TECHNICAL NOTE

Y BAEH

Application of Anti-Surge Thick Film Chip Resistors

§0 . Abstract

With the advancement of technology and the continuous increase in the variety of new
electronic products, the demand for pulse resistance for various types of chip resistors is also
increasing. There are single pulse waves, multiple pulse waves, and continuously changing pulse
waveforms. In order to make it easier for customers to make reasonable choices about the pulse
resistance performance of our products, this data is compiled to facilitate customer selection.

§1 . Introduction of Anti-Surge Resistors

In electronic design, surges mainly refer to the strong pulses generated at the moment when
the power supply (mainly referring to the power supply) is just turned on. Due to the possibility of
the linearity of the circuit itself being higher than the pulses of the power supply itself; or due to
the interference of internal or external sharp pulses on the power supply or other parts of the
circuit, it is called a surge. It is likely to cause the circuit to burn out at the moment of the surge,
such as PN junction capacitor breakdown, resistor burnout and so on.

Therefore, in order to meet surge characteristics, our company has designed two products: AS
(Anti-Surge Thick Film Chip Resistor) and PS (High Precision Anti-Surge Thick Film Chip Resistor).

The differences between the two products are as follows:

Difference AS PS
Dimension AS02 AS03 ASO5 AS06 ASO7 AS10 AS12 PS02 PS03 PS05 PS06PS07 PS10 PS12
Mainly £10% +20%, +5% is specially Lo
Tolerance ) Product tolerance is high (+1% +5%)
provided
Special ) . .
. High power (ASO5, AS06, AS10) Power is comparatively lower (ASO5, AS06, AS10)
characteristics
Pulse . . I . - . .
oo Single pulse indicator is high Single pulse indicator is comparatively lower
indicator
No resistance adjustment (no laser) is . .
Process Resistance adjustment (laser)

conducted
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AS single pulse power curve is as follows :

AS-Series Anti-Surge Thick Film Chip Resistors
100000
2
@
- _________"W.

= 10000
<)
[ ]
u ]
= B 1000 T —
R e — AS12
T 5 ~= T =] AS10
D e e ASO7
e
£ mx B ] = - AS06
£ r& 10 —— el - I sl = AS05
— a4 i
v AS03
= - [ [l AS02
!.3' ’ - ]
Q
c
@]

0.1

0.000001 0.00001 0.0001 0.001 0.01 0.1 1

Pulse Duration (S)
BKoR 35 E
PS single pulse power curve is as follows :
PS-Series Anti-Surge Thick Film Chip Resistors
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§2 . Pulse wave principle calculation

2.1 Derivation and calculation method of pulse power

Item Calculation formula Unit
Demand resistance value (R) R Q
Rated power (Po) Po W
Rated voltage (Vo) V=+v(Po*R) V
Rated current (Io) Io=v(Po/R) A
Pulse duration (Ti) Ti S
Stop time (T) T=Tp-Ti S
Peak current (I) I=Vi/R A
Peak voltage (Vi) Vi= v(P*R) Vv
Peak power (P) P W
Joule integral value Q Q=I"2*R*Ti AN2*S
P= (IA2*R*Ti)/Pulse
Average power (P) W
period Tp
Power load rate P/ Po %

[ p —=

Vi: Peak voltage
Ti: Pulse duration

Tp: Pulse period
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2.2 The equivalent relationship between four common waveforms and square waves

a. Discharge waveform

Equivalent rectangle pulse wicth

T

Peak Voltage
or

Peak current

T=t/2

c. Sinusoidal waveform

Equivalent rectangle pulse wicth

T=t/2
Peak Voltage
or
Peak current
T |

b. Triangular waveform

Equivalent rectangle pulse wicth

—
X T=2/3
Peak Voltage
or
Peak current
T

Peak Voltage
or

Peak current

d. Oscillation attenuation waveform

‘_Equwalent rectangle pulse wicth

T=T/4

2.3 Selection principle of pulse power resistor

—

=
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>

>

>
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a. The maximum pulse power of the user should be lower than the limit power given by the pulse curve ;

b. The average power of the user should be lower than 75% of the rated power ;

c. When the environmental temperature of the user's product exceeds 70 °C, power attenuation should be performed according to

the derating curve;

d. The maximum pulse voltage of the user should meet the limit voltage requirements provided by our company ;

e. The actual pulse duration of the user should be read based on the principle of taking the greater one ;
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f. When the user pulse period Tp>Isec, take Tp=lIsec ;

g. When user pulse TP/Ti>2 times, take 200 for calculation

2.4 Calculation example of application of anti-surge thick film chip resistors

a. Case one:

Customer inquiry: spec.1206, 100K 5%, working temperature between 80 °C and 90 °C,

continuous waveform Tp=3ms, Ti=100us; Whether it can withstand the application conditions

shown in the attached figure

Figure One :

