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ABSTRACT

This thesis is to study the speed control, particularly at above based speed,of
permanent magnet synchronous machine (PMSM) for hybrid vehicle applications. The dual
mode inverter control (DMIC) technique is utilized for the current control during high back emf
voltage because the back emf voltage will increase if the speed increases: this means the back
emf is depended upon the PMSM speed. This DMIC technique consists of SCRs connected in
parallel with the conventional inverter (six switches). The study only focuses on the generating
of SCR trigging signals for the current control by using the PMSM equivalent circuit as the
model instead of PMSM. The 1.5 kW 3 phase 50 Hz 380 V inverier is used to prove the
control notion. The PMSM equivalent circuit has a 280 mH and 0.1 ohm per phase
incorporating with idea voltage source acting as the back emf. This equivalent circuit is for the
46.5 V back evmf PMSM at based speed. The results show that this proposed technique could

be an alternative technique for traction drive applications.
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U2 0 ~q 0 “Upcl3 + 2Upg/\3 U,
U3 0 1 1 - 2Upc/3 0 Us
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us 1 1 0 +Upl3  +UpN3  Ts
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dr i, (t) o Bl L)) 321 2 e (©)-en ) '
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uwnuenaansi 2.8 lugunsi 2.9
d[LO]_ 1 |78 o F@] 1 [2 -1w@)-c,0)] @1
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nmnft 2.20 usaedewniieai i deunsuled (en) usr ew®)

sunasugldannguniy 2.11

e,(0)= Jénk . sin(@-6,)
e, (0)=+6E, sin(e -0, +7%, )

2.11)

Tunand 2.21 0, Aoynneanuduainiasfines ey, VNN V,, 10ue
Q, uaz T, onyarwIu yu Oy feyudiad (Delay angle), O, ilnauvasnnmagaswin
Q, usr Ty &9 ey a6 0 3yn AO, fa anwuandwazwdn 0, usz O, Tamildan

qunIf 2.12
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AB,=6,-0,=sin" (T??j (2.12)
nL,

ANNIBTUNY (TazRaTaniznssuLlaswluniaien 1 wazld

ar [ 6 [ 4 1 s d' A
LTISHBNTLULIBTVBINBLADT V,, RS Ve T IsuIlRsunIzie Ao
Vab = Voo = Vo (2.13)

datin dmsu o <0 <0, ldsuladianudiumuzasia R, &01ue

gﬂLLuumamwﬂumwﬁ 221 @9

[' gﬂ 3n610b [2 2}{ ZEZ{I (2.14)

awmsamgﬁufﬁuﬁwﬁﬁwuummsnﬁ gﬁ]i@i’m@hm auluaaIsa b

i,(0)=0 ia(0:)
i(0) = -l i,(00) = -1y (2.15)
i(0) = 1 i(0) =0

NIUFAINTI Lﬂ?’lz‘v{‘ﬂ BN TeLRIWNRTz RIS M IR LI REUNTEUR A

ia(9)=—1—— Vd69—3\/§nEb sin(@ o, —2—ﬂj 3\/§I’IE,) sin[&d +_2_7£)
nw,L 3 3
2V 0 -3~2nE, sin(@ 9, —?J 32nE, sin(0 - 6,)

Ly (9) =

—1, (2.16)

3na)bL ~3+2nE, sm(@ +2—j 3/2nE, sin(@, )
i.(0)=— (7,6~ 3v2nE, sin(0 - 6,) - 3/2nE, sin(0,))+ I,

3naw,L
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I]

Wa 7, uaz I, wilgan

1

dc™c

3nw,

= 1 (Vdﬁc - 3\/§nEb sin(&c -0, —2—3”—) - 3x/§nEb sin(é’d + 231))

3nw, L

RHITMATLVAINTFULURIUNIZURAVRY, NTURIWAER ¢ ﬁl:Lﬁ”l’Lﬂé'gmﬂ

—~342nE, sin(9, -6, )~ 3\2nE, sin(@,))
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LR b gﬂﬁ 2.22 LRAINIIATIINYBIMIITTZWRINTIINSRULLROUNTZUFBUIVAY URSTI

