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1. Introduction

1.1. Introduction

The terms “energy-saving” and “quiet-running” are becoming very important in the world of variable
speed motor drives. For low-power motor control, there are increasing demands for compactness, built-in
control, and lower overall-cost. An important consideration, in justifying the use of inverters in these
applications, is to optimize the total-cost-performance ratio of the overall drive system. In other words, the
systems have to be less noisy, more efficient, smaller and lighter, more advanced in function and more
accurate in control with a very low cost.

In order to meet these needs, Fairchild has developed a new series of compact, high-functionality, and
high efficiency power semiconductor devices called “Tiny-DIP-SPM (Smart Power Module)”. Tiny-DIP-SPM-
based inverters are now considered an attractive alternative to conventional discrete-based inverters for low-
power motor drives, specifically for appliances such as washing machines, air-conditioners, refrigerators,
water pumps etc.

Tiny-DIP-SPM combines optimized circuit protection and drive matched to the FRFET’s switching
characteristics. System reliability is further enhanced by the integrated under-voltage protection function and
short circuit protection function. The high speed built-in HVIC provides an opto-coupler-less FRFET gate
driving capability that further reduces the overall size of the inverter system design. Additionally, the
incorporated HVIC allows the use of a single-supply drive topology without negative bias.

The objective of this application note is to show the details of TINY-DIP-SPM power circuit design and
its application to TINY-DIP-SPM users. This document provides design examples that should enable motor
drive design engineers to create efficient optimized designs with shortened design cycles by employing
Fairchild TINY-DIP-SPM products.

1.2. Tiny DIP SPM Design Concept

Tiny-DIP-SPM is a tiny smart power module (SPM) based on FRFET technology as a compact
inverter solution for small power motor drive applications such as fan motor and water suppliers. It is
composed of 6 fast-recovery MOSFET(FRFET), and 3 half-bridge HVICs for FRFET gate driving. Tiny-DIP-
SPM provides low electromagnetic interference (EMI) characteristics with optimized switch speed. Moreover,
since it employs FRFET as a power switch, it has much better ruggedness and larger safe operation area
(SOA) than that of an FRFET-based power module or one-chip solution. The package is optimized for the
thermal performance and compactness for the use in the built-in motor application and any other application
where the assembly space is concerned. Tiny-DIP-SPM is the most solution for the compact inverter

providing the energy efficiency, compactness, and low electromagnetic interference.
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The detailed features and integrated functions of Tiny-DIP-SPM are as follows;

¢ 500V 2.0A ~ 3.0A 3phase FRFET inverter including high voltage integrated circuit(HVIC)
¢ 3 divided negative dc-link terminals for inverter current sensing applications

¢ HVIC for gate driving and undervoltage protection

¢ 3/5V CMOS/TTL compatible, active-high interface

¢ Optimized for low electromagnetic interference

¢ Isolation voltage rating of 1500Vrms for 1min

¢ Surface mounted device package(DIP, SMD, DOUBLE-DIP)

¢ Moisture sensitive Level(MSL3)

¢ Extende VB pin for isolation
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2. TINY-DIP-SPM Product Guide

2.1 Ordering Information

FSB50250S

: DIP Package
S : SMD Package
T : Double DIP Package

—p Voltage Rating ( x 10)
— Current Rating

——» 5: SPM5(Tiny-DIP-SPM)

_——» B : Option for No-Thermistor

-——Pp S : Divided Three Terminal
L——P Fairchild Semiconductor

2.2 Product Line-Up

Table 2.1 Lineup of Tiny-DIP-SPM Family

Current Rating
Part Isolation
BVbss Rbs(on) Ringi-c) (Max)
Number Peak DC Vsp (max) Voltage
(typ)
FSB50325 250V | 3.0A | 15A 140 12V@ 1A 10.2 °C/W
1500 V
FSB50250 500V | 20A | 1.0A 330 12V @05A 9.3 °C/W L
min.
FSB50450 500V | 3.0A | 15A 190 12V@1A 8.9 °C/W
FSB50325s® | 250V | 3.0A | 15A 140 12V@ 1A 10.2 °C/W
1500 V
FsB50250S® | 500V | 2.0A | 1.0A 330 1.2V@05A 9.3 °C/W
1 min.
FsSB50450S® | 500V | 3.0A | 15A 190 12V@ 1A 8.9 °C/W
FSB50325T® 500V | 3.0A 1.5A 140 12V@1A 10.2 °C/W
FSB50250S® | 500V | 2.0A | 1.0A 330 12V @05A 9.3 °C/W 1500 V
FSB50450T® 500V | 3.0A | 15A 190 12V@ 1A 8.9 °C/W 1 min.
FSB50550T® | 500V | 3.5A 1.8A 130 12V@12A 8.6 °C/W
@ SMP Package
@ Double DIP Package
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2.3 Applications

Tiny smart power module based on FRFET technology as a compact inverter solution for small power motor drive

applications such as fan motor and water suppliers.

2.4 Package Structure

Figure 2.1~2.3 contains a picture and an internal structure illustration of the TINY Mini DIP SPM. The
TINY DIP SPM is an ultra-compact power module, which integrates power components, high and low side
gate drivers and protection circuitry for AC100 ~ 220V class low power motor drive inverter control into a

dual-in-line transfer mold package.

IC  AuWire MOSFET

Lead Frame

Ept:ny Molding
Compound

Figure 2.1 Pictures and Cross section of DIP-Package(SPM 23BA).

IC  AuWire MOSFET

Lead Frame

Ept:ny Molding
Compound

Figure 2.2 Pictures and Cross section of SMD-Package(SPM 23AA).

!C Aqure MDSFET

Lead Frame

Ept:)xy Molding
Compound

Figure 2.3 Pictures and Cross section of Double DIP-Package(SPM 23AC).
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3. Outline and Pin Description

3.1 Outline Drawings

This section includes the outline drawings and dimensions for the Tiny-DIP-SPM. Figure 3.1 ~ 3.3 is

the outline for the TINY-DIP-SPM.
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Figure 3.1 Outline of the TINY-DIP-SPM(package SPM23AA)
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Terminal Arrangement
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Figure 3.2 Outline of the TINY-SMD-SPM(package SPM23BA)
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Figure 3.3 Outline of the TINY-DOUBLE-DIP-SPM(package SPM23AC)
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3.2 Description of the input and output pins

Table 3.1~3.2 defines the Tiny-DIP-SPM input and output pins. The detailed functional descriptions

are as follows :

Table 3.1 Pin description for TINY-DIP-SPM and Tiny-SMD-SPM

Pin Number | Pin Name Pin Description

1 COM IC Common Supply Ground
2 Ve Bias Voltage for U Phase High Side FRFET Driving
3 Veew) Bias Voltage for U Phase IC and Low Side FRFET Driving
4 INH) Signal Input for U Phase High-side
5 INwy Signal Input for U Phase Low-side
6 Vsu) Bias Voltage Ground for U Phase High Side FRFET Driving
7 Ve Bias Voltage for V Phase High Side FRFET Driving
8 Veew) Bias Voltage for V Phase IC and Low Side FRFET Driving
9 INwh) Signal Input for V Phase High-side
10 INw Signal Input for V Phase Low-side
11 Vs Bias Voltage Ground for V Phase High Side FRFET Driving
12 Vew) Bias Voltage for W Phase High Side FRFET Driving
13 Veew) Bias Voltage for W Phase IC and Low Side FRFET Driving
14 INwH) Signal Input for W Phase Hide-side
15 INw Signal Input for W Phase Low-side
16 Vsw) Bias Voltage Ground for W Phase High Side FRFET Driving
17 P Positive DC-Link Input
18 U Output for U Phase
19 Ny Negative DC-Link Input for U Phase
20 Ny Negative DC-Link Input for V Phase
21 \% Output for V Phase
22 Nw Negative DC-Link Input for W Phase
23 w Output for W Phase

September. 2007 FAIRCHILD SEMICONDUCTOR - Smart Power
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Table 3.2 Pin description for TINY-DIP-SPM(Package SPM23AC-DOUBLE DIP)

