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Preliminary T8332FI

BOOST/ BUCK-BOOST/ BUCK CONTROLLER IC with External MOSFET

FEATURES

5 - 60V input voltage range

Single resistor programmable constant

current driver

Excellent constant current accuracy +3%

typically

0.1V feedback reference voltage tailor-

made for LED application

Support Boost/Buck/Buck-Boost/SEPIC

configuration
DC and PWM dimming
On-chip thermal shutdown at 170

Thermal derating by using external NTC

Programmable soft start

GENERAL DESCRIPTION

The T8332FI is designed to operate as a
constant current source for driving high current
LEDs. It is a current mode control IC which
provides a good line transient response. The
device can provide an excellent constant current
accuracy of +/-3% typically. A frequency
adjustment pin allows the user to program the
frequency from 80kHz to 1MHz to optimize
efficiency, performance or external components.

Moreover, integrated diagnostics and two fault
outputs give indication of VIN and VREG
under-voltage, chip over-temperature, output

Programmable switching frequency 80kHzopen circuit, LED short circuit and LED

to 1MHz (by default 430kHz)
Dithering in oscillator frequency to
simplify the EMI design
Cycle-by-cycle current limit
Over-current protection

Open LED overvoltage indication and

protection
15pA shutdown current
TSSOP16 package

Applications

PIN ARRANGEMENT

High Power LED Driver
LED illuminance

LCD backlight illumination
Automotive interior lighting
Automotive Headlights

undercurrent, and can be configured to provide
short to supply and short to ground protection
for the LED connections, LED overcurrent and
shorted LED string protection.

PART NUMBER EXAMPLES

piM [T 0
osc =]
coMp 3]
ss 4]
cs [
GND [}
GATE [7]
VREG 3]

PART NO. PACKAGE
T8332FI TSSOP-16
161 EN — 1
[15] Fr — 1
T3] Fra — 1
3] pwmoUT — 1
o] vsN —] 1
17 vsP —] 1
0] ouv — 1
91 vin ] 1

TOP VIEW

BOTTOM VIEW
T8332FI, TSSOP16
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TYPICAL APPLICATION
(BUCK-BOOST)
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PIN DESCRIPTION

Pin No. Pin Name [Pin Description
1 DIM DC Dimming
2 0OSsC Frequency set
3 COMP Compensation pin.
4 SS Soft start
5 CS Connect a resistor for the current mode cbntro
6 GND Ground Pin. IC ground.
7 GATE Switch gate drive
8 VREG Internal regulator
9 VIN Main supply

Over-voltage and under-voltage protection pin, e
this pin to the output voltage of the LED through a

10 oLV resistor divider to detect the over voltage andennd
voltage.
11 VSP Load current sense +ve input
12 VSN Load current sense —ve input
13 PWMOUT Zl\é\{[:\\/lleglzal()tvi)drlve for external p-channel MOSFET
14 FFA Fault indication flag
15 FFB Fault indication flag
16 EN Enable chip
TM Technology, Inc. reserves the right P.3 Publication Date:07.FEB . 2017
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ABSOLUTE MAXIMUM RATINGS

Parameter Symbol Value Unit
VIN, VSP and OUV pin voltage relative to .0.3 10 +60 Vv
GND
ouv VSP - 5to VSP
PWMOUT VSP - 10 to VSP Vv
GATE -0.3to +10 V
VSN VSP - 1V to VSP \
FFA -0.3to +60 \%
VREG -0.3to +8 Vv
DIM pin voltage relative to GND -0.3to0 +3.3 \%
EN, FFB, SS, COMP, CS and OSC pin voltage 0310 455 Vv
relative to GND
Junction temperature range 3T -40 to +150 °C
Maximum soldering temperature o
(at leads, 10sec) Tiero 300 =
Storage temperature range s T -65 to +150 °C
Junction to case thermal resistance 0sc 3.5 °C W
TM Technology, Inc. reserves the right P.4 Publication Date:07.FEB . 2017
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Electrical

Characteristics

+Denotes the specifications which apply over thedperating temperature range=T-4FC to
+125C, Vi = 12V. Otherwise specifications are atF25°C, Vy = 12V.