FY
Measure

P1:rms(C2)
value 321V
status L

P2:max(C2) P3:min(C2) P4---
944 Vv -640V
L L

P5:rms(C2) P6&pkpk(C2)
321V 1.58 kV
L

v

Timebase -32.4 ps|(Trigger EAED)
10.0 ps/divl Normal 655 V|

500 kS 5.0 GS/sjEdge Positive)

Figure Two :

Y
Measure P1:rms(C2)
value 27 mA
status L

P2:max(C3) P3:min(C3) P4:--- P5:rms(C2) P6:pkpk(C3)
934 Vv -307 Vv 1.453 kv
v v

/

‘Tbase -3.24 ms| [Trigger E=HEEH
1.00 ms/div] Normal 330V

500 MS 500 MS/s|Edge Positive
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Figure Three :
I
i
Measure P1:rms(C2) P2:max(C2) P3:min(C2) P4:--- P5:rms(C2) P6:pkpk(C2)
value 53V 960V -640V 53V 1.62 kV
status g g 4 g g

Derivation and calculation of pulse load rate:

Tbase -32.4 mg| [Tri C2]DC
10.0 ms/div| Normal
500MS 50 MS/s

=i= B/ A BEfire - Conclusion: UR' s AS06 products can meet
=50 & (R) 100000 P customer’ s requirements.
m ARRE 1R e Lde
ZEELHZE(Po)- | 0.45- We - Remarks:
ﬁi%@(\k})ﬂ 223.61« Ve a. Max peak power<Curve limit power;
FEEEH (o) | 0.00224- As
b. Avg. power<75% of rated power;
AR EE (Ti)e | 0.0001. So
f?ﬂ:ﬁ%gaﬁ (T:}ﬂ 0.0029. S - ¢. The ambient temperature needs to be attenuated
&TE %ﬁ('}” 0.01- A according to the power curve;
&TE. % E(Vl}" 10~ W. | d. Power attenuates to 76.5% at 90 °C.
Z{Ey=(P)» | 0.0000000025-| A*2*5+
EEES{E Q| 0.083333- We
Ti5THE(P ). | 18.51« %
THEE &y 5ee P/Po- Y%«

E%:$]m zt\)K—W"‘J AB/INET I 1 X R o

IRV = WIEE BT
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Remarks: AS06 single pulse curve standard

AS-Series Anti-Surge Thick Film Chip Resistors
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b. Case Two :

Customer inquiry: Can our PS06 1/2W 39R products meet the following waveform requirements?
Waveform 1: Normal Mode in normal working condition.

e Saie N
picture 1: Overview 0L
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Measure g PlmaniZl) PZ:mIndZ1) PIdut(Z1) ParmsC1) P5imsiZ1) Paimean(Math)
valuz 109v -196Y a9.04 % 200 mY 200 miv 223V

v L4
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G lin N5

E1=11% 11=180ns
E2=3v  t2=800ns
E3=20% t3=150ns

E4=7.8% t4=150ns
E5=3% t5=7a0ns
EE=10.5% t6=210ns
#HIE1 E7=4.5% 17=130ns
#7 6
4
w7
B2 T 5
x | /\
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e
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M=7.2ms)

Derivation and calculation of pulse load rate :

EB- LCET EEfire
EXRMEER) | 39 Q.
BEEL)FE(Po)- | 038 We
FEE EE (Vo) | 3.86¢ Ve ' Conclusion: UR" s PS06 products can meet customer’ s
EEE7(lo)o | 0.09901¢ Ao : requirements

t1t2 1314 t5 6 ' .
EAEET) | Se Remarks:

a
1. Max peak power<Curve limit power;

[ IEESRE(T). | 00072 S

2. Avg. current<50% of rated current;

A E R () 0.512820513- | A.

(& EE(Vi)e | 20- Ve
e fErh2=(P). | 10.25641026. | W-

3. The ambient temperature needs to be attenuated according to

the power curve;

0.0000000337 | A*2%S. 4. Power attenuates to 76.5% at 90 °C.

LSS
ERESE Q. 985.

FEHTHZ(P ). | 0.0021662- | As

2o 2.19¢ Yoo

A
alt
+

IEE:
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Waveform 2 : Startup/Short circuit

Measure P1:maiZl) P2Zmin{Z1) P3dutZ1) Farmsh PSmIS{ZT) PE:meanath)
value BTY -195Y 0955 % 757 my THO my 163y
slalus v v K v v

1.00ms
3 200 WoE

cture 4: Oerviw
yellow: U(R121 o) voltage across R121 o

Ui bl ]
R 1. 2 BIARETR R 3. 4 MIBEET: 8 RIS 256times 5. 6 FARETRELSR
Bror RIS 2times ((3 Bmsi14ustimes—2times) & 258times(3 Bms/14us)
=ATTY

