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SPICE is the most popular program for simulating the behavior of electronic circuits. The Qiggest
stumbling block that engineers run into is turning vendor data sheet specifications into SPICE modlels that
emulate real devices and run without convergence problems. This is especially true for power devjces, like
Triacs, where the cost of testing and possibly destroying devices is prohibitive. The following paper
describes the FIRST known SPICE subcircuit macro model for a Triac[1].

Introduction determines the holding current of the triac. A similar

Berkeley SPICE is the most popular program for simulatesistor exists at MT1. These resistors hold the triac off

ing the behavior of electronic circuits. The biggest stunaless triggered by the gate or the holding current from a

bling block most engineers run into is turning comparigrevious “on” condition.

specifications or vendor data sheets into SPICE device

models that emulate real devices and run without proplthough this configuration has the basic triggering func-

lems. Here is an approach which works well foran TRIA@N of the triac, it must be enhanced to emulate other

and derives directly from data book parameters. important parameters such as off state leakage, breakover
voltage and current, and voltage and current characteris-

A triac is a bi-lateral switch that can be triggered inttics in all four modes of operation. Figure 4 shows the full
conduction regardless of its polarity. It is modeled bifiac subcircuit. Resistors and zener diodes are used to
using two NPN/PNP transistor pairs connected back-teimulate the breakdown voltages and leakage currents.
back as shown on the left of Figure 4. The base of edegpendent sources are used to emulate the various trigger-
transistor is connected to the collector of the other. THRY modes and to allow a wider range of trigger data to be
produces positive feedback, resulting in the required switcgntered.

ing action. At MT2, the emitter metallization overlaps the

base of the NPN transistor. This forms a lateral resistorlfradjusting the model parameters for the triac subcircuit

the base (P) region and is shown as RH in the model. Reems a little daunting, you can use-8vlop. SriceMop
is a software program that quickly converts data book

parameters into SPICE model parameters. Entering only
MT 2 the device type and maximum voltage and current ratings
will produce a realistic model as all other parameters are
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Figure 1. Basic Triac structure

Figure 2. Basic Triac subcircuit
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scaled from them. Naturally, the more data you enter, the ’
more exact the model will be. Figure 5 shows the triac _ ble Trinc subircu
entry screen from SceM op. Figure 2. SPICE 2G.6 compatible Triac subcircuit

Figure 5 you can get an idea of the relationship between

This model and method are used for the TRIAC in thhich data sheet parameters correspond to which SPICE
SPICEMOD (v2.3) program. This program allows dirediodel parameters.

conversion of data book information to SPICE models for
diodes, zeners, bipolar transistors, JFETs, MOSFETs,
SCRs and now Triacs. Models can be generated as fagt as
data can be entered. This makes it easy to generate modelsckT 2n5568 1 2 3

for custom or “house” devices. Limit devices can bg TERMINALS: MT2 C?g'uTtlu'\t"gtré igios\t/o%sOA
modeled by entering limit device data. Because th ;“OFFI):" keyword for Q devices
models use standard SPICE syntax, they can be used

any program that adheres to SPICE rules.

Table 1. 2N5568 Triac Subcircuit

QP2 457 POUT
DF 4 5 DZ ; Forward breakdown diode
DR 611 Dz ; Reverse breakdown diode

Data books may show the same values for all four gafeF 46 40MEG ; Forward leakage current (controls IDRM).
T217 52.8M ; Controls “on” resistance

trigger current and voltage modes. However, the valugs, 7 5 75 - Controls reverse holding current
are differentin all four modes. In areal triac, when the ggtecp 8 3 54.5 : Controls forward holding current and trigge

is driven with the opposite polarity from the MT2 termi ggfezmg o6a
nal, the gate must supply enough current to drive thgs g4 5256

shunting resistance to twice the gate voltage, thus e 92 DIN

. i JRN 93 27.8
trigger current cannot be the same for both polariti NN 67 93 38.8M

regardless of what the data book limits say. G+ with MT2enp 4593 51.2M
always requires more gate drive than other modes. In thigp 2 10 DIP

s . 103 16.2 ; Controls current in G+, MT2- trigger mode
case, it is only necessary to enter the first mode g 76103264M - Controls G+, MT2- trigger voltage

voltage and current and let the program estimate the othek®DEL DIN D (1IS=53.5F)  : Conducts in G- modes

for the most realistic model.r8EMob guards against .MODEL DIPdD (IS=53.5F N=1.19) ; Higher drop diode conducts only in
. .. . G+, MT2- mode

entering grossly unre_al!stlc data_and will attempt 10 PrPiopeL bz D (1S=53.5F N=1.5 IBV=10U BV=400)

duce the closest realistic model in these situations. .MODEL POUT PNP (1S=53.5F BF=5 CJE=235P TF=25.5U)

.MODEL NOUT NPN (IS=53.5F BF=20 CJE=235P CJC=46.9P TF=1|7U)

. . L ENDS
The SPICE 2G compatible netlist for the triac is shown [rable 1, SPICE 2G Triac model generated by the SpiceMob modeling

Table 1 (next page). AIong with the “Affects” column inprogram from manufacturer’s data sheet parameters.

