B, B®, GB
TLP621-2 (None) 50 600 BLANK, GR, BL, GB
TLP621-4 | Rank GB 100 600 GR, BL, GB

*1 : Ex. Rank GB : TLP621 (GB)

(Note) Application type name for certification test, please use standard product type
name, i.e.
TLP621(GB) : TLP621
TLP621-2 (GB) : TLP821-2

MADE IN JAPAN MADE IN THAILAND
UL Recognized E67349 *2 |E152349 *2
BSI Approved 6508, 7445 *3 16505, 7445 *3
SEMKO Approved |9735090/01 *4 LN
*2 UL1577

*3 BS EN60065 : 1994, BS EN60950 : 1992
*4 EN60950 (Approved is TLP621 only)

2 2001-06-01



TOSHIBA TLP621,TLP621-2,TLP621-4

&  Option (D4) type

VDE Approved : DIN VDE0884 : 06.92, Certificate No. 68384
Maximum Operating Insulation Voltage : 890Vpg
Highest Permissible Over Voltage 1 8000Vpg

{(Note) When a VIDE0884 approved type is needed. please disignate the “Option (D4)”

7.62mm pich | 10.16mm pich

standard typc i (LF2) type
®  Creepage Distance : 6.4mm (Min.) 1 8.0mm (Min)
Clearance : 6.dmm (Min.) 8.0mm (Min)
Insulation Thickness : 0.4mm (Min.) 1 0.4mm (Min)

3 2001-06-01



TOSHIBA

TLP621,TLP621-2,TLP621-4

MAXIMUM RATINGS (Ta = 25°C)

RATING
CHARACTERISTIC SYMBOL N TLP621-2 UNIT
TLP621-4
Forward Current I 60 50 mA
Forward Current Derating Alp/°C -0.7(Ta>39°C) | -0.5(Ta=25°C) | mA/°C
a Pulse Forward Current Ipp 1(100.s pulse, 100pps) A
ﬁ Power Dissipation Pp 100 70 mW
Power Dissipation Derating APp/°C -1.0 —-0.7 mW/°C
Reverse Voltage VR 5 v
Junction Temperature Tj 125 °C
Collector-Emitter Voltage VCEO 55 v
e | Emitter-Collector Voltage VECO 7 v
2 Collector Current Ig 50 mA
E Sol?;iz:;iower Dissipation Pe &o 500 W
A | & o R P RISEREERE ol - AON -\ 10 mW /%
Junction Temperature Tj 125 °C
Storage Temperature Range Tty —55~125 °C
Operating Temperature Range Topr —55~100 °C
Lead Soldering Temperature Tsol 260 (10s) °C
Total Package Power Dissipation Py 250 150 mW
’(I:I(‘):i_l ;;aog;age Power Dissipation Derating 4P C 25 15 MW/ °C
Isolation Voltage (Note 1) | BVg 5000 (AC, 1min., R.H." 60%) Vrms

(Note 1) Device considered a two terminal : LED side pins shorted together, and
DETECTOR side pins shorted together.

RECOMMENDED OPERATING CONDITIONS

CIARACTERICTIC SYMBOL | MIN. TYP. MAX. | UNIT
Supply Voltage vee — 3 24 v
Forward Current I — 16 20 mA
Collector Current I¢ — 1 10 mA
Operating Temperature Topr -25 — 85 °C
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TOSHIBA - TLP621,TLP621-2,TLP621-4

INDIVIDUAL ELECTRICAL CHARACTERISTICS (Ta = 25°C)

CHARACTERISTIC SYMBOL | TEST CONDITION | MIN. | TYP. [ MAX. | UNIT

q | Forward Voltage Vy Ip=10mA 1.0 | 1.15 | 1.3 v
g Reverse Current Ig VR=5V — — 10 HA

Capacitance Cr V=0, f=1MHz — 30 —_ pF

Collector-Emitter

Ic=0. — —_ v

o | Breakdown Voltage V(BR) CEO| IC=0.5mA e
© | Emitter-Collector
& =0. — — v
o | Breakdown Voltage V(BRIECO| E=0 1@ !
= VOE=24V — 10| 100 A
& | Collector Dark Current IcEo - L& -
<] VCeE =24V, Ta=85°C = 2 50 HA
[m]

Capacitance (Collector

= = — 1 I
to Emitter) Ccr V=0, f=1MIiz 0 pF

COUPLED ELECTRICAL CHARACTERISTICS (Ta = 25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. | MAX. | UNIT

) =5mA, Veg=5V 50 — 600

Current Transfer Ratio Ig/Ip N T Cgani: GB — % %
Ip=1mA, VCE=0.4V — 60 —

Saturated CTR IC/IE (sat) E Cgank GB - %
Ig=2.4mA, Ip=8mA — — 0.4

Collector-Emitter v i _ 0.2 v

Saturation Voltage CE (sat) | I¢=0.2mA, 11;{_ ll!;n.gB —y . ;

an — — 4

ISOLATION CHARACTERISTICS (Ta = 25°C)

CHARACTERISTIC SYMBOL TEST CONDITION MIN. | TYP. | MAX. |UNIT
Capacitance (Input to Output) Cs Vg=0, f=1MHz — 08| — pF
Isolation Resistance Rg Vg =500V 1X1012) 10| — Q

AC, 1 minute 5000 —_ —

. — Vrms
Isolation Voltage BVg AC, 1 second, in oil — 10000 —

DC, 1 minute, in oil — |10000| — Vde
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TOSHIBA TLP621,TLP621-2,TLP621-4