Symbol |Description Conditions Min.| Typ. | Max. | Unit
Supply and Reference
Vovp Fixed Output Over- |Measured at VSP with respect
: 65.5
voltage Protection to ground
Vin Operating voltage range 5 60 Vv
Vinuv Vin under voltage W Decreasing 4.2 | 4.52 \%
Vn under-voltage
AVinuv hysteresis 260 mv
lo Operating quiescent Capaclltor load = 1000pF at o5 3 mA
current gate pin.
loFr Shutdown current IC shutdown by 20 26 | MA
Ven < VEN oFF
VREG Regulation pin voltage N=12V, lrec=-10mA ¢+ | 65| 7.3 8 \
Vrecuv |VREG under voltage | M Decreasing 38| 4.2 Vv
Vrec under-voltage
AVRecuv hysteresis 350 mvV
Vrecel |Vregcurrent limit \Vkec short to GND ¢ 25| -52 mA
Oscillator and Soft Start
Rosc = 3.3k 850 | 1000| 1150| kHz
. Rosc = 6.75R 425| 500 | 575 | kHz
Oscillator frequency
foee Rosc short to GND 365| 430 | 495 | kHz
Rosc = open 60 | 80 90 | kHz
Oscillator frequency 80 1000| KHz
range
Iss Soft start current Current out of pin 11 HA
The Upper limit of the
Vravpup |Soft Start Ramp Up 1.8 Vv
Voltage Active Region
LED Current Sense and Control
Differential input EN=High,
VoL voltage (Active) VSP - VSN 97 1001 103 | mV
LED Over current EN=High,
Voclep |y reshold VSP - VSN 142| 160 | 175 | mV
Vpmon |[DC Dimming ON 0.15/0.206| 0.25| V
DC Dimming Control .
V biM.MAX for Full Brightness DC voltage on the DIM pin 2.3 Vv
DC Dimming Control . i
VoM MIN for Gate Driver OFE DC voltage on the DIM pin 0.15 \%
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Symbol |Description Conditions Min.| Typ. | Max. | Unit
Gate Drive Output
Rosc = open
Tr Turn-On Rise Time |Loading Cap =2.2nF 30 ns
(from 10% to 90%)
Rosc = open
Tk Turn-Off Fall Time Loading Cap =2.2nF 30 ns
(from 10% to 90%)
VoL Output low level . 0.2
Von Output high level . VREG Vv
Dmax Maximum duty cycle ¢+ | 88| 92 96 %
Switch Current Sense and Amplifier
Switch over-current
swocp  |protection threshold 440| 500 | 560 | mV
voltage
Acs Voltage Gain 4 VIV
IBiass Input Bias Current 24 | -32 | -40 | pA
Slope Compensation
o Sawtooth current added to
IsLopPE Slope Injection Currenrcurrent sense (CS) pin -97 HA
Logic Inputs and Outputs
EN pin chip enable -
VEN_ON voltage VEN rsing . 2
Ven orr  |EN pin disable voltage . 0.8
tois Disable time dsc= 430kHz 38 ms
FFA Fault output (Open  |lg.=1.2mA, FFA |0.26 v
FFB Drain) fault not asserted FFB |0.46
Fault output FFA sink |Vo=0.4V,
IFFASING |0y rrent fault not asserted L2 1 22 mA
Fault output FFB sink |Vo=0.4V,
IFFBSING |y rrent fault not asserted 081135 2 | mA
Dither Generator
Dither Modulation _
fDITH Frequency fosc— 430kHz 6.7 kHz
fspreap |Dither Frequency Ran@é of switching frequency +/-4 %
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Symbol |Description Conditions Min.| Typ. | Max. | Unit
Protection
. At start up,

tre Fault blank timer fosc = 430kHz 2.4 ms
LED short protection

VscL voltage Vsp- Vouv 260| 300 | 330 mV
LED open protection

VocL voltage Vsp- Vouv 1.08) 1.2 | 1.32| V

PWMyy |” WMOUT Under- \/ep pecreasing 5 | 55 Vv
voltage

PWMuys [PWMOUT Hysteresis 0.56 \%
Over-temperature Measured at junction, . 0

Tsp . . . 170 C
warning threshold* |temperature increasing

T Over-temperature Measured at junction, . 35 °c

SPHYS  hysteresis* recovery = Ep-Tsonvs

+ Function is correct but parameters are not gtieean

** At VIN equals 5-6V and >50V, the part only guataes GATE pin switching but not guarantee
to follow the electrical parameters.

*Parameters are not tested at production and gtes@rby design, characterization and process

control.