60 a9 gariy duuwasfiiunadnin O i O, uss 13

W

Qs s o né o
JFUNIT 2.18 %ZLLET@GE‘LILLUUTQG@%W%ES%@U%%G%ﬂdidﬁ]iluﬂﬁiﬂ’m’]% 2

f,iL@ = —L(va,, (t)=e,0))

dt 2L
c«‘hma‘uwma‘i’mi"uammsagﬁuﬁé’ué’mﬁﬁwuu aa
i.(00) = 14 L(TU/3) = I

20 = 1, i5(T0/3) =1

i0)=0 i(T0/3) = 0

(2.18)

(2.19)
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AN 2.22 udnsDMIC Twarsduiafan PMSM %a92102291381n158 ULl Rgunszua

®UNIT 2.20 ﬁ]$LLﬁ@GﬂS$LLE‘TLWﬁﬁgﬂﬂﬂﬁqﬁ]iﬁﬁﬂa&m’]i 2.118 male

PaULAN ENENNIT 2.19

i,(0)= 2n1 (Vdc (6-0.)~/6nE, sin(@ g, I %) +/6nE, sin(@c —g, - %B +1,

b

1 (Vdc(e—ec)—\/EnEb sin(@—@d —%JJm/gnE,, sin(@c —P 4 —%D—Il

2nw,

I (‘9): -

i.(6)=0
(2.20)

FUNIT 2.18, 2.19 Waz 2.20 ﬁﬁ&liﬁlitﬁ%:ﬂeﬁﬂlUﬂiZLLﬁLWﬁlwﬁ’N 60 896

aeldnsiasanWanai (Function) u83adnszuy uazaun1IsuLtew 0, su1InM

ldansuns 2.21

y
P 2sin(9d —£j+iec ~V2sin(9, -6,)=0 2.21)
3nk, 3nkE,



31

gUNTT 221 dagunisfuduauwed 0, uazilesauasTeuy INTIzasiY
FUNITVAINTILEANE anu1sant laannWansuanitfatuszuuiuinan n1sdszunm

a

FUMT 2.21 faunsantle, wdduaziidianuiananalunadnt malandaly Aaaz

a € o [ A A A A L)
ﬂ’]iW@j"ﬂ%ﬂ"I\‘lﬂm@lﬂﬁﬁ@lﬁJa\‘lﬁ&lﬂ’ﬁ 2.21 LtNaNIEWN 90 LLﬂzLWBYI%ﬂ“Eﬂ"ﬂJQG 90 Tusuns
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a)rb ]max [max
y ax _ Cwax (2.22)
a n

r

1

qn T

A

LA BN I N MR TINYBIN TSR ALY U DALV ANIZUE |ge Jga NRBINNT

ﬁ'mﬁmuquvlﬂmmmms 223

AN &
I, = 12“—[—%j = 1% \n® 1 (2.23)

SENUBINRVVDLLUATINNALIIAW (Voltage limit circle) #i n  L¥inwas

aNUTATIH Temldan

V, =—= (2.24)
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WaflazuenaRNALIIaN ’UNTT 2.18 azvihvidnladne fa
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v, 2 LE” _‘]d"') -1} (2.25)

msgfadanluvesmisfelasaums 2.18 Ssansninldadnetaian
AW 2.23 %aﬂ'w@‘iwqmnaq%'ﬂﬁmamaﬂamamwa‘hﬁmmﬁu G9do V., dadud
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o, L. n n

2 2
V, (n)= [—Eb——ﬁ nz—lj +(ﬁ?"—} (2.26)
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wnfuwiaidudmiudandinzesanuda (n) Tmusalddeyaldan a1l
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@, L n n

AMIS L AEUYEIAN Vepue 939028 WIRTUALANNE RN fnUaIluazyin
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n—>o n—w a)b L I’ZZ 7

AVBUVAVEN Vapue - TiauTanlilnfugassm ldan

2

2 2
hmV _pMiC, (n)—hm %—I Ad +(2[‘"&‘) = £, -1 (2.29)

max 2 max
n=o \I| @, n w,L
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MITSUBISHI INTELLIGENT POWER MODULES

