[ Ordering number : EN*A0483 | Preliminary

SANYO Semiconductors
SA//MYO DATA SHEET

Thick-Film Hybrid IC

STK621-041,  Air Conditioner Three-Phase

i i Compressor Motor Driver
STKO21-041A-E IMST Inverter Power Hybrid IC

Overview

The STK621-041 and STK621-041A-E are STK621-000 series products that use a miniature SIP package. These three-
phase motor driver hybrid | Cs integrate the power main circuit block and peripheral circuits needed for inverter control into
asingle package. The upper-side control power supply can be provided by abootstrap circuit, making it possible to
configure the control power supply with a single power supply (VD4 = 15V). Thisdevice also has a built-in high voltage-
level shifter circuit for upper-side device drive signal transmission, and six input signals can be input from the same voltage
potential (Vss) asthe control circuit. This enables direct connection from a control circuit such as a microcontroller
without using a photo coupler or other insulating circuit.

A basic system configuration example is shown on page 2 (Figure: Inverter System Configuration Example).

Applications
o Air conditioner three-phase compressor motor driver.

Features

o Integrates the IGBT, FRD, pre-driver and protection circuits.

e Built-in thermal protection, overcurrent protection (busline) and pre-driver supply under voltage protection.

e Allows CMOS-level input of control signals without an insulating circuit.

e Use of an upper-side power supply bootstrap circuit (externally set) enables single power supply drive.

e Built-in circuit for preventing short circuits when both upper and lower inputs are ON at the same time.
This prevents arm short circuits due to simultaneous upper and lower phase ON inputs.
(A dead time is needed to prevent short circuits due to switching delay.)

e Transfer full mold structure SIP. (Single Inline Package.)

e Integrates the three-phase power main circuit, pre-driver circuit, protection circuit and level shifter circuit needed for
the inverter control circuit.

¢ IGBT and FRD used for the power main circuit devices.

 Built-in device protection circuits include an overcurrent protection circuit that detects and protects against minus bus
line currents with an internal shunt resistor, an thermal protection circuit, and a control supply under voltage protection
circuit. These circuits cut off the gatesinside the |C and output an error signal (FAULT) when an abnormality occurs.

B Any and all SANYO Semiconductor products described or contained herein do not have specifications
that can handle applications that require extremely high levels of reliability, such as life-support systems,
aircraft's control systems, or other applications whose failure can be reasonably expected to result in
serious physical and/or material damage. Consult with your SANYO Semiconductor representative
nearest you before usingany SANYO Semiconductor products described or contained herein in such
applications.

B SANYO Semiconductor assumes no responsibility for equipment failures that result from using products
at values that exceed, even momentarily, rated values (such as maximum ratings, operating condition
ranges, or other parameters) listed in products specifications of any and all SANYO Semiconductor
products described or contained herein.

SANYO Semiconductor Co., Ltd.

TOKYO OFFICE Tokyo Bldg., 1-10, 1 Chome, Ueno, Taito-ku, TOKYO, 110-8534 JAPAN
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STK621-041,621-041A-E

o Built-in level shifter circuit allows CMOS-level input of upper-side device control signals from the same voltage
potential as the lower-side device control signals. This enables direct input of six signals from the control circuit.

e The upper-side pre-driver circuit has reduced power consumption, so the upper-side control power supply can be
configured using a bootstrap circuit (CB, Di). This makes it possible to configure the external control power supply
using only a single lower-side power supply.

o Compact, easy-to-mount single inline (SIP) package.

e Analog signal output pin detects the minus bus line current with a shunt resistor.

