TOSHIBA TA8331AN

TENTATIVE TOSHIBA BIPOLAR LINEAR INTEGRATED CIRCUIT SILICON MONOLITHIC

TA8331AN

IH APPLIANCE CONTROLLER

TA8331AN is a control IC on a single chip dedicated to
the control of the switching power supply, inverter, IGBT
driver, and protector circuits in induction rice cookers and
induction cookers.

The device is intended to reduce both the number of
external components and the board size.

FEATURES

® Incorporates a switching power supply control circuit as a
power supply for the IGBT driver block or DC fan motor

SDIP30-P-400-1.78
Weight : 1.99g (Typ.)

or similar.

® Incorporates an under-voltage lockout (UVLO) function.
(Startup voltage : 4.8V, shutdown voltage : 4.2V)

® Incorporates an inverter control circuit for the IGBT driver, thus enabling the number of external
components to be reduced.

® Can directly drive the IGBT gate using a high current.
(Source current : —200mA (max), sink current 1A (max))

® Incorporates a diode to protect the IGBT gate at power on.

® Incorporates a comparator to detect low voltage, such as at an outage.

® Incorporates various comparators for over-voltage detection.

® Incorporates a function to detect over-voltages such as surges and to stop the IGBT drive signal.

(Note) Since this product has a low electrostatic breakdown voltage, take great care when handling.

961001EBA1

@ TOSHIBA is continually working to improve the quality and the reliability of its products. Nevertheless, semiconductor
devices in general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress.
It is the responsibility of the buyer, when utilizing TOSHIBA products, to observe standards of safety, and to avoid
situations in which a malfunction or failure of a TOSHIBA product 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 products specifications. Also, please keep in mind the precautions
and conditions set forth in the TOSHIBA Semiconductor Reliability Handbook.

@ The products described in this document are subject to foreign exchange and foreign trade control 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 intellectual
property or other rights of TOSHIBA CORPORATION or others.

@ The information contained herein is subject to change without notice.
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TA8331AN

PIN CONNECTION

0sc
VREF
VSENSE
VaouT
TRIGIN -
TRIGIN +
TRIGOUT
TIMINGIN
TIMINGOUT
SGND
OVP1
OvVP2
STOP
osC1

0sC2

30

29

28

27

26

25

24

23

22

21

20

COMPIN2

COMPOUT2

COMPIN1

COMPOUT1

DTC

Vee

ouTt

PGND

S

SO

DI

Ve

Veez

PWM-OUT

PWM-SET
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PIN FUNCTIONS

PIN No. | PIN NAME FUNCTION

1 0scC Oscillator connecting pin for switching power supply

2 VREF Reference voltage output pin

3 VSENSE Input pin for output voltage detection

4 VAOUT Voltage error amp output pin

5 TRIGIN - Trigger signal input pin 1 (-side)

6 TRIGIN + Trigger signal input pin 2 (+side)

7 TRIGOUT Trigger signal output pin

8 TIMINGIN | Oscillation timing signal input pin

9 TIMINGOUT | Oscillation timing signal output pin

10 SGND Signal GND

1 OVP1 Over-voltage detect input pin 1

12 OVP2 Over-voltage detect input pin 2

13 STOP PWM stop signal output pin

14 0scC1 PWM oscillator connecting pin 1

15 0sc2 PWM oscillator connecting pin 2

16 PWM-SET PWM output adjustment input pin

17 PWM-OUT [PWM signal output pin {(open collector output)

18 Ve S'ystem power supply 2 o
(inverter control block/protector circuit block)

19 Vp Power supply for power (IGBT driver block)

20 DI IGBT gate protector diode pin

21 SO IGBT gate drive pin 1 (source side)

22 S| IGBT gate drive pin 2 (sink side)

23 PGND Power GND

24 ouT Switching power supply control output pin
(open collector output)

25 Vee System power supply (switching power supply block)

26 DTC Dead time control pin

27 COMPOUT1 Comparator output pin 1 (for low voltage detection)
(open collector output)

28 COMPIN1 Comparator input pin 1 (for low voltage detection)

29 COMPOUT2 Comparator output pin 2 (for over-voltage detection)
(open collector output)

30 COMPIN2 Comparator input pin 2 (for over-voltage detection)
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TOSHIBA TA8331AN

FUNCTIONS
1. Switching power supply control circuit

Incorporates a step-down switching power supply control function for the IGBT driver block power
supply (Vp) or DC fan motor power supply.