Pin Number | Pin Name Pin Description
1 COM IC Common Supply Ground
2 Vi) Bias Voltage for U Phase High Side FRFET Driving
3 Veew) Bias Voltage for U Phase IC and Low Side FRFET Driving
4 INwH) Signal Input for U Phase High-side
5 INw Signal Input for U Phase Low-side
6 NC No Connection
7 Vi) Bias Voltage for V Phase High Side FRFET Driving
8 Veew Bias Voltage for V Phase IC and Low Side FRFET Driving
9 INwh) Signal Input for V Phase High-side
10 INw) Signal Input for V Phase Low-side
11 NC No Connection
12 Vew) Bias Voltage for W Phase High Side FRFET Driving
13 Veew) Bias Voltage for W Phase IC and Low Side FRFET Driving
14 INwH) Signal Input for W Phase Hide-side
15 INwu) Signal Input for W Phase Low-side
16 NC No Connection
17 P Positive DC-Link Input
18 U, Vs Output for U Phase & Bias Voltage Ground for High Side FRFET Driving
19 Ny Negative DC-Link Input for U Phase
20 Ny Negative DC-Link Input for V Phase
21 V, Vs Output for U Phase & Bias Voltage Ground for High Side FRFET Driving
22 Nw Negative DC-Link Input for W Phase
23 W, Vsw) | Output for U Phase & Bias Voltage Ground for High Side FRFET Driving
Slep:jte:‘nber. 2007 FAIRCHILD SEMICONDUCTOR - Smart Power
odule
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High-Side Bias Voltage Pins for Driving the FRFET / High-Side Bias Voltage Ground Pins for
Driving the FRFET
Pin : Ve = Vsu) » Vaw = Vs » Vaw) = Vsw)
e These are drive power supply pins for providing gate drive power to the High-Side FRFETSs.
e The virtue of the ability to boot-strap the circuit scheme is that no external power supplies are
required for the high-side FRFETSs.
e Each boot-strap capacitor is generally charged from the Vcc supply during the ON-state of the
corresponding low-side FRFET.
¢ In order to prevent malfunctions caused by noise and ripple in supply voltage, a good quality (low

ESR, low ESL) filter capacitor should be mounted very close to these pins.

Low-Side Bias Voltage Pin / High-Side Bias Voltage Pins
Pin : Veew), Veew), Vecw)
e These are control supply pins for the built-in ICs.
» These three pins should be connected externally.
e In order to prevent malfunctions caused by noise and ripple in the supply voltage, a good quality

(low ESR, low ESL) filter capacitor should be mounted very close to these pins.

Low-Side Common Supply Ground Pin
Pin : COM
e The Tiny-DIP-SPM common pin connects to the control ground for the internal ICs.
¢ Important! To avoid noise influences the main power circuit current should not be allowed to flow

through this pin.

Signal Input Pins
Pin : INwyy, INwvy, INwwy INwrys TNy, INwry

e These are pins to control the operation of the built-in FRFETs .

¢ They are activated by voltage input signals. These terminals are internally connected to a schmitt
trigger circuit composed of 5V-class CMOS.

¢ The signal logic of these pins is Active-high. That is, the FRFET associated with each of these
pins will be turned "ON" when a sufficient logic voltage is applied to these pins.

e The wiring of each input should be as short as possible to protect the Tiny-DIP-SPM against
noise influences.

¢ To prevent signal oscillations, an RC coupling is recommended as illustrated in Figure 8.3 ~ 8.4..
Positive DC-Link Pin
Pin: P

e This is the DC-link positive power supply pin of the inverter.

September. 2007 FAIRCHILD SEMICONDUCTOR - Smart Power
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e It is internally connected to the collectors of the high-side FRFETSs.
¢ In order to suppress the surge voltage caused by the DC-link wiring or PCB pattern inductance,

connect a smoothing filter capacitor close to this pin. (Typically Metal Film Capacitor are used)

Negative DC-Link Pins
Pin : Nu, Nv, NW
e These are the DC-link negative power supply pins (power ground) of the inverter.

¢ These pins are connected to the low-side FRFET sources of the each phase.

Inverter Power Output Pin
Pin: U, V, W

e Inverter output pins for connecting to the inverter load (e. g. motor).

September. 2007 FAIRCHILD SEMICONDUCTOR - Smart Power
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4. Internal Circuit and Features

Figure 4.1~4.2 illustrates the internal block diagram of the Tiny-DIP-SPM. It should be noted that the
Tiny-DIP-SPM consists of a six fast-recovery MOSFET(FRFET) and three half-bridge HVICs for FRFET gate

driving. The detailed features and integrated functions of Tiny-DIP-SPM and the benefits acquired by using it

are described as follows.

(1) coM

(2) Ve J ane

() Vecwy O—— vCcC VB

(4) INwr) —1 HIN HO —,—{

(5) INwy — LN VS — (18)u
+ com Lo }

(6) Vs (19) Ny

(7) Ve

® Veew O veCc VB ] 0) Ny

(9 INwyy O—— HIN  HO —’—{

(10) INwyy O—— LIN VS |— @yv
+{com Lo }

(11) Vs

(12) Vew) —4|

(13) Veew O—F— VCC VB (22) Nw

(14) Ny O——| HIN  HO —’—{ j

(15) INwy O—+— LIN VS |— (3w
L{com Lo }

(16) Vqy

Figure 4.1 Internal circuit of Tiny-DIP-SPM and Tiny-SMD-SPM.
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Figure 4.2 Internal circuit of Tiny-Double-DIP-SPM.
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Features

¢ 500V/1A to 1.5A and 250V/1.5A rating in one package size(mechanical layouts are identical).
¢ Low-loss efficient FRFETs optimized for motor drive applications.
e Compact and low-cost transfer mold package allows inverter design miniaturization.
¢ High reliability due to fully tested coordination of HVIC and FRFETSs.
¢ 3-phase FRFET inverter bridge including control IC for gate driving and protection.
- High & Low-side : Control circuit under voltage (UV) protection
- (without fault signal output)
e Single-grounded power supply and opto-coupler-less interface due to built-in HVIC.
e FRFET switching characteristics matched to system requirement.
¢ Low leakage current and high isolation voltage.
¢ Divided 3-N Power Terminals provide easy and cost-effective phase current sensing.
¢ Active-high input signal logic, resolves the startup and shutdown sequence constraint between
the control supply and control input, this provides fail-safe operation with direct connection
between the Tiny-DIP-SPM and a 3.3V CPU or DSP. Additional external sequence logic is not

needed.

Integrated Functions

e Inverter high-side FRFETs: Gate drive circuit, High-voltage isolated high-speed level shifting,
Control supply under-voltage (UV) protection
e Inverter low-side FRFETs: Gate drive circuit, Control supply circuit under-voltage protection

e Input interface: 3.3V, 5V CMOS/LSTTL compatible, Schmitt trigger input, Active high.
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5. Absolute Maximum Ratings

5.1 Electrical Maximum Ratings

Turn-off Switching
The FRFETs incorporated into the Tiny-DIP-SPM have a 500Volt Vpss rating. The 450V Vpysurge) Fating
is obtained by subtracting the surge voltage (50V or less, generated by the Tiny-DIP-SPM'’s internal stray
inductances) from Vpss. Moreover, the 400V Vpy rating is obtained by subtracting the surge voltage (50V or

less, generated by the stray inductance between the Tiny-SIP-SPM and the DC-link capacitor) from Vensurge) -

Short-circuit Operation
In case of short-circuit turn-off, the 400V Vpyerom rating is obtained by subtracting the surge

voltage(50V or less, generated by the stray inductance between the Tiny-DIP-SPM and DC-link capacitor)

Ven(surge)-
Table. 5.1 Absolute maximum ratings.(FSB50450 Case)
Iltem Symbol Condition Rating Unit
Supply Voltage Vbe Applied to DC-link 400 Y
Supply Voltage (Surge) Ven(surge) Applied between P-N 450 \%
Drain-Source Voltage Vbss Ves=0V, Ib=250uA 500 \%
Each FRFET Drain Current, Continuous Ibso Tc=25°C 1.5 A
Each FRFET Drain Current, Continuous Ip2s Tc=80°C 1.0 A
Operating Junction Temperature T; -40 ~ 150 °c
Note) It is recommended that the average junction temperature should be limited to T;<150°C
(@ Tcs12590) in order to guarantee safe operation.
S AE
Res )| 0 T\
VCC VB il——i
HIN  HO - __VE__
J 11l LN Vs |— - T T
1 o com 1o I Vos |[]]
- h
LT Ces One-leg Diagram of SPM
Figure 5.1 Switching and RBSOA(Single Pulse) Test Circuit (Low-side)
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I s
.;“ _V"-
Vensuree) @ 150°C

Vensuror) @ 25°C

Ib @ 150°C
Ib @ 25°C

i o
100V/div, 0.5A/div, 200ns/div

Figure 5.2 Normal current turn-off waveforms @ Vpy=400V (FSB50450)

\ Ib @ 150°C
ha 0
Vensuree) @ 150°C A Io @ 25°C

, D

Vensureg) @ 25°C / .