&4 1

Specifications

STK621-041,
STK621-041A-E

T

@

Power supply for control

Control signal
control block

5V power supply

]

Figure Inverter System Configuration

Maximum Ratings at Tc=25°C

Parameter Symbol Conditions Ratings Unit
Supply voltage Vee + 10 - pins, surge < 500V *1 450 \%
Collector-to-Emitter voltage VcE +to U (V,W)orU(V,W)to- 600 \%
Output current lo +, -, U, V, W pin current +20 A
Output peak current lop +, -, U, V, W pin current PW=100us +25 A
Control supply voltage VD1, 2,3, 4 VB1-U,VB2-V,VB3-W,andVpp-Vgg *2 20 \%
Input signal voltage VIN HIN1, 2, 3, LIN1, 2, 3 pins Oto7 \%
FAULT pin voltage VFAULT FAULT pin 20 \%
Maximum power dissipation Pd IGBT, per 1 channel 34 w
Junction temperature Tj IGBT, FRD junction temperature 150 °C
Storage temperature Tstg -40 to+125 °C
Operating temperature Tc HIC case temperature -20 to +100 °C
Tightening torque MT A screw portion *3 1.17 Nem
Insulation breakdown voltage Vis Sine wave 50Hz AC 1min 2000 VRMS

Unless otherwise specified, the voltage reference for - pinsisthe V sg pin voltage.
*1 Surge voltage generated by switching operation due to the effects of wiring inductance between + and -.
*2 VD1 = voltage between VB1 and U; VD2 = voltage between VB2 and V; VD3 = voltage between VB3 and
W; VD4 = voltage between Vpp and Vss
*3 Heat sink plate-mounting flatness: 0.25mm or less
*4 Test conditions: AC 2500V for 1second
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STK621-041,621-041A-E

Electrical Characteristics at Tc=25°C, VD=15V

Test
Parameters Symbols Conditions min typ max unit o
circuit
Power output block
Collector-to-emitter cut-off current Ice Vcg=600V 20 mA Fig.1
Collector-to-emitter saturation voltage VCE(SAT) 10=10A Upper side 1.6 22
- \% Fig.2
Lower side 1.8 24
Diode forward voltage VE I0=-10A Upper side 1.7 23
- % Fig.3
Lower side 1.9 25
Junction-to-substrate thermal resistance Rthj-c(T) IGBT 3.0
: °CIW
Rthj-c(D) FWD 3.6
Control (Pre-driver) block
Control circuit current dissipation Is) VD1, 2, 3=15V 0.05
mA Fig.4
VD4=15V 10
ON input signal voltage ViH Output ON 0.8
OFF input signal voltage VL Output OFF 22
Protection block
Thermal protection temperature TSD Substrate surface 100 120 °C
Overcurrent protection current ISD P.W.=100ps 28 40 A Fig.5
Control supply under voltage protection UVLO 9 12
FAULT pin intake current I0SD When FAULT operating 5 A
m
(Low), VFAULT=1V
Switching time TON 10=10A, Inductive load 1.0
us Fig.6
TOFF 1.2
Current output signal level ISO 10=10A 0.167 Y]

Unless otherwise specified, the voltage reference for - pinsisthe V gs pin voltage.

Notes

1. The ON input signal voltage prescribes the input signal voltage at which the output stage IGBT turns ON, and the
OFF input signal voltage prescribes the input signal voltage at which the output stage IGBT turns OFF.

Apply avoltage between 0 and V|H (max) when output is ON, and a voltage between V| (min) and Vpp when
output is OFF.

2. After theinternal protection circuit operates and the FAULT signal (Low = FAULT ON: open drain output) goes
ON, the latch status continues as long as any of the six input signalsis ON (Low). The latch statusis reset after all
six input signals are OFF (High) continuously for approximately 10us.

However, control supply under voltage protection (UVLO) operation is asfollows.
Upper arm — The FAULT signal is not output, but the corresponding gate signal turns OFF.
Note that even if the voltage recovers to normal, the latch status continues while the input signal
iSON (Low).
Lower arm — The gate signal goes OFF and FAULT signal is outpuit.
However, unlike protection operation for the upper arm, operation returns to normal when the
voltage recovers to normal. (Protection operation is not latched by the input signal.)

3. When using M4 screws to mount the I C to a heat sink plate, apply atightening torque of 0.79 to 1.17 Nem. The
heat sink plate-mounting flatness should be 0.25mm or less.

