M. Kubantsev

01/11/2005

Bending for Bi-metal Plate with temperature:

Estimation of the CMS Plaquette Warp and Comparison with Test Results.

Measurements of warp of the CMS Forward Pixel detector silicon plaquettes model attached to the aluminum panels during cooling down are presented in [1], [2] and Fig. 1. Several types of adhesives were tested. We found minimal warp for glue joint with thermal conductive Cho-Therm1690 adhesive tape. Maximal warp was found for HEXEL epoxy adhesive, which provides the most rigid bond between silicon and the aluminum. Two other soft adhesives, NEE001 silicone paste and 3M9882 adhesive tape give intermediate results as shown in Fig. 1.   
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Fig. 1 Results of  warp measurements of the test modules.  

These data are compared with simple model calculations of thermal warp of a bi-metallic plate of silicon-beryllium, silicon-aluminum and silicon-adhesive tape during cooling down. In addition we estimated maximal possible warp of silicon by glue and VHDI flex material during soldering surface mount parts. The warp Ymax is calculated in approximation of bi-metal semi-indefinite strip fixed at one side as shown in Fig. 2. The follows formulae provided by G. Derylo [3] are used to calculate a value:      

 Ymax = K ΔCTE ΔTL2 in meters (m),

where

       K  = 6(t1+t2)/(8t22K1)/;

       K1  = 4+6β+4β2+αβ3+1/(αβ);

        α= E1/E2 ; 

        β = t1/t2;

       E1 and E2 are elastic modulus of the two materials in GPa;

        t1 and t2 are thickness values of two material plates in meters (m);

        ΔCTE = CTE2 – CTE1 is difference between coefficients of thermal expansion   

        of  two plate materials (inverse degree C);

        ΔT = T – T0 is temperature difference (degree C).

        L is a plate length in meters (m);
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[image: image6.wmf]Temperature warp for test assemblies of 42 mm long 
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[image: image7.wmf]Si-3M9887(0.18 mm) thermal warp from +20C to +250C 
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[image: image8.wmf]Temperature warp for test assemblies of 42 mm long 
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Fig. 2 Model geometry 

     The parameters of the materials and dimensions for bi-metal plate were taken as follows:

Plate length L = 42 mm is chosen to correspond to measured length of the plaquette.    

Silicon (first plate):

thickness,t1, varies between 0 and 0.0015 m;

E1 = 107 GPa ; CTE1 = 2.4e-6 C-1, 

Beryllium (second alternative plate):

thickness t2 = 0.0005 m;   

 E2 = 289 GPa; CTE2 = 11.5e-6 

Aluminum (second alternative plate): 

thickness t2 = 0.0005 m

E2 = 69 GPa; CTE2 = 23.5e-6;    

Adhesive 3M9882 (second alternative plate): 

thickness t2 = 0.00005 m;

E2(at –550C) = 1 GPa;  CTE2(at -550C) = 250e-6, 

E2(at +230C) = 0.001 GPa;  CTE2(at +200 C) = 400e-6

E2(at +1000C) = 0.0001 GPa;  CTE2(at +1000 C) = 400e-6 

      Fitting 3M9882 adhesive elastic modulus dependence on temperature we get (see  

      Fig. 3):

      E2(T)  = e(aT^2+bT+c), here a = 0 0.0003784, b  = - 0.0764511, c = - 5.349572

Adhesive Cho-Them1680 (second alternative plate): 

thickness t2 = 0.000175 m. 

E2(T) dependence of Cho-Them1680 is assumed to be the same as for 3M9882.

The warp calculations results for Si- Al and Si-Be plates with various thickness of Si layer are shown in Fig. 4. The temperature range is taken between T0 = +20C and T = -20C where the tests were made and anticipated working conditions are. Significant warp of the plate is found as silicon is firmly attached to the beryllium or aluminum plates. No temperature dependence of E2(T) for these materials was introduced, so the warp is linearly depends on the temperature in this approximation. Silicon-aluminum warp is higher by at least factor of three of silicon-beryllium one due to lower difference of the CTE’s and higher stiffness of Be than Al. The value of the warp with silicon-aluminum plate is in qualitative agreement with measured data for silicon glued to the aluminum with rigid epoxy adhesive [1] (see also Fig.1). 


Fig. 3 Temperature dependence of E2(T) for 3M9882 adhesive.
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[image: image2.wmf]Si-Be(0.5 mm) thermal warp from +20C to -20C 
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                 Fig. 4. Calculated warp of the Si-Al  and Si-Be plates as function of Si thickness

The soft glue layer changes the situation drastically. The warp is calculated with temperature dependence of glue E2(T) extrapolated between the values presented above. Simplified approach of glue – silicon plate without beryllium or aluminum layer was used. Calculated bending between +200 C and -270 C (shown as difference of temperature in Fig.5) is much smaller and it grows faster at low temperature (below -100 C). It is only significant (above 20 microns) for thin silicon layer below 200 microns. 
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 Fig.5 Calculated warp of the Si-CT1680glue plate as function of temperature for 

 two Si thicknesses.

      For high temperature treatment (for soldering at about +200C) the warp is not significant (less than few micron on the length of 40 mm for silicon plates thicker than 200 microns due to very low elastic modulus E2(T) of the 3M9882 adhesive at high temperature (see Fig. 6). Soldering tests performed for trial samples confirm these semi-quantitative estimates.

Fig. 6 Calculated silicon warp during solder process

 In summary this simple model qualitatively describes observed thermal warp of the plaquettes on the panels of the CMS Forward Pixel Detector.

[1] M. Kubantsev.  Measurements of 3-D Thermal Deformations for Silicon Plaquettes Mounted on the Aluminum Butterfly Panels of a CMS Forward Pixel Detector Prototype.  07/29/2002 Revised on 02/03/2003 

http://uscms.fnal.gov/uscms/subsystems/pixels/M.Kubantsev/Lehman_2003/Assembly%20deformations%20during%20cooling/3-D_thermal_stress_deformations%20for_FPB01-3.doc
[2] M. Kubantsev. Summary of CT1680 Adhesive Warp Test with Model Plaquettes.06/10/2003 http://uscms.fnal.gov/uscms/subsystems/pixels/M.Kubantsev/Summary_of_ct1680_warp_test.xls
[3] Roark& Young 7th ed. Bi-Metallic Strip Beam Calculation
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si-glue(100+250) 

		MK  on 10/05/04						Bi-metal plate by G. Derylo:						Si-glue during soldering(2nd step)												Si

		L		t2(glue)		E2(glue)		cte2(glue)		E1(si)		cte1(si)				T_o		T

		0.046		0.00005		3.00E+05		2.50E-04		7.99E+10		2.40E-06				250.0		100.0						L

		beta		30		18		16		14		12		10		8		6		4		2		1				22		26

		K1		7.2E+09		1.6E+09		1.1E+09		7.3E+08		4.6E+08		2.7E+08		1.4E+08		5.8E+07		1.7E+07		2.1E+06		2.7E+05				2.8E+09		4.7E+09

		gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0				-0.0		-0.0

		a		0		0		0		0		0		0		0		0		0		0		0				0		0

		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002		0.0001		0.00005				0.0011		0.0013

		t1, um		1500		900		800		700		600		500		400		300		200		100		50		0		1100		1300

		y_m, um		0		0		0		0		0		0		0		0		0		2		9		0		0		0
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si-glue(20+100)

		MK  on 10/05/04						Bi-metal plate by G. Derylo:						Si-glue during soldering(1st step)												Si

		L		t2(glue)		E2(glue)		cte2(glue)		cte1(si)		E1(si)				T_o		T

		0.046		0.00005		1.00E+06		2.50E-04		2.40E-06		7.99E+10				100.0		20.0

		beta		30		18		16		14		12		10		8		6		4		2		1				22		26

		K1		2.2E+09		4.7E+08		3.3E+08		2.2E+08		1.4E+08		8.0E+07		4.1E+07		1.7E+07		5.1E+06		6.4E+05		8.0E+04				8.5E+08		1.4E+09

		gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.1				-0.0		-0.0

		a		0		0		0		0		0		0		0		0		0		0		0				0		0

		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002		0.0001		0.00005				0.0011		0.0013

		t1, um		1500		900		800		700		600		500		400		300		200		100		50		0		1100		1300

		y_m, um		0		0		0		0		0		0		0		0		1		3		16		0		0		0
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si-glue(20-27)

		MK  on 10/05/04						Bi-metal plate by G. Derylo:						Si-glue during cooling												Si

		L		t2(glue)		E2(glue)		cte2(glue)		E1(si)		cte1(si)				T_o		T

		0.046		0.000175		1.00E+06		2.50E-04		7.99E+10		2.40E-06				20.0		-27.0

		beta		8.5714285714		5.1428571429		4.5714285714		4		3.4285714286		2.8571428571		2.2857142857		1.7142857143		1.1428571429		0.5714285714		0.2857142857				6.2857142857		7.4285714286

		K1		5.0E+07		1.1E+07		7.6E+06		5.1E+06		3.2E+06		1.9E+06		9.5E+05		4.0E+05		1.2E+05		1.5E+04		1.9E+03				2.0E+07		3.3E+07

		gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.3				-0.0		-0.0

		a		0		0		0		0		0		0		0		0		0		0		0				0		0

		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002		0.0001		0.00005				0.0011		0.0013

		t1, um		1500		900		800		700		600		500		400		300		200		100		50		0		1100		1300

		y_m, um		0		0		0		0		0		0		0		1		2		11		73		0		0		0
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si-al 

		MK  on 10/05/04						Bi-metal plate by G. Derylo:						Si-Al during cooling												Si

		L		t2(Al)		E2(Al)		cte2(Al)		E1(si)		cte1(si)				T_o		T

		0.046		0.0005		1.00E+11		2.35E-05		7.99E+10		2.40E-06				20.0		-20.0

		beta		3		1.8		1.6		1.4		1.2		1		0.8		0.6		0.4		0.2		0.1				2.2		2.6

		K1		80.0		33.1		27.9		23.3		19.4		16.1		13.3		11.3		10.2		11.6		17.2				45.6		61.2

		gamma*		-0.5		-0.9		-0.9		-1.0		-1.1		-1.3		-1.4		-1.4		-1.4		-1.0		-0.6				-0.7		-0.6

		a		0		0		0		0		0		0		0		0		0		0		0				0		0

		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002		0.0001		0.00005				0.0011		0.0013

		t1, um		1500		900		800		700		600		500		400		300		200		100		50		0		1100		1300

		y_m, um		134		227		250		276		304		334		362		379		367		277		172		0		188		158
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si-be

		MK  on 10/05/04						Bi-metal plate by G. Derylo:						Si-Be during cooling												Si

		L		t2(be)		E2(be)		cte2		E1(si)		cte1(si)				T_o		T

		0.046		0.0005		3.18E+11		1.15E-05		7.99E+10		2.40E-06				20.0		-20.0

		beta		3		1.8		1.6		1.4		1.2		1		0.8		0.6		0.4		0.2		0.1				2.2		2.6

		K1		66.1		31.4		27.4		23.8		20.7		18.2		16.5		15.7		17.0		25.3		44.4				41.0		52.6

		gamma*		-0.3		-0.4		-0.4		-0.4		-0.5		-0.5		-0.5		-0.4		-0.4		-0.2		-0.1				-0.3		-0.3

		a		0		0		0		0		0		0		0		0		0		0		0				0		0

		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002		0.0001		0.00005				0.0011		0.0013

		t1, um		1500		900		800		700		600		500		400		300		200		100		50		0		1100		1300

		y_m, um		70		103		110		117		123		127		126		118		95		55		29		0		90		79

																						1.0



&F

&A



si-be

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



Si-Be bending sagita

Si Thickness, microns

Sagita, microns

Si-Be(0.5 mm) thermal warp from +20C to -27C

0

0

0

0

0

0

0

0

0

0

0

0

0

0



Al-be

		MK  on 10/05/04						Bi-metal plate by G. Derylo:						Al-Be during cooling												AL