PM15RSH120

FLAT-BASE TYPE
INSULATED PACKAGE

Inverter Part
CONTROL SUPPLY VOLTAGE TRIP-RESET TRANSIENT THERMAL
FAULT OUTPUT PULSE WIDTH VS. LEVEL TEMPERATURE DEPENDENCY IMPEDANCE CHARACTERISTICS
TEMPERATURE (TYPICAL) (TYPICAL) (Each IGBT)
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MITSUBISHI INTELLIGENT POWER MODULES

PM15RSH120

FLAT-BASE TYPE
INSULATED PACKAGE

Inverter Part

SATURATION VOLTAGE COLLECTOR-EMITTER SATURATION OUTPUT CHARACTERISTICS
CHARACTERISTICS (TYPICAL) VOLTAGE CHARACTERISTICS (TYPICAL) (TYPICAL}
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MITSUBISHI INTELLIGENT POWER MODULES

PM15RSH120

FLAT-BASE TYPE
INSULATED PACKAGE
Thermal Characteristics
Characteristic Symbot Condition Min. Typ. Max. Units
Junction to Case Thermal Resistance Ring-c)a Each Inverter IGBT — — 1.5 °C/Watt
Rtn(j-c)F Each Inverter FWDi — — 45 °C/Watt
Rih(c-HQ Each Brake IGBT — — 3.0 °C/Watt
Rin(c-n)F Each Brake FWDI — — 55 °C/Watt
Contact Thermal Resistance Rth(c-hH Case to Fin Per Module, — — 0.044 °C/watt
Thermal Grease Applied
Recommended Conditions for Use
Characteristic Symbol Condition Value Units
Supply Voltage Vce Applied across P-N Terminals 0~800 \Voits
Vp Applied between Vp1-Vypc, 15+15 Volts
VN1-Vine: Vvp1-Vvpe, Vwp1-Vwee
Input ON Voltage VeiN(on) Applied between 0~08 Volts
Input OFF Voltage VCIN(off) Up, Vp, Wp, U, VN, W, Br 40~Vp \Volts
PWM Input Frequency fpwm Using Application Circuit 5~20 kHz
Minimum Dead Time tdead Input Signal =225 us
Sep.2000
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MITSUBISHI INTELLIGENT POWER MODULES

PM15RSH120
FLAT-BASE TYPE
INSULATED PACKAGE
Electrical and Mechanical Characteristics, Tj = 25°C unless otherwise specified
Characteristics Symbol Test Conditions Min. Typ. Max. Units
IGBT Inverter Sector
Collector Cutoff Current lces Ve = VeEs, 1j= 25°C — — 1.0 mA
VcE =VeEs, Tj= 125°C — — 10 mA
Emitter-Collector Voltage VEC -lc=15A,Vp =15V, Voin = 5V — 25 3.5 Volts
Collector-Emitter Saturation Voltage VCE(sat) Vp = 15V, Vo = 0V, I = 15A — 23 33 Volts
Vp =15V, Voin = 0V, I = 15A, — 21 3.1 Volts
Tj=125°C
Inductive Load Switching Times fon 0.4 0.7 1.5 us
tr Vp =15V, Voin = 0 & 15V — 0.15 0.3 us
tC(on) Vg =600V, I = 15A — 0.3 1.0 us
toff Tj=125°C — 1.7 29 us
tciofn e 0.7 1.3 us
Brake Sector
Collector-Emitter Saturation Voltage VCE(sat) Vp =15V, Voin = 0V, I = 10A, — 2.8 3.8 Volts
Tj=25°C
Vp = 15V, Vgin =0V, I = 10A, — 25 35 Volts
Tj=125°C
Diode Forward Voltage VEMm I = 10A,Vp = 15V, Vgin = 5V — 25 35 Volts
Collector Cutoff Current lces Vce = Vees, Tj=25°C — — 1 mA
Vce =Vegs. Tj= 125°C — — 10 mA
Sep.2000
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MITSUBISHI INTELLIGENT POWER MODULES

