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DATA SHEET 
Milli-Ohm Thick Film Chip Resistor 

CR Series 
1% TO 5%, TCR ±200 TO ±1500 

SIZE: 0402/0603/0805/1206 

RoHS Compliant 
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Product Specification 

1. SCOPE 

1.1 This specification is applicable to Lead and Halogen-free CR series precision thick film 
chip resistors. 

1.2 Lead-free products mean lead free termination meets RoHS requirement. Pb contained 
in glass material of resistor element is exempted by RoHS directive. 

1.3 The products are tested and passed based on the test conditions and methods defined 
in AEC-Q200. 
 

2. PART NUMBERING SYSTEM  

 Part Numbering is made in accordance with the following system: 

 

 

3. RATING 

3.1 Rated Power 

 
3.1.1 Resistor Rated Power 

 

Type 
Rated 
Power 

Maximum 
Rated 

Current 

Maximum 
Overload 
Current 

CR10 1/16W 1.58A 3.95A 

CR16 1/10W 3.16A 7.91A 

CR21 1/8W 3.53A 8.82A 

CR32 1/3W 5.77A 14.42A 

 

 

 

 

 

 

 

 

CR 16 - - J L

Type Size(Inch/mm)
Resistance

Tolerance
Packaging

4-Digit

E24 Series

0.1Ω=R100

0.24Ω=R240

4-Digit

E96 Series

0.091Ω=R091

0.03Ω=R030

R100

Nominal Resistance

Milliohm and Ultra 

Low Ohmic Thick 

Film Chip Resistor

10 (0402/1005)

16 (0603/1608)

21 (0805/2012)

32 (1206/3216)

Resistors

F=±1%

G=±2%

J=±5%

L=5,000 pcs Lead Free

K=10,000 pcs Lead Free

Y=20,000 pcs Lead Free

N=50,000 pcs Lead Free

Remark : 

Refer to clause 7.3.2
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3.2 Power Derating Characteristics 
Rated Power shall be the load power corresponding to nominal wattage suitable for 

continuous use at 70C ambient temperatures.  In case the ambient temperature 

exceeds 70C, reduce the load power in accordance with Derating curve in Fig. 1. 

                       

Fig.1 Power Derating Characteristics 

3.3 Standard Atmospheric Condition 
Unless otherwise specified, the standard range of atmospheric conditions for making 
measurements and tests is as follows: 

Ambient Temperature  = + 5C to +35C 

Relative Humidity = < 85% RH 

Air Pressure  = 86 kPa to 106kPa 

If there may be any doubt about the results, measurement shall be made within the 
following limits: 

Ambient Temperature = 20   2C 

Relative Humidity = 60 to 70% RH 

Air Pressure  = 86 kPa to 106kPa 

 3.4 Operating Temperature Range -55C to +155C  

 3.5 Storage Temperature Range -5C to + 40C / < 85% RH 

 3.6 Flammability Rating Tested in accordance to UL-94, V-0 

 3.7 Moisture Sensitivity Level Rating: Level 1 

3.8 Product Assurance 
ASJ resistor shall warranty 24 months from manufacturing date with control conditions. 

3.9 ASJ resistors are RoHS-compliant in accordance to RoHS Directive. 
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3.10 Resistance, Resistance Tolerance and Temperature Coefficient of Resistance. 
 

Type 
Rated Power 

@ 70°C 

T.C.R 
(ppm/°C) 

Max 

Resistance Range 
E96, E24 

F(±1%), G(±2%), J(±5%) 

Max 
Rated  

Current 

Max 
Overload 
Current 

CR10 
0402(1005) 

1/16W 

±1500 25mΩ ≤ R < 37mΩ 

1.58A 3.95A 

±1200 37mΩ ≤ R < 60mΩ 

±600 60mΩ ≤ R < 200mΩ 

±300 200mΩ ≤ R < 400mΩ 

±250 400mΩ ≤ R < 600mΩ 

±200 600mΩ ≤ R < 1000mΩ 

CR16 
0603(1608) 

1/10W 

±1500 10mΩ ≤ R < 37mΩ 

3.16  

±1200 37mΩ ≤ R < 60mΩ 

±600 60mΩ ≤ R < 100mΩ 

±300 100mΩ ≤ R < 200mΩ 

±600 200mΩ ≤ R < 500mΩ 

±400 500mΩ ≤ R < 1000mΩ 

CR21 
0805(2012) 

1/8W 

±1500 10mΩ ≤ R < 19mΩ 

3.53A  

±1200 19mΩ ≤ R < 33mΩ 

±800 33mΩ ≤ R < 50mΩ 

±600 50mΩ ≤ R < 100mΩ 

±200 100mΩ ≤ R < 1000mΩ 

CR32 
1206(3216) 

1/3W 

±1500 10mΩ ≤ R < 19mΩ 

5.77A  

±1200 19mΩ ≤ R < 25mΩ 

±1000 25mΩ ≤ R < 50mΩ 

±600 50mΩ ≤ R < 100mΩ 

±200 100mΩ ≤ R < 1000mΩ 

Operating Temperature 
Range 

－55℃ ~ ＋155℃  

                                                           

3.11 Rated Current 
The rated current is calculated from the rated current and nominal resistance by the 
following formula: 
 

                       

 

I=Rating Current(A) 
P= Rating Power(W) 
R=Resistance(Ω) 

 
In case the value calculated by the formula exceeds the maximum working current given 
in Section 3.1.1, the maximum working current in Section 3.1.1 shall be regarded as the 
rated current. 
 

3.12 All product, product specifications and data are subject to change without notice to 
improve reliability, function or design or otherwise. 