Block Diagram

VREG ~\ 7\ VIN 7\ EN
0sC \/ j/ \l/
VOLTAGE CONTROL GATE
FEA FAULT uviLo REGULATOR LOGIC

DETECT 1 ‘

FFB E[ ] T T ,\I\
J ~ g\ R Q
! ! + pmLoY S (SIIZDOV\:IEENSATION SwWocP !

GND

[ OUTPUT 0sc (6
OVP
SWOCP +
1 LED_OC - G=4 | COMPARATOR
wuvp ’PWM_UV \/:— | ~ -8V wrt VSP
: . N e (L AQWmout
LED_OC
lanking at startup|
+ ON/OFF
DIMi\AING VSP
—~"LED OVP
( SOFT DIM
ouv START CONgL_é VSN
SS\—/  DIM CcCoOMP
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FUNCTIONAL DESCRIPTION

T8332FI is a constant current LED driver which &@nconfigured as a Boost, Buck-Boost, Buck or
SEPIC converter. It depends on the user’s choicth@mumber of LEDs on the output. Typical
converter application circuits of T8332FI are shawthe next section.

VIN

The VIN is the power supply voltage pin for the glypto the control circuit of T8332FI. The pin
has an UVLO function, once voltage on the pin reach52V; the IC is ready to start the operation.
When the voltage on this pin falls below 4.78 Ve tiC will be shutdown(Note: A bypass
capacitor must be connected close between this pin and GND.)

VREG

To provide a filtered output and to ensure the laguis stable, a 2, or above ceramic capacitor
is required to be connected between VREG and GNiB.CEramic type should be a quality type
such as X5R, X7R, or X8R. The VREG pin voltageoisdriving the external switching MOSFET.
Normally, at 12V VIN, the VREG voltage is 7.3V tgaily. The UVLO point of the VREG is
around 4.2V. Once the VREG is under 4.2V, the dateer will be turned off and it will resume
back to normal when the VREG voltage rises backooind 4.55V.

Output LED current setting

The output LED current is determined by a combaratf the LED sense resistogdRss the LED
current threshold voltage,d/, (100mV). For example, to program a 1A output ety the sensing
resistor will be

_100mV

Rense A - 0.1Q
Rsense /ohm Rsense vs. LED Current
0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05
(0]
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50
LED Current /A
TM Technology, Inc. reserves the right P.8 Publication Date:07.FEB . 2017
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Soft Start

For many applications, it is important to minimite inrush current at start-up. The built-in soft-
start circuit significantly reduces the start-uprent spike and output voltage overshoot. The soft-
start interval is set by the soft-start capacigestion according to the equation:

1.8V
110A

T =Cg %

, Where Esis the soft start time and the4is the soft start capacitor

For example, to program the soft start time as 2nes(Gss capacitor will be:

11LA
Co =2msx =>C. =12nF
s 1.8V s

Soft Start Soft Start Time
Time/ms
12

10

8

(0] 10 20 30 40 50 60
Soft Start Capacitor Value /nF

Frequency Dithering

T8332FI has an internal frequency dither functionmprove the EMI performance of the system.
The internal frequency is hopping in a small fraggyerange to reduce the radiation at the switching
frequency which simplifies the EMI design. The dithmodulation frequency is 6.7kHz typically
and the dither frequency range is ~ +/-4% typically.

TM Technology, Inc. reserves the right P.9 Publication Date:07.FEB . 2017
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Oscillator
The oscillator can be programmed by tiding an eekeresistor Bsc (kQ). The oscillator is
designed to run between 80 and 1000 kHz. The asmilfrequency is approximately:

foee =80+ _ 48000 (kHz)
17xR,

SC

Frequency /kHz Frequency vs. Rosc
1000.00

900.00
800.00
700.00
600.00
500.00
400.00
300.00
200.00
100.00

0.00

1 10 100 1000
Rosc / kohm

Note: The oscillator frequency will be arouB8 KHz when OSC pin open and 430 KHz when
short to GND

Enable Pin Function

The enable pin is to control the IC on/off openati®Vhen the enable pin is pulled down over the
disable time that stated in the datasheet (~168#k cycles which equivalent 38ms at switching
frequency 430 kHz), the IC will completely shutdoand enter into the shutdown mode. The IC
current consumption reduces to nearly20This pin can also be used as direct PWM input fo

LED dimming.