PM15RSH120

FLAT-BASE TYPE
INSULATED PACKAGE
Electrical and Mechanical Characteristics, T = 25°C unless otherwise specified
Characteristics Symbol Test Conditions Min. Typ. Max. Units
Control Sector
Over Current Trip Level Inverter Part oC -20°C <T<125°C,Vp =15V 22 37 — Amperes
Over Current Trip Level Brake Part 15 27 —  Amperes
Short Circuit Trip Level Inverter Part SC -20°C £T<125°C,Vp =15V — 56 — Amperes
Short Circuit Trip Level Brake Part — 41 — Amperes
Over Current Delay Time toff(0C) Vp =15V — 10 — us
Over Temperature Protection oT Trip Level 100 110 120 °C
o7, Reset Level — 90 — °C
Supply Circuit Under Voltage Protection uv Trip Level 11.5 12.0 12.5 Volts
UV, Reset Level — 125 —_ Volts
Supply Voltage Vp Applied between Vi p1-Vypc, 13.5 15 16.5 Volts
Vyp1-Vvee, Vwei-VYwpe, YNt-Vine
Circuit Current Ip Vp =15V, Vgin = 15V, VNi-Yine — 25 35 mA
Vp = 15V, Vgin = 15V, Vxp1-VYxpc — 7 10 mA
Input ON Threshold Voitage Vin(on) Applied between 12 1.5 1.8 Volts
Input OFF Threshold Voltage Vin(off) Up-Vupc. Vp-Vvpe, Wp-Vivpc. 1.7 2.0 23 Volts
Un - VN - Wi BrVne
PWM Input Frequency fPwm 3-¢ Sinusoidal e 15 20 kHz
Fault Output Current IFo) Vp =15V, Vg = 15V — — 0.01 mA
IFO(L) Vp =15V, Vo = 18V — 10 15 mA
Minimum Fault Output Pulse Width tro Vp =18V 1.0 18 — ms
Sep.2000
‘ MITSUBISHI

A\ ELECTRIC

76



77

MITSUBISHI INTELLIGENT POWER MODULES

PM15RSH120

FLAT-BASE TYPE
INSULATED PACKAGE
Absolute Maximum Ratings, Tj = 25°C unless otherwise specified
Symbol Ratings Units
Power Device Junction Temperature T -20to0 150 °C
Storage Temperature Tstg -40t0 125 °C
Case Operating Temperature Tg -20 to 100 °C
Mounting Torque, M4 Mounting Screws — 0.98 ~1.47 N-m
Module Weight (Typicat) — 100 Grams
Supply Voltage Protected by OC and SC (Vp = 13.5- 16.5V, Inverter Part, Tj = 125°C) Vcc(prot.) 800 Volts
Isolation Voltage (Main Terminal to Baseplate, AC 1 min.) Viso 2500 Vrms
Control Sector
Supply Voltage (Applied between Vyp1-Vupc, Vvri-Vvpee, Vwri-VYwee: VN1-VNG) Vp 20 Volts
Input Voltage (Applied between Up-Vypc, Vp-Vvpc. Wp-Vywpe, Un VN - WN - B-Vne) - Vein 20 Volts
Fault Oufput Supply Voltage Applied between (Ugo-Vypc, VEo-Vvpe, Wro-Vwee, Fo-Vine) — Vro 20 Volts
Fault Output Current (Sink Current at Upg, VFo., Wgp and Fg Terminal) IFo 20 mA
IGBT Inverter Sector
Collector-Emitter Voltage (Vp = 15V, Voy = 15V) VcEs 1200 Volts
Collector Current, (T¢ = 25°C) lc 15 Amperes
Peak Collector Current, (T¢ = 25°C) lcp 30 Amperes
Supply Voltage (Applied between P - N) Veo 900 Volts
Supply Voltage, Surge (Applied between P - N) Vec(surge) 1000 Volts
Collector Dissipation Pc 83 Watts
Brake Sector
Collector-Emitter Voliage VcEs 1200 Volts
Coliector Current, (T = 25°C) I 10 Amperes
Peak Collector Current, (T = 25°C) Icp 20 Amperes
Supply Voltage (Applied between P - N) Vece 900 Volts
Supply Voltage, Surge (Applied between P - N) Ve (surge) 1000 Volts
Collector Dissipation P 41 Watts
Diode Forward Current I 10 Amperes
Diode DC Reverse Voltage VR(DG) 1200 Volts
Sep.2000
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MITSUBISHI INTELLIGENT POWER MODULES