100V/div, 0.5A/div, 200ns/div

Figure 5.3 Normal current turn-on waveforms @ Vpny=400V (FSB50450)

Vensurer) @ 150°C
_ Vensurer @ 25°C
PR L 0 I Al -

Frpe . ; " T u

s A, Ib @ 150°C
AN
Y b @ 25°C

Wb
-

100V/div, 0.5A/div, 200ns/div

Figure 5.4 Short-circuit current turn-off waveforms @ Vpy=350V (FSB50450)
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6. Interface Circuit

6.1 Input/Output Signal Connection

Figure 6.1 ~ 6.2 shows the /O interface circuit between CPU and Tiny-DIP-SPM. Because Tiny-DIP-

SPM input logic is high-active and there is built-in pull-down resistor, external pull-down resistor is not

needed.
These values depend on PWM
control algorithm
15-V Line R,
—AAA
’ \AAJ
R, D, l A P Ve
—VW——P J
VCC VB r{ Inverter
HIN HO Output _|
LIN VS +— ™
COM LO }
One-Leg Diagram of SPM -4
* Example of bootstrap paramters:
C, = C, = 1uF ceramic capacitor,
R, =56Q, R, =20Q
Figure 6.1 Recommended CPU 1/O Interface Circuit(Package SPM23AA, SPM23BA)
These values depend on PWM
control algorithm
15-V Line G
"
R1 D1 2 P Voc
R vecC VB 4‘—{ Inverter
) i( A VSV HIN HO Output _ |
Micom A ; LN vs | b
CsL L COM LO 4{
| R
1+ |
=4 One-Leg Diagram of SPM
10pF’[ TC 971 =
* Example of bootstrap paramters:
= C; = C, = 1uF ceramic capacitor,
R; = 560,
Figure 6.2 Recommended CPU 1/O Interface Circuit(Package SPM23AC)
September. 2007 FAIRCHILD SEMICONDUCTOR - Smart Power
Module

19




e
FAIRCHILD

TS )
SEMICONDUCTOR®

Tiny-DIP-SPM User’s Guide Version 1.0(2007.09.05)

Table 6.1 Maximum ratings of input and Fo pins

Item Symbol Condition Rating Unit
Applied between
Control Supply Voltage Vee 20 \Y
Ve — COM
Applied between
Input Signal Voltage Vin INH), INwH), INwHy — COM -0.3 ~ Vcce+0.3 \Y,
INwy), INwy, INwry — COM

The input output maximum rating voltages are shown in Table 6.1. The RC coupling at each input (parts

shown dotted in Figure 6.1~6.2) might change depending on the PWM control scheme used in the

application and the wiring impedance of the application’s PCB layout.

The Tiny-DIP-SPM family employs active-high input logic. This removes the sequence restriction

between the control supply and the input signal during start-up or shutdown operation. Therefore it makes

the system fail-safe. In addition, pull-down resistors are built in to each input circuit. Thus, external pull-down

resistors are not needed reducing the required external component count. Furthermore, by lowering the turn

on and turn off threshold voltage of input signal as shown in Table 6.2, a direct connection to 3.3V-class

microprocessor or DSP is possible.

SPM

INUH, INVH, INwH

INuL, INv INwe

1kQ

Level shift
circuit

Gate driver

500kQ(Typical)

//

500kQ(Typical)

Gate driver

Figure 6.3 Internal structure of signal input terminals.
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Table 6.2 Input threshold voltage ratings (at Vcc = 15V, Tj = 25°C)

Item Symbol Condition Min. Typ. Max. Unit
Turn on threshold voltage Vinon) IN(uH), INwH), INvH),— COM 3.0 - - \Y
Turn off threshold voltage VIN©OFF) INwy), INv), INwry,— COM - - 0.8 \Vi

As shown in Figure 6.3, the Tiny-DIP-SPM input signal section integrates a 500kQ(typical) pull-down resistor. Therefore,

when using an external filtering resistor between the CPU output and the Tiny-DIP-SPM input attention should be given

to the signal voltage drop at the Tiny-DIP-SPM input terminals to satisfy the turn-on threshold voltage requirement. For

instance, Rs = 100Q and Cs=1nF are recommend to be applied for the parts shown dotted in figure 6.1 ~ 6.2.
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6.2 General Interface Circuit Example

Figure 6.4 ~ 6.5 shows a typical application circuit of interface schematic, where control signals are

transferred directly from a CPU.

R
AR
l (1) COM
S > I () Vg anep
I(S) Veew vcc  vB J
Ry L0 Ny, HIN  HO j @asu
AR I ) Ny LIN VS
Cs oy ‘ C,+ ||| CF | +— COM LO CT T Voe
LL 7?1 ®) Ve .
R ” T () Ve v
% OVeery | e (20 Ny
©) Ny, j I
HIN  HO
g I (10) Nony LIN VS S M
o I
E ! ; Cz l C1 | 1) VS(V) +— COM LO %%
R R I (12) Vo,
1 (13) Veew = | @2)N,,
1(14)|N‘W”’ HIN  HO j @3)W
I (15) Nowy LIN VS E
T ; Czi CIT | (16) VS(W) ~— COM LO %
‘ ‘ ‘ For 3-phase current sensing and protegtion &7\/
'
e 1 15V c L i l R
L sy TIT 55
Figure 6.4 Example of application circuit (Package SPM23AA, SPM23BA)
Note

1. To avoid malfunction, the wiring of each input should be as short as possible. (less than 2-3cm)

2. By virtue of integrating an application specific type HVIC inside the Tiny-DIP-SPM, direct coupling to
CPU terminals without any opto-coupler or transformer isolation is possible.

3. Cspis Capacitance value approximately 7 times larger than bootstrap capacitor Cgs is recommended.

4. The input signals are Active-high configured. There is a internal 500kQ pull-down resistor from each
input signal line to GND. When employing RC coupling circuits between the CPU and Tiny-DIP-SPM
select the RC values such that the input signals will be compatible with the Tiny-DIP-SPM turn-off/turn-
on threshold voltages.

5 Each capacitor should be mounted as close to the pins of the SPM as possible.

6 To prevent surge destruction, the wiring between the smoothing capacitor and the P&N pins should be
as short as possible. The use of a high frequency non-inductive capacitor of around 0.1~0.22 uF
between the P&N pins is recommended.

September. 2007 FAIRCHILD SEMICONDUCTOR - Smart Power
Module

22




e
FAIRCHILD

SEVICONDUC TOR: Tiny-DIP-SPM User’s Guide Version 1.0(2007.09.05)
7. Relays are used in almost all home appliances electrical equipment. These relays should be kept a

sufficient distance from the CPU to prevent electromagnetic radiation from impacting the CPU.

8. Exessively large inductance due to long wiring patterns between the shunt resistor and Tiny-DIP-SPM
will cause large surge voltage that might damage the Tiny-DIP-SPM's internal ICs. Therefore, the
wiring between the shunt resistor and Tiny-DIP-SPM should be as short as possible. Additionally, Cspcis
(more than 1uF) should be mounted as close to the pins of the Tiny-DIP-SPM as possible.

9. Opto-coupler can be used for electric (galvanic) isolation. When opto-couplers are used, attention should

be taken to the signal logic level and opto-coupler delay time.
10. RE(H) is recommended to be 5.6Q as its minimum. And it should be less than 20Q.