When DCqyt=H (VSENSE =H) : Output driver =ON (switching power supply = OFF)
When DCqyt=L (VSENSE=L) : Output driver =OFF (switching power supply = ON)

Vin O NS 4l O DCout

AA
AA

Vee
ik
VSENSE VaOUT out

N N

\—y \—y \—y
OP-Amp

Reference
voltage 2.5V
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2. UVLO (Under-Voltage Lock out) function

To prevent malfunction, a function is incorporated to shut down the switching power supply control
block when the power supply voltage (Vcc) drops.

This function detects power supply voltage Vcc in the IC. If voltage is 4.8V or higher, the switching
driver can operate. If voltage is 4.2V or lower, the switching driver is shut down.

Ve Start @ 4.8V (Typ.)

Ve Stop : 4.2V (Typ.)

V¢ voltage

Switching drive
witching driver Operation Can operate Operation

shut down shut down
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3. Dead time control function

Dead time control (DTC) is used to set the output pulse of the switching power supply control block
to maximum duty.
Depending on the DTC pin voltage, a maximum duty of up to 100% can be set.

DTC pin voltage low — VgouT high— output driver duty large
DTC pin voltage high— VoyT low — output driver duty small

From VaouT

350

3660

orcO————+ +

+ VouT

Comp

- To output driver

Reference | CR-0SC

voltage 2.5V

* Qutput on duty characteristics (reference)

(Room temperature)

T NP
90 Vee=82Y N AN vec=5.2v
80 Vee=5.6V] \ \\ \
70 3 \
3 \\ \ \\
S0 N
045 50 N\ \
z \
e} 40 \ \ .
N\
30 \\\\\
20 \\ \
10 N
0 AN
0 05 1 15 2 25 3 35 4

VOLTAGE INTO DTC PIN (V)
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4. CR oscillator circuit

The oscillator for the switching power supply control is connected to an external capacitor and a
resistor. This oscillator is used to set the switching frequency.
VHosc and V| gsc are obtained by dividing the V¢ using the resistance within the IC.

VSENSE VaoUuT ouT
VN VN VN
\\—y \\—y

OP-Amp
Comp
O
Reference ”
voltage 2.5V

| CR-OSC
VN
\—y

0sC

vee

=

0oscC

VHosc and V| gsc are set within the IC as shown in the diagram.

20k$

VHosc*=—9¢

14k

AAA
VWA

Viosc = 1

VWV

15k{2
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TOSHIBA TA8331AN

For the oscillation frequency setting, see the following graph.

* Oscillation frequency characteristics of switching power supply block (reference)

(Vcc=5.6V at room temperature)

100 | | |
\ \\ \ \ R=36kQ)
NARN
\
\ N LR=62k()
£ \ N \\R=51kQ/ | br=75k0 7|
= 60\ \ \ ;\/ R=100kQ | |
g\ | LN
8 RN g Yo
N ><>‘\ \\ N~
40 \\ I
. N NN T
N N \\ |
R=1 EISOkIQ \\\ N \\\:\

20
100 200 300 400 500 600 700 800 900 1000
Cosc  (PF)
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Oscillation timing circuit (trigger comparator/timing comparator)

The trigger comparator detects the oscillation timing ; the timing comparator generates the timing
signal.

This timing signal is passed on to the next stage oscillator circuit.

_'l_

TRIGIN - TRIGIN + TRIGOUT TIMINGIN TIMINGOUT V¢
I\ N\ I\ Faa\ FaR\ N\
N\ Ny S A \|,/

Gl Gl (e
33 33 X 33
— — ra
Comp1
+ Comp2
+
- N
_ To oscillator circuit
10kQ) J 1c
A 1;2
PWM-OUT
(From Compa4)
”

TRIGIN +

TRIGIN -

TRIGOUT

TIMINGOUT
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6. Oscillator circuit 1 (Oscillation comparator)

This circuit generates a saw-tooth wave signal for the IGBT driver that starts on a timing signal from

the oscillation timing circuit.