PM15RSH120

FLAT-BASE TYPE
INSULATED PACKAGE
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Description:

Mitsubishi Intelligent Power Mod-
ules are isolated base modules de-
signed for power switching applica-
tions operating at frequencies to
20kHz. Built-in control circuits pro-
vide optimum gate drive and pro-
tection for the IGBT and free-wheel
diode power devices.

Features:

[] Complete Output Power
Circuit

[T Gate Drive Circuit

(] Protection Logic

— Short Circuit

~ Over Current

— Over Temperature

— o TN\ )TN SR, g — Under Voltage
Applications:
Outline Drawing and Circuit Diagram [ Inverters
Dimensions Inches Millimeters Dimensions Inches Millimeters D UPS
A 3.96:0.04  101.0£1.0 N 0.41 10.5 [J Motion/Servo Control
B 3.78 96.0 P 0.400 10.16 [ Power Supplies
c 3.48£0.03 88.5+0.8 Q 0.392 9.96 @dering Information:
D 2.700+0.03 68.58+0.8 R 0.31 8.0 Example: Select the complete
E 2.66:0.02 67.5+0.5 S 0.26 6.5 part number from the table below
F 2.36+0.04 60.0+1.0 T 0.246 6.25 -i.e. PM15RSH120 is a 1200V,
G 1.85:0.02  47.0:05 U 0.18Rad.  Rad.45 15 Ampere Intelligent Power Mod-
H 1.83:0.03  46.5:0.8 v 0.18 Dia. Dia. 4.5 ule.
J 1.28 326 w 0.17+£0.02 4.4+0.5 Type Current Rating VCES
K 0.97 246 X 0.10 2.5 Amperes Volts (x 10)
L 0.71£0.04  18.0£1.0 Y 0.100£0.01  2.54%0.25 PM 15 120
M 0.53+0.01 13.5+0.3 z 0.02 0.5
AA 0.14 35
Sep.2000
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SIEMENS

Phase Control IC TCA 785
Bipolar IC

Features

@ Reliable recognition of zero passage

@ Large application scope

® May be used as zero point switch

® LSL compatible

@ Three-phase operation possible (3 ICs)
@ Output current 250 mA

® lLarge ramp current range

® Wide temperature range

P-DIP-16-1

Type Ordering Code Package
TCA 785 Q67000-A2321 P-DIP-16-1

This phase control IC is intended to control thyristors, triacs, and transistors. The trigger pulses
can be shifted within a phase angle between 0 ° and 180 °. Typical applications include
converter circuits, AC controllers and three-phase current controllers.

This IC replaces the previous types TCA 780 and TCA 780 D.

Pin Definitions and Functions

Pin Symbol Function
st = w6
1 GND Ground
a2 (]2 sf a2 2 Q2 Output 2 inverted
3 Qu Output U
w3 wf]o1 4 Q2 Output 1 inverted
aif]s B[]t 5 Vsyne Synchronous voltage
6 | Inhibit
o [ > 1 ] b 7 Qz Output Z
E 1] v 8 V rer Stabilized voltage
9 Rs Ramp resistance
azjf7 0|
1 i 10 Cio Ramp capacitance
Veee [ | 9| 11 Vi1 Control voltage
EP00356 12 C12 Pulse extension
13 L Long pulse
14 Q1 Output 1
Pin Configuration 15 Q2 Output 2
(top view) 16 Vs Supply voltage

Semiconductor Group 1 09.94



SIEMENS TCA 785

Functional Description

The synchronization signal is obtained via a high-ohmic resistance from the line voltage
(voltage V5). A zero voltage detector evaluates the zero passages and transfers them to the
synchronization register.

This synchronization register controls a ramp generator, the capacitor C1o of which is charged
by a constant current (determined by Rs). If the ramp voltage V10 exceeds the control voltage
V1 (triggering angle o), a signal is processed to the logic. Dependent on the magnitude of the
control voltage V1, the triggering angle ¢ can be shifted within a phase angle of 0° to 180°.