4. The control supply voltage-drop protection function protects the devices when the control supply voltage drops due
to some abnormality during operation. Control supply voltage drop at the start of operation and other cases should
be confirmed in the set-mounted condition.
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Package Dimensions
unit:mm (typ) [STK621-041]
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Test Circuit (Measured phase U+: upper U phase, U-: lower U phase)

1 ICE
Measured phase U+ V+ W+ U- V- W-
M 10 10 10 2 5 8
N 2 5 8 12 12 12
2: VCE (SAT) (Pulse measurement)
Measured phase U+ V+ W+ U- V- W-
M 10 10 10 2 5 8
N 2 5 8 12 12 12
m 13 14 15 16 17 18
3: VF (Pulse measurement)
Measured phase U+ V+ W+ U- V- W-
M 10 10 10 2 5 8
N 2 5 8 12 12 12
4:1D
Measured phase VD1 VD2 VD3 VD4
m 1 4 7 21
n 2 5 8 22
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Block Diagram and Pin Description

VB1(1)

hd
U@) e—e B
VB2(4) e—¢
V(5) ¢—e cB
VB3(7) &—¢
W(8) o—+& cB

ﬁ}
+(10) ¢———- 3 'gx} .

ﬁ — —
e Shunt-R
Level Level Level
Shifter Shifter Shifter
HIN1(13) I | |
HIN2(14)
HIN3(15) Logic Logic Logic
LIN1(16)
LIN2(17)
LIN3(18)
FAULT(19) % 1 )
1SO(20) -
VOD(21) ¢ g p | \E“‘ (.F’Extigts'z.?e remperawre | & RESet (Al Nput=HighiOFF)
Vss(22) o4& « Overcurrent
¢ Vpp-Under Voltage
e Latch

Numbersin parentheses indicate the pin numbers.

(1) + and - pins (main circuit power supply input pins)
These pins are connected to the main DC power supply. Voltage up to V cc can be applied. Spike voltage may be
generated during switching operation and result in overvoltage due to the effects of the floating inductance of the
connection wiring. Therefore, use a short wiring length to reduce the wiring inductance, and take measuresto
suppress surge voltage and voltage fluctuation such as connecting a snubber circuit for absorbing voltage surges as
close as possible between the + and - pins.

(2) U,V and W pins
These output pins are connected to the three-phase motor. Note that these pins have the same voltage potential asthe
minus-side reference voltage potential of each upper-side control power supply, and are connected to the minus pins

of the capacitors for each upper-side control power supply. Therefore, connect the capacitors as close to these pins
as possible.

(3) Vpp and Vss pins
These connect the pre-driver circuits for the lower-side power devices with the internal protection circuits and the
external control power supplies for the logic circuits. The voltage over this section is monitored by the undervoltage
protection circuit. (Operation stops when the voltage isinsufficient.) In addition, the Vss pin is the reference
voltage potential for the control input signals, the FAULT signal and the SO signal. Note that the Vsgpinis
connected internally with the minus (-) pins. (The main circuit current cannot be taken from the Vss pin.)

No. A0483-7/13
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(4) VB1, VB2 and VB3 pins
These pins connect the positive power supplies for the upper-side
power device pre-driver circuits. The three control power supplies
each require an electrically insulated floating power supply. In
addition to the method that uses three independent power supplies, STK621-041,041A-E
this power supply can also be configured using the bootstrap circuit ) ——
shown in Fig. 3. Asshown in this figure, CB has apath (1) that is DB g |
charged when the lower-side device is ON, and a path (2) for motor i __CB Driver _{ K}
regeneration mode. The CB section voltage fluctuates according to the T
switching frequency and duty ratio of the external control circuit. v l
Therefore, the CB capacitance value must be set in consideration of
the voltage fluctuation. DB should use a high-speed type FRD with a @ @
fast t, and VR = 600V. RB is used to limit the rush charging current |
during CB initial charging. Note that a large rush charging current VDD _| Driver [ }
may cause the internal circuits to malfunction. CB can aso be charged A
before startup by connecting high-value resistors to the output pins ! | ¥ J
and minus pins. (Care must be taken for the withstand voltage and the [
power.)
The upper-side control power supply voltage is monitored by the
under voltage protection circuit, and the respective phase output stops
when the voltage is insufficient.)