R1. Rz and R3 in the IC are used to set the oscillation amplitude of this saw-tooth wave signal.

Rs5 Rg
TIMINGOUT ’J-’ 0sC1 0sC2 Veez
) N VRN RN
p— p— NS p—
To Comp4
A 4 D) L @]
< = %
b
Comp2 Comp3
Ry
+ 45k
$1.C
S o
(421
”
TIMINGOUT
VH
Saw-tooth wave signal
(OscC1)
VL

Here, Vy and V| are as follows :

R
VH=z ————
H Ry +Ry xVeez (V)
3
V= ———— -
L= Ry+rg X(Vcca-Vou +VoL (V)
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7. Oscillator circuit 2 (PWM comparator)

The width of the pulse for the IGBT driver is set by the saw-tooth wave signal from the oscillation
comparator and the external output adjustment level.

Input to the PWM-SET pin the PWM output adjustment level from a source such as the
microcontroller.

PWM control from source such as microcontroller

2"
Veez PWM-OUT
PWM-SET
/\ N\
NS S Ay
From oscillation comparator Comp4
+ To IGBT driver
” le
sSo
To timing comparator
(Comp2) (-side) input

Saw-tooth wave signal

PWM-OUT
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TOSHIBA TA8331AN

8. IGBT driver
The IGBT driver can be directly driven by a PWM signal from the PWM control block.
Source current :  —200mA (max)
Sink current : 1A (max)

In addition, the device incorporates an IGBT gate protector diode to prevent malfunction at power

on.
vp
VZR\
DI
N\
J
D3
PWM-OUT NeJ
(From Comp4) Comp5 <> A

(R

Dr ?
_ I
) AV |K IGBT

I

IPGND

PWM-OUT

IGBT gate
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* Reference data

Load capacitance — Output rise /fall time characteristics
(Vce=5.6V, Ve =12V, Vp=20V, at room temperature)

2 : : tf

@ Load capacitance — Output rise time characteristics 1

CL - tp1 characteristics

8000
7500
7000
6500

6000 //
5500

5000 //
4500
4000
3500 A
3000 v

2500 4/,#’

2000 —

1500
//

1000 —

500
0
1000 10000

(ns)

OUTPUT RISE TIME 1

LOAD CAPACITANCE C_ (pF)

@ Load capacitance — Output rise time characteristics 2

CL - tr2 characteristics

1400
1300
1200 7
1100 /
1000
900

700
600

500
400 S
300 ——

200 ——
100

OUTPUT RISE TIME tr3 (ns)

1000 10000
LOAD CAPACITANCE C_ (pF)
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@ Load capacitance - Qutput fall time characteristics

CL - tf characteristics

8000
7500 /
7000 f
6500
6000 7
5500 74
5000

4500 /
4000
3500 7
3000 7

/
2500
/

2000 P
7

1500
//

1000 —

500

OUTPUT FALL TIME tf (ns)

0
1000 10000

LOAD CAPACITANCE C_ (pF)

9. Low voltage detection function

The device incorporates a comparator to detect a fall in voltage, for example at an outage, and
output a detection signal to an external device such as a microcontroller.

Monitoring of switching power supply
output voltage
- .

AAA
VWA~

AAA
VW

COMPIN1
N 5v
e

)

Comp7
+
<> . To microcontroller
_ (microcontroller reads outage)
COMPOUT1
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TOSHIBA TA8331AN

10.  Over-voltage detection function 1

The device incorporates a comparator to detect over-voltage and output a detection signal to an
external device such as a microcontroller.

COMPIN2
) 5V
NS
Comp6
<> e To microcontroller
+ COMPOUT2 (microcontroller reads
over-voltage)

>
in -+
o~

Ve
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11.  Over-voltage detection function 2

The device incorporates a function to detect over-voltages such as surges and to stop the PWM
signal that drives the IGBT.