		L		t2(be)		E2(be)		cte2		E1(Al)		cte1(Al)				T_o		T

		0.1		0.0005		3.18E+11		1.15E-05		1.00E+11		2.35E-05				-27.0		20.0								Be

		beta		3		1.8		1.6		1.4		1.2		1		0.8		0.6		0.4		0.2		0.1				2.2		2.6

		K1		67.6		31.4		27.1		23.4		20.2		17.5		15.5		14.4		15.0		21.3		36.4				41.4		53.4

		gamma*		-0.4		-0.6		-0.6		-0.7		-0.7		-0.8		-0.8		-0.8		-0.6		-0.4		-0.2				-0.5		-0.5

		a		0		0		0		0		0		0		0		0		0		0		0				0		0

		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002		0.0001		0.00005				0.0011		0.0013

		t1, um		1500		900		800		700		600		500		400		300		200		100		50		0		1100		1300

		y_m, um		501		755		811		869		924		967		983		939		789		477		255		0		655		570
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3M9882_E2

		E2(T) for 3M9882								a1		0.0003784

										a2		-0.0764511
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		T, oC		E2		ln(E2)		E2(T)		DT

		-55		1		0		0.9998985052

		23		0.001		-6.907755279		0.0009999816

		100		0.0001		-9.210340372		0.0000999658
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Al-be (2)

		MK  on 10/05/04						Bi-metal plate by G. Derylo:						Al-Be during cooling												AL

		L		t2(be)		E2(be)		cte2(be)		E1(Al)		cte1(Al)		alpha		T_o		T

		0.1		0.0005		3.18E+11		1.15E-05		1.00E+11		2.35E-05		3.14E-01		-27.0		20.0								Be

		beta		3		1.8		1.6		1.4		1.2		1		0.8		0.6		0.4		0.2		0.1				2.2		2.6

		K1		67.6		31.4		27.1		23.4		20.2		17.5		15.5		14.4		15.0		21.3		36.4				41.4		53.4

		K		710.6		1071.4		1150.6		1232.1		1310.0		1371.9		1393.9		1332.6		1119.2		677.2		362.2				928.6		809.1

		a		0		0		0		0		0		0		0		0		0		0		0				0		0

		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002		0.0001		0.00005				0.0011		0.0013

		t1, um		1500		900		800		700		600		500		400		300		200		100		50		0		1100		1300

		y_m, um		501		755		811		869		924		967		983		939		789		477		255		0		655		570

		DL						54.1				110.5				56.4
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Si-Be bending sagita

Al Thickness, microns

Sagita, microns

Al-Be(0.5 mm) thermal warp from +20C to -27C
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200 μm  Si

300 μm Si

Temp.deg C

Warp, microns

Warp vs temperature for Si - glue(150μm) plate of 42 mm length
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si-glue(18-27) (2)

		MK  on 10/05/04						Bi-metal plate by G. Derylo:						Si-glue during cooling												Si

		Integration by				L		t2(glue)		E2(glue)		cte2(glue)		E1(si)		cte1(si)				T_o		T

		step 7				0.046		0.000175		3.88E+07		2.50E-04		7.99E+10		2.40E-06				-22.0		-27.0				-27		21.41		8.05

						beta		8.5714285714		5.1428571429		4.5714285714		4		3.4285714286		2.8571428571		2.2857142857		1.7142857143		1.1428571429

						K1		1.3E+06		2.8E+05		2.0E+05		1.3E+05		8.3E+04		4.8E+04		2.5E+04		1.0E+04		3.1E+03

						gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0

						a		0		0		0		0		0		0		0		0		0

						t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002

						t1, um		1500		900		800		700		600		500		400		300		200

						y_m, um		0		0		0		0		1		0.90		1.50		2.93		7.79

		-26.5		0.0469868995		0.046		0.000175		2.22E+07		2.50E-04		7.99E+10		2.40E-06				-15.0		-22.0				-22		13.63		5.12

		-25.5		0.0426804483		beta		8.5714285714		5.1428571429		4.5714285714		4		3.4285714286		2.8571428571		2.2857142857		1.7142857143		1.1428571429

		-24.5		0.0387980438		K1		2.3E+06		4.9E+05		3.4E+05		2.3E+05		1.4E+05		8.4E+04		4.3E+04		1.8E+04		5.4E+03

		-23.5		0.0352955018		gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0

		-22.5		0.0321334656		a		0		0		0		0		0		0		0		0		0

		-21.5		0.0292768567		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002

		-20.5		0.0266943899		t1, um		1500		900		800		700		600		500		400		300		200

		-19.5		0.0243581459		y_m, um		0		0		0		0		0		0.72		1.20		2.35		6.26

		-18.5		0.022243193

		-17.5		0.0203272536		0.046		0.000175		1.20E+07		2.50E-04		7.99E+10		2.40E-06				-8.0		-15.0				-15		7.37		2.77

		-16.5		0.0185904095		beta		8.5714285714		5.1428571429		4.5714285714		4		3.4285714286		2.8571428571		2.2857142857		1.7142857143		1.1428571429

		-15.5		0.0170148404		K1		4.2E+06		9.0E+05		6.3E+05		4.3E+05		2.7E+05		1.5E+05		7.9E+04		3.3E+04		9.9E+03

		-14.5		0.0155845935		gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0

		-13.5		0.0142853785		a		0		0		0		0		0		0		0		0		0

		-12.5		0.0131043866		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002

		-11.5		0.0120301299		t1, um		1500		900		800		700		600		500		400		300		200

		-10.5		0.0110522987		y_m, um		0		0		0		0		0		0.39		0.65		1.27		3.39

		-9.5		0.0101616347

		-8.5		0.0093498194		0.046		0.000175		6.75E+06		2.50E-04		7.99E+10		2.40E-06				-1.0		-8.0				-8		3.97		1.49

		-7.5		0.0086093733		beta		8.5714285714		5.1428571429		4.5714285714		4		3.4285714286		2.8571428571		2.2857142857		1.7142857143		1.1428571429

		-6.5		0.0079335677		K1		7.5E+06		1.6E+06		1.1E+06		7.6E+05		4.8E+05		2.8E+05		1.4E+05		6.0E+04		1.8E+04

		-5.5		0.0073163453		gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0

		-4.5		0.0067522503		a		0		0		0		0		0		0		0		0		0

		-3.5		0.0062363653		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002

		-2.5		0.0057642556		t1, um		1500		900		800		700		600		500		400		300		200

		-1.5		0.0053319196		y_m, um		0		0		0		0		0		0.22		0.37		0.72		1.90

		-0.5		0.004935744

		0.5		0.0045724645		0.046		0.000175		3.93E+06		2.50E-04		7.99E+10		2.40E-06				6.0		-1.0				-1		2.07		0.78

		1.5		0.0042391299		beta		8.5714285714		5.1428571429		4.5714285714		4		3.4285714286		2.8571428571		2.2857142857		1.7142857143		1.1428571429

		2.5		0.0039330709		K1		1.3E+07		2.8E+06		1.9E+06		1.3E+06		8.2E+05		4.7E+05		2.4E+05		1.0E+05		3.0E+04

		3.5		0.0036518717		gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0

		4.5		0.0033933442		a		0		0		0		0		0		0		0		0		0

		5.5		0.0031555059		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002

		6.5		0.0029365591		t1, um		1500		900		800		700		600		500		400		300		200

		7.5		0.0027348731		y_m, um		0		0		0		0		0		0.13		0.21		0.42		1.11

		8.5		0.0025489674

		9.5		0.0023774974		0.046		0.000175		2.38E+06		2.50E-04		7.99E+10		2.40E-06				11.0		6.0				6		0.96		0.36

		10.5		0.0022192412		beta		8.5714285714		5.1428571429		4.5714285714		4		3.4285714286		2.8571428571		2.2857142857		1.7142857143		1.1428571429

		11.5		0.0020730875		K1		2.1E+07		4.6E+06		3.2E+06		2.1E+06		1.4E+06		7.8E+05		4.0E+05		1.7E+05		5.0E+04

		12.5		0.0019380252		gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0

		13.5		0.001813134		a		0		0		0		0		0		0		0		0		0

		14.5		0.0016975753		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002

		15.5		0.0015905849		t1, um		1500		900		800		700		600		500		400		300		200

		16.5		0.001491466		y_m, um		0		0		0		0		0		0.06		0.09		0.18		0.48

		17.5		0.0013995826

		18.5		0.0013143541		0.046		0.000175		1.70E+06		2.50E-04		7.99E+10		2.40E-06				18.0		11.0				11		0.48		0.18

		19.5		0.0012352501		beta		8.5714285714		5.1428571429		4.5714285714		4		3.4285714286		2.8571428571		2.2857142857		1.7142857143		1.1428571429

						K1		3.0E+07		6.4E+06		4.5E+06		3.0E+06		1.9E+06		1.1E+06		5.6E+05		2.4E+05		7.0E+04

						gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0

						a		0		0		0		0		0		0		0		0		0

						t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002

						t1, um		1500		900		800		700		600		500		400		300		200

						y_m, um		0		0		0		0		0		0.06		0.09		0.18		0.48		L =47 mm		d=200 um		d=300 um		R=200/300

																										20		0		0

																										11		0.480		0.180		2.664

																step 7		Total		4.113		8.050		21.413		6		0.960		0.360		2.664

																step 9				4.111		8.045		21.401		-1		2.069		0.777		2.664

																Step 7-9				0.003		0.005		0.012		-8		3.974		1.492		2.664

																										-15		7.365		2.766		2.663

																										-22		13.627		5.120		2.662

																										-27		21.413		8.050		2.660

																										L =34 mm		d=200 um		d=300 um		R=200/300

																						20		-20		0		0		0

																						11		-29		-9		0.251		0.094		2.664

																						6		-34		-14		0.502		0.189		2.664

																						-1		-41		-21		1.083		0.406		2.664

																						-8		-48		-28		2.079		0.781		2.664

																						-15		-55		-35		3.854		1.447		2.663

																						-22		-62		-42		7.131		2.679		2.662

																						-27		-67		-47		11.206		4.212		2.660
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si-glue(18-27)

		MK  on 10/05/04						Bi-metal plate by G. Derylo:						Si-glue during cooling												Si

		Integration by				L		t2(glue)		E2(glue)		cte2(glue)		E1(si)		cte1(si)				T_o		T

		step 7				0.046		0.000175		3.88E+07		2.50E-04		7.99E+10		2.40E-06				-22.0		-27.0				-27		21.41		8.05

						beta		8.5714285714		5.1428571429		4.5714285714		4		3.4285714286		2.8571428571		2.2857142857		1.7142857143		1.1428571429

						K1		1.3E+06		2.8E+05		2.0E+05		1.3E+05		8.3E+04		4.8E+04		2.5E+04		1.0E+04		3.1E+03

						gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0

						a		0		0		0		0		0		0		0		0		0

						t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002

						t1, um		1500		900		800		700		600		500		400		300		200

						y_m, um		0		0		0		0		1		0.90		1.50		2.93		7.79

		-26.5		0.0469868995		0.046		0.000175		2.22E+07		2.50E-04		7.99E+10		2.40E-06				-15.0		-22.0				-22		13.63		5.12

		-25.5		0.0426804483		beta		8.5714285714		5.1428571429		4.5714285714		4		3.4285714286		2.8571428571		2.2857142857		1.7142857143		1.1428571429