 
 
 
 
 
 
 

 

I = √P/R
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4. MARKING ON PRODUCT 
The nominal resistance shall be marked on the surface of each resistor 

Type Resistance Range Tolerance≤1% Tolerance＞1% 

Sizes: 
CR10(0402) 

All 
No Marking 

Jumper=0Ω 

Size: 
CR16(0603) 

<1Ω 3-digits Marking 3-digits Marking 

≥1Ω 3-digits Marking 3-digits Marking 

Jumper=0Ω 1-digits Marking 1-digit Marking 

Sizes: 
CR21(0805)、CR32(1206) 

 

<1Ω 4-digits Marking 4-digits Marking 

≥1Ω 4-digits Marking 3-digits Marking 

Jumper=0Ω 1-digits Marking 1-digit Marking 

 
Marking Description 

 
 

No Marking 
- CR10 
 

 
 

 

Tolerance: <1Ω, E24, 2%, 5%  
-  CR16 
- Marking R22 = 0.22Ω = 220mΩ 
 
Tolerance: <1Ω, E24, 1%  
-  CR16 
- The marking is expressed by one short 
bar under marking letter 
- Marking R22 = 0.22Ω = 220mΩ 

 

Tolerance: <1Ω, E24, E96, 1%, 5%  
- CR21 
- CR32 
- Marking R220 = 0.22Ω = 220mΩ 

4.1 Numeric Numbering 
4.1.1      0805, 1206, 2%, 5% Tolerance : Four Numerals Marking 

Later 3 digits are significant figures, Firth digit is multiplier (10-3).  
Examples: 

Nominal Resistance Marking Remarks 

100 m R100 100 X 10-3  = 0.1 

  4.1.2 0805, 1206, 1% Tolerance : Four Numerals  Marking 
                                           Later 3 digits are significant figures, first digit is multiplier (10-3). 
                                           Example 

Nominal Resistance Marking Remarks 

100 m R100 100 X 10-3  = 0.1  

120 m R120 120 X 10-3  = 0.12  

220 m R220 220 X 10-3  = 0.22  
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4.1.3 0603 1% Tolerance : Three Numerals  Marking. 
Later 2 digits are significant figures, Firth digit is multiplier (10-3).  
The marking is expressed by one short bar under marking letter. 
Example 

Nominal Resistance Marking Remarks 

100 m R10 100 X 10-3  = 0.1 

220 mΩ R22 220 X 10-3  = 0.22Ω 

 

0603 2%, 5% Tolerance : Three Numerals  Marking. 
Later 2 digits are significant figures, Firth digit is multiplier (10-3).  
Example 

Nominal Resistance Marking Remarks 

330 m R33 330 X 10-3  = 0.33 

470 mΩ R47 470 X 10-3  = 0.47Ω 
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5. DIMENSION, CONSTRUCTION AND MATERIAL 

5.1 Dimension 
 

                   

                                                                                                                          Unit: Inches (Millimeters) 
CODE L W H I1 I2 

CR10 0.0400.004 0.0200.002 0.0140.002 0.0080.004 0.0100.004 

(0402) (1.000.10) (0.500.05) (0.350.05) (0.200.10) (0.250.10) 

CR16 0.0630.004 0.0310.004 0.0180.004 0.0120.008 0.0120.008 

(0603) (1.600.10) (0.800.10) (0.450.10) (0.300.20) (0.300.20) 

CR21 0.0790.006 0.0490.004 0.0200.004 0.0160.008 0.0160.008 

(0805) (2.000.15) (1.250.10) (0.500.10) (0.400.20) (0.400.20) 

CR32 0.1220.004 0.0630.006 0.0220.002 0.0200.010 0.0200.010 

(1206) (3.100.10) (1.600.15) (0.550.05) (0.500.25) (0.500.25) 

      * Measurement accuracy within ±0.02mm from the product specification. 

 

5.2 Resistor Construction 

 

                   
 

1 ALUMINA SUBSTRATE 6 PURE TIN PLATING  

2 BOTTOM CONDUCTOR 7 RESISTOR 

3 TOP CONDUCTOR 8 OVERGLAZE 

4 SPUTTERING EDGE TERMINAL 9 OVERCOAT 

5 NICKEL PLATING 10 MARKING (CR10 No Marking) 
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6. ELECTRICAL CHARACTERISTICS AND TEST CONDITIONS 
 

Item Conditions 
Specifications 

Resistors 

Resistance 
Value 

JIS C 5201-1  4.5 
Application time to be within 5 secs . 

Applied Voltage for resistance measurement : 

<10 0.1V 

10~99 0.3V 

100~999 1.0V 

1K~ 9.9K 3.0V 

10K~ 99.9K 10.0V 

100K~999K 25.0V 

1M & Over 50.0V 
 

Resistance accuracy being fully relies with 
respect to tolerance of resistor. 

Resistance 
Temperature 

Coefficient 

MIL-STD-202 Method 304 
Measure R at to=250C and after 45 minutes measure R at 
t=1250C. 
Calculation: 

𝑇𝐶𝑅(𝑝𝑝𝑚/˚𝐶) =
𝑅 − 𝑅0

𝑅0(𝑡 − 𝑡0)
𝑥106 

Refer to 3.10 

Voltage 
Coefficient 

(Applicable for 
>1KΩ only) 

JIS C 5201-1 4.11 
Measured resistance R2 at 100%V rated voltage or the 
limiting element voltage (>0.5s in every 5s) and R1 10% V 
(4.5s) 
 
Calculation: 

𝑉𝑐 =
𝑅2 − 𝑅1

0.9𝑥 𝑈 𝑥𝑅1

 

Voltage coefficient  
< 100ppm/V 
 

Short Time 
Overload 

JIS C 5201-1 4.13 
Apply at 2.5 times rated voltage for 5 seconds. 
Applied voltage shall not exceed maximum overload voltage 
or current. 