Figure 3 Bootstrap circuit and charge path

(5) Input (HINZ, HIN2, HIN3, LIN1, LIN2, LIN3) pins
Fig. 4 shows the input pin internal circuit. In the input block, the Vpp
pinispulled up internally by a 50kQ resistor. The input signal islow VDD
active, and output is ON at avoltage of V|H (max) or less, and OFF at 50kQ
avoltage of V|| (min) or more. This allows direct input to the input
pin from a5V control circuit. When using direct connection from the
control circuit, the connection block on the control circuit sideis
pulled up by a50kQ resistor, so the voltage potential may be higher
than 5V. In cases when this voltage may exceed the withstand voltage
of the connection block, an effective measure isto connect an externa
resistor of several kQ2 between the external 5V power supply and the
input pin. Note that this external resistor also effectively absorbs input Vss
pin noise when the pin is susceptible to noise in an actual set. HIN1,
HIN2 and HIN3 are the inputs for the U, V and W upper-side power
devices, and LIN1, LIN2 and LIN3 are the inputs for the lower-side
power devices. An anti-simultaneous ON circuit is built-in to prevent
arm short-circuits when both the upper and lower inputs for each
phase are ON at the same time. However, adead time must always be
provided between signalsto prevent arm short-circuits due to the
power device switching response delay.

Figure 4 Input circuit block

(6) FAULT pin
The FAULT pin isan open drain output as shown in Fig. 5. When
protection operation starts, the MOSFET turns ON and the FAULT VDD W
pin goes Low. At thistime, the intake current IOSD is 2mA (at
voltage of 1V). This should be taken into account when connecting an
external circuit. When pulling up the pin with aresistor, connect
5.6kQ or more.
The protection circuits that operate the FAULT pin are the overcurrent }—
protection circuit and the lower-side drive supply voltage (VDD -
V sg) under-voltage protection circuit. The FAULT pin does not
operate during upper-side power supply under-voltage protection. All Vss T

FAULT

power devices are OFF whilethe FAULT pinisLow. FAULT is
latched when any of the inputs are ON (except VDUV), and is reset

by turning all six inputs OFF. Figure5 FAULT output block

No. A0483-8/13



STK621-041,621-041A-E

(7) 1SO pin
Thisisthe current monitor pin. This pin outputs the positive direction current flowing to the shunt resistor inserted
into the - (minus) pin line as avoltage signa. (Negative direction current is not output.) Note that overcurrent
protection is disabled when this pin is shorted with V ss. When connecting an external circuit to this pin, the
externa circuit impedance should be 5.6kQ or more.

Protection Circuits
The STK621-041 and STK621-041A-E have the following built-in protection functions.

(1) Thermal protection (TSD)
When the HIC internal board temperature rises to the set temperature or higher, the thermal protection circuit
operates to cut off all six device outputs and latch the FAULT pin Low. The TSD temperature is prescribed by the
heat sink board temperature when the FAULT pin invertsin the condition with the HIC externally warmed.

(2) Overcurrent protection (I1SD)
This function detects the bus line current using a shunt resistor provided on the minus pin side. When the set current
is exceeded, al six device outputs are cut off and the FAULT pinislatched Low. A dead zone is provided so that
the circuit does not respond to pulse currents with awidth less than several psin order to prevent malfunction due to
the diode recovery current or noise. Therefore, note that the overcurrent protection circuit may not operate when
large pulse currents shorter than that width flow repeatedly.

(3) VDD under voltage protection (VDUV)
When Vpp drops below the prescribed voltage (10.5V, typ.), all six device outputs are cut off and the FAULT pin
islatched Low. Operation returns to normal when the voltage recovers.

(4) VBS under voltage protection (VBSUV)
When the upper-side control supply voltage VBS drops below the prescribed voltage (10.5V, typ.), the output of that
channel is cut off and the channel is latched until the corresponding input signal goes OFF. (The channel is
automatically reset when the input signal goes OFF.)