C,
l (1) COM
Ri 1 @Vew ane
L4l
L@Veew | e |
Rs I (4) INwry N H j\
T 6 Ny © (18) U, Vs
AAA S —1
T NG LN Vv N
CsiIcgf +— COM LO —{\
- = 9
Ry ‘ (7) Ve (19) Ny
4 I (8) Vecw) vee VB J (20) N\/I
A 1 ©) Nowy HIN  HO j‘ I
21) V, V
g A 49 Noy LN VS ( SM M
9 1 (11) NC
= TTCT +—| COM  LO
Ry (12) Vew)
"\ —p——
(3 Veew| =g 1 (22) Nw
T (14) INguy j
T (15) N, i o (@)W, Vsw
A LN VS
1 (16) NC
TTCT L{com Lo \
‘ ‘ For 3-phase current sensing and protection Ry
'
I/ 15V c, i l R
L s TIT gt
Figure 6.5 Example of application circuit(Package SPM23AC)
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6.3 Recommended Wiring of Shunt Resistor

External current sensing resistors are applied to detect phase current. A longer pattern between the
shunt resistor and Tiny-DIP-SPM will cause so large surge that might damage built in IC and current
detection components and might distort the sensing signals. To decrease the pattern inductance, the wiring

between the shunt resistor and Tiny-DIP-SPM should be as short as possible.

6.4 Snubber Capacitor

As shown in the Figure 6.6, snubber capacitors should be installed in the right location so as to
suppress surge voltages effectively. Generally a 0.1~0.22uF snubber is recommended. If the snubber
capacitor is installed in the wrong location ‘A’ as shown in the figure 5.4, the snubber capacitor cannot
suppress the surge voltage effectively. If the capacitor is installed in the location ‘B’, the charging and
discharging currents generated by wiring inductance and the snubber capacitor will appear on the shunt
resistor. This will impact the current sensing signal (if shunt resistor used). The “B” position surge
suppression effect is greater than the location ‘A’ or ‘C’. The ‘C’ position is a reasonable compromise with
better suppression than in location ‘A’ without impacting the current sensing signal accuracy. For this reason,

the location ‘C’ is generally used.

Incorrect position of
Snubber Capacitor

Correct position of
Snubber Capacitor

) Y ) g P
\
\
\
\
\
\
\
\
.
Capacitor A B SPM
Bank -
Wiring inductance should be less than
10nH.
Wiring Leakage width > 3mm, thickness == 100
Inductance v
Nu,Nv,Nw COM
Please make the connection Shunt

Y

Resistor

point as close as possible to
the terminal of shunt resistor

Figure 6.6 Recommended wiring of Shunt resistor and Snubber Capacitor
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Note : IGBT collector-emitter voltage waveform according to Snubber location

Location A Location B
leCroy LeCroy
Vin—5Vidiv Vin5vidiv
//—\ Vce : 100V/div g ‘\\ i Vae : 100V/div
pg . prerrbeertee ol L PR FOVUL SOOI FOUY B~ O KUY Wit FO N
\\ - \\ // -
Time : 200nsec Time : 200nsec
Location C(Recommended) No Snubber Cap
LeCroy Lecroy
Vin—-5Vidiv Vin - 5Vidiv
= . = t
C D Vge : 100V/div ! \) ; Vee : 100V/div
2-3 \\ 1 2-3 \\ —’/ !
Time : 200nsec Time : 200nsec
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7. Function and Protection Circuit

7.1 SPM Functions versus Control Power Supply Voltage

Control and gate drive power for the Tiny-DIP-SPM is normally provided by a single 15Vdc supply that
is connected to the module Vcc and COM terminals. For proper operation this voltage should be regulated to
15V + 10% and its current supply should be larger than 160uA for SPM only. Table 7.1 describes the
behavior of the SPM for various control supply voltages. The control supply should be well filtered with a low
impedance electrolytic capacitor and a high frequency decoupling capacitor connected right at the Tiny-DIP-
SPM'’s pins.

High frequency noise on the supply might cause the internal control IC to malfunction and generate
erroneous fault signals. To avoid these problems, the maximum ripple on the supply should be less than +
1V/us. In addition, it may be necessary to connect a 24V/1W zener diode across the control supply to
prevent surge destruction under severe conditions.

It is very important that all control circuits and power supplies be referred to module’s COM terminal
and not to the N power terminal. In general, it is best practice to make the common reference (COM) a
ground plane in the PCB layout.

The main control power supply is also connected to the bootstrap circuits that are used to establish
the floating supplies for the high side gate drives.

When control supply voltage (Vcc and Vgs) falls down under UVLO(Under Voltage Lock Out) level,
FRFETs will turn OFF while ignoring the input signal.
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Table 7.1 Tiny-DIP-SPM : Control Voltage Range versus Function Operations

Control Voltage Range [V]

Tiny-DIP-SPM Function Operations

Control IC does not operate. Under voltage lockout and fault output do not operate.

04 dV/dt noise on the main P-N supply might trigger the FRFETSs.
Control IC starts to operate. As the under voltage lockout is set, control input signals are
Amizs blocked.
Under voltage lockout is reset. FRFETs will be operated in accordance with the control
125~135 gate input. Driving voltage is below the recommended range so Rds(on) and the

switching loss will be larger than that under normal condition.

13.5 ~ 16.5 for Ve
13.5 ~ 16.5 for Vgs

Normal operation. This is the recommended operating condition.

16.5 ~ 20 for Vce
16.5 ~ 20 for Vgs

FRFETs are still operated. Because driving voltage is above the recommended range,
FRFETS’ switching is faster. It causes increasing system noise. And peak short circuit

current might be too large for proper operation of the short circuit protection.

Over 20

Control circuit in the Tiny-DIP-SPM might be damaged.

7.2 Under-Voltage Protection

The half bridge HVIC has an under voltage lockout function to protect low side FRFETs from operation

with insufficient gate driving voltage. A timing chart for this protection is shown in Figure 7.1

al : Control supply voltage rises :

After the voltage rises UVccr, the circuits start to operate when next input is applied.

a2 : Normal operation : FRFET ON and carrying current.

a3 : Under voltage detection ( Uyccp)

a4 : FRFET OFF in spite of control input condition, but there is no fault output signal.

a5 : Under voltage reset ( UVccr)

a6 : Normal operation : FRFET ON and carrying current

bl : Control supply voltage rises:

After the voltage reaches UVpgsg, the circuits start to operate immediately.

b2 : Normal operation: FRFET ON and carrying current.

b3 : Under voltage detection (UVgsp).

b4 : FRFET OFF in spite of control input condition, but there is no fault output signal.

b5 : Under voltage reset (UVzsgr)

b6 : Normal operation: FRFET ON and carrying current
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S
Input Signal J F L
— 5t
UV Protection RESET SET RESET
Status
UVesr a6
. . al ab
High-side UVess a3
Supply , Vbs ‘ ‘ /
i a2
a4
A\
MOSFET Current /\/\ /\/\ '/\/\ M
\ (@
)
[High Side]
s
Input Signal J F L
— g
UV Protection RESET SET RESET
Status
UVcer b6
. bl b5
Low-side UVces b3
Supply , Vcc 5/
b2 b4
A\
MOSFET Current ; /\/\ M VA '/\/\ M
5
[Low Side]

Figure7.1 Timing chart of under-voltage protection function [High-side, Low-side]

September. 2007 FAIRCHILD SEMICONDUCTOR - Smart Power
Module

28




FAIRCHILD . . .
SEVICONDUC TOR: Tiny-DIP-SPM User’s Guide Version 1.0(2007.09.05)

8. Bootstrap Circuit

8.1 Operation of a Bootstrap Circuit

The Vgs voltage, which is the voltage difference between Vg u,v,w) and Vs, v,w), provides the supply
to the HVICs within the Tiny-DIP-SPM. This supply must be in the range of 13.5~16.5V to ensure that the
HVIC can fully drive the high-side FRFET. The Tiny-DIP-SPM includes an under-voltage detection function
for the Vs to ensure that the HVIC does not drive the high-side FRFET, if the Vs voltage drops below a
specified voltage (refer to the datasheet). This function prevents the FRFET from operating in a high
dissipation mode.

There are a number of ways in which the Vgg floating supply can be generated. One of them is the
bootstrap method described here. This method has the advantage of being simple and inexpensive. However,
the duty cycle and on-time are limited by the requirement to refresh the charge in the bootstrap capacitor.
The bootstrap supply is formed by a combination of an external diode, resistor and capacitor as shown in
Figure 8.1. The current flow path of the bootstrap circuit is shown in Figure 8.1. When Vs is pulled down to
ground (either through the low-side or the load), the bootstrap capacitor (Cgs) is charged through the

bootstrap diode (Dgs) and the resistor (Rs) from the V¢ supply.