		-24.5		0.0387980438		K1		2.3E+06		4.9E+05		3.4E+05		2.3E+05		1.4E+05		8.4E+04		4.3E+04		1.8E+04		5.4E+03

		-23.5		0.0352955018		gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0

		-22.5		0.0321334656		a		0		0		0		0		0		0		0		0		0

		-21.5		0.0292768567		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002

		-20.5		0.0266943899		t1, um		1500		900		800		700		600		500		400		300		200

		-19.5		0.0243581459		y_m, um		0		0		0		0		0		0.72		1.20		2.35		6.26

		-18.5		0.022243193

		-17.5		0.0203272536		0.046		0.000175		1.20E+07		2.50E-04		7.99E+10		2.40E-06				-8.0		-15.0				-15		7.37		2.77

		-16.5		0.0185904095		beta		8.5714285714		5.1428571429		4.5714285714		4		3.4285714286		2.8571428571		2.2857142857		1.7142857143		1.1428571429

		-15.5		0.0170148404		K1		4.2E+06		9.0E+05		6.3E+05		4.3E+05		2.7E+05		1.5E+05		7.9E+04		3.3E+04		9.9E+03

		-14.5		0.0155845935		gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0

		-13.5		0.0142853785		a		0		0		0		0		0		0		0		0		0

		-12.5		0.0131043866		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002

		-11.5		0.0120301299		t1, um		1500		900		800		700		600		500		400		300		200

		-10.5		0.0110522987		y_m, um		0		0		0		0		0		0.39		0.65		1.27		3.39

		-9.5		0.0101616347

		-8.5		0.0093498194		0.046		0.000175		6.75E+06		2.50E-04		7.99E+10		2.40E-06				-1.0		-8.0				-8		3.97		1.49

		-7.5		0.0086093733		beta		8.5714285714		5.1428571429		4.5714285714		4		3.4285714286		2.8571428571		2.2857142857		1.7142857143		1.1428571429

		-6.5		0.0079335677		K1		7.5E+06		1.6E+06		1.1E+06		7.6E+05		4.8E+05		2.8E+05		1.4E+05		6.0E+04		1.8E+04

		-5.5		0.0073163453		gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0

		-4.5		0.0067522503		a		0		0		0		0		0		0		0		0		0

		-3.5		0.0062363653		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002

		-2.5		0.0057642556		t1, um		1500		900		800		700		600		500		400		300		200

		-1.5		0.0053319196		y_m, um		0		0		0		0		0		0.22		0.37		0.72		1.90

		-0.5		0.004935744

		0.5		0.0045724645		0.046		0.000175		3.93E+06		2.50E-04		7.99E+10		2.40E-06				6.0		-1.0				-1		2.07		0.78

		1.5		0.0042391299		beta		8.5714285714		5.1428571429		4.5714285714		4		3.4285714286		2.8571428571		2.2857142857		1.7142857143		1.1428571429

		2.5		0.0039330709		K1		1.3E+07		2.8E+06		1.9E+06		1.3E+06		8.2E+05		4.7E+05		2.4E+05		1.0E+05		3.0E+04

		3.5		0.0036518717		gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0

		4.5		0.0033933442		a		0		0		0		0		0		0		0		0		0

		5.5		0.0031555059		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002

		6.5		0.0029365591		t1, um		1500		900		800		700		600		500		400		300		200

		7.5		0.0027348731		y_m, um		0		0		0		0		0		0.13		0.21		0.42		1.11

		8.5		0.0025489674

		9.5		0.0023774974		0.046		0.000175		2.38E+06		2.50E-04		7.99E+10		2.40E-06				11.0		6.0				6		0.96		0.36

		10.5		0.0022192412		beta		8.5714285714		5.1428571429		4.5714285714		4		3.4285714286		2.8571428571		2.2857142857		1.7142857143		1.1428571429

		11.5		0.0020730875		K1		2.1E+07		4.6E+06		3.2E+06		2.1E+06		1.4E+06		7.8E+05		4.0E+05		1.7E+05		5.0E+04

		12.5		0.0019380252		gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0

		13.5		0.001813134		a		0		0		0		0		0		0		0		0		0

		14.5		0.0016975753		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002

		15.5		0.0015905849		t1, um		1500		900		800		700		600		500		400		300		200

		16.5		0.001491466		y_m, um		0		0		0		0		0		0.06		0.09		0.18		0.48

		17.5		0.0013995826

		18.5		0.0013143541		0.046		0.000175		1.70E+06		2.50E-04		7.99E+10		2.40E-06				18.0		11.0				11		0.48		0.18

		19.5		0.0012352501		beta		8.5714285714		5.1428571429		4.5714285714		4		3.4285714286		2.8571428571		2.2857142857		1.7142857143		1.1428571429

						K1		3.0E+07		6.4E+06		4.5E+06		3.0E+06		1.9E+06		1.1E+06		5.6E+05		2.4E+05		7.0E+04

						gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0

						a		0		0		0		0		0		0		0		0		0

						t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002

						t1, um		1500		900		800		700		600		500		400		300		200

						y_m, um		0		0		0		0		0		0.06		0.09		0.18		0.48		L =47 mm		d=200 um		d=300 um		R=200/300

																										20		0		0

																										11		0.480		0.180		2.664

																step 7		Total		4.113		8.050		21.413		6		0.960		0.360		2.664

																step 9				4.111		8.045		21.401		-1		2.069		0.777		2.664

																Step 7-9				0.003		0.005		0.012		-8		3.974		1.492		2.664

																										-15		7.365		2.766		2.663

																										-22		13.627		5.120		2.662

																										-27		21.413		8.050		2.660

																										L =42 mm		d=200 um		d=300 um		R=200/300

																										20		0		0

																										11		0.383		0.144		2.664

																										6		0.767		0.288		2.664

																										-1		1.652		0.620		2.664

																										-8		3.173		1.191		2.664

																										-15		5.882		2.209		2.663

																										-22		10.882		4.088		2.662

																										-27		17.099		6.428		2.660
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si-glue(18-27)
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Warp vs temperature for Si - glue(150μm) plate of 42 mm length
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si-glue(100+250) 

		MK  on 10/05/04						Bi-metal plate by G. Derylo:						Si-glue during soldering(2nd step)												Si

		L		t2(glue)		E2(glue)		cte2(glue)		E1(si)		cte1(si)				T_o		T

		0.046		0.00005		3.00E+05		2.50E-04		7.99E+10		2.40E-06				250.0		100.0						L

		beta		30		18		16		14		12		10		8		6		4		2		1				22		26

		K1		7.2E+09		1.6E+09		1.1E+09		7.3E+08		4.6E+08		2.7E+08		1.4E+08		5.8E+07		1.7E+07		2.1E+06		2.7E+05				2.8E+09		4.7E+09

		gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0				-0.0		-0.0

		a		0		0		0		0		0		0		0		0		0		0		0				0		0

		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002		0.0001		0.00005				0.0011		0.0013

		t1, um		1500		900		800		700		600		500		400		300		200		100		50		0		1100		1300

		y_m, um		0		0		0		0		0		0		0		0		0		2		9		0		0		0
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si-glue(100+250) 
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Si-Be bending sagita

Si Thickness, microns

Sagita, microns

Si-3M9882(0.05 mm) thermal warp from +100C to +250C
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si-glue(20+100)

		MK  on 10/05/04						Bi-metal plate by G. Derylo:						Si-glue during soldering(1st step)												Si

		L		t2(glue)		E2(glue)		cte2(glue)		cte1(si)		E1(si)				T_o		T

		0.046		0.00005		1.00E+06		2.50E-04		2.40E-06		7.99E+10				100.0		20.0

		beta		30		18		16		14		12		10		8		6		4		2		1				22		26

		K1		2.2E+09		4.7E+08		3.3E+08		2.2E+08		1.4E+08		8.0E+07		4.1E+07		1.7E+07		5.1E+06		6.4E+05		8.0E+04				8.5E+08		1.4E+09

		gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.1				-0.0		-0.0

		a		0		0		0		0		0		0		0		0		0		0		0				0		0

		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002		0.0001		0.00005				0.0011		0.0013

		t1, um		1500		900		800		700		600		500		400		300		200		100		50		0		1100		1300

		y_m, um		0		0		0		0		0		0		0		0		1		3		16		0		0		0
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si-glue(20+100)
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Si-Be bending sagita

Si Thickness, microns

Sagita, microns

Si-3M9882(0.05 mm) thermal warp from +20C to +100C
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si-glue(21-27)

		MK  on 10/05/04						Bi-metal plate by G. Derylo:						Si-glue during cooling												Si

		Integration by				L		t2(glue)		E2(glue)		cte2(glue)		E1(si)		cte1(si)				T_o		T

		step 9				0.046		0.000175		3.53E+07		2.50E-04		7.99E+10		2.40E-06				-20.0		-27.0

						beta		8.5714285714		5.1428571429		4.5714285714		4		3.4285714286		2.8571428571		2.2857142857		1.7142857143		1.1428571429

						K1		1.4E+06		3.1E+05		2.2E+05		1.4E+05		9.1E+04		5.3E+04		2.7E+04		1.1E+04		3.4E+03

						gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0

						a		0		0		0		0		0		0		0		0		0

						t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002

						t1, um		1500		900		800		700		600		500		400		300		200

						y_m, um		0		0		0		1		1		1.15		1.91		3.73		9.92

		-26.5		0.0469868995		0.046		0.000175		1.70E+07		2.50E-04		7.99E+10		2.40E-06				-11.0		-20.0

		-25.5		0.0426804483		beta		8.5714285714		5.1428571429		4.5714285714		4		3.4285714286		2.8571428571		2.2857142857		1.7142857143		1.1428571429

		-24.5		0.0387980438		K1		3.0E+06		6.4E+05		4.5E+05		3.0E+05		1.9E+05		1.1E+05		5.6E+04		2.4E+04		7.0E+03

		-23.5		0.0352955018		gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0

		-22.5		0.0321334656		a		0		0		0		0		0		0		0		0		0

		-21.5		0.0292768567		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002

		-20.5		0.0266943899		t1, um		1500		900		800		700		600		500		400		300		200

		-19.5		0.0243581459		y_m, um		0		0		0		0		0		0.71		1.18		2.32		6.16

		-18.5		0.022243193

		-17.5		0.0203272536		0.046		0.000175		7.93E+06		2.50E-04		7.99E+10		2.40E-06				-2.0		-11.0

		-16.5		0.0185904095		beta		8.5714285714		5.1428571429		4.5714285714		4		3.4285714286		2.8571428571		2.2857142857		1.7142857143		1.1428571429

		-15.5		0.0170148404		K1		6.3E+06		1.4E+06		9.6E+05		6.4E+05		4.1E+05		2.4E+05		1.2E+05		5.1E+04		1.5E+04

		-14.5		0.0155845935		gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0

		-13.5		0.0142853785		a		0		0		0		0		0		0		0		0		0

		-12.5		0.0131043866		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002

		-11.5		0.0120301299		t1, um		1500		900		800		700		600		500		400		300		200

		-10.5		0.0110522987		y_m, um		0		0		0		0		0		0.33		0.55		1.08		2.88

		-9.5		0.0101616347

		-8.5		0.0093498194		0.046		0.000175		3.93E+06		2.50E-04		7.99E+10		2.40E-06				7.0		-2.0

		-7.5		0.0086093733		beta		8.5714285714		5.1428571429		4.5714285714		4		3.4285714286		2.8571428571		2.2857142857		1.7142857143		1.1428571429