(5) Arm short circuit input protection function
When the upper and lower channel ON signals are input at the same time, this status is judged by the internal logic
circuit and both gate signal outputs are turned OFF to prevent an arm short circuit. Operation returns to normal when
either of the signals goes OFF.

(6) Latch reset
The latch states established by (2) and (3) above are canceled when all six inputs are OFF (10us or more).
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Application Circuit Example

A typical application circuit is shown below.

The STK621-041 and STK621-041A-E can configure the pre-driver power supply with asingle power supply. In
addition, the control signals can be input directly from the control circuit (microcontroller or other 5V system circuit).
Note that the pre-driver power supply can also use a conventional four power supply configuration, so the appropriate
configuration can be selected according to the applied set.

—
o N ™ =
2 o 2 22229232539
> D > > > =2 + IT T30 9 > >
1 2 4 5 7 8 10 12 13 14 15 16 17 18 19 20 21 22
e CB o CB e CB
CS
DB DB DB RB ]
Control Logic
oy cl cD — Vpp=15v
zzzz - =
® o o CC 3 T VDD

Figure 6 Sample Application Circuit (when power/control signal are directly supplied)

Recommended Operating Conditions

Parameters Symbol Conditions min typ max unit
Supply voltage Vce +to - pins 0 280 400 \
VD1, 2,3 VB1-U, VB2-V, VB3-W 12.5 15 17.5
Control supply voltage \%
VD4 Vpp-Vss *1 135 15 16.5
ON input signal voltage VIN(ON) HIN1, HIN2, HIN3, LIN1, LIN2, LIN3 pins 0 1 \%
OFF input signal voltage VIN(OFF) 4 5 VpD Y,
PWM frequency fPWM 1 10 kHz
Dead time DT Upper/lower phase input signal downtime 2 us
Tightening torque ‘M4’ type screw 0.79 1.17 Nem

*1 Control power supply (VD4=15+1.5V) must have the capacity of |=20mA(DC) and 0.5A (Peak).
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Precautions

1. The control power supply can be driven by a single power supply by connecting a bootstrap diode: DB (use a high-
speed diode with a short t,, and a withstand voltage of 600V or more) and a capacitor: CB (approximately 1 to 47uF).
In this case, CB is charged by setting the lower-side device to ON (Low output). Note that alarge charging current
flows during startup and in other cases when the CB voltage islow, and may cause adverse effects such as noise. Be
sureto connect alimiting resistor: RB (approximately several Q to several tens of Q).
(When not using the bootstrap method, each upper-side control power supply should be externally supplied by an
independent power supply.)
In addition, the upper-side control voltage may be insufficient depending on the control signal input status, so this
should be checked.

2. Fluctuating spike voltage may be generated during switching operation due to the effects of the floating inductance of
the + and - pin power supply external wiring or other factors. Therefore, use a short wiring length (between Cl and
each pin) to reduce the wiring inductance, and take measures to suppress surge voltage such as connecting a snubber
circuit (capacitor: CS, approximately 0.1 to 10uF) for absorbing voltage surges as close as possible between the +
and - pins.

3. The ISO pin (pin 20) is the current monitor pin. Note that overcurrent protection is disabled when the 1SO pin and the
V gg pin are shorted.

4. The FAULT pinisan open drain output (FAULT operation when Low). When pulling up the FAULT pin, use 5.6kQ
or more.

5. A 5V (5.0t0 5.4V) Zener diode is connected inside the signal input pins. When inputting voltage in excess of 5V,
connect aresistor between the power supply side and the signal input pin so that the input current to the signal input
pinis0.5mA or less. Thisresistor is also effective for absorbing noise.

6. The overcurrent protection function isvalid only when circuit control can be performed normally. Be sure to provide
afusein the Vcc line or otherwise ensure safety in the set design.