TM Technology, Inc. reserves the right P. 10 Publication Date:07.FEB . 2017
to change products or specifications without notice. Revision:A Ver2.1



TE ..
t M &5 Preliminary T8332F

Switch current limit and over-current protection

T8332FI has a switch current limiting function. Wihine CS pin voltage reaches the current limit
threshold (~0.5V), the IC begins to count for tiatech over current. Once the switch over current
is over 8 clock cycles, the IC will enter into higcmode. The hiccup mode turns off the gate driver
for 8192 clock cycles. After the hiccup mode, tlewill resume to monitor for the switch over
current, if the switch over current stills existdawver 8 switching clock cycles, the IC will gottee
hiccup mode again. Of course, if the switch ovarent condition removed, the IC will resume to
normal operation. The switch over current limit agon is shown below.

Slope Compensation

The slope compensation is to prevent subharmomitiai®ons at duty cycles greater than 50% in
continuous current conduction mode. A current seis@rovided at the CS pin as a sawtooth from
0 to 97pA. An external resistorsRps connected between the CS pin and the source coomef

the MOSFET, is used to program the appropriateagelievel to scale the slope compensation for
correct use with the appropriate topology and petanditions that have been adopted.

PWMOUT Under-voltage

During startup, the VSP pin voltage is going to paop. When this voltage is under 6V, the
PWMOUT will not provide any gate driving voltage tiarn on a high side PMOS. When the VSP
pin voltage exceeds 6V, the PWMOUT driver turnsaod begin to provide a conduction path for
the output LED. The PWMOUT will be disabled wher SP pin voltage drops down to 5.5V
(voltage hysteresis around 0.5V).

Fixed Over Voltage Protection

The T8332FI has a fixed over voltage protectionolthis implemented on the VSP pin. Once the
VSP pin voltage over around 65.5V, the IC will stbp gate driver and the output voltage will drop.
The hysteresis for the fixed over voltage protetimaround 5V. Once the voltage on the VSP falls
below around 60.5V, the IC will resume the switghon the gate driver.

Note: For 430kHz, 8192 clock cycles equivalent to 19ms.

TM Technology, Inc. reserves the right P.11 Publication Date:07.FEB . 2017
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Open and short LED protection

The open and short LED protection are implementeg@lacing a resistor divider on the output of
the converter (VSP) with respect to the LED negatierminal. The divided sensing voltage is
compared with the VSP voltage and formad/ which shown in below picture. If the voltage
difference is over 1.2V for more than 2 clock cgelthe LED string will be treated as over voltage
condition. Then, T8332FI will stop the gate drivimgltage to the external MOSFET and entering
into a hiccup mode. The hiccup mode will turn aftothe gate driver and the PWMOUT for 8192
clock cycles. And the FFA and FFB pins are pulled Bnd open drain respectively. The IC gate
driver will turn on again if the over voltage fahlas been removed after the hiccup period. Normal
voltage difference of VSP — OUV is within aroun@¥.to 1.2V. If the over voltage stills exist after
the hiccup period, no gate driver signal will cogiiout and the IC continues to count 8192 clock

cycles for the hiccup mode again..
VSP

RSENSE

Open
Voltage

| . . Short Circuit :

VLED

KK KK KK

Detect

AV=VSPx(R1/(R1+R2))

AV <0.3V LED short protection

AV >1.2V LED open protection

(0.3V<KAV<K12V)

If the voltage difference is less than around 0f@\V32 clock cycles (after the fault blanking tirae

IC startup, the blanking time is typically 1024 atocycles), the LED will be treated as an output
under voltage condition. T8332FI will stop the gdteving voltage to the external MOSFET and

the FFA pin goes to open drain to disconnect theed loop circuit path by back to back P channel

MOSFETSs of the converter.
S /k Back to back P-
| Il: | | | channel

VBAT . . .
- b | ? (4] H Isolation

-------------------------- N “AnQ':':T‘

FFA pin goes to open drain
to disconnect the closed 1
loop circuit path of the I
converter when output -
under voltage confirme

Note:

For 430kHz,

° 1024 clock cycles equivalent to 2.4ms.
[} 8192 clock cveles eauivalent to 19ms.

TM Technology, Inc. reserves the right P.12 Publication Date:07.FEB . 2017
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Reverse Supply Protection
Protection for the T8332FI is provided by an exa¢taw current diode between the VBAT and the

VIN pin, as shown in the picture below. This caayant damaging the IC under reverse battery
condition. Also, additional of isolation MOSFETs|d possible to provide reverse battery
protection to the switching elements and the LEDD® additional MOSFETs should be connected,
as shown in picture below, with the drain to thpmy and the source to the source connection of
the original isolation MOSFET.