		-6.5		0.0079335677		K1		1.3E+07		2.8E+06		1.9E+06		1.3E+06		8.2E+05		4.7E+05		2.4E+05		1.0E+05		3.0E+04

		-5.5		0.0073163453		gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0

		-4.5		0.0067522503		a		0		0		0		0		0		0		0		0		0

		-3.5		0.0062363653		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002

		-2.5		0.0057642556		t1, um		1500		900		800		700		600		500		400		300		200

		-1.5		0.0053319196		y_m, um		0		0		0		0		0		0.16		0.27		0.54		1.43

		-0.5		0.004935744

		0.5		0.0045724645		0.046		0.000175		2.07E+06		2.50E-04		7.99E+10		2.40E-06				16.0		7.0

		1.5		0.0042391299		beta		8.5714285714		5.1428571429		4.5714285714		4		3.4285714286		2.8571428571		2.2857142857		1.7142857143		1.1428571429

		2.5		0.0039330709		K1		2.4E+07		5.3E+06		3.7E+06		2.5E+06		1.6E+06		9.0E+05		4.6E+05		1.9E+05		5.8E+04

		3.5		0.0036518717		gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0

		4.5		0.0033933442		a		0		0		0		0		0		0		0		0		0

		5.5		0.0031555059		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002

		6.5		0.0029365591		t1, um		1500		900		800		700		600		500		400		300		200

		7.5		0.0027348731		y_m, um		0		0		0		0		0		0.09		0.14		0.28		0.75

		8.5		0.0025489674

		9.5		0.0023774974		0.046		0.000175		1.31E+06		2.50E-04		7.99E+10		2.40E-06				21.0		16.0

		10.5		0.0022192412		beta		8.5714285714		5.1428571429		4.5714285714		4		3.4285714286		2.8571428571		2.2857142857		1.7142857143		1.1428571429

		11.5		0.0020730875		K1		3.8E+07		8.3E+06		5.8E+06		3.9E+06		2.5E+06		1.4E+06		7.3E+05		3.1E+05		9.1E+04

		12.5		0.0019380252		gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0

		13.5		0.001813134		a		0		0		0		0		0		0		0		0		0

		14.5		0.0016975753		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002

		15.5		0.0015905849		t1, um		1500		900		800		700		600		500		400		300		200

		16.5		0.001491466		y_m, um		0		0		0		0		0		0.03		0.05		0.10		0.26

		17.5		0.0013995826												step 7		Total		4.113		8.050		21.413

		18.5		0.0013143541												step 9		Total		4.111		8.045		21.401

		19.5		0.0012352501												Step 7-9				0.003		0.005		0.012
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Si-Be bending sagita

Si Thickness, microns

Sagita, microns

Si-3M9887(0.175 mm) thermal warp from +20C to -27C
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si-al 

		MK  on 10/05/04						Bi-metal plate by G. Derylo:						Si-Al during cooling												Si

		L		t2(Al)		E2(Al)		cte2(Al)		E1(si)		cte1(si)				T_o		T

		0.046		0.0005		1.00E+11		2.35E-05		7.99E+10		2.40E-06				20.0		-27.0

		beta		3		1.8		1.6		1.4		1.2		1		0.8		0.6		0.4		0.2		0.1				2.2		2.6

		K1		80.0		33.1		27.9		23.3		19.4		16.1		13.3		11.3		10.2		11.6		17.2				45.6		61.2

		gamma*		-0.6		-1.0		-1.1		-1.2		-1.4		-1.5		-1.6		-1.7		-1.6		-1.2		-0.8				-0.8		-0.7

		a		0		0		0		0		0		0		0		0		0		0		0				0		0

		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002		0.0001		0.00005				0.0011		0.0013

		t1, um		1500		900		800		700		600		500		400		300		200		100		50		0		1100		1300

		y_m, um		157		266		293		324		357		392		425		446		431		325		202		0		221		185
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Si-Be bending sagita

Si Thickness, microns

Sagita, microns

Si-Al(0.5 mm) thermal warp from +20C to -27C
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si-be

		MK  on 10/05/04						Bi-metal plate by G. Derylo:						Si-Be during cooling												Si

		L		t2(be)		E2(be)		cte2		E1(si)		cte1(si)				T_o		T

		0.046		0.0005		3.18E+11		1.15E-05		7.99E+10		2.40E-06				20.0		-27.0

		beta		3		1.8		1.6		1.4		1.2		1		0.8		0.6		0.4		0.2		0.1				2.2		2.6

		K1		66.1		31.4		27.4		23.8		20.7		18.2		16.5		15.7		17.0		25.3		44.4				41.0		52.6

		gamma*		-0.3		-0.5		-0.5		-0.5		-0.5		-0.6		-0.6		-0.5		-0.4		-0.2		-0.1				-0.4		-0.4

		a		0		0		0		0		0		0		0		0		0		0		0				0		0

		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002		0.0001		0.00005				0.0011		0.0013

		t1, um		1500		900		800		700		600		500		400		300		200		100		50		0		1100		1300

		y_m, um		82		121		129		137		144		149		148		138		112		64		34		0		106		93

																						1.0
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si-be
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Si-Be bending sagita

Si Thickness, microns

Sagita, microns

Si-Be(0.5 mm) thermal warp from +20C to -27C
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Al-be

		MK  on 10/05/04						Bi-metal plate by G. Derylo:						Al-Be during cooling												AL

		L		t2(be)		E2(be)		cte2		E1(Al)		cte1(Al)				T_o		T

		0.1		0.0005		3.18E+11		1.15E-05		1.00E+11		2.35E-05				-27.0		20.0								Be

		beta		3		1.8		1.6		1.4		1.2		1		0.8		0.6		0.4		0.2		0.1				2.2		2.6

		K1		67.6		31.4		27.1		23.4		20.2		17.5		15.5		14.4		15.0		21.3		36.4				41.4		53.4

		gamma*		-0.4		-0.6		-0.6		-0.7		-0.7		-0.8		-0.8		-0.8		-0.6		-0.4		-0.2				-0.5		-0.5

		a		0		0		0		0		0		0		0		0		0		0		0				0		0

		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002		0.0001		0.00005				0.0011		0.0013

		t1, um		1500		900		800		700		600		500		400		300		200		100		50		0		1100		1300

		y_m, um		501		755		811		869		924		967		983		939		789		477		255		0		655		570
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Si-Be bending sagita

Al Thickness, microns

Sagita, microns

Al-Be(0.5 mm) thermal warp from +20C to -27C
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Al-be (2)

		MK  on 10/05/04						Bi-metal plate by G. Derylo:						Al-Be during cooling												AL

		L		t2(be)		E2(be)		cte2(be)		E1(Al)		cte1(Al)		alpha		T_o		T

		0.1		0.0005		3.18E+11		1.15E-05		1.00E+11		2.35E-05		3.14E-01		-27.0		20.0								Be

		beta		3		1.8		1.6		1.4		1.2		1		0.8		0.6		0.4		0.2		0.1				2.2		2.6

		K1		67.6		31.4		27.1		23.4		20.2		17.5		15.5		14.4		15.0		21.3		36.4				41.4		53.4

		K		710.6		1071.4		1150.6		1232.1		1310.0		1371.9		1393.9		1332.6		1119.2		677.2		362.2				928.6		809.1

		a		0		0		0		0		0		0		0		0		0		0		0				0		0

		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002		0.0001		0.00005				0.0011		0.0013

		t1, um		1500		900		800		700		600		500		400		300		200		100		50		0		1100		1300

		y_m, um		501		755		811		869		924		967		983		939		789		477		255		0		655		570

		DL						54.1				110.5				56.4
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Si-Be bending sagita

Al Thickness, microns

Sagita, microns

Al-Be(0.5 mm) thermal warp from +20C to -27C
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3M9882_E2

		E2(T) for 3M9882								a1		0.0003784

										a2		-0.0764511

										a3		-5.349572

		T, oC		E2		ln(E2)		E2(T)		DT

		-55		1		0		0.9998985052

		23		0.001		-6.907755279		0.0009999816

		100		0.0001		-9.210340372		0.0000999658

		20						0.0011978416

		15						0.0016430541		10

		5						0.0032719554		10

		-5						0.0070279762		10

		-15						0.0162824816		10

		-24						0.0370018562		7

		-27						0.0493144223

		-40						0.1852427781

		-50						0.5593292394

		-49.5						0.5283121641

		-48.5						0.4716103094

		-47.5						0.4213127909

		-46.5						0.3766644842

		-45.5						0.3370026955

		-44.5						0.3017454644

		-43.5						0.270381393

		-42.5						0.2424607954

		-41.5						0.2175879919

		-40.5						0.1954145948

		-39.5						0.1756336566

		-38.5						0.1579745634

		-37.5						0.1421985797

		-36.5						0.1280949555

		-35.5						0.1154775258

		-34.5						0.1041817353

		-33.5						0.0940620367

		-32.5						0.0849896113

		-31.5						0.0768503734

		-30.5						0.0695432199

		-29.5						0.0629784956

		-28.5						0.0570766459

		-27.5						0.0517670336

		-26.5						0.0469868995

		-25.5						0.0426804483

		-24.5						0.0387980438

		-23.5						0.0352955018

		-22.5						0.0321334656

		-21.5						0.0292768567

		-20.5						0.0266943899

		-19.5						0.0243581459

		-18.5						0.022243193

		-17.5						0.0203272536

		-16.5						0.0185904095

		-15.5						0.0170148404

		-14.5						0.0155845935

		-13.5						0.0142853785

		-12.5						0.0131043866

		-11.5						0.0120301299

		-10.5						0.0110522987

		-9.5						0.0101616347

		-8.5						0.0093498194

		-7.5						0.0086093733

		-6.5						0.0079335677

		-5.5						0.0073163453

		-4.5						0.0067522503

		-3.5						0.0062363653

		-2.5						0.0057642556

		-1.5						0.0053319196

		-0.5						0.004935744

		0.5						0.0045724645

		1.5						0.0042391299

		2.5						0.0039330709

		3.5						0.0036518717

		4.5						0.0033933442

		5.5						0.0031555059

		6.5						0.0029365591

		7.5						0.0027348731

		8.5						0.0025489674

		9.5						0.0023774974

		10.5						0.0022192412

		11.5						0.0020730875

		12.5						0.0019380252

		13.5						0.001813134

		14.5						0.0016975753

		15.5						0.0015905849

		16.5						0.001491466

		17.5						0.0013995826

		18.5						0.0013143541

		19.5						0.0012352501
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Si-Be bending sagita

Si Thickness, microns

Sagita, microns

Si-3M9887(0.18 mm) thermal warp from +20C to +250C
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si-glue(18-27) (2)

		MK  on 10/05/04						Bi-metal plate by G. Derylo:						Si-glue during cooling												Si

		Integration by				L		t2(glue)		E2(glue)		cte2(glue)		E1(si)		cte1(si)				T_o		T

		step 7				0.046		0.000175		3.88E+07		2.50E-04		7.99E+10		2.40E-06				-22.0		-27.0				-27		21.41		8.05

						beta		8.5714285714		5.1428571429		4.5714285714		4		3.4285714286		2.8571428571		2.2857142857		1.7142857143		1.1428571429