7. The IC may become damaged or rupture if the motor connection pins (pins 2, 5 and 8) are open during motor rotation.
Take specia care for the connections (soldered condition) of these pins.
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STK621-041, 041A-E Logical Timing Chart

OFF
HIN1, 2, 3 ON H
[
I I I I | | () I I
n 1 1
_— i : | |
LINL, 2, 3 : : : : ! : :
| | | | | Under voltage protection reset voltage | | | I
[ L [ | [ | | [ [ [
| | | I (2) Y— | I | | i
VbD | | : | DTt | | ! .
| . ! I | | | | | |
| . | I | | | | | |
[ I [ [ [ 5 | | [ [ [
VBL,2,3 | o I NG | | T
[ . [ ' [ | | | [ [ [
[ . I ' [ | | | [ [ I
[ [ [ [ ' [ | | | [ [ [
oN oty | | | |
| < )| I | | | I
UVW (upper) | | | | | | |
OFF| | | | | | i | |
: oo | | | I
@ ! ' ! !
UVW (lower) « I [ |
| |
| | |
[ [ |
[ [ |
*"." Line current | | |
(+—- forward) | | X
[ [ : |
[
[ [ |
[
| : |
[
FAULT | .
N About 10us t About 10us
; |
! |
ITFO2447
* The‘*-"" line current shows only the short circuit current in order to explain overcurrent protection operation.
Notes

1. (1) isthe timing chart when the anti-simultaneous ON circuit in the signal input block has operated.

(Note that a dead time must be externally set to prevent a short circuit due to switching delay.)

2. When the lower phase Vpp isinsufficient, all gate output signalsis set to OFF and the FAULT output is set Low.
However, unlike the upper phase protection operation, the latch state is canceled and the FAULT output is set High

approximately 10us after the voltage recovers to normal and all six phase inputs go OFF. (2)

3. When the upper phases VB1, VB2 and VB3 are insufficient (3), only the upper phase outputs of the corresponding
phases are set to OFF, and FAULT output is not performed. However, the output OFF latch status continues while
the input signals are ON. After VB1, VB2 and VB3 recover, the outputs are returned to operating status by re-
inputting the signals to the upper phases.

4. Overcurrent protection operation is as follows. (This describes the case when aload short circuit occurs only during
the gray portion (4).) When an overcurrent flows, the HIC internal overcurrent protection circuit operates and
performs control to set the IGBT for all phasesto OFF. In addition, the FAULT output isalso set Low at thistime.
After protection operation ends, the latch status is canceled and the FAULT output is set High approximately 10us
after al six inputs go OFF.
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Current Output Signal Level, 1ISO -V
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B Specifications of any and all SANYO Semiconductor products described or contained herein stipulate the

performance, characteristics, and functions of the described products in the independent state, and are
not guarantees of the performance, characteristics, and functions of the described products as mounted
in the customer's products or equipment. To verify symptoms and states that cannot be evaluated in an
independent device, the customer should always evaluate and test devices mounted in the customer's
products or equipment.

SANYO Semiconductor Co., Ltd. strives to supply high-quality high-reliability products. However, any
and all semiconductor products fail with some probability. It is possible that these probabilistic failures
could give rise to accidents or events that could endanger human lives, that could give rise to smoke or
fire, or that could cause damage to other property. When designing equipment, adopt safety measures
so that these kinds of accidents or events cannot occur. Such measures include but are not limited to
protective circuits and error prevention circuits for safe design, redundant design, and structural design.

In the event that any or all SANYO Semiconductor products (including technical data,services) described
or contained herein are controlled under any of applicable local export control laws and regulations, such
products must not be exported without obtaining the export license from the authorities concerned in
accordance with the above law.

No part of this publication may be reproduced or transmitted in any form or by any means, electronic or
mechanical, including photocopying and recording, or any information storage or retrieval system, or
otherwise, without the prior written permission of SANYO Semiconductor Co., Ltd.

B Any and all information described or contained herein are subject to change without notice due to

product/technology improvement, etc. When designing equipment, refer to the "Delivery Specification”
for the SANYO Semiconductor product that you intend to use.

M Information (including circuit diagrams and circuit parameters) herein is for example only; it is not

guaranteed for volume production. SANYO Semiconductor believes information herein is accurate and
reliable, but no guarantees are made or implied regarding its use or any infringements of intellectual
property rights or other rights of third parties.

This catalog provides information as of November, 2006. Specifications and information herein are subject
to change without notice.
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