—— To PWM signal
¥o,
Comp9
+
Comp8
>
oL
) l
VRN VaR\
ovp1 >~ ovr2 Y i d
Veez 5V
R x

. To microcontroller
C (microcontroller reads
l over-voltage)

Surge voltage

(over-voltage)
OVP1

ovp2 I N s rr T Comparator Vi¢h : 2.5V (typ.)

STOP

So can be read by the microcontroller,
holds the low signal.
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12.  Power supply/GND

The device’s power supply and GND are as follows. (See block diagram.)

(1) Switching power supply control block V¢ /SGND/PGND (switching driver only)

(2) PWM control block/ protector circuit block Vo /SGND
(3) IGBT driver block Vp/PGND

From full-wave rectifier block

(From switching power supply output)

5.6V z
Zener ener
J Vee J Veez Vp
N N N
\—y N/ N\
Switching power supply PWM control block IGBT driver block
control block / protector circuit block
g\ N\

ISGND

I PGND

1997-04-07
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MAXIMUM RATINGS (Ta =25°C)

CHARACTERISTIC SYMBOL RATING UNIT
Supply Voltage Vp 25 V
Input Voltage Vin GND-0.3~Vp+0.3 | V
Operating Temperature Topr -20~85 °C
Storage Temperature Tstg -55~150 °C
Power Dissipation (*) PD 1.56 W

(*) When device is operated at Ta>25°C, power dissipation
decreases 12.5mW per degree.

ELECTRICAL CHARACTERISTICS (Ta =25°C ; unless otherwise specified : Vcc=5.6V, Vcco =12V, Vp=20V)

TEST
CHARACTERISTIC SYMBOL | CIR- TEST CONDITION MIN | TYP. | MAX |[UNIT
CUIT
Power Supply Block
Switching Power Supply Y At circuit startup, switchin
Block Startup Power STCXRT — | b:’(;ck o 9 446 | 48| 515 | v
Supply Voltage P PRy y
Switching Power Supply N oL
Block Shutdown Power ;’TCSP — AZV‘\:I::“S'E Shl“t‘;‘l’(‘)"ég'::‘l"“h'"g 38| 42| 462 | Vv
Supply Voltage P PPl y
Switching Power Supply
Block Operating Power Vee — — 5.2 — 6.2 | V
Supply Voltage Range
. Inverter control block, protector
gz\r,\vterl?lsﬁloclk Ssliraat;ng Vee2 — |circuit block, IGBT driver block 4.5 — 15| V
PRIy 9 (excluding output stage)
Power Supply Voltage IGBT driver block
For Power Ve " | (output stage only) 15 = 23|V
Operating Current Vce =5.6V, OUT =open (OFF)
Consumption 1 (Vcc) lcc | (switching power supply block) 2 3 > | mA
Operating Current VCC:S'G.V' QUT: L" (ON), no
Consumption 2 (Vcc) lcco — |load (switching power supply 2 3 5| mA
block only)
Operating Current Veez =12V (PWM control block,
| — 4 . 1 A
Consumption 3 (Vcc2) cc protector circuit block) 6.5 0 m
Operating Current Vp =20V, PWMOUT ="H", no
consumption 4 (Vp) cca " |load 0.7 1 1251 19| mA
Operating Dissipation Vp =20V, PWMOUT ="“L", no
I — 4.2 .2 . A
Current 5 (Vp) ccs load 6.25 88 | m
1997-04-07 19/25