						K1		1.3E+06		2.8E+05		2.0E+05		1.3E+05		8.3E+04		4.8E+04		2.5E+04		1.0E+04		3.1E+03

						gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0

						a		0		0		0		0		0		0		0		0		0

						t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002

						t1, um		1500		900		800		700		600		500		400		300		200

						y_m, um		0		0		0		0		1		0.90		1.50		2.93		7.79

		-26.5		0.0469868995		0.046		0.000175		2.22E+07		2.50E-04		7.99E+10		2.40E-06				-15.0		-22.0				-22		13.63		5.12

		-25.5		0.0426804483		beta		8.5714285714		5.1428571429		4.5714285714		4		3.4285714286		2.8571428571		2.2857142857		1.7142857143		1.1428571429

		-24.5		0.0387980438		K1		2.3E+06		4.9E+05		3.4E+05		2.3E+05		1.4E+05		8.4E+04		4.3E+04		1.8E+04		5.4E+03

		-23.5		0.0352955018		gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0

		-22.5		0.0321334656		a		0		0		0		0		0		0		0		0		0

		-21.5		0.0292768567		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002

		-20.5		0.0266943899		t1, um		1500		900		800		700		600		500		400		300		200

		-19.5		0.0243581459		y_m, um		0		0		0		0		0		0.72		1.20		2.35		6.26

		-18.5		0.022243193

		-17.5		0.0203272536		0.046		0.000175		1.20E+07		2.50E-04		7.99E+10		2.40E-06				-8.0		-15.0				-15		7.37		2.77

		-16.5		0.0185904095		beta		8.5714285714		5.1428571429		4.5714285714		4		3.4285714286		2.8571428571		2.2857142857		1.7142857143		1.1428571429

		-15.5		0.0170148404		K1		4.2E+06		9.0E+05		6.3E+05		4.3E+05		2.7E+05		1.5E+05		7.9E+04		3.3E+04		9.9E+03

		-14.5		0.0155845935		gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0

		-13.5		0.0142853785		a		0		0		0		0		0		0		0		0		0

		-12.5		0.0131043866		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002

		-11.5		0.0120301299		t1, um		1500		900		800		700		600		500		400		300		200

		-10.5		0.0110522987		y_m, um		0		0		0		0		0		0.39		0.65		1.27		3.39

		-9.5		0.0101616347

		-8.5		0.0093498194		0.046		0.000175		6.75E+06		2.50E-04		7.99E+10		2.40E-06				-1.0		-8.0				-8		3.97		1.49

		-7.5		0.0086093733		beta		8.5714285714		5.1428571429		4.5714285714		4		3.4285714286		2.8571428571		2.2857142857		1.7142857143		1.1428571429

		-6.5		0.0079335677		K1		7.5E+06		1.6E+06		1.1E+06		7.6E+05		4.8E+05		2.8E+05		1.4E+05		6.0E+04		1.8E+04

		-5.5		0.0073163453		gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0

		-4.5		0.0067522503		a		0		0		0		0		0		0		0		0		0

		-3.5		0.0062363653		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002

		-2.5		0.0057642556		t1, um		1500		900		800		700		600		500		400		300		200

		-1.5		0.0053319196		y_m, um		0		0		0		0		0		0.22		0.37		0.72		1.90

		-0.5		0.004935744

		0.5		0.0045724645		0.046		0.000175		3.93E+06		2.50E-04		7.99E+10		2.40E-06				6.0		-1.0				-1		2.07		0.78

		1.5		0.0042391299		beta		8.5714285714		5.1428571429		4.5714285714		4		3.4285714286		2.8571428571		2.2857142857		1.7142857143		1.1428571429

		2.5		0.0039330709		K1		1.3E+07		2.8E+06		1.9E+06		1.3E+06		8.2E+05		4.7E+05		2.4E+05		1.0E+05		3.0E+04

		3.5		0.0036518717		gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0

		4.5		0.0033933442		a		0		0		0		0		0		0		0		0		0

		5.5		0.0031555059		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002

		6.5		0.0029365591		t1, um		1500		900		800		700		600		500		400		300		200

		7.5		0.0027348731		y_m, um		0		0		0		0		0		0.13		0.21		0.42		1.11

		8.5		0.0025489674

		9.5		0.0023774974		0.046		0.000175		2.38E+06		2.50E-04		7.99E+10		2.40E-06				11.0		6.0				6		0.96		0.36

		10.5		0.0022192412		beta		8.5714285714		5.1428571429		4.5714285714		4		3.4285714286		2.8571428571		2.2857142857		1.7142857143		1.1428571429

		11.5		0.0020730875		K1		2.1E+07		4.6E+06		3.2E+06		2.1E+06		1.4E+06		7.8E+05		4.0E+05		1.7E+05		5.0E+04

		12.5		0.0019380252		gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0

		13.5		0.001813134		a		0		0		0		0		0		0		0		0		0

		14.5		0.0016975753		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002

		15.5		0.0015905849		t1, um		1500		900		800		700		600		500		400		300		200

		16.5		0.001491466		y_m, um		0		0		0		0		0		0.06		0.09		0.18		0.48

		17.5		0.0013995826

		18.5		0.0013143541		0.046		0.000175		1.70E+06		2.50E-04		7.99E+10		2.40E-06				18.0		11.0				11		0.48		0.18

		19.5		0.0012352501		beta		8.5714285714		5.1428571429		4.5714285714		4		3.4285714286		2.8571428571		2.2857142857		1.7142857143		1.1428571429

						K1		3.0E+07		6.4E+06		4.5E+06		3.0E+06		1.9E+06		1.1E+06		5.6E+05		2.4E+05		7.0E+04

						gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0

						a		0		0		0		0		0		0		0		0		0

						t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002

						t1, um		1500		900		800		700		600		500		400		300		200

						y_m, um		0		0		0		0		0		0.06		0.09		0.18		0.48		L =47 mm		d=200 um		d=300 um		R=200/300

																										20		0		0

																										11		0.480		0.180		2.664

																step 7		Total		4.113		8.050		21.413		6		0.960		0.360		2.664

																step 9				4.111		8.045		21.401		-1		2.069		0.777		2.664

																Step 7-9				0.003		0.005		0.012		-8		3.974		1.492		2.664

																										-15		7.365		2.766		2.663

																										-22		13.627		5.120		2.662

																										-27		21.413		8.050		2.660

																										L =34 mm		d=200 um		d=300 um		R=200/300

																						20		-20		0		0		0

																						11		-29		-9		0.251		0.094		2.664

																						6		-34		-14		0.502		0.189		2.664

																						-1		-41		-21		1.083		0.406		2.664

																						-8		-48		-28		2.079		0.781		2.664

																						-15		-55		-35		3.854		1.447		2.663

																						-22		-62		-42		7.131		2.679		2.662

																						-27		-67		-47		11.206		4.212		2.660
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si-glue(18-27)

		MK  on 10/05/04						Bi-metal plate by G. Derylo:						Si-glue during cooling												Si

		Integration by				L		t2(glue)		E2(glue)		cte2(glue)		E1(si)		cte1(si)				T_o		T

		step 7				0.046		0.000175		3.88E+07		2.50E-04		7.99E+10		2.40E-06				-22.0		-27.0				-27		21.41		8.05

						beta		8.5714285714		5.1428571429		4.5714285714		4		3.4285714286		2.8571428571		2.2857142857		1.7142857143		1.1428571429

						K1		1.3E+06		2.8E+05		2.0E+05		1.3E+05		8.3E+04		4.8E+04		2.5E+04		1.0E+04		3.1E+03

						gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0

						a		0		0		0		0		0		0		0		0		0

						t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002

						t1, um		1500		900		800		700		600		500		400		300		200

						y_m, um		0		0		0		0		1		0.90		1.50		2.93		7.79

		-26.5		0.0469868995		0.046		0.000175		2.22E+07		2.50E-04		7.99E+10		2.40E-06				-15.0		-22.0				-22		13.63		5.12

		-25.5		0.0426804483		beta		8.5714285714		5.1428571429		4.5714285714		4		3.4285714286		2.8571428571		2.2857142857		1.7142857143		1.1428571429

		-24.5		0.0387980438		K1		2.3E+06		4.9E+05		3.4E+05		2.3E+05		1.4E+05		8.4E+04		4.3E+04		1.8E+04		5.4E+03

		-23.5		0.0352955018		gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0

		-22.5		0.0321334656		a		0		0		0		0		0		0		0		0		0

		-21.5		0.0292768567		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002

		-20.5		0.0266943899		t1, um		1500		900		800		700		600		500		400		300		200

		-19.5		0.0243581459		y_m, um		0		0		0		0		0		0.72		1.20		2.35		6.26

		-18.5		0.022243193

		-17.5		0.0203272536		0.046		0.000175		1.20E+07		2.50E-04		7.99E+10		2.40E-06				-8.0		-15.0				-15		7.37		2.77

		-16.5		0.0185904095		beta		8.5714285714		5.1428571429		4.5714285714		4		3.4285714286		2.8571428571		2.2857142857		1.7142857143		1.1428571429

		-15.5		0.0170148404		K1		4.2E+06		9.0E+05		6.3E+05		4.3E+05		2.7E+05		1.5E+05		7.9E+04		3.3E+04		9.9E+03

		-14.5		0.0155845935		gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0

		-13.5		0.0142853785		a		0		0		0		0		0		0		0		0		0

		-12.5		0.0131043866		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002

		-11.5		0.0120301299		t1, um		1500		900		800		700		600		500		400		300		200

		-10.5		0.0110522987		y_m, um		0		0		0		0		0		0.39		0.65		1.27		3.39

		-9.5		0.0101616347

		-8.5		0.0093498194		0.046		0.000175		6.75E+06		2.50E-04		7.99E+10		2.40E-06				-1.0		-8.0				-8		3.97		1.49

		-7.5		0.0086093733		beta		8.5714285714		5.1428571429		4.5714285714		4		3.4285714286		2.8571428571		2.2857142857		1.7142857143		1.1428571429

		-6.5		0.0079335677		K1		7.5E+06		1.6E+06		1.1E+06		7.6E+05		4.8E+05		2.8E+05		1.4E+05		6.0E+04		1.8E+04

		-5.5		0.0073163453		gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0

		-4.5		0.0067522503		a		0		0		0		0		0		0		0		0		0

		-3.5		0.0062363653		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002

		-2.5		0.0057642556		t1, um		1500		900		800		700		600		500		400		300		200

		-1.5		0.0053319196		y_m, um		0		0		0		0		0		0.22		0.37		0.72		1.90

		-0.5		0.004935744

		0.5		0.0045724645		0.046		0.000175		3.93E+06		2.50E-04		7.99E+10		2.40E-06				6.0		-1.0				-1		2.07		0.78

		1.5		0.0042391299		beta		8.5714285714		5.1428571429		4.5714285714		4		3.4285714286		2.8571428571		2.2857142857		1.7142857143		1.1428571429

		2.5		0.0039330709		K1		1.3E+07		2.8E+06		1.9E+06		1.3E+06		8.2E+05		4.7E+05		2.4E+05		1.0E+05		3.0E+04

		3.5		0.0036518717		gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0

		4.5		0.0033933442		a		0		0		0		0		0		0		0		0		0

		5.5		0.0031555059		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002

		6.5		0.0029365591		t1, um		1500		900		800		700		600		500		400		300		200

		7.5		0.0027348731		y_m, um		0		0		0		0		0		0.13		0.21		0.42		1.11

		8.5		0.0025489674

		9.5		0.0023774974		0.046		0.000175		2.38E+06		2.50E-04		7.99E+10		2.40E-06				11.0		6.0				6		0.96		0.36

		10.5		0.0022192412		beta		8.5714285714		5.1428571429		4.5714285714		4		3.4285714286		2.8571428571		2.2857142857		1.7142857143		1.1428571429