Back to back P-
channel Isolation
MOSFETs

VBAT[ | _L

Diode for reverse battery =

protection. To prevent \/ ............... :JE

reverse voltage damaging
the IC.
\|/

Over-temperature Protection

If the chip temperature exceeds the over-tempearatueshold 3, (~170C), the IC will stop the
gate driving. When the IC is shutting off, the I@snperature will begin to drop. Once the
temperature drops around 285(the temperature hysteresis iSGSypically).The IC will resume to
start switching again.

TM Technology, Inc. reserves the right P.13 Publication Date:07.FEB . 2017
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Output current adjustment by external DC DIM control voltage
The DIM pin can be driven by an external dc voltag®e shown, to adjust the output current to a
value below the one programmedRynse.

DC * PIM T8332
GND
GND
LED Current
/mA
2500
2000 r."‘“
1500 il
.t""
.‘.‘
e
1000 P o
-
*”
e o
500 o
.t"
o®
0
0 0.5 1 1.5 2 2.5
DIM Voltage /V
TM Technology, Inc. reserves the right P.14 Publication Date:07.FEB . 2017
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Output current adjustment by PWM control

» Directly driving EN input
A pulse-width-modulation (PWM) signal with can bppéed to the EN pin, as shown below, to
adjust the output current to a value below themmogrammed by E:nse

Ven PWM

| | | |_'EN 18332
oV G_IT_D

» Driving the EN input from a microcontroller
Another possibility is to drive the device from tbpen drain output of a microcontroller. The

diagram below shows one method of doing this:

MCU EN 18332
GND

1
2C

If the NMOS transistor inside the microcontrollexshhigh drain capacitance / source capacitance,
this arrangement can inject a negative spike inb iput of the T8332FI and cause erratic
operation. The addition of a schottky clamp diodatlfode to EN) to ground and inclusion of a
series resistor (10K) will prevent this. See thetise on PWM dimming for more details of the
various modes of control using high frequency avdfrequency PWM signals.

TM Technology, Inc. reserves the right P. 15 Publication Date:07.FEB . 2017
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|

Fault Table
Fault Actions on Pin Drivers
D i Conditions Other Actions
eSChptions | 'FFA | FFB  |PWMOUT| GATE
Norm_al Pull Pull Low ON Switching No Fault
Operation Low
VREG <
e Lo | S| ov | o | vRER, | wa
g (~4.2V)
Restart if FFA is
connected with 3
Programmableg Open | Open VSP-Vouv < protection MOS.
Under-Voltage| Drain | Drain OFF OFF V., (~0.3V)
9 seLh = Go for hiccup
mode 8192 clock
cycles.
Go for hiccup
Programmable Pull Opgn OFE OFF VSP-Vouv > mode 8192 clocH
Over-Voltage | Low Drain Vo (+1.2V)
cycles.
) T,>~170C
Over Pull 1 Open | opp OFF | Hysteresis = N/A
temperature | Low Drain
35C
Vin under- Open | Open VIN <VIN
voltage Drain | Drain OFF OFF (~4.52V) N/A
PWMOUT Pull Open VSP < PWM,
under-voltage| Low Drain OFF OFF (~5.5V) N/A
VSP Fixed over- Pull Open VSP > VIN,,,
voltage Low | Drain OFF OFF (~65.5V) N/A
, Vcs > SWOCP| Go for hiccup
Switch Over | Pull | Open | OFF | (0.5Vfor8 | mode 8192 clock
current Low Drain
clock cycles). cycles.
VSP-VSN > Go for hiccup
LED over- [ Pull | Open | pp OFF | VOCLED | mode 8192 clock
current Low Drain
(~0.16V) cycles.
Remark:

OFF = turn off P-channel MOSFET in PWMOUT; GATEaisVo, .

TM Technology, Inc. reserves the right
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TYPICAL APPLICATION CIRCUITS

The T8332FI can be configured as Boost, Buck, BBiokst and SEPIC. The application circuits
are shown below:

.................... . Note!
VBAT I—H—l:
: T NoteZ
LEFA
T = | | gt
T 1 VW

VOLTAGE CONTROL
REGULATOR LOGIC

ooooooooooooooo

sssss
cccccc

7T\

LLLLLL

R VLV VE 44
MV

oooooo
MMMMMMM

S\

Boost Converter which is for VBAT < VLED

Note: VLED must be lessthan MOSFET rating.