TOSHIBA TA8331AN

TEST
CHARACTERISTIC SYMBOL | CIR- TEST CONDITION MIN [ TYP. [ MAX [ UNIT
CUIT
Switching Power Supply Control Block
Reference Voltage Block
(VREf Pin)
Reference Voltage Vref — |No load 2.32 25| 268 | V
Power Supply Voltage Vce=4.2 to 6.0V (after circuit
AV — -1 1 \
Fluctuation ref1 startup), no load 0 0 0 m
Temperature Fluctuation | AVyefz | — |Ta= -25 to 85°C, no load -20 0 20 | mV
Load Fluctuation AViefs | — |louT=-3mA -15 0 5| mVv
Oscillator Circuit Block (OSC Pin)
Oscillation Frequency .
Range fosc — | (Design target) 20 — 100 | kHz
Voltage Error Amp (OP Amp1)
(VSENSE Pin)
Input Dynamic Range  |Vj, EAV | — — 0| — Vﬁ% Vv
Input Bias Current Ig EAV — — -1 — 1 pA
Input Offset Voltage Voff EAV | — — -10 0 10 | mV
Reference Voltage Vief EAV [ — — 232 | 25 [ 268 Vv
(VaouT Pin)
Output Current lout — — -1 — — mA
Vaout
Soft-start/ Dead Time Control Block
(SS/DTC Pin)
Reference Voltage Vth — — 2.32 25 | 268 | V
SS/DTC
Output Driver Block
(OUT Pin)
Low-level Output uy w _
Voltage VoL OUT | — |[Output="L", loL=2mA — — 03| V
Off Leakage Current loff OUT | — | At Vijh=Vcc=5.6V, output OFF -1 — 1| pA
Inverter Control Block
Trigger Comparator (Comp1)
(TRIGIN + Pin)
Input Dynamic Range Vin — — 0| — |Veez | y
TRIG + -1.9
Input Bias Current IB TRIG+ | — — -2 — 2| pA
(TRIGIN - Pin)
, Vin Vee2
Input Dynamic Range TRIG - — — 0 — 19 \Y
Input Bias Current IB TRIG- | — — -2 — 2| p©A
(TRIGOUT Pin)
High-level Output Veea =12V, output="H",
Current loy TRIG | — Vin =0V 512 667 952 | uA
Low-level Output
VoL TRI — ="L", lo. =3mA — — . \
Voltage oL TRIG Output . loL=3m 0.3
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TOSHIBA TA8331AN
TEST
CHARACTERISTIC SYMBOL | CIR- TEST CONDITION MIN | TYP. | MAX | UNIT
CUIT

Timing Comparator (Comp2)

(TIMING IN Pin)

Input Dynamic Range Vin — — 0| — [Veea|
TIMING -1.9

Input Pull-up Resistor R TIMING | — — 7 10 13 | kQ

Input Clamp Voltage VE o Vee2

(D1) TiMing | | lin=3mA — | 7 |+o9]| VY
Vth -

Threshold Voltage TIMING | — Veea =12V 5.82 6| 6.18 | V

(TIMING OUT Pin)

Low-level Output VoL Comp 2 side, output="L", 03 v

Voltage 1 TIMING1 |~ |loL=8mA o o '

Low-level Output VoL Comp 3 side, output="L", 03| v

Voltage 2 TIMING2 loL =8mA '

Oscillation Comparator (Comp3), PWM Comparator (Comp4)

(OSC1 Pin)

- Vin - Vce2

Input Dynamic Range 05C1-1 — | (Comp3 side) 0 — ~19 Vv

Input Bias Current Ig OSC1-1| — |(Comp3 side) -1 — 1| pA
V

Input Offset Voltage off — | (Comp3 side) -10 0 10 | mv
0SC1-1

Input Dynamic Range Vin — |(Comp4 side) 0| — |Veez| y
0SsC1-2 -1.9

Input Bias Current Ig 0SC1-2| — |(Comp4 side) -1 — 1 HA
Voff -

Input Offset Voltage 05C1-2 — | (Comp4 side) 10 0 10 | mV

(OSC2 Pin)

Input Clamp Voltage VE 05C2 | — |liy=7mA . . 0.95 v

(D2)

Oscillator Waveform
VvV 2| — |V =12V (Desi . . .07 \Y

Upper Limit Voltage H OSC cc2 (Design target) 8.53 88 | 9.0

Oscillator Waveform .

Lower Limit Voltage V| 0SC2 | — |Vce2 =12V (Design target) 314 | 327 | 349 | V

Oscillation Frequency .

Range fosc — | (Design target) — — 50 | kHz

(PWM-SET Pin)

: Vin Vee2

Input Dynamic Range PWM — — 0.3 — -19 \Y

Input Offset Range Voff — — -10 0 10 | mv
PWM

. Isink

Sink Current PWM — |Internal constant current 0.5 1 2 | pA

(PWM-OUT Pin)

Low-level Output VoL oy _

Voltage PWMOUT | — Output="L", IgL=3mA — — 0.3 \
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TOSHIBA TA8331AN

TEST
CHARACTERISTIC SYMBOL | CIR- TEST CONDITION MIN | TYP. | MAX | UNIT
CUIT

IGBT Driver Block

IGBT Drive Comparator (Comp5)
Vth .