		11.5		0.0020730875		K1		2.1E+07		4.6E+06		3.2E+06		2.1E+06		1.4E+06		7.8E+05		4.0E+05		1.7E+05		5.0E+04

		12.5		0.0019380252		gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0

		13.5		0.001813134		a		0		0		0		0		0		0		0		0		0

		14.5		0.0016975753		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002

		15.5		0.0015905849		t1, um		1500		900		800		700		600		500		400		300		200

		16.5		0.001491466		y_m, um		0		0		0		0		0		0.06		0.09		0.18		0.48

		17.5		0.0013995826

		18.5		0.0013143541		0.046		0.000175		1.70E+06		2.50E-04		7.99E+10		2.40E-06				18.0		11.0				11		0.48		0.18

		19.5		0.0012352501		beta		8.5714285714		5.1428571429		4.5714285714		4		3.4285714286		2.8571428571		2.2857142857		1.7142857143		1.1428571429

						K1		3.0E+07		6.4E+06		4.5E+06		3.0E+06		1.9E+06		1.1E+06		5.6E+05		2.4E+05		7.0E+04

						gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0

						a		0		0		0		0		0		0		0		0		0

						t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002

						t1, um		1500		900		800		700		600		500		400		300		200

						y_m, um		0		0		0		0		0		0.06		0.09		0.18		0.48		L =47 mm		d=200 um		d=300 um		R=200/300

																										20		0		0

																										11		0.480		0.180		2.664

																step 7		Total		4.113		8.050		21.413		6		0.960		0.360		2.664

																step 9				4.111		8.045		21.401		-1		2.069		0.777		2.664

																Step 7-9				0.003		0.005		0.012		-8		3.974		1.492		2.664

																										-15		7.365		2.766		2.663

																										-22		13.627		5.120		2.662

																										-27		21.413		8.050		2.660

																										L =42 mm		d=200 um		d=300 um		R=200/300

																										20		0		0

																										11		0.383		0.144		2.664

																										6		0.767		0.288		2.664

																										-1		1.652		0.620		2.664

																										-8		3.173		1.191		2.664

																										-15		5.882		2.209		2.663

																										-22		10.882		4.088		2.662

																										-27		17.099		6.428		2.660
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si-glue(18-27)
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200 μm  Si

300 μm Si

Temp.deg C

Warp, microns

Warp vs temperature for Si - glue(150μm) plate of 42 mm length
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si-glue(20+250) 

		MK  on 10/05/04						Bi-metal plate by G. Derylo:						Si-glue during soldering(2nd step)												Si

		L		t2(glue)		E2(glue)		cte2(glue)		E1(si)		cte1(si)				T_o		T

		0.042		0.000175		1.00E+06		2.50E-04		7.99E+10		2.40E-06				250.0		20.0						L

		beta		8.5714285714		5.1428571429		4.5714285714		4		3.4285714286		2.8571428571		2.2857142857		1.7142857143		1.1428571429		0.5714285714		0.2857142857				6.2857142857		7.4285714286

		K1		5.0E+07		1.1E+07		7.6E+06		5.1E+06		3.2E+06		1.9E+06		9.5E+05		4.0E+05		1.2E+05		1.5E+04		1.9E+03				2.0E+07		3.3E+07

		gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.2		-1.3				-0.0		-0.0

		a		0		0		0		0		0		0		0		0		0		0		0				0		0

		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002		0.0001		0.00005				0.0011		0.0013

		t1, um		1500		900		800		700		600		500		400		300		200		100		50		0		1100		1300

		y_m, um		0		0		0		0		1		1		1		3		8		45		296		0		0		0
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si-glue(20+250) 
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Si-Be bending sagita

Si Thickness, microns

Sagita, microns

Si-3M9887(0.18 mm) thermal warp from +20C to +250C
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si-glue(100+250) 

		MK  on 10/05/04						Bi-metal plate by G. Derylo:						Si-glue during soldering(2nd step)												Si

		L		t2(glue)		E2(glue)		cte2(glue)		E1(si)		cte1(si)				T_o		T

		0.046		0.00005		3.00E+05		2.50E-04		7.99E+10		2.40E-06				250.0		100.0						L

		beta		30		18		16		14		12		10		8		6		4		2		1				22		26

		K1		7.2E+09		1.6E+09		1.1E+09		7.3E+08		4.6E+08		2.7E+08		1.4E+08		5.8E+07		1.7E+07		2.1E+06		2.7E+05				2.8E+09		4.7E+09

		gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0				-0.0		-0.0

		a		0		0		0		0		0		0		0		0		0		0		0				0		0

		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002		0.0001		0.00005				0.0011		0.0013

		t1, um		1500		900		800		700		600		500		400		300		200		100		50		0		1100		1300

		y_m, um		0		0		0		0		0		0		0		0		0		2		9		0		0		0
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si-glue(100+250) 
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Si-Be bending sagita

Si Thickness, microns

Sagita, microns

Si-3M9882(0.05 mm) thermal warp from +100C to +250C
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si-glue(20+100)

		MK  on 10/05/04						Bi-metal plate by G. Derylo:						Si-glue during soldering(1st step)												Si

		L		t2(glue)		E2(glue)		cte2(glue)		cte1(si)		E1(si)				T_o		T

		0.046		0.00005		1.00E+06		2.50E-04		2.40E-06		7.99E+10				100.0		20.0

		beta		30		18		16		14		12		10		8		6		4		2		1				22		26

		K1		2.2E+09		4.7E+08		3.3E+08		2.2E+08		1.4E+08		8.0E+07		4.1E+07		1.7E+07		5.1E+06		6.4E+05		8.0E+04				8.5E+08		1.4E+09

		gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.1				-0.0		-0.0

		a		0		0		0		0		0		0		0		0		0		0		0				0		0

		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002		0.0001		0.00005				0.0011		0.0013

		t1, um		1500		900		800		700		600		500		400		300		200		100		50		0		1100		1300

		y_m, um		0		0		0		0		0		0		0		0		1		3		16		0		0		0
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si-glue(20+100)
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Si-Be bending sagita

Si Thickness, microns

Sagita, microns

Si-3M9882(0.05 mm) thermal warp from +20C to +100C
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si-glue(21-27)

		MK  on 10/05/04						Bi-metal plate by G. Derylo:						Si-glue during cooling												Si

		Integration by				L		t2(glue)		E2(glue)		cte2(glue)		E1(si)		cte1(si)				T_o		T

		step 9				0.046		0.000175		3.53E+07		2.50E-04		7.99E+10		2.40E-06				-20.0		-27.0

						beta		8.5714285714		5.1428571429		4.5714285714		4		3.4285714286		2.8571428571		2.2857142857		1.7142857143		1.1428571429

						K1		1.4E+06		3.1E+05		2.2E+05		1.4E+05		9.1E+04		5.3E+04		2.7E+04		1.1E+04		3.4E+03

						gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0

						a		0		0		0		0		0		0		0		0		0

						t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002

						t1, um		1500		900		800		700		600		500		400		300		200

						y_m, um		0		0		0		1		1		1.15		1.91		3.73		9.92

		-26.5		0.0469868995		0.046		0.000175		1.70E+07		2.50E-04		7.99E+10		2.40E-06				-11.0		-20.0

		-25.5		0.0426804483		beta		8.5714285714		5.1428571429		4.5714285714		4		3.4285714286		2.8571428571		2.2857142857		1.7142857143		1.1428571429

		-24.5		0.0387980438		K1		3.0E+06		6.4E+05		4.5E+05		3.0E+05		1.9E+05		1.1E+05		5.6E+04		2.4E+04		7.0E+03

		-23.5		0.0352955018		gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0

		-22.5		0.0321334656		a		0		0		0		0		0		0		0		0		0

		-21.5		0.0292768567		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002

		-20.5		0.0266943899		t1, um		1500		900		800		700		600		500		400		300		200

		-19.5		0.0243581459		y_m, um		0		0		0		0		0		0.71		1.18		2.32		6.16

		-18.5		0.022243193

		-17.5		0.0203272536		0.046		0.000175		7.93E+06		2.50E-04		7.99E+10		2.40E-06				-2.0		-11.0

		-16.5		0.0185904095		beta		8.5714285714		5.1428571429		4.5714285714		4		3.4285714286		2.8571428571		2.2857142857		1.7142857143		1.1428571429

		-15.5		0.0170148404		K1		6.3E+06		1.4E+06		9.6E+05		6.4E+05		4.1E+05		2.4E+05		1.2E+05		5.1E+04		1.5E+04

		-14.5		0.0155845935		gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0

		-13.5		0.0142853785		a		0		0		0		0		0		0		0		0		0

		-12.5		0.0131043866		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002

		-11.5		0.0120301299		t1, um		1500		900		800		700		600		500		400		300		200

		-10.5		0.0110522987		y_m, um		0		0		0		0		0		0.33		0.55		1.08		2.88

		-9.5		0.0101616347

		-8.5		0.0093498194		0.046		0.000175		3.93E+06		2.50E-04		7.99E+10		2.40E-06				7.0		-2.0

		-7.5		0.0086093733		beta		8.5714285714		5.1428571429		4.5714285714		4		3.4285714286		2.8571428571		2.2857142857		1.7142857143		1.1428571429

		-6.5		0.0079335677		K1		1.3E+07		2.8E+06		1.9E+06		1.3E+06		8.2E+05		4.7E+05		2.4E+05		1.0E+05		3.0E+04

		-5.5		0.0073163453		gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0

		-4.5		0.0067522503		a		0		0		0		0		0		0		0		0		0

		-3.5		0.0062363653		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002

		-2.5		0.0057642556		t1, um		1500		900		800		700		600		500		400		300		200

		-1.5		0.0053319196		y_m, um		0		0		0		0		0		0.16		0.27		0.54		1.43

		-0.5		0.004935744

		0.5		0.0045724645		0.046		0.000175		2.07E+06		2.50E-04		7.99E+10		2.40E-06				16.0		7.0

		1.5		0.0042391299		beta		8.5714285714		5.1428571429		4.5714285714		4		3.4285714286		2.8571428571		2.2857142857		1.7142857143		1.1428571429

		2.5		0.0039330709		K1		2.4E+07		5.3E+06		3.7E+06		2.5E+06		1.6E+06		9.0E+05		4.6E+05		1.9E+05		5.8E+04

		3.5		0.0036518717		gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0

		4.5		0.0033933442		a		0		0		0		0		0		0		0		0		0

		5.5		0.0031555059		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002

		6.5		0.0029365591		t1, um		1500		900		800		700		600		500		400		300		200

		7.5		0.0027348731		y_m, um		0		0		0		0		0		0.09		0.14		0.28		0.75

		8.5		0.0025489674

		9.5		0.0023774974		0.046		0.000175		1.31E+06		2.50E-04		7.99E+10		2.40E-06				21.0		16.0

		10.5		0.0022192412		beta		8.5714285714		5.1428571429		4.5714285714		4		3.4285714286		2.8571428571		2.2857142857		1.7142857143		1.1428571429

		11.5		0.0020730875		K1		3.8E+07		8.3E+06		5.8E+06		3.9E+06		2.5E+06		1.4E+06		7.3E+05		3.1E+05		9.1E+04

		12.5		0.0019380252		gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0

		13.5		0.001813134		a		0		0		0		0		0		0		0		0		0

		14.5		0.0016975753		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002

		15.5		0.0015905849		t1, um		1500		900		800		700		600		500		400		300		200

		16.5		0.001491466		y_m, um		0		0		0		0		0		0.03		0.05		0.10		0.26

		17.5		0.0013995826												step 7		Total		4.113		8.050		21.413

		18.5		0.0013143541												step 9		Total		4.111		8.045		21.401

		19.5		0.0012352501												Step 7-9				0.003		0.005		0.012
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Si-Be bending sagita