8.2 Initial Charging of a Bootstrap Capacitor

An adequate on-time duration of the low-side FRFET to fully charge the bootstrap capacitor is
required for initial bootstrap charging. The initial charging time (tcharge) Can be calculated from the following

equation:

1 V,
tenage = Cas X Rg x—=xIn( cC )
ge BS S
Vee _VBS(min) -V =V (8.1)

Vf = Forward voltage drop across the bootstrap diode

Vesminy = The minimum value of the bootstrap capacitor
Vs = Voltage drop across the low-side FRFET or load

0= Duty ratio of PWM
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15-V Li

ne

= CosF
10uF 1uF GBS
u i b

15-V Line

i
|_
) g

vcc VB i‘—{ Ijverter
HIN HO utput _ |

/1

=
LIN V. —
Y
COM LO ‘\
One-Leg Diagram of SPM )

(a) Bootstrap circuit operation at turn-on of low-side FRFET

R

EH

AWV

e T 1P

v

VvCC VB J r{ Ihverter
HIN  HO butput _ |

LIN VS — > T
COM LO }

One-Leg Diagram of SPM

VBs

Vinw)

ON

(c) Timing chart of initial bootstrap charging

Figure 8.1 Bootstrap circuit operation and initial charging(Package SPM23AA, SPM23BA)
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8.3 Selection of a Bootstrap Capacitor

The bootstrap capacitance can be calculated by:

I eax X At

C =
BS AV

(8.2)

Where At = maximum ON pulse width of high-side FRFET

AV = the allowable discharge voltage of the Cgs;

leak= Maximum discharge current of the Cgs mainly via the following mechanisms :
Gate charge for turning the high-side FRFET on
Quiescent current to the high-side circuit in the IC
Level-shift charge required by level-shifters in the IC
Leakage current in the bootstrap diode
Cgs capacitor leakage current (ignored for non-electrolytic capacitors)

Bootstrap diode reverse recovery charge

Practically, 1mA of l,ea is recommended for Mini DIP SPM. By taking consideration of dispersion and
reliability, the capacitance is generally selected to be 2~3 times of the calculated one. The Cgs is only
charged when the high-side FRFET is off and the Vs voltage is pulled down to ground. Therefore, the on-time
of the low-side FRFET must be sufficient to ensure that the charge drawn from the Cgs capacitor can be fully
replenished. Hence, inherently there is a minimum on-time of the low-side FRFET (or off-time of the high-
side FRFET).

The bootstrap capacitor should always be placed as close to the pins of the SPM as possible. At least
one low ESR capacitor should be used to provide good local de-coupling. For example, a separate ceramic
capacitor close to the SPM is essential, if an electrolytic capacitor is used for the bootstrap capacitor. If the

bootstrap capacitor is either a ceramic or tantalum type, it should be adequate for local decoupling.

8.4 Selection of a Bootstrap Diode

The bootstrap diode (Dgs) must block the inverter DC-link voltage, which is seen when the high-side
device is switched on. It is important that this diode be an ultra-fast recovery device to minimize the amount
of charge that is fed back from the bootstrap capacitor into the Vcc supply. Similarly, the high temperature

reverse leakage current would be important if the capacitor has to store a charge for long periods of time.

8.5 Selection of Series Resistance

A resistor (Rs) must be added in series with the bootstrap diode to slow down the dVgs/dt. The value of

the series resistor relative to the value of the bootstrap capacitor should be chosen such that the RC time
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constant is equal to or greater than 10usec. Note that if the rising dVgs/dt is slowed down significantly, it

could temporarily result in a few missing pulses during the start-up phase due to insufficient Vgs voltage.
8.6 Charging and Discharging of the Bootstrap Capacitor during PWM-Inverter
Operation

The bootstrap capacitor (Cgs) charges through the bootstrap diode (Dgs) and resistor (Rs) from the Vcc
supply when the high-side FRFET is off, and the Vs voltage is pulled down to ground. It discharges when the
high-side FRFET is on.

Example 1: Selection of the Initial Charging Time

An example of the calculation of the minimum value of the initial charging time is given with reference

to equation (8.1).

Condition:
Ces = 22UF,  Rs=20Q, Duty Ratio of PWM(8)= 0.5 Des = 1N4937(600V/1A)
Vec=16.5V Vi=1V, Vas (min) = 12.5V, Vis=1V
fpmge = 22UF x 20Qx - xIn( 16.5V ) =1.86ms
0.5 16.5v —-12.5V -1V -1V

Figure 8.2 shows the result of the experiment obtained in washing machine applications. In order to
ensure safety, it is recommended that the charging time must be at least three times longer than the

calculated value arrived at by using equation (8.1).

Vee:[5Vidiv.]

Ves:[5V/div.]

Vin(L):[5V/div.]
0

Time:[5ms/div.]

Figure 8.2 Practical initial charging waveforms.

Example 2: The Minimum Value of the Bootstrap Capacitor
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An example of the calculation of the minimum value of the bootstrap capacitor is given with reference
to equation (8.2).
Conditions:
AV=0.1V
At=66.6us
leak=1mA
o > 1mAxB6.8Us _ ;667 4
0.v
The calculated bootstrap capacitance is 0.667uF. By taking consideration of dispersion and reliability, the
capacitance is generally selected to be 2-3 times of the calculated one. Therefore, 1.33~ 2uF of Cbs becomes a proper
value. However, this capacitance can be changed according to the switching frequency, sort of the used capacitor(MLCC
is recommended) and recommended Vbs voltage of 13.5~16.5V.
Note that this result is only an example. It is recommended that you design a system by taking

consideration of the actual control pattern and lifetime of components.

8.7 Recommended Boot Strap Operation Circuit and Parameters
Figure 8.3 ~ 8.4 is the recommended bootstrap operation circuit and parameters.

These values depend on PWM
control algorithm

15-V Line R,
[ —WWv
P Y
R, D, L LN DC
———p
= VCC VB Inverter
i HIN HO Output _|
Micom 2(
LIN VS —— ™
COM LO }
L One-Leg Diagram of SPM A

lOuF/[ TC | GF =
1 — * Example of bootstrap paramters:

= C, = C, = 1pF ceramic capacitor,
R, = 56Q, R,=20Q
Note : It would be recommended that the bootstrap diode, Dgs, has soft and fast recovery characteristics.
Figure 8.3 Recommended Boot Strap Operation Circuit and Parameters for Tiny- DIP-SPM

(Package SPM23AA, SPM23BA)
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These values depend on PWM
control algorithm

15-V Line G
L
Ry D, A P Voc
A e < a—
R vcc VB j ‘ Inverter
- ;( Y VSV HIN HO Output _ |
Icom
co ; LN vs —1 d
Cs. % COM LO 4{
1+
=4 One-Leg Diagram of SPM
1OHFT TEC 971 =
* Example of bootstrap paramters:

= C, = C, = 1uF ceramic capacitor,
R; = 56Q,

Figure 8.4 Recommended Boot Strap Operation Circuit and Parameters for Tiny- Double-DIP-SPM
(Package SPM23AC)

9. Power Loss and Dissipation

9.1 Power Loss of SPM

The total power losses in the Tiny DIP SPM are composed of conduction and switching losses in the
FRFET and bodydiode. The loss during the turn-off steady state can be ignored because it is very small
amount and has little effect on increasing the temperature in the device. The conduction loss depends on the
dc electrical characteristics of the device i.e. saturation voltage. Therefore, it is a function of the conduction
current and the device’s junction temperature. On the other hand the switching loss is determined by the
dynamic characteristics like turn-on/off time and over-voltage/current. Hence, in order to obtain the accurate
switching loss, we should consider the DC-link voltage of the system, the applied switching frequency and
the power circuit layout in addition to the current and temperature.

In this chapter, based on a PWM-inverter system for motor control applications, detailed equations are
shown to calculate both losses of the Tiny DIP SPM. They are for the case that 3-phase continuous
sinusoidal PWM is adopted. For other cases like 3-phase discontinuous PWMs, please refer to the paper
"Minimum-Loss Strategy for three-Phase PWM Rectifier, IEEE Transactions on Industrial Electronics, Vol. 46,

No. 3, June, 1999 by Dae-Woong Chung and Seung-Ki Sul”.