For every half wave, a positive pulse of approx. 30 us duration appears at the outputs Q 1 and
Q 2. The pulse duration can be prolonged up to 180° via a capacitor C12. If pin 12 is connected
to ground, pulses with a duration between ¢ and 180° will result.

Outputs @71 and W2 supply the inverse signals of Q 1 and Q 2.

A signal of ¢ +180° which can be used for controlling an external logic,is available at pin 3.
A signal which corresponds to the NOR link of Q 1 and Q 2 is available at output Q Z (pin 7).
The inhibit input can be used to disable outputs Q1, Q2and Q1 , Q2 |

Pin 13 can be used to extend the outputs @7 and Q2 to full pulse length (180" — ¢).

(12;[__ Pulse

[ Extension
A12
5
Vsie D Y Synchron. LAY
Defector Register Lo —
16 & Y SR Py
Vs ) 8 Discharge Logic | 2 =
— A+  |Moniter 3
p > 1 J y au
P M az
it —»@ .
Control
1 Comparator
GND
T68
Discharge
9 |8 10 11 Transistor fgi13

Vi
R Y, (o= (= Control Inhibit Long-Pulse
? stab ™10 —/ Voltage Commutation
IEBO0358

Semiconductor Group 2
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SIEMENS TCA 785

Synchronization voltage

Vio Ramp peak voltage

/‘ Vip Ramp voltage
V11 Control voltage
1
l
|
l

\
N\

Vig Min. ramp voltage = V
V15' 02

V14' 01

Vis - Q 2, Pin 1210 GND

___I,:L | ___I___r__‘§

| Via- Q1,Pin 1240 GND
| ||
¥k LW v T2 pint3tocid
, b |
: _I____l ll V' - Q, Pin 1340 GND
| !
’ i : vV, - QL
RIS
| |

IEDO0359

o
< ——

180°

Pulse Diagram
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SIEMENS

TCA 785

Absolute Maximum Ratings

Parameter Symbol Limit Values Unit
min. max.

Supply voltage Vs -0.5 18 \Y

Output current at pin 14, 15 Ia -10 400 mA

Inhibit voltage Ve -0.5 Vs V

Control voltage V11 —-0.5 Vs V

Voltage short-pulse circuit Vis - 0.5 Vs \Y

Synchronization input current Vs —200 + 200 pA

Output voltage at pin 14, 15 Va Vs V

Output current at pin 2, 3,4, 7 Ia 10 mA

Output voltage at pin 2, 3,4, 7 Va Vs \Y

Junction temperature 7 150 C

Storage temperature Tstg - 55 125 C

Thermal resistance

system - air Rinsa 80 K/W

Operating Range

Supply voltage Vs 8 18 \Y

Operating frequency s 10 500 Hz

Ambient temperature T -25 85 C

Characteristics

8<Vs<18V;-25'C<Ta<85°C; /=50 Hz

Parameter Symbol Limit Values Unit| Test
min. typ. max. Circuit

Supply current consumption Is 4.5 6.5 10 mA |1

S1 ... S6 open

Vii=0V

Cw =47 nF; Ro =100k

Synchronization pin 5

Input current Isrms 30 200 pA |1

R 2 varied

Offset voltage AVs 30 75 mV (4

Control input pin 11

Control voltage range Vi1 0.2 V10 peak vV o1

Input resistance R11 15 kQ {5

Semiconductor Group 4
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SIEMENS

TCA 785

Characteristics (cont'd)

8<Vs<18V;-25°C<Ta<85°C; f=50Hz

Parameter

Symbol

Limit Values

min.

typ.

max.

Unit

Test
Circuit

Ramp generator

Charge current

Max. ramp voltage

Saturation voltage at capacitor
Ramp resistance

Sawtooth return time

To
Vio
V1o

i

10

100

225

80

1000
Voa—2
350
300

mV
ko

s

Inhibit pin 6
switch-over of pin 7
Outputs disabled
Outputs enabled
Signal transition time
Input current
Ve=8V

Input current
Ve=17V

VoL
Ve
Ir
e

—Is L

3.3
3.3

500

150

2.5

800

200

<<

uA

[, N I (L §

Deviation of 1o

R 9= const.