; with RGP controls VGT
; with RGP controls forward holding current
; Diode to isolate G- triggering modes
; Controls current in G- trigger modes
; Controls G-, MT2- trigger voltages
; Controls G-, MT2+ trigger voltages
; Diode to isolate G+, MT2- trigger mode




Affects:
.SUBCKT Name (2N5568) -
Rated On-State Current RMS, IT(rms) = .000 A All Parameters
Repetitive Peak Off-State Uoltage, UDRM = .00 U BU(D2), RP
Forward/Reverse Blocking Current, IDRM = .018 mA IBU(DZ), RP
Peak On-State Uoltage, UTH = .650 U RT2
at Current, ITH = .200 A RT2
Gate Trigger Current (MT2+, G+), IGT = .008 mA RGP, RG, RS
at Gate Trigger Uoltage, UGT = .890 U
Gate Trigger Current (MT2+, G-), IGT = .BeB mA  BF(POUT2)
at Gate Trigger Uoltage, UGT = .830 U
Gate Trigger Current (MT2-, G-), IGT = .080 mA RN, GN
at Gate Trigger Uoltage, UGT = .910 U
Gate Trigger Current (MT2-, G+), IGT = .80 mA  RE, BF(PIN)
at Gate Trigger Uoltage, UGT = 120 U
MT2+ Holding Current, IH = 7.000 mA RGP, RS
MT2- Holding Current, IH = 10.000 mA RH
Turn-0On Time (td + tr), t(on) = 1.000 us  TF(NPN)
Turn-0ff Time, t(off) = 15.000 us  TF(PNP)
Rate of Rise of Off-State Uoltage, du/dt = 100.000 Ufus CJC, CJE

* CAUTION: See HELP
SELECT WITH ARROWS, TYPE DATA F1=HELP F2:=SUBCKT F3=RESET DATA Esc:=EXIT/SAUE

Figure 3, Data sheet parameters (above left) used to create the SPICE TRAIC subcircuit (Table 1). To make a new
model, data sheet values are entered into the SpiceMod entry screen. As they are entered the subcircuit values are
calculated. The more data that is entered, the more accurate the final model will be. The subcircuit parameters
affected by each entered parameter are shown to right.

Figure 4 shows the SPICE subcircuit that | developed Lt,n?lcertainty. The OFF command causes SPIGE(tb the
sqlve _these problems. Replacing the trigger transisteigiculations assuming the off condition. If the device is
with diodes and voltage controlled current sources rgsally “on”, there is no stable “off’ state, so the OFF
duces the number of SPICE parameters needed and gnmand has no effect on the accuracy of the result. (Hint:
vides some isolation between the four modes of operatl%y time SPICE is used to evaluate a bi-stable device, the
The gate connections stillemulate the feedback to the 9@&F or ON command must be used to obtain the correct

state.)
Table 1 lists the .SUBCKT for this same model. QN1, an

NPN transistor, has a forward beta of 20 and is connectggh -5 have two stable states. Therefore, it may be neces-
tothe gate atits base. QP2, a PNP transistor, is connegigq to tell SPICE which state to use, especially when you
to MT2 and QN1 in a positive feedback mode. Due to thent to start a simulation with the triac in the off state. To

fact that there are two stable states (on and off) for thg this you can issue the “OFF” keyword on the subcircuit
TRIAC, it is necessary to add the “OFF” statement aft§iansistor lines.

the transistors in the .SUBCKT model or SPICE may
never evaluate the off condition or may hang due to thyyre 6 shows the low current region of a Motorola
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Figure 6, DC analysis of the Motorola 2N5568 triac.
Several FREE models are posted on the Intusoft Web Site.
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2N5568 triac with no input applied to the gate. This curve
was generated by holding the current to the gate at zero and
\ sweeping the MT2 current from -50mA to +50mA. The

\ slope of the curve at the zero axis is determined by the
i IDRM specification. The maximum voltage swings in the
off state are determined by the VDRM specification. The
-400 trigger points (+6 and -10mA) are determined by the

i _ holding current.
-800 //
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ANODEV , Simplified behavioral triac models are included with

’ IsSpice4. Their superior simulation speed and idealized
response can make them useful for investigating triac
GATEV = control circuitry. However, with power devices such as the
’ triac, you will normally need models that exhibit 2nd order

effects as well. Without them you can’t run realistic
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simulations. Most other SPICE vendors do not offer su¢hriac-T.cir - TRIAC GATE TRIGGER CURVES
ioti i SPTIONS NOMOD NOPAGE RELTOL=.01 ITL1=500 ITL2=1500
sophisticated power semiconductor models. Fortunatefy; - 2> M 0 e v