Si Thickness, microns

Sagita, microns
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si-al 

		MK  on 10/05/04						Bi-metal plate by G. Derylo:						Si-Al during cooling												Si

		L		t2(Al)		E2(Al)		cte2(Al)		E1(si)		cte1(si)				T_o		T

		0.046		0.0005		1.00E+11		2.35E-05		7.99E+10		2.40E-06				20.0		-27.0

		beta		3		1.8		1.6		1.4		1.2		1		0.8		0.6		0.4		0.2		0.1				2.2		2.6

		K1		80.0		33.1		27.9		23.3		19.4		16.1		13.3		11.3		10.2		11.6		17.2				45.6		61.2

		gamma*		-0.6		-1.0		-1.1		-1.2		-1.4		-1.5		-1.6		-1.7		-1.6		-1.2		-0.8				-0.8		-0.7

		a		0		0		0		0		0		0		0		0		0		0		0				0		0

		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002		0.0001		0.00005				0.0011		0.0013

		t1, um		1500		900		800		700		600		500		400		300		200		100		50		0		1100		1300

		y_m, um		157		266		293		324		357		392		425		446		431		325		202		0		221		185
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Si-Be bending sagita

Si Thickness, microns

Sagita, microns

Si-Al(0.5 mm) thermal warp from +20C to -27C
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si-be

		MK  on 10/05/04						Bi-metal plate by G. Derylo:						Si-Be during cooling												Si

		L		t2(be)		E2(be)		cte2		E1(si)		cte1(si)				T_o		T

		0.046		0.0005		3.18E+11		1.15E-05		7.99E+10		2.40E-06				20.0		-27.0

		beta		3		1.8		1.6		1.4		1.2		1		0.8		0.6		0.4		0.2		0.1				2.2		2.6

		K1		66.1		31.4		27.4		23.8		20.7		18.2		16.5		15.7		17.0		25.3		44.4				41.0		52.6

		gamma*		-0.3		-0.5		-0.5		-0.5		-0.5		-0.6		-0.6		-0.5		-0.4		-0.2		-0.1				-0.4		-0.4

		a		0		0		0		0		0		0		0		0		0		0		0				0		0

		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002		0.0001		0.00005				0.0011		0.0013

		t1, um		1500		900		800		700		600		500		400		300		200		100		50		0		1100		1300

		y_m, um		82		121		129		137		144		149		148		138		112		64		34		0		106		93

																						1.0
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Si-Be bending sagita

Si Thickness, microns

Sagita, microns

Si-Be(0.5 mm) thermal warp from +20C to -27C
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Al-be

		MK  on 10/05/04						Bi-metal plate by G. Derylo:						Al-Be during cooling												AL

		L		t2(be)		E2(be)		cte2		E1(Al)		cte1(Al)				T_o		T

		0.1		0.0005		3.18E+11		1.15E-05		1.00E+11		2.35E-05				-27.0		20.0								Be

		beta		3		1.8		1.6		1.4		1.2		1		0.8		0.6		0.4		0.2		0.1				2.2		2.6

		K1		67.6		31.4		27.1		23.4		20.2		17.5		15.5		14.4		15.0		21.3		36.4				41.4		53.4

		gamma*		-0.4		-0.6		-0.6		-0.7		-0.7		-0.8		-0.8		-0.8		-0.6		-0.4		-0.2				-0.5		-0.5

		a		0		0		0		0		0		0		0		0		0		0		0				0		0

		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002		0.0001		0.00005				0.0011		0.0013

		t1, um		1500		900		800		700		600		500		400		300		200		100		50		0		1100		1300

		y_m, um		501		755		811		869		924		967		983		939		789		477		255		0		655		570
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Si-Be bending sagita

Al Thickness, microns

Sagita, microns

Al-Be(0.5 mm) thermal warp from +20C to -27C
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Al-be (2)

		MK  on 10/05/04						Bi-metal plate by G. Derylo:						Al-Be during cooling												AL

		L		t2(be)		E2(be)		cte2(be)		E1(Al)		cte1(Al)		alpha		T_o		T

		0.1		0.0005		3.18E+11		1.15E-05		1.00E+11		2.35E-05		3.14E-01		-27.0		20.0								Be

		beta		3		1.8		1.6		1.4		1.2		1		0.8		0.6		0.4		0.2		0.1				2.2		2.6

		K1		67.6		31.4		27.1		23.4		20.2		17.5		15.5		14.4		15.0		21.3		36.4				41.4		53.4

		K		710.6		1071.4		1150.6		1232.1		1310.0		1371.9		1393.9		1332.6		1119.2		677.2		362.2				928.6		809.1

		a		0		0		0		0		0		0		0		0		0		0		0				0		0

		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002		0.0001		0.00005				0.0011		0.0013

		t1, um		1500		900		800		700		600		500		400		300		200		100		50		0		1100		1300

		y_m, um		501		755		811		869		924		967		983		939		789		477		255		0		655		570

		DL						54.1				110.5				56.4
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Si-Be bending sagita

Al Thickness, microns

Sagita, microns

Al-Be(0.5 mm) thermal warp from +20C to -27C
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3M9882_E2

		E2(T) for 3M9882								a1		0.0003784

										a2		-0.0764511

										a3		-5.349572

		T, oC		E2		ln(E2)		E2(T)		DT

		-55		1		0		0.9998985052

		23		0.001		-6.907755279		0.0009999816

		100		0.0001		-9.210340372		0.0000999658

		20						0.0011978416

		15						0.0016430541		10

		5						0.0032719554		10

		-5						0.0070279762		10

		-15						0.0162824816		10

		-24						0.0370018562		7

		-27						0.0493144223

		-40						0.1852427781

		-50						0.5593292394

		-49.5						0.5283121641

		-48.5						0.4716103094

		-47.5						0.4213127909

		-46.5						0.3766644842

		-45.5						0.3370026955

		-44.5						0.3017454644

		-43.5						0.270381393

		-42.5						0.2424607954

		-41.5						0.2175879919

		-40.5						0.1954145948

		-39.5						0.1756336566

		-38.5						0.1579745634

		-37.5						0.1421985797

		-36.5						0.1280949555

		-35.5						0.1154775258

		-34.5						0.1041817353

		-33.5						0.0940620367

		-32.5						0.0849896113

		-31.5						0.0768503734

		-30.5						0.0695432199

		-29.5						0.0629784956

		-28.5						0.0570766459

		-27.5						0.0517670336

		-26.5						0.0469868995

		-25.5						0.0426804483

		-24.5						0.0387980438

		-23.5						0.0352955018

		-22.5						0.0321334656

		-21.5						0.0292768567

		-20.5						0.0266943899

		-19.5						0.0243581459

		-18.5						0.022243193

		-17.5						0.0203272536

		-16.5						0.0185904095

		-15.5						0.0170148404

		-14.5						0.0155845935

		-13.5						0.0142853785

		-12.5						0.0131043866

		-11.5						0.0120301299

		-10.5						0.0110522987

		-9.5						0.0101616347

		-8.5						0.0093498194

		-7.5						0.0086093733

		-6.5						0.0079335677

		-5.5						0.0073163453

		-4.5						0.0067522503

		-3.5						0.0062363653

		-2.5						0.0057642556

		-1.5						0.0053319196

		-0.5						0.004935744

		0.5						0.0045724645

		1.5						0.0042391299

		2.5						0.0039330709

		3.5						0.0036518717

		4.5						0.0033933442

		5.5						0.0031555059

		6.5						0.0029365591

		7.5						0.0027348731

		8.5						0.0025489674

		9.5						0.0023774974

		10.5						0.0022192412

		11.5						0.0020730875

		12.5						0.0019380252

		13.5						0.001813134

		14.5						0.0016975753

		15.5						0.0015905849

		16.5						0.001491466

		17.5						0.0013995826

		18.5						0.0013143541

		19.5						0.0012352501
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ln(E2(T)

Temp, deg C

ln(E2(T), GPa)

3M9882 E2(T)

y = 0.0003784x2 - 0.0764511x - 5.3495720

0
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si-glue(100+250) 

		MK  on 10/05/04						Bi-metal plate by G. Derylo:						Si-glue during soldering(2nd step)												Si

		L		t2(glue)		E2(glue)		cte2(glue)		E1(si)		cte1(si)				T_o		T

		0.046		0.00005		3.00E+05		2.50E-04		7.99E+10		2.40E-06				250.0		100.0						L

		beta		30		18		16		14		12		10		8		6		4		2		1				22		26

		K1		7.2E+09		1.6E+09		1.1E+09		7.3E+08		4.6E+08		2.7E+08		1.4E+08		5.8E+07		1.7E+07		2.1E+06		2.7E+05				2.8E+09		4.7E+09

		gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0				-0.0		-0.0

		a		0		0		0		0		0		0		0		0		0		0		0				0		0

		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002		0.0001		0.00005				0.0011		0.0013

		t1, um		1500		900		800		700		600		500		400		300		200		100		50		0		1100		1300

		y_m, um		0		0		0		0		0		0		0		0		0		2		9		0		0		0
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Si-Be bending sagita

Si Thickness, microns

Sagita, microns
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si-glue(20+100)

		MK  on 10/05/04						Bi-metal plate by G. Derylo:						Si-glue during soldering(1st step)												Si

		L		t2(glue)		E2(glue)		cte2(glue)		cte1(si)		E1(si)				T_o		T

		0.046		0.00005		1.00E+06		2.50E-04		2.40E-06		7.99E+10				100.0		20.0

		beta		30		18		16		14		12		10		8		6		4		2		1				22		26

		K1		2.2E+09		4.7E+08		3.3E+08		2.2E+08		1.4E+08		8.0E+07		4.1E+07		1.7E+07		5.1E+06		6.4E+05		8.0E+04				8.5E+08		1.4E+09

		gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.1				-0.0		-0.0

		a		0		0		0		0		0		0		0		0		0		0		0				0		0

		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002		0.0001		0.00005				0.0011		0.0013

		t1, um		1500		900		800		700		600		500		400		300		200		100		50		0		1100		1300

		y_m, um		0		0		0		0		0		0		0		0		1		3		16		0		0		0
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Si-Be bending sagita

Si Thickness, microns

Sagita, microns

Si-3M9882(0.05 mm) thermal warp from +20C to +100C
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si-glue(20-27)

		MK  on 10/05/04						Bi-metal plate by G. Derylo:						Si-glue during cooling												Si

		L		t2(glue)		E2(glue)		cte2(glue)		E1(si)		cte1(si)				T_o		T

		0.046		0.000175		1.00E+06		2.50E-04		7.99E+10		2.40E-06				20.0		-27.0

		beta		8.5714285714		5.1428571429		4.5714285714		4		3.4285714286		2.8571428571		2.2857142857		1.7142857143		1.1428571429		0.5714285714		0.2857142857				6.2857142857		7.4285714286

		K1		5.0E+07		1.1E+07		7.6E+06		5.1E+06		3.2E+06		1.9E+06		9.5E+05		4.0E+05		1.2E+05		1.5E+04		1.9E+03				2.0E+07		3.3E+07

		gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.3				-0.0		-0.0

		a		0		0		0		0		0		0		0		0		0		0		0				0		0

		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002		0.0001		0.00005				0.0011		0.0013

		t1, um		1500		900		800		700		600		500		400		300		200		100		50		0		1100		1300

		y_m, um		0		0		0		0		0		0		0		1		2		11		73		0		0		0
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Si-Be bending sagita