Vs =12 V; C1o=47 nF
Deviation of 710

R 9 = const.

Vs=8Vito18V

Deviation of the ramp voltage
between 2 following
half-waves, Vs = const.

T

To

AV410 max

- 20

20

%

%

Long pulse switch-over
pin 13

switch-over of S8
Short pulse at oufput
Long pulse at output
Input current

Vis=8V

Input current
Vie=17V

Vian
Viap

[13H

— T30

3.5

45

25
2.5

65

100

Outputs pin 2, 3, 4,7
Reverse current
Va= Vs

Saturation voltage
Ia=2mA

Iceo

Vsat

0.1

0.4

10

<

2.6

2.6

Semiconductor Group
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TCA 785

Characteristics (cont'd)

8<Vs<18V;-25°C<Ta<85°C; f=50Hz

Parameter

Symbol

Limit Values

min.

typ.

max.

Unit

Test
Circuit

Outputs pin 14, 15
H-output voltage
—Ta=250 mA

L-output voltage
Ia=2mA

Pulse width (short pulse)
S9 open

Pulse width (short pulse)
with Caz

Vians

ViarsL

p

o

Vs—3

0.3

20

530

Vs—2.5

0.8

30

620

Vs—1.0

2

40

760

us

us/
nF

3.6

26

Internal voltage control
Reference voltage
Parallel connection of
10 ICs possible

TC of reference voltage

VRrer

OREF

2.8

<0

2x10-4

3.4

5'x 1054

1K

Semiconductor Group
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TCA 785

Application Hints for External Components

Ramp capacitance Co

Triggering point

Charge current

Pulse Extension versus Temperature

780

tr =

Two =

min
500 pF

V11 x Re x C1o

Vrer x K
Vrer x K

Rs

max
1uF)

2)

2)

The minimum and maximum values of o
are to be observed

Ramp voltage

Vrerx Kxt 2)
Viomax=Vs -2V Vo= —m—

Rox C1o

1EDD0360

us/nF
660
600

=15V
612:1nF
[ ——

540

S 480

£ 420
=<
3 360

3
2 300

240

180
60

b)
[(9

)]
W

—-40 -20

1) Attention to flyback times

HK=110+20%

Semiconductor

Group

0 20

40

60 80 € 100
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SIEMENS

TCA 785

Output Voltage measured to + /s

[EB00361

3.7
35

33

V=15V

31

/25 C

29

Vs -V,
S Mmszj

25— - -
23 -

2.1

19 p—opr"

1.7 1

15
1.3

14

02F

0

0

Supply Current versus Supply Voltage

100 200

IEB00362
8.5
mA G
7.9 —r
Is A7=25"C
‘/
73 .
6.7+ N
id I I T i
| L . °
61 L 85 °C
1
A7
55 ” ,
” |
’/
X :
43 :
8 10 12 1 16 18 V20

Semiconductor Group
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SIEMENS | TCA 785

o=z 117
T
S9
! ¢
5
50 Hz 1kQ 250 k{2 Zero A12
z 1k
5 [> etector Synchron. 14 6x10 kR
8 Vi £ s Register N
0.33 uF A
Vs I 2 1% +— 4 15 57 Ve
° _T_ T 8 Discharge Logic |2 S3
100 nF ¥ /N+ | Monifor 3 <
I — 3 J_ s J | ; o
) S6
QPO
Confrol
1 Comparator
GND 1 \'
_t/IDischqrge
9 18 10117~ ITransisfor ARER
s l. Lo 0V to S s’
b
& N (VDRQQE) ) 10 kR fh
i 10ks
0..Vs Vs Vo 0.Vs
IES00363

It is necessary for all measurements to adjust the ramp with
the aid of C1o and R ¢ in the way that 3V< Veampmax< Vs =2 V
e.g.Cwo=47nF;18V: Ro=47kQ; 8V: Ra=120 kO

Test Circuit 1
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SIEMENS TCA 785