Intusoft does. * A Gate Trigger Curve
* Note: for some triac models the DC analysis will

. . . * not .The T ient lysi b bstituted
Figure 5 is a SPICE plot of the low current region of @rran 1o muic. o orosis maybe sibsiidte
Motorola 2N5568 TRIAC with no input applied to the PRINTDC V(1) V(2)

. . PRINT TRAN V(1) V(2)

gate. This curve was generated by holding the current taLias v(1)=mM12 vOLTAGE

the gate at zero and sweeping the MT2 current from -pfi-A3 VSOATE VOLTAGE

mA. to +50 mA. The slope of the curve at the zero axis|is:LiAs IG=GATE CURRENT
. e . . *INCLUDE TRIAC45.LIB
determined by the IDRM specification. The maximum.""zse your library path and name.

voltage swings in the off state are determined by th&cC30-12v;or12v

VDRM specification. The trigger points (+ 6 and -10 m .;L 3Als i‘ofg“ fhe properbiasing ff using transient
in this case) are determined by the holding current speci: O;Agl;jfsfggdegécg "
fication (controlled by resistors RS, RGP and RH in figuex1 12 0 T435-800 ; 2n5568

3). Table 2 shows the SPICE file used to generate this " change to desired device.

analysis. (The subcircuit is brought in with the *IN{’
CLUDE statement in IS-SPICE.) Figure 6. The switching circuit TRIAC-GT.CIR used to test the transient
Triac performance.

There are four gate trigger modes that must be modeldte SPICE file used to generate this curve.

The first mode is similar to an SCR with MT2 positive and

the gate also positive. For convenience, this is combinBjure 7 shows a similar curve for the Gate negative mode
with the fourth mode where the gate is also positive anfloperation. This curve was generated by changing I1G to
MT2 is negative. Figure 6 is a plot of MT2 voltage verseegative values in the .DC command in Table 3. This
gate current using a 12 volt supply and a 100 ohm lo&rtygering mode makes use of diode DN, resistor RN, and
resistor. Note that the device turns on at the specified ttansconductance generator GN in the subcircuit to turn on
mA. when MT2 is positive and at 31 mA. of gate currertansistors QP1 or QP2. GN is used to adjust the gate
when MT2 is negative. The first mode gate current arsgnsitivity when MT2 is negative and BF of QP2 is used
voltage are controlled by RG and RGP in figure 4. THe adjust the gate sensitivity when MT2 is positive. This
fourth mode gate current and voltage are controlled byethod allows adjustment of gate sensitivity with mini-
resistor RE and the forward beta (BF) of QPG. Table 3 listeum interaction. Note that an NPN transistor could have
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been used in place of DN, RN and GN in the model, butaF. “Slim” Petrie is retired from Motorola Inc., where he

transistor model is more complex and the control paramvas a Principal Staff Engineer and Dan Noble Fellow. He

eters more difficult to calculate. develops both hardware and software and holds 24 U S

SPICE Problems: Patents. His “Circuit Analysis” program was sold through
Apple Computerinthe early 1980s. With a keen apprecia-

When running a SPICE analysis using a bi-stable devitien for the problems of the working engineer, he contin-

like a TRIAC, the device usually switches on or offues to develop tools to make that job easier. He can be

causing a discontinuity in the output. Since SPICE makesached at 7 W. Lillian Ave., Arlington Heights, IL 60004,

new calculations starting with the previous values, Vthere he welcomes your comments.

doesn’t like discontinuities. To help SPICE converge, the

following OPTIONS statement is recommended in the

.CIR file:

.OPTIONS RELTOL=.01 ITL1=500 ITL2=200

The increased iterations only occur when needed and the
reduced accuracy is adequate for a switching circuit. This

is far more desirable than receiving a “no convergence”

message.

| made mention earlier of the unrealistic data found in
manufacturer’s data books. In a real Triac, when the gate
is driven with the opposite polarity from the MT2 termi-
nal, the gate must supply enough current to drive the
shunting resistance to twice the gate voltage, thus the
trigger current cannot be the same for both polarities,
regardless of what the data book limits say. the values are
just made high enough to cover all devices and polarities.
For this reason, the SpiceMod program will not allow
grossly unrealistic values to be entered.
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SricEMop v2.3 models diodes, Bjts, Jfets, Mosfets, SCRs,
IGBTs, Power Mos, Power BJTs, and Darlington BJTs
and now models zeners and triacsc@ob is compatible

with all SPICE simulators and is available immediately for
$300. Upgrades are $50. Thanks to the author and devel-
oper of $iceMop, Slim Petrie7 W. Lillian Ave., Arlington
Heights, IL 60004.