±0.5% for 1% tolerance resistor 
±1.0% for 5% tolerance resistor 

Insulation 
Resistance 

JIS C 5201-1 4.6 
Apply (100 ±15) Vdc for 1 minute. Measured the insulation 
resistance between electrodes and insulating enclosure or 
between electrodes and base 
 
 
 
 
 

> 10G  
 

Dielectric 
Withstanding 

Voltage 

JIS C 5201-1 4.7 

Apply 500Vac for 1 minute ± 5secs. for chip  0805.   
Apply 300Vac for 1 minute ± 5secs. for chip 0402 & 0603 
 
   
 
 
 
 
 
The variation in relation to the initial resistance shall be 
within ±1%. 

(1%+0.05) for 1% & 5% tolerance resistor 
 
No failure of resistor such as short-circuit, 
burning, breakdown. 
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Item Conditions 
Specifications 

Resistors 

Intermittent 
Overload 

JIS C 5201-1 4.13 
Apply 4 times rated voltage for 1 secs ON and 25 secs OFF. 
Total 10,000−0

+400 cycles. 

Applied voltage/current shall not exceed maximum 
intermittent overload voltage/ current. 

(5%+0.1) for 1% & 5% tolerance resistor 

Noise 

JIS C 5201-1 4.12 
V0(dB) = T-f(T-S)-D 
 

 

1~9 -10dB(0.32µv/v) 

10~99 - 5 dB(0.52µv/v) 

100~999 0   dB(1.0µv/v) 

1K~9.9K 10 dB(3.2µv/v) 

10K~99.9K 18 dB(5.6µv/v) 

100K~999.9K 20 dB(10µv/v) 

>1M 30 dB(32µv/v) 
 

Terminal 
Strength 

 
A)Bend Test 
(Applicable for 
chip size 
smaller than 
1210) 
 
B)Pull Test 
(Applicable for 
chip size bigger 
than 0805) 
 
C)Push Test 
 
 
D)Robustness 
Test 

 

 
 
 
JIS C 5201-1 4.16 / AEC Q200-005 

Board Flex : Apply force till 2mm bend and hold for 605 
secs. Measure resistance while applying pressure. 
 
 
JIS C 5201-1 4.16.2 
Pull Test : Apply 0.5kgF for 30 sec 
 
 
 
AEC Q200-006 

Push Test : Apply 1.8kgF for 601secs  
 
Component mounted on board precondition using steam 
aging for 4 hour.   
Initial reading = Force required to break away components 
mounted on board. 
After Reading = Force required to break away components 
mounted on board after preconditioned. 

 
 
 
Tolerance resistor. 
With no evidence of mechanical damage after 
releasing the pressure. 

(0.5%+0.05) for 1% & 5% 
 
 

(1.0%+0.05) for 1% & 5% 
 
 
 
 

(1.0%+0.05) for 1% & 5% 
 
After reading/initial reading 
≥5N 
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Item Conditions 
Specifications 

Resistors 

Resistance to 
soldering heat 

MIL-STD-202 Method 210 
Solder bath method 

Resistor dipped entirely in solder bath of 2605C for  
10−0

+1  sec.  

After which the sample shall be left at ambient 
temperature for 1~ 2 hrs before measurement. 

(0.5%+0.05) for 1% & 5% tolerance resistor 
 

Solderability 

J-STD-002 
For both Leaded & SMD. Electrical test not required. 
Magnification 50 X. Conditions: 
Leaded: Method A @ 235°C, category 3. 
SMD:  
a) Method B, 4 hrs @ 155°C dry heat @ 235°C 
b) Method B @ 215°C category 3. 
 c) Method D category 3 @ 260°C. 

> 95% Coverage at all terminal 

Resistance to 
Solvent 

MIL-STD-202 Method 215 

Immerse in 25C±5C Isopropyl Alcohol (IPA) for 30.5 
minutes. 

Passed without any damaged to marking & 
protective material. 

High 
Temperature 

MIL-STD-202 Method 108 

1000 hours @ T=125C. Unpowered measurement at 24±2 
hours after test conclusion. 

(0.5%+0.05) for 1% tolerance resistor 

(1%+0.05) for  5% tolerance resistor 

Temperature 
Cycling 

JESD 22 Method JA-104 

1000 cycles (-55C to 125C) measurement at 24±2 hours 
after test conclusion. 

(0.5%+0.05) for 1%  tolerance resistor 

(1%+0.05) for 5% tolerance resistor 

Resistance to 
damp Heat 
( Humidity ) 

MIL-STD-202 Method 103 

1000 hours 402°C / 90~95%RH 
Note: Specified condition 10% of operating power. 
Measurement at 24±2 hours after test conclusion. 

(1%+0.1) for 1% & 5%  tolerance resistor 

Loadlife 

MIL-STD-202 Method 108 

At 703C Apply DC rated voltage at 90minutes On, 
30minutes Off  for 1,000−0

+48  hours 
Sample shall be left at ambient temperature for 1~ 2 hrs 
after test before measuring final resistance. 

(1.0%+0.05) for 1%  tolerance resistor 

(2.0%+0.1) for 5%  tolerance resistor 
 

Salt Spray 
MIL-STD-202 Method 101 

Spray 51 Wt% salt water for 964 hours at 352C 
(3%+0.1) for 1% & 5% tolerance resistor 
 

Mounting 
Quality Test 

JESD22-B102E 
Solder Paste :  Sn-3Ag-0.5Cu 
Reflow soldering method 

Peak : 250−0
+5   °C and 2305C for 60sec. 

Visual check for solder joint wetting condition, 
resistor body damages 
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6.1.    Recommended Soldering Method 
Technical application notes : This is for recommendation, customer please perform adjustment 
according to actual application. 

 
6.1.1. Lead-Free IR Reflow Soldering Profile (Meet J-STD-020)  
 

                 
          Remark： The peak temperature of soldering heat is 260 +5/-0 ℃ for 10 seconds. 