9.2 Calculation Method for Conduction Loss

The typical forward characteristics are approximated by the following linear equation for the FRFET

and the bodydiode, respectively.
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vi=V,+ R/ x i
(9.1)

VD:VD+RDXi

V| = Threshold voltage of FRFET Vp = Threshold voltage of bodydiode

R, = on-state slope resistance of FRFET Rp = on-state slope resistance of bodydiode

where, v, and vp are the saturation voltage of FRFET and the saturation voltage of bodydiode,
respectively.

Assuming that the switching frequency is high, the output current of the PWM-inverter can be assumed
to be sinusoidal. That is,

i = lyeakCOS(O - ) (9.2)

Where ¢ is the phase-angle difference between output voltage and current. Using equation (9.1), the

conduction loss of one FRFET and bodydiode can be obtained as follows.

Vil 2 RI2 2
P, :'2—7";“ jgcos(9—¢)de+'2—;‘k jgcosz(e—;ﬁ)de ©93)
_E+¢ _E+¢
V I eak %+¢ RDI eak2 §+¢ 2
Pano == [(1=§)cos(0 - g)do+ =222 [(1-¢)cos® (0 - ¢)d0 ©.4)
—%Hﬁ —%+¢

where § is the duty cycle in the given PWM method.

1+ Ml cosé
§=T (9.5)

where MI is the modulation index in the PWM method that represents the normalized voltage and is
between zero and one. Notice that at full modulation the duty cycle varies from zero to 100%. Under constant
frequency conditions the duty cycle can be simplified in terms of the phase angle 6.

Finally, the integration of equation (9.3) and (9.4) gives

9.6
I:)con = I:)con.l + I:)con.D ( )
_ I peak Vv I peak V_)MI I peak2 R R I peak2 R R_YMI
- o (VI + D)+ 8 (V| - D) COS¢+ 8 ( Pt D)+ 37 ( (. D) COS¢
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It should be noted that the total inverter conduction losses are six times the P, of the FRFET and

bodydiode conduction losses.

9.3 Calculation Method for Switching Loss

Different devices have different switching characteristics and they also vary according to the handled
voltage/current and the operating temperature/frequency. However, the turn-on/off loss energy (Joule) can be
experimentally measured indirectly by multiplying the current and voltage and integrating over time, under a
given circumstance. Therefore the linear dependency of a switching energy loss on the switched-current is

expressed during one switching period as follows.

Swtitching energy loss = (E, +ED)><‘ i ‘ [joule] (9.7)
EI = EI.ON + EI.OFF (9.8)
ED = ED.ON + ED.OFF (9.9)

where, E, | i| is the switching loss energy of the FRFET and Ep | i| is for the bodydiode. E; and Ep
can be considered a constant.

As mentioned in the above equation (9.2), the output current can be considered a sinusoidal
waveform and the switching loss occurs every PWM period in the continuous PWM schemes. Therefore,

depending on the switching frequency of fsy, the switching loss of one device is the following equation (9.10).

£+¢
Puv= j(E +Ep) i f,dg
_,+¢
(E +E )fsw eak (E +E )fsw eak
2 p I cos(0~¢)d¢ = P : (9.10)

_5+¢

where E, is an unique constant of FRFET related to the switching energy and different FRFET has
different E, value. Ep is one for bodydiode. Those should be derived by experimental measurement. From
equation (9.10), it should be noted that the switching losses are a linear function of current and directly

proportional to the switching frequency.

9.4 Power Dissipation Design

Figure 9.1 shows the thermal equivalent circuit of an SPM mounted on a heat sink. For sustained

power dissipation Py at the junction, the junction temperature T; can be calculated as;

September. 2007 FAIRCHILD SEMICONDUCTOR - Smart Power
Module

36




e
FAIRCHILD

SEVICONDUC TOR: Tiny-DIP-SPM User’s Guide Version 1.0(2007.09.05)
Tj - Ta =Pp (Rejc/6 + I:29ch + Reha) (9.11)

where T, is the ambient temperature and Ry, Roch, and Rena represent the thermal resistance from the
junction to the case, case to heat sink, and the heat sink to ambient for each FRFET and bodydiode within
the SPM, respectively. The dotted component of Rgc, is ignored for the sake of convenience.

From equation (9.11) it is evident that for a limited Tnax (usually 150°C). Pp can be increased by
reducing Rgna. This means that a more efficient cooling system will increase the power dissipation capability
of an SPM. An infinite heat sink will result if Roen and Rgnq are reduced to zero and the case temperature T, is
locked at the fixed ambient temperature T,.

In practical operation, the power loss Pp is cyclic and therfore the transient RC equivalent circuit shown
in Figure 9.1 should be considered. For pulsed power loss, the thermal capacitance effect delays the rise in
junction temperature, and thus permits a heavier loading of the SPM. However, in this note, all the thermal
capacitances in the dotted boxes in Figure 9.1 are also ignored because we intend to design the SPM with

continuous max. power dissipation.

Ti T, T, T,
— AW
1 il |
} ERejc ! } Rech } Rena
P A 1 \//\ 1 e
b TCJC Reca(/\/ TCch j/VCha
T /‘ 1A |
I
i ; .
~ |
Being ignored Transient impedance

of each section

Figure 9.1 Transient thermal equivalent circuit of an SPM with a heat

9.5 Power Cycle

A final thermal design consideration is the temperature range of delta T;, which works in the actual
application. The concern here is what is called the thermal fatigue. As the components of the module heat
and cool due to collector power dissipation, there are some mechanical stresses caused by the different
expansion coefficients of the various component materials. This differential expansion puts the intermediate
layers under bending and shear stress. With the accumulation of these stress cycles the assembly structure
can deteriorate causing eventual failure. Studies of this phenomenon involve tests at multiple operating
points to create curves that indicate cycling life as a function of the delta T; excursion.

These curves are specific to particular temperature, time, and operating ranges, so that a general

curve cannot be generated. The curve is representative of the test results for the SPM. All available
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information has indicated that thermal fatigue is not an issue when delta T;is kept below 30°C.

Repetitive operation of short circuit protection will result a repeated large junction temperature change
of the FRFET, and therefore shorten the device life cycle expectancy. The short circuit protection function
designed to protect the SPM from non-repetitive short circuit condition. Therefore, it is best practice ti stop
operation of the device when there is a fault. For applications involving a large number of power cycles in
conjunction with junction temperature excursions greater than 30°C, the application should be reviewed in
detail with FAIRCHILD SEMICONDUCTOR application engineers.
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10. Packaging and Installation Guide
10.1 Heatsink Mounting

Recommended cooling method of TINY-DIP-SPM

Because TINY-DIP-SPM is the most compact device of all the competitors until around 100W
applications and it doesn’t have the screw hole, cooling and heat-sink installation are important issues users
have to be careful. Temperature rise of power semiconductors is due to the non-ideal effects of switching
devices (IGBT, MOSFET and diode, etc). When the switching devices are turned on, we have a forward
voltage drop which leads to Power Loss=(Conduction current)*(\Voltage drop) and we have switching losses
due to the finite rise and fall time of current and voltage during switching period. These total power losses in
the devices make the case temperature rise with the thermal resistance of each package according to the
below formula.

T,-T.= Power loss / Thermal resistance

Therefore, in order to decrease the case temperature and increase the SOA area, we have to
minimize the total thermal resistance and power losses. Heat-sink, which is one of the most popular cooling
methods of power devices, contributes to decrease the thermal resistance. That is, heat-sink can improve
the thermal performance by spreading and cooling the heat. Everything with comparably high thermal
conductivity can be heat-sink. For example, even PCB pattern can be heat-sink if it has enough cooling
areas. Especially, TINY-DIP-SPM with no stand-off and SMD can benefit from cooling area of the bottom-
side of the module on PCB as the distance from the bottom of power modules and PCB is zero. Similarly,
thicker pattern of power pins is also useful. Fig.10.1 shows typical test board for TINY-DIP-SPM without
cooling area and fig.10.2 shows test board with cooling area at bottom side of the module and thicker power
pins. Especially, bare copper area is more preferable in view of cooling.

Because TINY-DIP-SPM doesn’'t have the screw hole, we recommend special heat-sink installation
method like fig.10.3. Using the chassis for heat-sink like (a) in fig.10.3 seems to be effective at built-in
applications. But in some cases, users can have difficulty in installing the heat-sink on DIP(Dual-in-line)
package rather than SIP (Single-in-line) package. In this case, (c) in fig.10.3 can be the probable solution.