SWITCHING CHARACTERISTICS (Ta = 25°C)

CHARACTERICTIC SYMBOL TEST CONDITION MIN. | TYP. | MAX. | UNIT
Rise Time tr — 2 —
Fall Time i VCC =10V, IC =2mA — 3 — s
Turn-on Time ton R, =100Q _ 3 _
Turn-off Time toff — 3 —
Turn-on Tim — 2 —
— “ON Ry, =1.9kQ) (Fig.1)
Storage Time ts Voo=5V. Ip= LémA — 15 — J75
Turn-off Time tOFF — 25 —
Fig.1 SWITCHING TIME TEST CIRCUIT
I -V Ip I I
Fe R s ts v,
h 4 L W a 2] g(;
— 4.5V
L o VgeR VCE \
0.5V
! tON tOFF
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TOSHIBA TLP621,TLP621-2,TLP621-4
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TOSHIBA

TLP621,TLP621-2,TLP621-4
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TOSHIBA

TLP621,TLP621-2,TLP621-4

(mA)

Ies

OLLECTOR CURRENT

¥

(mA)

I

COLLECTOR CURRENT

Ig - I
100 11 T
Ta=25°C ] e
i et B
50 Veg=sv ] &
30 ---- vVep=04v A /‘/,_,‘
e e / R ’,,’1K;
! ; / PR
o T v
10 s e = =
VA 7 ; F
=1 SAMPLE A A= ~ —
5 . AT AN : L g
3 /Z. /o a8
// SAMPLE B ;
1 7 i )
1 II ! T T
0.5 % 7/ i '
0.3 ] :
0.1 E—iA : 3
= i
oosf 11 3
0.03 1 ]
0.3 1 &) 10 20 100
FOWARD CURRENT g tnAy
Ic = Ta
100 T —
T =3
25mA !
50 :
1T
30 X | 10mA
! ! T
Sma
0P Tt ; :
o —]
5
3
|
e ———] TmA
1
0.5
03—
-t
0.1 i I
~-20 0 20 40 60 80 100

AMBIENT TEMPERATURE Ta °Cy

URRENT TRANSFER RATIO i /lp %)

«

SATURATION

R 5

OI.LEC'I'Q!(~!§N1I'FFF

o1

(gt

SUING TIME

SWITC

Ic/ip - I

500

300

11 H
T :
SAMPLE A

? T T
M/ o i i \\
100 e L -
ZESAMH.E B e ! —
o N o ! o
B Lo [ N
' < Ta=25°C
; Vee=58V
% ] TN VYCE=04V
B I Tt
0.3 1 3 10 30 100
FOWARD CURRENT g (mA)
VCE (saty — Ta
0.20 . -
Ip=5mA -
Ig=1mA
0.16 . //

0 | ? L
—20 0 20 40 60 80 100
AMBIENT TEMPERATURE Ta O
SWITCHINGTIME -~ Ry,
1000 = — T T =
Ta=25°C
500 Ip=16ma o
300 Vee=5V j 4
P
U WFE
100 — f/ 3=
tg e LI I Y
: ——
5 ; T
3 ] N 1
1 i i i
1 3 10 30 100 300
LOAD RESISTANCE Rp, tk(h

2001-06-01



TOSHIBA TLP621,TLP621-2,TLP621-4

RESTRICTIONS ON PRODUCT USE

000707EBC

® TOSHIBA is continually working to improve the quality and reliability of its products.
Nevertheless, semiconductor devices in general can malfunction or fail due to their inherent
electrical sensitivity and wvulnerability to physical stress. It is the responsibility of the buyer,
when utilizing TOSHIBA products, to comply with the staridards of safety in making a safe
design for the entire system, and to avoid situations in which a malfunction or failure of such
TOSHIBA products could cause loss of human life, bodily injury or damage to property.
In developing your designs, please ensure that TOSHIBA products are used within specified
operating ranges as set forth in the most recent TOSHIBA products specifications. Also, please
keep in mind the precautions and conditions set forth in the “Handling Guide for
Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability Handbook” etc..

® The TOSHIBA products listed in this document are intended for usage in general electronics
applications (computer, personal equipment, office equipment, measuring equipment, industrial
robotics, domestic appliances, etc). These TOSHIBA products are neither intended nor
warranted for usage in equipment that requires extraordinarily high quality and/or reliability or
a malfunction or failure of which may cause loss of human life or bodily injury (“Unintended
Usage”). Unintended Usage include atomic energy control instruments, airplane or spaceship
instruments, transportation instruments, traffic signal instruments, combustion control
instruments, medical instruments, all types of safety devices, etc.. Unintended Usage of TOSHIBA
products listed in this document shall be made at the customer's own risk.

@ Gallium arsenide (GaAs) is a substance used in the products described in this document. GaAs
dust and fumes are toxic. Do not break, cut or pulverize the product, or use chemicals to
dissolve them. When disposing of the products, follow the -appropriate regulations. Do not
dispose of the products with other industrial waste or with domestic garbage.

@ The products described in this document are subject to the foreign exchange and foreign trade
laws.

® The information contained herein is presented only as a guide for the applications of our
products. No responsibility is assumed by TOSHIBA CORPORATION for any infringements of
intellectual property or other rights of the third parties which may result from its use. No
license is granted by implication or otherwise under any inteilectual property or other rights of
TOSHIBA CORPORATION or others.

@ The information contained herein is subject to change without notice.
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