Notel: option for safety protection
Note2: option for high precision PWM dimming

TM Technology, Inc. reserves the right P.17 Publication Date:07.FEB . 2017
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Note] Notez >

e m

AT, NN NN Y

PWMOUT
........

VOLTAGE CONTROL GATE A p
REGULATOR LOGIC

Buck Converter which is for VBAT > VLED

Note: VBAT must be lessthan MOSFET rating.

Notel: option for safety protection
Note2: option for high precision PWM dimming

TM Technology, Inc. reserves the right P.18 Publication Date:07.FEB . 2017
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Notez
NN RKNKNKNN KN |—'ﬂ—|
i —H_H_H‘h Y| —+VVW
MY 4AAY
rrsszstaszannannnzaen, A
VBAT :_L ||=‘L_J| ||=‘L_J| IR
I § Note]
= -b: ..................
£ -
= T T
o = VREG C) A\ VIN \IJEN
VOLTAGE _\r CONTROL QATE IE}
FFA T uvio REGULATOR LOGIC ) <
DETECT A

Buck-Boost which is for VBAT < VLED or VBAT > VLED.

Note: VBAT +VLED must be lessthan MOSFET rating.

Notel: option for safety protection
Note2: option for high precision PWM dimming

TM Technology, Inc. reserves the right P.19 Publication Date:07.FEB . 2017
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AEssEsssEssssssEsns .
. = Notel
VBAT C .
— | i [—
4] : I T
: T I .
S I — = Notez
i . =
T 1 § D R
= = L : % :
VREG A\ VIN AEN — ] - .
0sc \/ j} Y . .
| VOLTAGE CONTROL } § pwNioUT .
FFA v REGULATOR LOGIC I ey .

on/oFF
DIMMING

v WL L

SEPIC which is for VBAT < VLED or VBAT > VLED.

Note: VBAT +VLED must be lessthan MOSFET rating.

Notel: option for safety protection
Note2: option for high precision PWM dimming

TM Technology, Inc. reserves the right P. 20 Publication Date:07.FEB . 2017
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PACKAGE INFORMATION

Package Type: TSSOP16

6 9

LT

E1
E

0.127 TYP.
|
A2

<<

aJ0.10] A

D1

LA

VARIATIONS (ALL DIMENSIONS SHOWN IN MM)

SYMBOLS | MIN. NOM. MAX.
A - - 1.20
Al 0.00 - 0.15
A2 0.80 1.00 1.05
b 0.19 - 0.30
D 4.90 5.00 5.10
E1 4.30 4.40 4.50
E 6.40 BSC
[e] 0.65 BSC
L1 1.00 REF
L 0.45 0.60 0.75
s 0.20 - -
0 o - 3
THERMALLY ENHANCED DIMENSIONS(SHOWN IN' MM)
E2 D1
PAD SIZE

MIN. | MAX. | MIN. | MAX.
118X11E 240 | 3.00 | 2.40 | 3.00

NOTES:
1.JEDEC OUTLINE :
STANDARD : MO—153 AB REV.F

THERMALLY ENHANCED : MO—153 ABT REV.F

2.DIMENSION ‘D’ DOES NOT INCLUDE MOLD FLASH,
PROTRUSIONS OR GATE BURRS. MOLD FLASH, PROTRUSIONS
OR GATE BURRS SHALL NOT EXCEED 0.15 PER SIDE.

3.DIMENSION 'E1’ DOES NOT INCLUDE INTERLEAD FLASH OR
PROTRUSION. INTERLEAD FLASH OR PROTRUSION SHALL
NOT EXCEED 0.25 PER SIDE.

4.DIMENSION 'b" DOES NOT INCLUDE DAMBAR PROTRUSION.
ALLOWABLE DAMBAR PROTRUSION SHALL BE 0.08 MM
TOTAL IN EXCESS OF THE 'b’ DIMENSION AT MAXIMUM
MATERIAL CONDITION. DAMBAR CANNOT BE LOCATED ON THE
LOWER RADIUS OF THE FOOT. MINIMUM SPACE BETWEEN
PROTRUSION AND ADJACENT LEAD IS 0.07 MM.

Q 5.DIMENSIONS ‘D’ AND 'E1’ TO BE DETERMINED AT DATUM
\ S PLANE H .
GAUGE PLANE
7\‘-0 SEATING PLANE
IR y
THERMALLY ENHANCED VARIATIONS ONLY
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