Pin2, 3,47
O MC6
14,15
W
v
[ES00364

The remaining pins are connected as in test circuit 1

Test Circuit 2
Vs
[Q
Pin 14, 15
MC 6
Rl l a
IES00365
The remaining pins are connected as in test circuit 1

Test Circuit 3

Semiconductor Group 10
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SIEMENS TCA 785
Ve/mV 75
b
;
75
Vy/V
0
—-—f
4 v
100 kS
A UERNS
%10 el f1e %
[ES00366
Remaining pins are connected as in test circuit 1
The 10 uF capacitor at pin 5 serves only for test purposes
Test Circuit 4
+
Pin 3 Oscillator

Pin 1
—— o005V

1&1
-

Pin1

IES00367

T ®
lDVM
I IES00368

Test Circuit 5

Semiconductor Group
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SIEMENS TCA 785
——— +
+
lo——T 33—
[ o—]
P
12k ZNZ065
' e}
Outputs
1£500369 1€500370
Inhibit 6 Long Pulse 13
P T - +
—.‘ +
AV
I |
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Q
I 1£500372

Pulse Extension 12

Semiconductor Group
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SIEMENS TCA 785

R L
o—4% 4
A -
9w 220 k9
W 1N&005
0.47 uF—_l_-. Load Q)
10 kR y
y ] []4.7 k2
[P
470 uF 3 W [BAY61| 1509 MA
16 V- BAY|BAY| \ — TXC10
220 V~ P T \ ¢
5| TCA 785 |12 == 2.2 uF(MKH)
0.22 pF 6 N {2 H’m k&
250y~ | BV A 1
8 9 2| G
29 k8 150 pF
G
0.1 uF== .
100 |47 pF
kg
A 4
le;
Mp 1£500373

Application Examples
Triac Control for up to 50 mA Gate Trigger Current

A phase control with a directly controlled triac is shown in the figure. The triggering angle of
the triac can be adjusted continuously between 0° and 180° with the aid of an external
potentiometer. During the positive half-wave of the line voltage, the triac receives a positive
gate pulse from the IC output pin 15. During the negative half-wave, it also receives a positive
trigger pulse from pin 14. The trigger pulse width is approx. 100 ps.

Semiconductor Group 13

92



=
o = a
! 52 o =F =
> =054 o
S . K1 = s
~ = AN = =
| 7| v @
~F
Qc [ =
| | S
L [l I
=
& ~ > N
S o~ SN %
Z 1. & = . &
- -~ — ' @0
— U
p— c - o
< o~ < S -
&
S O x==C ~
[a] -~ ™~ o~ ~
[aN| = on o o
= o
AR
c
o = <
b Aa
DK )
= c
= QL xu=/—=u = w, [
& =y > o o 3 I
- o
" 1 E ¢ o~ A} o~
o] oo = it | Il
~ AA 1l
~ 3
"—« 3
(o G
S ) AN EAGRWAT ] el g x S
o~ (=]
o~y (=1
w £ p=4
R
[——— j e
=TT <<
o
b =
| o~ ] =] ] w] =] ©
>
<
[ g
(o s
X~ <
: h
—{ 1
C?JO’, s o © cub
o X A
— 2us
=
™~ o3 e e
~F X 8
- .
EA EA
T © (o]

Fully Controlled AC Power Controller
Circuit for Two High-Power Thyristors

Shown is the possibility to trigger two antiparalleled thyristors with one IC TCA 785. The trigger
pulse can be shifted continuously within a phase angle between 0° and 180° by means of a
potentiometer. During the negative line half-wave the trigger pulse of pin 14 is fed to the
relevant thyristor via a trigger pulse transformer. During the positive line half-wave, the gate of
the second thyristor is triggered by a trigger pulse transformer at pin 15.

Semiconductor Group
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TCA 785
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Half-Controlled Single-Phase Bridge Circuit with Trigger Pulse Transformer and Direct
15

Control for Low-Power Thyristors
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TCA 785
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Half-Controlled Single-Phase Bridge Circuit with Two Trigger Pulse Transformers for
16

Low-Power Thyristors
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