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Figure 1. Definition of the Current and Voltage Data Sheet Specifications
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Figure 2. TVS Avalanche Diode SPICE Macro-Model
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Table 1. CORRELATION OF THE AC AND MACRO-MODEL COMPONENTS

Equivalent
AC Model Macro-Model
Component Component Comments

Rs Rz + Dz Rrs ® Typically D, gs = 0; thus, Rg = Rz
® R, « clamping voltage V¢
® R, « 1/power rating

Ls L ® | produces a short overshoot pulse due to V = L (Al/At)

Cs D1_cio ® D) cjois specified at a 0 V and decreases as the reverse bias voltage increases
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Figure 3. Impedance Characteristic of the 1SMB28A Unidirectional TVS Diode
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Figure 4. Impedance Characteristic of the NUP2105 Bidirectional TVS Diode
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Figure 5. The Increase in the 1SMA28A’s Junction Temperature Produced by a High Energy Surge Pulse can be

Modeled by Increasing the Magnitude of Rz
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Table 2. THE SMALL Rg AND LARGE Cg TERMS OF THE 1SMB28A ACCOUNT FOR THE DEVICES HIGH POWER
RATING. THE SMALL CAPACITANCE OF THE NUP2105 RESULTS IN A HIGH RESONANT FREQUENCY

AC Model
Rs Ls Cs
Package and fr Bias |—o
Part Number Schematic Power Rating (MHz) Voltage Rs () | Ls (nH) | Cs (pF)
1SMB28A SMB 600 W 146 0 Vdc 0.12 2.44 486
(10 x 1000 ps)
|:+:| 276 28 Vdc 0.14 2.44 137
NUP2105 SOT-23 350 W 616 0 Vdc 1.28 2.48 26.4
. (8 x 20 us)
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Figure 6. SPICE Predicts a Maximum Clamping Voltage of 42.5 V if Rz is equal to 0.65 Q.
The Bench Test Value is 42.4 V
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Figure 7. SPICE Predicts a Maximum Clamping Voltage of 39.2 V.
The Bench Test Measured Value is 40.8 V
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Table 3. SIMULATION LIMITS OF TVS DIODE MACRO-MODELS

Region Key Design Parameter Limitation
Forward Forward Voltage (VF) | e v is typically specified as a maximum value at a single current point in the data sheet
® The accuracy is enhanced if two typical test points are used
Leakage Leakage Current (I) ® |, is modeled as a linear function of the bias voltage
® Measured || data varies as an exponential function of the bias voltage
Breakdown Clamping Voltage (Vc) | e Av due to self heating is not modeled
® OQvercurrent failures are not modeled
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APPENDIX I: MACRO-MODEL SPICE NETLISTS

KA AAR KR A AR I AR R AR AR A A AR A A AR A A AR A A AR A A AR AR AR A AR AR AR A AARA R AARAAAR A AR AR AR AR A AR A AR A Ahddhdhhik
* 1SMB28A PSPICE macro-model

* Uni-directional TVS avalanche diode, SMB package, Vgr = 32.75 V
*khkkkhkkkhhkkkhkhkkhhkkkhhkhhkhkhhkhkkhhhhhkhhkhkhkhkhkhhhkhkhhhkhhkhhkhkhhkhhkhkhhhhhkhhhkhhhhhhkhhhhhkhhhhhhhhkhhihhkihik
* Anode Cathode

.SUBCKT SMB28A 7 1
*hhkkhkkkhkhkkkhkhkkhkhkhkkhhkhhkhhkhkhkhkhkhhhkkhhkhhkhkhhhhkhkhhhkhkhhhhkhhhhkhkhhkhhkhhhkhkhkhkhhkhkhhkhhkhkhhkhhhkhhkhihkhihihiik
* Forward Region

* D1’s CJO term models the capacitance

D121 MDD1

.MODEL MDD1 D IS=1.83708¢e-14 N=1 XTlI=1 RS=0.2

+ CJO =486e-12 TT =5e-10

KA AAKR KA AR R A AR R A AR R A AR R A AR A A AR R A AR AR AR AR AR A AR R A AR R AAR R AR R A AARAAARA A AR R AAA A A AR A A AR AAddhdk
* Leakage Region

* RL models leakage current (1)