We can solve the problem by mechanically extending the tail of the heat-sink and fixing the tail on the

chassis.
S
@
Figure 10.1 Test board of Tiny-DIP-SPM without any cooling area
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<«—Heatsink
Thermal Conductive

Mounting
Heatsink
L Thermal Rubber
SPM5
<«—PWB
(. Ppin -
\ Plastic \
SPM
PCB
N N .
\ ] Al heatsink or plate
SPM
PCB

Figure 10.3 Heat-sink installation method of TINY-DIP-SPM
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Figure 10.4 Plastic support Installation method using (e) in fig.10.3

Picture Surface Area Material Installation Method N\
O [
69mm*9mm*1mm
> 13.9cm2 Al

* Applied Plastic Support : DASS-6NT, Dong-A Bestech Co.,LTD

= v ‘Fal
lr‘% gEm O

-—E
Tid.ze

[ Plastic support ]

Figure 10.5 The used heatsink size for plastic support installation method

Silicon Grease
Apply silicon grease between the SPM and the heat sink to reduce the contact thermal resistance. Be
sure to apply the coating thinly and evenly, do not use too much. A uniform layer of silicon grease (100 ~

200um thickness) should be applied in this situation.
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10.2 Handling Precaution

When using semiconductors, the incidence of thermal and/or mechanical stress to the devices due to

improper handling may result in significant deterioration of their electrical characteristics and/or reliability.
Transportation

Handle the device and packaging material with care. To avoid damage to the device, do not toss or
drop. During transport, ensure that the device is not subjected to mechanical vibration or shock. Avoid getting
devices wet. Moisture can also adversely affect the packaging (by nullifying the effect of the antistatic agent).
Place the devices in special conductive trays. When handling devices, hold the package and avoid touching
the leads, especially the gate terminal. Put package boxes in the correct direction. Putting them upside down,
leaning them or giving them uneven stress might cause the electrode terminals to be deformed or the resin
case to be damaged. Throwing or dropping the packaging boxes might cause the devices to be damaged.
Wetting the packaging boxes might cause the breakdown of devices when operating. Pay attention not to

wet them when transporting on a rainy or a snowy day.

Storage

1) Avoid locations where devices will be exposed to moisture or direct sunlight. (Be especially
careful during periods of rain or snow.)

2) Do not place the device cartons upside down. Stack the cartons atop one another in an uprighrt
position only. : Do not place cartons on their sides.

3) The storage area temperature should be maintained within a range of 5°C to 35°C, with
humidity kept within the range from 40% to 75%.

4) Do not store devices in the presence of harmful (especially corrosive) gases, or in dusty
conditions.

5) Use storage areas where there is minimal temperature fluctuation. Rapid temperature changes
can cause moisture condensation on stored devices, resulting in lead oxidation or corrosion. As
a result, lead solderability will be degraded.

6) When repacking devices, use antistatic containers. Unused devices should be stored no longer
than one month.

7) Do not allow external forces or loads to be applied to the devices while they are in storage.

Environment
1) When humidity in the working environment decreases, the human body and other insulators can
easily become charged with electrostatic electricity due to friction. Maintain the recommended
humidity of 40% to 60% in the work environment. Be aware of the risk of moisture absorption by
the products after unpacking from moisture-proof packaging.
2) Be sure that all equipment, jigs and tools in the working area are grounded to earth.

3) Place a conductive mat over the floor of the work area, or take other appropriate measures, so
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that the floor surface is grounded to earth and is protected against electrostatic electricity.

4) Cover the workbench surface with a conductive mat, grounded to earth, to disperse electrostatic
electricity on the surface through resistive components. Workbench surfaces must not be
constructed of low-resistance metallic material that allows rapid static discharge when a charged
device touches it directly.

5) Ensure that work chairs are protected with an antistatic textile cover and are grounded to the
floor surface with a grounding chain.

6) Install antistatic mats on storage shelf surfaces.

7) For transport and temporary storage of devices, use containers that are made of antistatic
materials of materials that dissipate static electricity.

8) Make sure cart surfaces that come into contact with device packaging are made of materials
that will conduct static electricity, and are grounded to the floor surface with a grounding chain.

9) Operators must wear antistatic clothing and conductive shoes (or a leg or heel strap).

10) Operators must wear a wrist strap grounded to earth through a resistor of about 1MQ.

11) If the tweezers you use are likely to touch the device terminals, use an antistatic type and avoid
metallic tweezers. If a charged device touches such a low-resistance tool, a rapid discharge can
occur. When using vacuum tweezers, attach a conductive chucking pad at the tip and connect it
to a dedicated ground used expressly for antistatic purposes.

12) When storing device-mounted circuit boards, use a board container or bag that is protected
against static charge. Keep them separated from each other, and do not stack them directly on
top of one another, to prevent static charge/discharge which occurs due to friction.

13) Ensure that articles (such as clip boards) that are brought into static electricity control areas are
constructed of antistatic materials as far as possible.

14) In cases where the human body comes into direct contact with a device, be sure to wear finger

cots or gloves protected against static electricity.
Electrical Shock

A device undergoing electrical measurement poses the danger of electrical shock. Do not touch the

device unless you are sure that the power to the measuring instrument is off.
Circuit Board Coating

When using devices in equipment requiring high reliability or in extreme environments (where moisture,
corrosive gas or dust is present), circuit boards can be coated for protection. However, before doing so,
you must carefully examine the possible effects of stress and contamination that may result. There are
many and varied types of coating resins whose selection is, in most cases, based on experience.
However, because device-mounted circuit boards are used in various ways, factors such as board size,

board thickness, and the effects that components have on one another, makes it practically impossible to
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predict the thermal and mechanical stresses that semiconductor devices will be subjected to.

10.3 Marking Specifications

Figure 10.6 show the Tiny-DIP-SPM three package type, that is, SPM23AA, SPM23BA, SPM23AC

#1 #16

““““““““ psnsnompansnnns o Ll
{0000 € (0 60 O U 0 6 D £ 6 5] i m:mmmm:m;mmm:mmmm

[} ‘ I (¢}
-lo-o-oro-0-0f- B R e e -lo-o-ole-o -0l

¢ | SR 1) I o |

TU 90T 00 LR TU 900 0

#17 #23
SPM23-AA SPM23-BA SPM23-AC
Fig. 10.6 Tiny-DIP-SPM of package type
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Fig. 10.7 Marking layout of Package SPM23-AA type (bottom side)

1.2

wn

1 — _ (¢

of | 2 i
oo [ESIBISI0747510
B0 mimil il
Q 0.2 0.78 2.00
0 — N - -
- 9.6+£0.2

10.0

Fig. 10.8 Marking dimension of Package SPM23-AA type

1. F: FAIRCHILD LOGO
2. XXX : Last 3 digits of Lot No.
3. YWW : WORK WEEK CODE ("Y" refers to the below alphabet character table)
4. Hole Side Marking
- CP : FSB50450 (Product Name)
- XXX : Last 3 digits of Lot No.
- YWW : WORK WEEK CODE ("Y" refers to the below alphabet character table)

Table 10.1 Work Week Code

Y 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010
Alphabet | A B C D E F G H J K A
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Fig. 10.9 Marking layout of Package SPM23-BA type(bottom side)
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Fig. 10.10 Marking dimension of Package SPM23-BA type

1. F: FAIRCHILD LOGO
2. XXX : Last 3 digits of Lot No.
3. YWW : WORK WEEK CODE ("Y" refers to the below alphabet character table)
4. Hole Side Marking
- CP : FSB50250S (Product Name)
- XXX : Last 3 digits of Lot No.
- YWW : WORK WEEK CODE ("Y" refers to the below alphabet character table)

Table 10.2 Work Week Code

Y 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010
Alphabet | A B C D E F G H J K A
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Fig. 10.11 Marking layout of Package SPM23-AC type(bottom side)
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Fig. 10.12 Marking dimension of Package SPM23-AC type.