E1=6%  t1=340ns
E2=19.6% t2=180ns
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. E4=14v  t4=150ns
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Derivation and calculation of pulse load rate :

HE- 85 B fir-
SXEMER) | 39 Q-
%E;ﬁ@:‘%{l:ﬂ:}ﬂ 0.20- W Conclusion: UR" s PS06 products can meet
g’g’;ﬁ@ @ {Vﬂ}p 5 83. V. customer’ s requirements
0.07266 Remarks:
A= L s i .
QEEJ LUG}P i A 1. Max peak power =Curve limit power;
iR ERE {T|}‘J t1t2t3t415 t6 | S. 2. Avg. current=50% of rated current;
3. The ambient temperature needs to be attenuated
f-—%ﬂ‘_’ﬂ#gaﬁ {T}‘J 0.0072- Se according to the power curve;
@15 % ,ﬁﬂ}a 0.5- A 4. Power attenuates to 61.1% at 120 C.
S EEE(Vi) | 19.5- Ve
fETh=E(P)e | 9.75 W
e 0.0000058718 | A"2*S-
EERESEQ .
TigTh=(P ) | 0.02855758- | A~
ThEEEE %=, | 39.30. %
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Waveform 3 : Ignition cycle

Ignition cycle:
1stIgnition Phaset

32times | 32 times
Pulse _52Pulses
/“' i¢

TITT T time
\ :. \
/ (N ’ | ‘ g (-

1 time ‘/”
1 ) e — - 7
1s‘ 1St~:>< 28’303

>

BT )

N

T
T

Approximate waveform :

ECA

W 1. 2 MARET: B RS
(14.8msfHBus) times x2 x26 pulses

E1=F t1=350n=
EZ=FY tZ=380ns

-

(R
(T=163)

T Timetns)
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Derivation and calculation of pulse load rate :

== V(R Efre
ERMEER) | 39 Qo
$EE % (Po)- | 0.38¢ Wo
EEEE(Vo) | 3.86¢ Ve
ZEEEF(lo) | 0.09901- A
B EE(T) |t S.
EIEERE(T)- | 16 S.
EEEF() | 0.153846154¢ | A.
& EEE (Vi) | 8- Ve
EEITHE=E(P)- 0.923076923- | W
EBIESE Qo | 0.002125415. | AM2*S.
EtgrhEE(P )e | 0.01152556: | A«
THER & fa 2= 11.64- Yoo

Conclusion: UR’s PS06 products can meet

customer’ s requirements

Remarks:

1. Max peak power<Curve limit power;

2. Avg. currents50% of rated current;

3. The ambient temperature needs to be attenuated
according to the power curve;

4. Power attenuates to 76.5% at 90°C.
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Summary table of pulse load rate calculation

g]ig- B fre
HH
IERTIER. HEn =K a

ERMEER) | 39 39. 39. Q-
5B (Po). | 0.38~ 0.20- 0.38- Wo
EEEE (Vo) | 3.86¢ 2.83- 3.86. Vo
2EEEF(lo)o | 0.09901. 0.07266- 0.09901- A
FRAERE(T) |HL21B3HUBHBT. ML2t3t4t516 - 12 S.

f= FESRS(T). | 0.0072¢ 0.0072: 16. S.
g E#()- | 0.512820513.  [0.5- 0.153846154- Ao
IEEEE(V)e | 20 19.5- 6+ Ve

i {E1h=E(P). | 10.25641026-  [9.75. 0.923076923- W

£ TESE Q- | 0.0000000337985./0.00000587185:  [0.002125415. AN2*S.
THIINEE(P ). | 0.0021662¢ 0.02855758: 0.01152556. As
EERE | 219 39.30- 11.64. Yoo

Conclusion: UR’s PS06 0.5W 39R products can meet customer’s requirements

Remarks: PSO06 single pulse curve standard

PS-Series Anti-Surge Thick Film Chip Resistors
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§3 . Application of anti-surge thick film chip resistors

eMetering (Testing/Measurement)
eDiagnostic Equipment

eMedical Devices

eIndustrial Controls

ePlasma

¢L.CD Video Monitors LCD

GPS Automobile Wireless telephone

Prince 180

| 3 A v ]
4
\ (& Heal Force

Electrocardiograph

Frequency converter Frequency converter PLC
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84. Summary

In electronic design, surges mainly refer to the strong pulses generated at the
moment when the power supply (mainly referring to the power supply) is just turned on.
Due to the possibility of the linearity of the circuit itself being higher than the pulses of the
power supply itself; or due to the interference of internal or external sharp pulses on the
power supply or other parts of the circuit, it is called a surge, which may cause the circuit to
burn out at the moment of the surge. Anti-surge resistors have superior anti-surge voltage
characteristics, and are used in AC/DC or pulse circuits and high voltage equipment, with

high reliability resistance performance and can withstand high voltage impacts in the circuit.
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