 
 
 

6.1.2. Lead-Free Double-Wave Soldering Profile. 
(This applies to 0603 size inclusive above products) 
 

              
 
 
 

6.1.3. Soldering Iron: Temperature 350℃±10℃ , dwell time shall be less than 3 sec. 
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7. TAPING 
 

7.1 Structure of Taping 
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7.2 Dimension 
 
7.2.1 Dimension of Punched Paper Tape Carrier System (CR -10) 

   

 
 

 Remark : Pitch tolerance over any 10 pitches of Po is  0.2 mm 
 
                

Code A B  W E F T1 T2 P P0 P1 10P0 

CR10 1.15±0.03 0.65±0.03 8.00±0.10 1.75±0.10 3.50±0.05 0.42−0
+0.2 0.42−0.03

+0.03 2.00±0.05 4.00±0.10 2.00±0.05 40.0±0.20 

      
                                   
 

7.2.2 Dimension of Punched Paper Tape Carrier System Carrier System (CR16, 21, 32) 
 

                            
 

 Remark :  Pitch tolerance over any 10 pitches of Po is  0.2 mm 
 
 

Code A B  W E F T1 T2 P P0 P1 10P0 

CR16 1.80±0.10 1.00±0.10 8.00±0.10 1.75±0.10 3.50±0.05 0.60−0
+0.2 0.60±0.03 4.00±0.05 4.00±0.10 2.00±0.05 40.0±0.20 

CR21 2.33±0.05 1.58±0.05 8.00±0.10 1.75±0.10 3.50±0.05 0.75−0
+0.2 0.75−0.05

+0.03  4.00±0.05 4.00±0.10 2.00±0.05 40.0±0.20 

CR32 3.30±0.05 1.90±0.05 8.00±0.10 1.75±0.10 3.50±0.05 0.75−0
+0.2 0.75−0.05

+0.03  4.00±0.05 4.00±0.10 2.00±0.05 40.0±0.20 
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7.3 Packaging 
  

7.3.1   Taping 
 

Quantity – Tape and Reels 
 

Code Quantity Reel Remark 

CR10 

10,000 pcs 7” reel 2mm pitch 

20,000 pcs 7” reel 2mm pitch 

50,000 pcs 13” reel 2mm pitch 

CR16 
CR21 
CR32 

5,000 pcs 7” reel 4mm pitch 

10,000 pcs 10” reel 4mm pitch 

20,000 pcs 13” reel 4mm pitch 

 
 
 

7.3.3 Identification 

Production label that indicates the 10 digits lot number, product type, resistance value and 

tolerance shall be pasted on the surface of each reel. 

 

             
 
 

     
7.3.4 Packaging Reel Box 
 

Dimension Reel Box Number of Reels 

185 × 60 × 186 mm 25K Box 5 

185 × 120 × 186 mm 50K Box 10 
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7.3.5 Reel Dimensions 
 

 

 
 
 

Model A B C D W W1 t r 
7”Reel (5K) 
(except 0402 10K) 1782.0 60min 13 0.2 2.0 0.5 11 0.1 14.4 max 1.0 0.1 1.0 

7”Reel (4K) 1782.0 60min 13 0.2 2.0 0.5 131.0 14.4 max 1.2 0.1 1.0 

10”Reel (10K) 2542.0 60min 13 0.2 2.0 0.5 11 1.0 14.4 max 1.5 0.1 1.0 

13”Reel 
(20K, 50K) 

3302.0 60min 13 0.2 2.0 0.5 11 1.0 14.4 max 2.1 0.1 - 

13”Reel (20K) 3301.0 100±1 13.5±0.5 2~3±0.5 10±0.5 - - - 

 
 
 
 
 
 
 
 
 
 
 
 

W

t
A

r

D

C

B

B

W1 
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SMC 

A 

C 

B 

8. RECOMMENDED LAND PATTERN DESIGN (FOR REFLOW SOLDERING) 

When a component is soldered, the resistance after soldering changes slightly depending on the 
size of the soldering area and the amount of soldering. When designing a circuit, it is necessary 
to consider the effect of a decrease or increase in its resistance. 
 

 
 
 
 
 
 
                 
 
 
                                                   
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Product ( Type ) Land Dimension 

 A B C 

CR10 (0402) 0.020 [0.5] 0.059 [1.5] 0.024 [ 0.6 ] 

CR16 (0603) 0.031 [0.8] 0.083 [2.1] 0.035 [ 0.9 ] 

CR21 (0805)  0.047 [1.2] 0.118 [3.0] 0.051 [ 1.3 ] 

CR32 (1206) 0.087 [2.2] 0.165 [4.2] 0.063 [ 1.6 ] 
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9. REVISION HISTORY 
  

Revision Date Change Notification Description 
Version.1 13.02.2015  Initial Release 

Version.2 11.06.2015  
Revise clause 3.1.1 Power Rating 

- CR32 1/4W 
- CR40 1/3W 

Version.3 06.02.2017 

 
 
 
 

Refer to PCN-ECO: 01/2016 

Revise clause 2, typo error 
Typo error in clause 6.1.1, 6.1.2, change IR reflow to wave 
soldering, change wave to reflow soldering 
Revise clause 7.2 dimension 
Update clause 7.3.5, insert 13” reel information 

Verion.4 03.06.2020  

Remove all Power chip product, all power chip product include 
to DS-ENG-067 
Revise clause 1.3 
Revise clause 2 Part Numbering System 
Revise clause 3.1.1 Resistor rated power 
Revise clause 3.2 Power derating characteristic graph 
Revise clause 3.9 
Revise clause 3.10 TCR table 
Revise clause 4 Marking on product table 
Add clause 4.1.2 three numerals marking 
Revise clause 5.1 dimension 
Add clause 5.2 Resistor construction 
Revise clause 6 reliability test table 
Revise clause 7.2.1 & 7.2.2 dimension of punch paper tape 
Revise clause 7.3.2 tape and reed quantity table 
Revise clause 8 Land pattern dimension table. 