1. F: FAIRCHILD LOGO
2. XXX : Last 3 digits of Lot No.
3. YWW : WORK WEEK CODE ("Y" refers to the below alphabet character table)
4. Hole Side Marking
- CP : FSB50550T (Product Name)
- XXX : Last 3 digits of Lot No.
- YWW : WORK WEEK CODE ("Y" refers to the below alphabet character table)

Table 10.3 Work Week Code

Y 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010
Alphabet | A B C D E F G H J K A
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10.4 Packaging Specifications

SPM23-AA Tube Packing
Configuration: Figure 1.0

15 units per Tube

FKS Label

SPM23-AA Packaging

SPM23-AA Tube Packing Data

]
FAIRCHILD
e |
SEMICONDUCTDR:

Packaging Description:

SPM23-A4 partz are shipped nomally in tube. The tubs is
made of PVC plastic freated with anti-static agent These fubes
in standard option are placed inside a dizsipative plastic bubble
zheet, barcode labeled, and placed inside a box made of
recyclable corrugated paper. One box contains sighteen fubes
maximum {2ee fig. 1.0). And one or several of these boxes are
placed inzide & labeled shipping box which comes in different
sizes depending on the number of parts shipped. The other
opticn comes in bulk as described in the Packaging
Information table. The unitz in this oplion are placed inside a
amall box laid with anti-stafic bubble sheet. These smaller
boxes are individually labeled and placed inside a larger box
(see fig. 2.0). These larger boxes then will be placed finally
inside a labeled shipping box which still comes in different
sizes depending on the number of units shipped.

Bubble Shest

&

SF0mm = 150mm x 35mim
Inner box (270cap)

.

Inner Box Barcode Label Sample

Information: Figure 2.0

WD ST ST R

< >

W i

#Z

S80mm x 323mm x 215mm
Outer box{2160cap)

Inner Box Barcode 2nd Labe

a

Outer Box Barcode Labe! Sampls

L.

FKS Label

rum

N R TR,

g::lnl
! PKKHXKHII

-;ma:

EPM23-A4 Paokaging Information
Packaging Cetlon -'wsﬁ:'::;z:
Packaging bpe Rl Tube
ity pear Tz Innsr Bax 15
Irrer Eox Dimenclon (mm) | 57001555
Max gty per Box e |
urer Bow Dimaneson (mms) | s8oeaze21s
Max gty per Box 2163
"Wézighk par ani® igmi -

Mot CGommenks
SPM23-AA Tube -

Information: Figure 3.0

Mol=- Al cimensions are In mm

1..... .,-.

2010

118203

Fig. 10.13 Description of packaging process for SPM23-AA.
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FFMZ1BA Fackaging Informatian
Faakaging Option izt
Packaging fype THR
Gty par ReslTubs'Eag 450
Rl Blze 13" Dis
Inner Box Dimansion jmm) | 33Sw35Ie2
Max iy par B 450
Cuber Sox Dimanclon (mnmi | 330x37ke30
Max iy par B 1800

Welght pae unH {gmy}

Wealght per Reslikgl

HolsiCemments

Inner Box Barcode Label Sampls

W Eamurn

i;i

s b Avs el e

¥ B

A

Inner Box Barcode 2nd Labe

Cwter Box Barcode Labe! Sample

e o 3 T

SRR AR KK

| == /
Carmler Tape L

Cover Tape

=

W e peh

FKS Label

Antistatic Cover Tape

Static Dissipative
Embossed Camier Tape

1 Reels per box (

SPM23-BA Tape Leader and Trailer
Configuration: Figure 2.0

@]
O
O

Caufion label

SPM23-BA Tape and Reel Data

SPM23-BA Packaging
Configuration: Figure 1.0

Insering 2 Desiccants (2 x 257)
and Humidty Indicator Card -

-

_1 reels per bag

329mm x 332Zmm x BEmm
Inner box(450cap)

-

FKS Label

I
FAIRCHILD

I
SEMICONDUCTOR ™

Packaging Description:

SFMZ3-BA paris are shipped In fape. The camier tape s
made from a diszipalve [carbon fled] polycartonabe
resin The cover tape Iz 2 muld-layer 9im (Heat Actieated
Adhesise In raure) primarity composed of polyesier im,
acheshe |ayer, seaarf and ani-siabic sprayec apent.
These resjed parts In standard cpfiom are shipped wilh
EEOunks per 13" or 330mm damelsr mel. The resjs am
dark biue or biack In color and 5 mace of polyzhrens
piastic (and-staiic coated). This and some oher opions
ae futher descrbed In e Fackaging informalion
faihe. These full resis ane individuslly Dancoce labeied and
piaced inskie a s@ancand lenmediate ox (lusialzd In
figure 1.0) made of recyciable comugaled Drown paper.
Cne box confains bwo rests madimum. And fnese boxes
are placed Inside 3 barcoce fabeles shipping Dox which
omes In diiznent sipes depanding on he numzer of pars
shippes,

SPM23-BA Unit Orientation

FKS Label gy

vy

390mm x 370mm x 310mm
Outer box(15800cap)

OO0 0 \ o) looloo / { ooo oo
¢ 2 - I ; ‘;l l [

C 0 | O 0]l 0 J /OO0 O ; OO0 00O
I Trader Taps . Components ¥ Leader Tape :

ETBmm minimurm or

26 empty pockets

1032mm minimum or
45 empty pockets

Fig. 10.14 Description of packaging process for SPM23-BA.
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SPM23-AC Tube Packing
Configuration: Figure 1.0

15 units per Tube
- L

FKS Label

SPM23-AC Packaging
Information: Figure 2.0

SPM23-AC Tube Packing Data

_
FAIRCHILD
e
SEMICONDUCTOR:

Packaging Description:

SPM23-AC parts are shipped nomally in tube. The tube is
made of PVT plastic freated with anti-static agent These tubes
n standard option are placed inside a dissipative plastic bubble
shest, barcode labeled, and placed inside a box made of
recyclable corrugated paper. One box contains twelve tubes
maximum (2e= fig. 1.0). And one or zeveral of these boxes are
claced ingide a labeled shipping box which comes in different
sizes depending on the number of pars shipped. The other
option comes in bulk as described in the Packaging
Information table. The units in this oplion are placed inside a
asmall box laid with anti-static bubble sheet. These smaller
boxes are individually labeled and placed inside a larger box
(zee fig. 2.0). These larger boxes then will be placed finally
nzide a labeled shipping box which still comes in different
sizes depending on the number of units shipped.

.

™~

Bubble Shest

&

ST0mim x 150mm x S5mm
Inner box (180cagp)

« >

Inner Box Barcode Label Sample

o Ty [ ]
o=
LE==1

e B

5 B

T

WS IR IS,

[T

Z

Inner Box Barzode 2nd Labe

Cuter Box Barcode Label Sample

S80mm x 325mm = 2715mm
Outer box{1440can)

/

FKS Label

EFM2i-AC Paokaging Inforration
Fackaging Cetlon -'w‘sf:-f::e:
Fackaging tpe RallTube
oty par Tubed lnmer Biow 1E
rnar Ego Direnclan (mimi | 57001 5hess
Max gty psr Box 180
Oudsr Box Dimsnsion imm) | S80eiiEx21E
Mk gly per Box 1441
‘Wislight par unit e :

HobaiGomments

SPM23-AC Tube
Information: Figure 3.07..5

Role Al CimEnsions ans in mm

e

P
1

ZANEAD

g 115203
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Notice for Safe Designs

We are making every effort to improve the quality and reliability of our products. However, there are
possibilities that semiconductor products be damaged or malfunctioned. Pay much attention to take
safety into consideration and to adopt redundant, fireproof and malfunction-proof designs, so that the
breakdown or malfunction of these products would not cause accidents including human life, fire, and

social damages.

Notes When Using this Specification

This specification is intended as reference materials when customers use Fairchild semiconductor
products. Thus, we disclaim any warranty for exercise or our intellectual property rights and other

proprietary rights regarding the product information described in this specification.

We assume absolutely no liability in the event of any damage and any infringement of third party’s
rights arising from the use of product data, diagrams, tables, and application circuit examples described in

this specification.

All data including product data, diagrams, and tables described in this specification are correct as of the
day it was issued, and they are subject to change without notice. Always verify the latest information of

these products with Fairchild semiconductor and its agents before purchase.

The products listed in this specification are not designed to be used with devices or systems, with
would directly endanger human life. Should you intend to use these products for special purposes such as
transportation equipment, medical instruments, aerospace machinery, nuclear-reactor controllers, fuel

controllers, or submarine repeaters, please contact Fairchild semiconductor and its agents.

Regarding transmission or reproduction of this specification, prior written approval of Fairchild

semiconductor is required.

Please contact Fairchild semiconductor and its agents if you have any questions about this

specification.
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