* MDR temp. coef. model Al /AT

RL 12 MDR 5.64e+06

.MODEL MDRRESTC1=0 TC2=0

* k% * k% * k% * k% * k% * k% * k% * k% * k% * k% * k% * k% * k% * k% *

* Reverse Breakdown Region

* RZ models the AI/AV slope

* The small signal impedance is equal to 0.1 Q

* A RZ value of 0.65 Q matches the clamping voltage at max. current

* Increasing RZ models the self-heating from the energy of a surge event
Rz 230.65

D2 4 3 MDD2

.MODEL MDD2 D IS=2.5e-15 N=0.5

* Breakdown \oltage (VgRr) = Igv X Rpv
EV114681

IBV 06 0.001

RBV 6 0 MDRBYV 32750

* MDRBYV temp. coef. model AVgr/AT
.MODEL MDRBV RES TC1 = 0.00098

D380 MDD2
IT 080.001
*hkkkhkhkkkhkhkkkhkkhhkhkkhkhhkhkhkhhkhkkhkhhkhkkhhhkhkhhhkhhhhkhkhihkhhhkhhhhhkhhhkhkhhhkhhhhkhkkhihhkhhhkhhihhiihkhhhhkhiihkikx
* L models the lead-to-silicon connection package inductance
L72244e-9
*
.ENDS SMB28A
AEAAEAAAAAAAKA A AR AA A A AR A A A A AR A A AA A A AR A A A AAAAAAAA A AR A A A AAAAAAAAA AR A A A AAA AR AAAd A A A AkAAAAAAAhK
NUP2105 Macro-Model
GND
1
NUP2105
Dg Do Dual Line Bi-directional TVS Diodes
DA De SOT-23 Package
1/01 /0,

B R R R R R A R R A S R R AR R R R R R R R R R AR R R A R R R AR R R R R AR R R AR AR AR AR R R R R R R AR R R AR R R R AR R R

* NUP2105 PSPICE macro-model
* Bi-directional TVS avalanche diode, SOT-23 package, Vgr = 26.4 V
* Model simulates 1 of the 2 I1/O lines

** ** ** ** ** ** ** ** ** ** ** ** ** **

*

DA cathode DB cathode DA,B Common Anode
.SUBCKT NUP2105 1
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* Bidirectional devices are formed from two uni-directional devices

X1 3 1 HALFNUP2105

X2 3 2 HALFNUP2105

.ENDS NUP2105

B R L b R S S S R R R S S S R S S S R S S S S S S S R R
* Model HALFNUP2105 represents one bi-directional pair of a dual device
* Anode  Cathode

.SUBCKT HALFNUP2105 7 1

* Forward Region

* D1’s CJO term models the capacitance

D121 MDD1

.MODEL MDD1 D IS=1.83708¢e-14 N=1 XTlI=1 RS=0.2
+CJO=26.4e-12 TT =1e-08

AEAAEAEAAAA AR A AR AA A A A A A A A A AR A A A A A A A A A A A AAAAAAAAA A A A A A AAAAAAAA T AR A A A AAA AR A AAA A A AAAAAAAAkhk
* Leakage Region

* RL models leakage current (1))

* MDR temp. coef. model Al /AT

RL 12 MDR 4.32244e+08

.MODEL MDR RES TC1=0 TC2=0

* Reverse Breakdown Region

* RZ models the AI/AV slope

Rz231.28

D2 4 3 MDD2

.MODEL MDD2 D IS=2.5e-15 N=0.5

* Breakdown \oltage (VgRr) = Igv X Rgv

EV114681

IBV 06 0.001

RBV 6 0 MDRBV 26357.1

* MDRBY temp. coef. model AVgr/AT

.MODEL MDRBV RES TC1 =0.00096

D38 0MDD2

IT 080.001

AEAAAEAEAAA AR AR AR AR A AR AR A AR A AR AR A A A AR AR AR AR A AR AR A AR AR AR A AR AR A A A A A AAAAA AR A A A A AAAAAAAAAAK
* L models the lead-to-silicon connection package inductance

* L is distributed between two diodes for bi-directional diodes
L721.24e-9

*

.ENDS halfnup2105

B R L S R R R R o S 2 S S S S 2 2 2 2 2 2 2

Fhkkhkhkhkhhkhkkhkhkhhkhkrhkhhkhkihkhhhkhhkhkrhkhkhhkhhkhrhkhhhhhkhrhkhhhhhkhrhkhhkhkihkhkhhihhkrhhkhhihhkhhkhkhhihkhihkihkhikx
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