Version.5 09.10.2020  Revise clause 3.5 storage temp. range 

Version.6 26.01.2021  
Revise clause 2 Part numbering System 
Revise clause 4 Marking on product 
Revise clause 4.1.1 ~ 4.1.3 Numeric Numbering 

Version.7 22.09.2022  Revise clause 3.10 TCR table 

Version 8 13.08.2024  

Revise clause 3.1.1 table. 
Revise clause 3.10 table. 
Revise clause 5.1 Dimension table. 
Revise clause 6.1 Recommended Soldering Method. 
Revise clause 7.3.3 Identification. 
Revise clause 8 details. 
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C�DEFGH��I�G�J�GKH�DL�

MNO �����

PQPR ST����I�G�J�GKH�DL����KIIU�GKVU��HD�W�KE�KLE�XKUDY�L�J��������������I��G���DL�HT�GZ�J�U[�
GT�I������HD��Q�

PQ\R W�KE�J����I�DEFGH��[�KL�U�KE�J����H��[�LKH�DL�[��H���DX����]F���[�LHQ�CV�GDLHK�L�E�
�L�YUK���[KH���KU�DJ������HD���U�[�LH�����̂�[IH�E�V_��DX��E���GH�̀�Q�

PQaR ST��I�DEFGH��K���H��H�E�KLE�IK���E�VK��E�DL�HT��H��H�GDLE�H�DL��KLE�[�HTDE��E�J�L�E�
�L�b���c\��Q�
�

dNO �e���fg�h��fi��j�����

�CK�H��F[V���LY����[KE���L�KGGD�EKLG��k�HT�HT��JDUUDk�LY��_�H�[l�

�

�

mNO �e��fi�

aQPR �KH�E�CDk���

�
aQPQPR�����HD���KH�E�CDk���

�

�nop�
�qrps�
�tupv�

�qwxyzy�
�qrps�
�zvvp{r�

�qwxyzy�
�|pv}tqs�
�zvvp{r�

��P�� P~P��� PQ��b� aQ��b�

��P�� P~P��� aQP�b� �Q�Pb�

��\P� P~��� aQ�ab� �Q�\b�

��a\� P~a�� �Q��b� P�Q�\b�

�

�

�

�

�

�

�

�

�� M� � � � �

�nop �x�p��{���yy�
�p�x�rq{�p

�t}pvq{�p
�q��q�x{�

����Y�H

�\��������

���������

����������

����Y�H

����������

�����������

����������

�M��

ftyx{q}��p�x�rq{�p

��UU�DT[�KLE��UH�K�

WDk��T[�G�ST�GZ�

��U[��T�I������HD�

P������\~P��� 

P������a~P��� 

\P������~\�P\ 

a\��P\��~a\P� 

�����HD��

�¡¢P£

�¡¢\£

¤¡¢�£

W¡�¥����IG��W�KE�����

¦¡P�¥����IG��W�KE�����

§¡\�¥����IG��W�KE�����

�¡��¥����IG��W�KE�����

��[K�Z�l�

��J���HD�GUKF����QaQ\
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C�DEFGH��I�G�J�GKH�DL�

MNOP CDQ������KH�LR��SK�KGH����H�G��
�KH�E�CDQ����SKTT�U��HS��TDKE�IDQ���GD����IDLE�LR�HD�LDV�LKT�QKHHKR���F�HKUT��JD��

GDLH�LFDF��F���KH�W�X��KVU��LH�H�VI��KHF���N��YL�GK���HS��KVU��LH�H�VI��KHF���

�ZG��E��W�X�[���EFG��HS��TDKE�IDQ����L�KGGD�EKLG��Q�HS����KH�LR�GF�\���L�]�RN�̂N�

���������������������� �

]�RN̂�CDQ������KH�LR��SK�KGH����H�G��

MNMP �HKLEK�E�_HVD�IS���G��DLE�H�DL�
L̀T����DHS��Q�����I�G�J��E[�HS���HKLEK�E��KLR��DJ�KHVD�IS���G�GDLE�H�DL��JD��VKa�LR�
V�K�F��V�LH��KLE�H��H�����K��JDTTDQ�b�

_VU��LH�c�VI��KHF����d�e��X��HD�eM�X��

��TKH�\��fFV�E�Hg� d�h�i�j��f�

_���C����F��� � d�ik�aCK�HD�̂�kaCK�

YJ�HS����VKg�U��KLg�EDFUH�KUDFH�HS�����FTH�[�V�K�F��V�LH��SKTT�U��VKE��Q�HS�L�HS��
JDTTDQ�LR�T�V�H�b�

_VU��LH�c�VI��KHF���d�O��l��OX��

��TKH�\��fFV�E�Hg� d�k��HD�W�j��f�

_���C����F��� � d�ik�aCK�HD�̂�kaCK�

� MNm� nI��KH�LR�c�VI��KHF����KLR�����X��HD�ê��X���

� MN�� �HD�KR��c�VI��KHF����KLR�� ��X��HD�e�m�X��o�h�i�j��f�

� MNk� ]TKVVKU�T�Hg��KH�LR� c��H�E��L�KGGD�EKLG��HD�̀p�qm[�r���

� MNW� sD��HF�����L��H�\�Hg�p�\�T��KH�LRb� p�\�T�̂�

MNi� C�DEFGH�_��F�KLG��
_�t������HD���SKTT�QK��KLHg�Om�VDLHS��J�DV�VKLFJKGHF��LR�EKH��Q�HS�GDLH�DT�GDLE�H�DL�N�

MNqP _�t������HD���K����Df��GDVIT�KLH��L�KGGD�EKLG��HD��Df������GH�\�N�
�
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C�DEFGH��I�G�J�GKH�DL�

MNO�P �����HKLG�Q������HKLG��RDS��KLG��KLE�R�TI��KHF����D�JJ�G��LH�DJ������HKLG�N�
�

�UVW�
�XYWZ��[\W]�
^�_̀a��

�b�b��
cVVdea�f�
�Xg�

�WhihYXjkW��XjlW�
mno�pq�


crstfo�ucrptfo�vcrwtf�

�Xg�
�XYWZ��
�x]]WjY�

�Xg�
�yW]z[XZ�
�x]]WjY�

��s̀�
q̀̀pcs̀ ẁf�

O{O|}�

~O���� ����������������

ON���� MN����

~O���� ����������������

~|��� �����������������

~M��� ������������������

~���� ������������������

~���� �������������������

��sn�
ǹ̀�csǹ�f�

O{O�}�

~O���� ����������������

MNO|� �����

~O���� ����������������

~|��� �����������������

~M��� ������������������

~|��� ������������������

~���� �������������������

��ps�
�̀̀wcp̀spf�

O{�}�

~O���� ����������������

MN�M�� ������

~O���� ����������������

~���� ����������������

~|��� �����������������

~���� �������������������

���p�
sp̀nc�psnf�

O{M}�

~O���� ����������������

�N���� �������

~O���� ����������������

~O���� ����������������

~|��� �����������������

~���� �������������������

�VW]XYijl��WdVW]XYx]W�
�XjlW�

����� �¡O�����

�����������������������������������������������������������

MNOOP �KH�E��F���LH�
R¢���KH�E�GF���LH����GKSGFSKH�E�J�DT�H¢���KH�E�GF���LH�KLE�LDT�LKS������HKLG��£¤�H¢��
JDSSD¥�L¦�JD�TFSK§�
�

�����������������������

�

©̈ª«¬®̄P°±²²³®¬́µ¶P
·©Pª«¬®̄P·̧¹³²́º¶P
ª©ª³»»¬«®¼³́½¶)

�
¾L�GK���H¢��¿KSF��GKSGFSKH�E�£¤�H¢��JD�TFSK��ÀG��E��H¢��TKÀ�TFT�¥D�Á�L¦�GF���LH�¦�¿�L�
�L���GH�DL�MNONOQ�H¢��TKÀ�TFT�¥D�Á�L¦�GF���LH��L���GH�DL�MNONO��¢KSS�£����¦K�E�E�K��H¢��
�KH�E�GF���LHN�
�

MNO�� �SS�I�DEFGHQ�I�DEFGH��I�G�J�GKH�DL��KLE�EKHK�K����F£Â�GH�HD�G¢KL¦��¥�H¢DFH�LDH�G��HD�
�TI�D¿����S�K£�S�H¤Q�JFLGH�DL�D��E���¦L�D��DH¢��¥���N�

�
�
�
�
�
�
�

�

P̈©P·Ãª
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C�DEFGH��I�G�J�GKH�DL�

MNO �P�	�QR��Q����ST���
UV��LDW�LKX������HKLG���VKXX�Y��WK�Z�E�DL�HV���F�JKG��DJ��KGV������HD��

�[\]� �]̂_̂̀abc]��abd]� �ef]gabc]hij� �ef]gabc] ij�

�_k]̂l�
��imnmMmop�

qXX�
�D�rK�Z�Ls�

tuvwxyz{|�

�_k]l�
��i}nm}m~p�

��|� ��E�s�H��rK�Z�Ls� ��E�s�H��rK�Z�Ls�

��|� ��E�s�H��rK�Z�Ls� ��E�s�H��rK�Z�Ls�

tuvwxyz{|� ��E�s�H��rK�Z�Ls� ��E�s�H�rK�Z�Ls�

�_k]̂l�
��oinm�m�p ��~oniom}p�

�

��|� ��E�s�H��rK�Z�Ls� ��E�s�H��rK�Z�Ls�

��|� ��E�s�H��rK�Z�Ls� ��E�s�H��rK�Z�Ls�

tuvwxyz{|� ��E�s�H��rK�Z�Ls� ��E�s�H�rK�Z�Ls�

�
rK�Z�Ls� ���G��IH�DL�

�
�

�D�rK�Z�Ls�
�������
�

�
�

�

���xy���x����|���������������
��������
����y���������z�{���|�z���{v|�
�
���xy���x����|�����������
��������
��UV��WK�Z�Ls������I�����E�Y��DL���VD�H�
YK��FLE���WK�Z�Ls�X�HH���
��rK�Z�Ls�����z�{���|�z���{v|�

�

���xy���x����|�������� ¡����������
�������
�������
����y��������{�z�{���|�z���{v|�

�¢�£ �FW���G��FWY���Ls�
�¢�¢��������¤��¥�����¥��¦¥��¦�UDX��KLG��§�̈DF���FW��KX��rK�Z�Ls�

©KH�����E�s�H��K�����sL�J�GKLH�J�sF���¥�̈��HV�E�s�H����WFXH�IX����ª����«¢��
��KWIX��§�

¬,87.6*®5181;.745* ¯./°87±* ®5./°1*

����W²� ����� ����³�������́��¢�²�

� � �¢�¢���¤��¥�����¥��¦�UDX��KLG��§�̈DF���FW��KX���rK�Z�Ls�
�������������������������������������������©KH�����E�s�H��K�����sL�J�GKLH�J�sF���¥�J���H�E�s�H����WFXH�IX����ª����«¢�
���������������������������������������������KWIX��

¬,87.6*®5181;.745* ¯./°87±* ®5./°1*

����W²� ����� ����³�������́��¢��²�

����W²� ����� ����³�������́��¢���²�

����W²� ����� ����³�������́��¢���²�

�

�

�
�
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C�DEFGH��I�G�J�GKH�DL�

MNONPQ�R�P�OS�TDU��KLG��V�+W/55*X:Y5/.61**Z./[87\]�
K̂H���_�E�̀�H��K�����̀L�J�GKLH�J�̀F���a�b��Hc�E�̀�H����dFUH�IU����eO��PfN��
Tc��dK�g�L̀�����hI�����E�ij�DL���cD�H�iK��FLE���dK�g�L̀�U�HH��N�
�hKdIU��

X,Y87.6*k5181;.745* Z./[87\* k5Y./[1*

O���dl� �O�� O���m�O��P��n��NOl�

oopqrs� �__� __��m�O��P��tqpuoos�

�

�R�P�_Sa��S�TDU��KLG��V�+W/55*X:Y5/.61**Z./[87\]�
K̂H���_�E�̀�H��K�����̀L�J�GKLH�J�̀F���a�b��Hc�E�̀�H����dFUH�IU����eO��PfN��
�hKdIU��

X,Y87.6*k5181;.745* Z./[87\* k5Y./[1*

PP��dl� �PP� PP��m�O��P��n��NPPl�

vwpqrs� �Mx� Mx��m�O��P��tqpuvws�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�
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B�CDEFG��H�F�I�FJG�CK�

LMN O��P���PQ���P���R����P�SPO��S���S��

�TUV ��W�K��CK�
�

������������������ �

��������������������������������������������������������������������������������������������������������������������������XK�GY�ZKF[���\]�̂̂�W�G���_�
��O� �� `� �� �a� �b�

��ac� �T�d�e�T��d� �T�f�e�T��f� �T�Ude�T��f� �T��ge�T��d� �T�U�e�T��d�

hcicbj� \UT��e�TU�_� \�T��e�T��_� \�Tk�e�T��_� \�Tf�e�TU�_� \�Tf�e�TU�_�

��al� �T�mke�T��d� �T�kUe�T��d� �T�Uge�T��d� �T�Ufe�T��g� �T�Ufe�T��g�

hclcnj� \UTm�e�TU�_� \�Tg�e�TU�_� \�Td�e�TU�_� \�Tk�e�Tf�_� \�Tk�e�Tf�_�

��ba� �T�ope�T��m� �T�dpe�T��d� �T�f�e�T��d� �T�Ume�T��g� �T�Ume�T��g�

hcqcLj� \fT��e�TU�_� \UTf�e�TU�_� \�T��e�TU�_� \�Td�e�Tf�_� \�Td�e�Tf�_�

��nb� �TUffe�T��d� �T�mke�T��m� �T�ffe�T��f� �T�f�e�T�U�� �T�f�e�T�U��

habclj� \kTU�e�TU�_� \UTm�e�TU�_� \�T��e�T��_� \�T��e�Tf�_� \�T��e�Tf�_�

######r#s!�tuv!w!xy#�zzuv�z{#|}y~}x#�����ww#&v%w#y~!#�v%�uzy#t�!z}&}z�y}%x�#

�

�TfV �����GC���CK�G�EFG�CK�

�

������������������ �
�

U� ��X]Z����X�������� m� BX����Z��B���Z����

f� �����]�����X����� o� ���Z�����

k� ��B�����X����� g� ����������

d� �BX����Z�����������]Z���� p� ���������

�� �Z�����B���Z��� U��]���Z���\��U���C�]J���K�_�

�
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C�DEFGH��I�G�J�GKH�DL�

MNO ������P����P�P����������PQR�������QR����Q��
�

�STU� �VWXYSYVWZ�
�[T\Y]Y\̂SYVWZ�

�TZYZSV_Z�

�����HKLG��
K̀aF��

bA>*c*defghg**ijd*
kIIa�GKH�DL�H�l��HD�m��n�Ho�L�����G��p�

kIIa��E�̀DaHKq��JD�������HKLG��l�K�F��l�LH�r�

st�u� �pt̀�

t�vwwu� �px̀�

t��vwww� tp�̀�

tyv�wpwy� xp�̀�

t�yv�wwpwy� t�p�̀�

t��yvwwwy� z�p�̀�

t{�|�}~��� ��p�̀�
�

�����HKLG��KGGF�KG��m��Lq�JFaa����a����n�Ho�
���I�GH�HD�HDa��KLG��DJ������HD�p�

�����HKLG��
��lI��KHF���
�D�JJ�G��LH�

�A�h>+�hefe*�5;�,0*�fi*
{�K�F�����KH�HD�z����KLE�KJH������l�LFH���l�K�F�����KH�
H�tz���p�
�KaGFaKH�DLr�

������������
����
��������

�����

��J���HD�xpt��

D̀aHKq��
�D�JJ�G��LH�
�kIIa�GKma��JD��
������ ¡¢£�

bA>*c*defghg*ijgg*
{�K�F��E������HKLG���z�KH�t��¤̀ ��KH�E�~DaHKq��D��Ho��
a�l�H�Lq��a�l�LH�~DaHKq���¥�p����L��~������¦�KLE��t�t�¤�̀�
��p��¦�
�
�KaGFaKH�DLr�

§̈�
�©��ª
�«¬�®��ª

�

D̀aHKq��GD�JJ�G��LH��
s�t��IIl̄ �̀
�

�oD�H���l��
}~��aDKE�

bA>*c*defghg*ijg�*
kIIa��KH�zp��H�l����KH�E�~DaHKq��JD������GDLE�p�
kIIa��E�~DaHKq���oKaa�LDH��°G��E�lK°�lFl�D~��aDKE�~DaHKq��
D��GF���LHp*

±�p�¤�JD��t¤�HDa��KLG�������HD��
±tp�¤�JD���¤�HDa��KLG�������HD��

²L�FaKH�DL�
�����HKLG��

bA>*c*defghg*ij³*
kIIa���t���±t�¦�̀EG�JD��t�l�LFH�p�{�K�F��E�Ho���L�FaKH�DL�
�����HKLG��m�Hn��L��a�GH�DE���KLE��L�FaKH�Lq��LGaD�F���D��
m�Hn��L��a�GH�DE���KLE�mK���
�
�
�
�
�

¥�t���u�
�

���a�GH��G�
´�Ho�HKLE�Lq�
D̀aHKq��

bA>*c*defghg*ijµ*

kIIa�����̀KG�JD��t�l�LFH��±����G�p�JD��Go�I�¶��·��p���
kIIa��x��̀KG�JD��t�l�LFH��±����G�p�JD��Go�I����z�|��̧�x�
�
���
�
�
�
�
�
�o��~K��KH�DL��L���aKH�DL�HD�Ho���L�H�Ka������HKLG���oKaa�m��
n�Ho�L�±t¤p�

¹�t¤º�p��u¦�JD��t¤�|��¤�HDa��KLG�������HD��
�
�D�JK�aF���DJ������HD���FGo�K���oD�H�G��GF�H»�
mF�L�Lq»�m��K¼EDnLp�



��������������	�
�����������������

����������

������������������������������������������������������������������������������������������������������������������������������� !"#$#%&#'(�

)

**+,-./01*2345665745*87*9:.68;<=*>5/?845*@*A77,?.;8,7�
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB)

C�DEFGH��I�G�J�GKH�DL�

�

�MNO� �PQRSMSPQT*
�UNVSWSVXMSPQT�

�NTSTMPYT�

ZLH��[�HH�LH�
\]��̂DKE�

_A>*̀*abcded*fgdh*
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�YZ[� \]̂_̀àb� �[[c� �[d̂ ef�

��S��

S�g����IG�� hijkllm� noo�I�HGp�

n�g����IG�� hijkllm� noo�I�HGp�

��g����IG�� qrijkllm� noo�I�HGp�

��Ss�
��nS�
��On�

�g����IG�� hijkllm� too�I�HGp�

S�g����IG�� quijkllm� too�I�HGp�

n�g����IG�� qrijkllm� too�I�HGp�

�
�
�

MNONOPvE�LH�J�GKH�DL�

C�DEFGH�DL�XKw�X�HpKH��LE�GKH���Hp��S��E�R�H��XDH�LFow��g�I�DEFGH�HVI�g������HKLG��xKXF��KLE�

HDX��KLG���pKXX�w��IK�H�E�DL�Hp���F�JKG��DJ��KGp����XN�

�

������������ �
�
�

� � � � �
MNONtPCKGQKR�LR����X�yDz�
�

��o�L��DL� ���X�yDz� �Fow���DJ����X��

S{��|�s��|�S{s�oo� n�}�yDz� ��

S{��|�Sn��|�S{s�oo� ��}�yDz� S��

�
�
�
�
�
�



��������������	�
�����������������

����������

������������������������������������������������������������������������������������������������������������������������������� !"#$%#&'#$(�

)

**+,-./01*2345665745*87*9:.68;<=*>5/?845*@*A77,?.;8,7�
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB)

C�DEFGH��I�G�J�GKH�DL�

MNON�P���Q���R�L��DL��
�

�

�
�
�
�STUV� W� X� �� Y� Z� Z[� \� ]�
_̂̀aabcdefg�
hUijUk\�lmln�[l	o� pqMrstN��pu�R�L� qOs��Nt� ptN�s��N�� qqs��Nq� qvNv�RKw� qN�s��Nq� qN��

_̂̀aabcdxfg� pqMrstN��pu�R�L� qOs��Nt� ptN�s��N�� qOsqN�� qvNv�RKw� qNts��Nq� qN��

yz_̀aabcdyzfg� pt�vstN��pu�R�L� qOs��Nt� ptN�s��N�� qqs�qN�� qvNv�RKw� qN�s��Nq� qN��

y{_̀aab�
hnl	|�}l	o�

pOO�stN��pu�R�L� qOs��Nt� ptN�s��N�� qqs�qN�� qvNv�RKw� tNqs��Nq� ��

y{_̀aabcd~zfg� pOO�sqN��pq���q�qON���N�� t�O��N�� q���N�� �� �� ��

�
�
�
�
�
�
�
�
�
�
�
�

�

�
�

�

�

�

�

�

��)



��������������	�
�����������������

����������

������������������������������������������������������������������������������������������������������������������������������� !"#$%#&'#$(�

)

**+,-./01*2345665745*87*9:.68;<=*>5/?845*@*A77,?.;8,7�
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB)

C�DEFGH��I�G�J�GKH�DL�

MNOP

Q)

R)

S)

TUV �����WXX��YWX��Y���W�X��ZW�[
����
��\����X��WZ]�

^_�L�K�GD̀ IDL�LH�����DaE���Eb�H_�������HKLG��KJH����DaE���Lc�G_KLc����a�c_Had�E�I�LE�Lc�DL�H_��
��e��DJ�H_���DaE���Lc�K��K�KLE�H_��K̀ DFLH�DJ��DaE���Lcf�̂_�L�E���cL�Lc�K�G��GF�Hb��H����L�G���K�d�
HD�GDL��E���H_���JJ�GH�DJ�K�E�G��K���D���LG��K����L��H�������HKLG�f�
�

�
�
�
�
�
�
�����������������
�
�
���������������������������������������������������
�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�ghijkl�[��mno�]� �pqi�Xrsoqtrhq�

� Y� u� ��

��v��w�x�yz� �f�y��{�f�|� �f��}�{vf�|� �f�yx�{��f~�|�

��v~�w�~��z� �f��v�{�f�|� �f����{yfv|� �f����{��f}�|�

��yv�w����z�� �f�x��{vfy|� �fvv��{�f�|� �f��v�{�vf��|�

���y�wvy�~z� �f����{yfy|� �fv~��{xfy|� �f�~��{�vf~�|�



��������������	�
�����������������

����������

������������������������������������������������������������������������������������������������������������������������������� !"#$%#&'#$%�

(

))*+,-./0)1234554634)76)89-57:;<)=4.>734)?)@66+>-:7+6�
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA(

B�CDEFG��H�F�I�FJG�CK�

LMN �O����P�������Q�
��

�RSTUTVW� XYZR� �[YW\R�PVZT]T̂YZTVW� XRÛ_T̀ZTVW�
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