Threshold Voltage 1 PWM1 — | GATE signal L—H — 2.63 3.0 \
Vih .

Threshold Voltage 2 PWM2 — | GATE signal H-L 1.5 | 2.27 — \Y

PWM Frequency Range f PWM — | (Design target) — — 50 | kHz

Output Driver Block (Sink Side)

(SI Pin)

Low-level Output uym _

Voltage 1 VoL SI1T | — |PWM="L", IgL=30mA — — 0.7 \Y

Low-level Output - _

Voltage 2 VoL SI2 | — |[PWM="L", loL=1A — — 3.5 \"

Off Leakage Current loff SI — |PWM="H", Vin=Vp=20V -1 — 1| pA

Output Driver Block (Source Side)

(SO Pin)

High-level Output upyn _

Voltage 1 VoH SO1 | — |PWM="H", IoHq= -30mA Vp-2| — — Vv

High-level Output _upy _

Voltage 2 VoH 502 | — [PWM="H", IgH= —-200mA Vp-5 — — \Y

Off Leakage Current loff SO | — |PWM="L", Vi, =0V -1 — 1| pA

IGBT Gate Protection Block

(DI Pin)

Input Clamp Voltage o Vp

(D3) VE DI — |ljn =500mA — — +15 \Y

Protector Circuit Block

Low-voltage Detection Comparator (Comp6)

(COMPIN1 Pin)

Input Dynamic Range Vin — — o| — |Veez| y
COMP1 -1.9

. Ig

Input Bias Current COMP1 — — -2 — 2 | pA

Input Offset Voltage Voff — — ~10 0 10 | mv
COMP1

Threshold Voltage Vth — — 232 | 25 | 268 | Vv
COMP1
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TEST
CHARACTERISTIC SYMBOL | CIR- TEST CONDITION MIN | TYP. [ MAX | UNIT
CUIT
(COMPOUT1 Pin)
Low-level Output VoL oy w _
Voltage COMP1 — |Output="L", loL=1mA — — 0.5 \

Over-Voltage Detection Comparator 1 (Comp7)
(COMPIN2 Pin)

Vin Vce2

Input Dynamic Range COMP2 — — 0 — 19 \
. I

Input Bias Current COMP2 — — 2 — 2 | uA

Input Offset Voltage Voff — — -10 0 10 | mv
COMP2

Threshold Voltage Vth — — 232 | 25 | 268 | Vv
COMP2

(COMPOUT2 Pin)

Low-level Output VoL - _

Voltage COMP2 — | Output="L", loL=1mA — — 0.5 '

Over-voltage Detection Comparators 2, 3 (Comp8, Comp9)

(OVP1 Pin)

- Vin Vee2

Input Dynamic Range OVP1 — — 0 — 19 \Y

Input Bias Current Ig OVP1 | — — -2 — 2 | pA
Voff

Input Offset Voltage OVP1 — — 10 0 10 | mV

Threshold Voltage Vih — — 232 | 25 | 268 | Vv
OVP1

(OVP2 Pin)

Low-level Output VoL (Comp8 side) 03| v

Voltage OvP2 Output="L", lp_L=10mA |

, Vin , Vce2

Input Dynamic Range oVP2 — | (Comp9 side) 0 — -19 Y

Input Bias Current Ig OVP2 | — |(Comp9 side) -2 — 2 | A
V .

Input Offset Voltage off — | (Comp?9 side) -10 0 10 | mv
OVP2

Threshold Voltage Vth — |(Comp9 side) 232 | 25 | 268 | v
OVP2

(STOP Pin)

Low-level Output VoL uym _

voltage STOP — | Output="L", IoL=1mA — — 025 | V
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TOSHIBA TA8331AN

OUTLINE DRAWING
SDIP30-P-400-1.78 Unit : mm
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Weight : 1.99g (Typ.)
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