Si Thickness, microns

Sagita, microns

Si-3M9887(0.175 mm) thermal warp from +20C to -27C
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si-al 

		MK  on 10/05/04						Bi-metal plate by G. Derylo:						Si-Al during cooling												Si

		L		t2(Al)		E2(Al)		cte2(Al)		E1(si)		cte1(si)				T_o		T

		0.046		0.0005		1.00E+11		2.35E-05		7.99E+10		2.40E-06				20.0		-27.0

		beta		3		1.8		1.6		1.4		1.2		1		0.8		0.6		0.4		0.2		0.1				2.2		2.6

		K1		80.0		33.1		27.9		23.3		19.4		16.1		13.3		11.3		10.2		11.6		17.2				45.6		61.2

		gamma*		-0.6		-1.0		-1.1		-1.2		-1.4		-1.5		-1.6		-1.7		-1.6		-1.2		-0.8				-0.8		-0.7

		a		0		0		0		0		0		0		0		0		0		0		0				0		0

		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002		0.0001		0.00005				0.0011		0.0013

		t1, um		1500		900		800		700		600		500		400		300		200		100		50		0		1100		1300

		y_m, um		157		266		293		324		357		392		425		446		431		325		202		0		221		185
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Si-Be bending sagita

Si Thickness, microns

Sagita, microns

Si-Al(0.5 mm) thermal warp from +20C to -27C
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si-be

		MK  on 10/05/04						Bi-metal plate by G. Derylo:						Si-Be during cooling												Si

		L		t2(be)		E2(be)		cte2		E1(si)		cte1(si)				T_o		T

		0.046		0.0005		3.18E+11		1.15E-05		7.99E+10		2.40E-06				20.0		-27.0

		beta		3		1.8		1.6		1.4		1.2		1		0.8		0.6		0.4		0.2		0.1				2.2		2.6

		K1		66.1		31.4		27.4		23.8		20.7		18.2		16.5		15.7		17.0		25.3		44.4				41.0		52.6

		gamma*		-0.3		-0.5		-0.5		-0.5		-0.5		-0.6		-0.6		-0.5		-0.4		-0.2		-0.1				-0.4		-0.4

		a		0		0		0		0		0		0		0		0		0		0		0				0		0

		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002		0.0001		0.00005				0.0011		0.0013

		t1, um		1500		900		800		700		600		500		400		300		200		100		50		0		1100		1300

		y_m, um		82		121		129		137		144		149		148		138		112		64		34		0		106		93

																						1.0
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Si-Be bending sagita

Si Thickness, microns

Sagita, microns

Si-Be(0.5 mm) thermal warp from +20C to -27C
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Al-be

		MK  on 10/05/04						Bi-metal plate by G. Derylo:						Al-Be during cooling												AL

		L		t2(be)		E2(be)		cte2		E1(Al)		cte1(Al)				T_o		T

		0.1		0.0005		3.18E+11		1.15E-05		1.00E+11		2.35E-05				-27.0		20.0								Be

		beta		3		1.8		1.6		1.4		1.2		1		0.8		0.6		0.4		0.2		0.1				2.2		2.6

		K1		67.6		31.4		27.1		23.4		20.2		17.5		15.5		14.4		15.0		21.3		36.4				41.4		53.4

		gamma*		-0.4		-0.6		-0.6		-0.7		-0.7		-0.8		-0.8		-0.8		-0.6		-0.4		-0.2				-0.5		-0.5

		a		0		0		0		0		0		0		0		0		0		0		0				0		0

		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002		0.0001		0.00005				0.0011		0.0013

		t1, um		1500		900		800		700		600		500		400		300		200		100		50		0		1100		1300

		y_m, um		501		755		811		869		924		967		983		939		789		477		255		0		655		570
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Si-Be bending sagita

Al Thickness, microns

Sagita, microns

Al-Be(0.5 mm) thermal warp from +20C to -27C
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3M9882_E2

		E2(T) for 3M9882								a1		0.0003784

										a2		-0.0764511

										a3		-5.349572

		T, oC		E2		ln(E2)		E2(T)		DT

		-55		1		0		0.9998985052

		23		0.001		-6.907755279		0.0009999816

		100		0.0001		-9.210340372		0.0000999658

		20						0.0011978416

		15						0.0016430541		10

		5						0.0032719554		10

		-5						0.0070279762		10

		-15						0.0162824816		10

		-24						0.0370018562		7

		-27						0.0493144223





3M9882_E2

		0

		0

		0

		0



ln(E2(T)

Temp, deg C

ln(E2(T), GPa)

3M9882 E2(T)

y = 0.0003784x2 - 0.0764511x - 5.3495720

0

0

0

0



Al-be (2)

		MK  on 10/05/04						Bi-metal plate by G. Derylo:						Al-Be during cooling												AL

		L		t2(be)		E2(be)		cte2(be)		E1(Al)		cte1(Al)		alpha		T_o		T

		0.1		0.0005		3.18E+11		1.15E-05		1.00E+11		2.35E-05		3.14E-01		-27.0		20.0								Be

		beta		3		1.8		1.6		1.4		1.2		1		0.8		0.6		0.4		0.2		0.1				2.2		2.6

		K1		67.6		31.4		27.1		23.4		20.2		17.5		15.5		14.4		15.0		21.3		36.4				41.4		53.4

		K		710.6		1071.4		1150.6		1232.1		1310.0		1371.9		1393.9		1332.6		1119.2		677.2		362.2				928.6		809.1

		a		0		0		0		0		0		0		0		0		0		0		0				0		0

		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002		0.0001		0.00005				0.0011		0.0013

		t1, um		1500		900		800		700		600		500		400		300		200		100		50		0		1100		1300

		y_m, um		501		755		811		869		924		967		983		939		789		477		255		0		655		570

		DL						54.1				110.5				56.4
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Si-Be bending sagita

Al Thickness, microns

Sagita, microns

Al-Be(0.5 mm) thermal warp from +20C to -27C
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Si-Be bending sagita

Si Thickness, microns

Sagita, microns

Si-Be(0.5 mm) thermal warp from +20C to -20C

69.9032010131

102.9041938204

109.8042002998
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122.7251878292

126.742498519

126.3152160672

117.5349011957

95.1116485435

54.8812254166

28.5974251345

0
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si-glue(100+250) 

		MK  on 10/05/04						Bi-metal plate by G. Derylo:						Si-glue during soldering(2nd step)												Si

		L		t2(glue)		E2(glue)		cte2(glue)		E1(si)		cte1(si)				T_o		T

		0.046		0.00005		3.00E+05		2.50E-04		7.99E+10		2.40E-06				250.0		100.0						L

		beta		30		18		16		14		12		10		8		6		4		2		1				22		26

		K1		7.2E+09		1.6E+09		1.1E+09		7.3E+08		4.6E+08		2.7E+08		1.4E+08		5.8E+07		1.7E+07		2.1E+06		2.7E+05				2.8E+09		4.7E+09

		gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0				-0.0		-0.0

		a		0		0		0		0		0		0		0		0		0		0		0				0		0

		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002		0.0001		0.00005				0.0011		0.0013

		t1, um		1500		900		800		700		600		500		400		300		200		100		50		0		1100		1300

		y_m, um		0		0		0		0		0		0		0		0		0		2		9		0		0		0
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si-glue(100+250) 
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Si-Be bending sagita

Si Thickness, microns

Sagita, microns

Si-3M9882(0.05 mm) thermal warp from +100C to +250C
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si-glue(20+100)

		MK  on 10/05/04						Bi-metal plate by G. Derylo:						Si-glue during soldering(1st step)												Si

		L		t2(glue)		E2(glue)		cte2(glue)		cte1(si)		E1(si)				T_o		T

		0.046		0.00005		1.00E+06		2.50E-04		2.40E-06		7.99E+10				100.0		20.0

		beta		30		18		16		14		12		10		8		6		4		2		1				22		26

		K1		2.2E+09		4.7E+08		3.3E+08		2.2E+08		1.4E+08		8.0E+07		4.1E+07		1.7E+07		5.1E+06		6.4E+05		8.0E+04				8.5E+08		1.4E+09

		gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.1				-0.0		-0.0

		a		0		0		0		0		0		0		0		0		0		0		0				0		0

		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002		0.0001		0.00005				0.0011		0.0013

		t1, um		1500		900		800		700		600		500		400		300		200		100		50		0		1100		1300

		y_m, um		0		0		0		0		0		0		0		0		1		3		16		0		0		0
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Si-Be bending sagita

Si Thickness, microns

Sagita, microns

Si-3M9882(0.05 mm) thermal warp from +20C to +100C
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si-glue(20-27)

		MK  on 10/05/04						Bi-metal plate by G. Derylo:						Si-glue during cooling												Si

		L		t2(glue)		E2(glue)		cte2(glue)		E1(si)		cte1(si)				T_o		T

		0.046		0.000175		1.00E+06		2.50E-04		7.99E+10		2.40E-06				20.0		-27.0

		beta		8.5714285714		5.1428571429		4.5714285714		4		3.4285714286		2.8571428571		2.2857142857		1.7142857143		1.1428571429		0.5714285714		0.2857142857				6.2857142857		7.4285714286

		K1		5.0E+07		1.1E+07		7.6E+06		5.1E+06		3.2E+06		1.9E+06		9.5E+05		4.0E+05		1.2E+05		1.5E+04		1.9E+03				2.0E+07		3.3E+07

		gamma*		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.0		-0.3				-0.0		-0.0

		a		0		0		0		0		0		0		0		0		0		0		0				0		0

		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002		0.0001		0.00005				0.0011		0.0013

		t1, um		1500		900		800		700		600		500		400		300		200		100		50		0		1100		1300

		y_m, um		0		0		0		0		0		0		0		1		2		11		73		0		0		0
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Si-Be bending sagita

Si Thickness, microns

Sagita, microns

Si-3M9887(0.175 mm) thermal warp from +20C to -27C
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si-al 

		MK  on 10/05/04						Bi-metal plate by G. Derylo:						Si-Al during cooling												Si

		L		t2(Al)		E2(Al)		cte2(Al)		E1(si)		cte1(si)				T_o		T

		0.046		0.0005		1.00E+11		2.35E-05		7.99E+10		2.40E-06				20.0		-20.0

		beta		3		1.8		1.6		1.4		1.2		1		0.8		0.6		0.4		0.2		0.1				2.2		2.6

		K1		80.0		33.1		27.9		23.3		19.4		16.1		13.3		11.3		10.2		11.6		17.2				45.6		61.2

		gamma*		-0.5		-0.9		-0.9		-1.0		-1.1		-1.3		-1.4		-1.4		-1.4		-1.0		-0.6				-0.7		-0.6

		a		0		0		0		0		0		0		0		0		0		0		0				0		0

		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002		0.0001		0.00005				0.0011		0.0013

		t1, um		1500		900		800		700		600		500		400		300		200		100		50		0		1100		1300

		y_m, um		134		227		250		276		304		334		362		379		367		277		172		0		188		158
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Si-Be bending sagita

Si Thickness, microns

Sagita, microns

Si-Al(0.5 mm) thermal warp from +20C to -20C
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si-be

		MK  on 10/05/04						Bi-metal plate by G. Derylo:						Si-Be during cooling												Si

		L		t2(be)		E2(be)		cte2		E1(si)		cte1(si)				T_o		T

		0.046		0.0005		3.18E+11		1.15E-05		7.99E+10		2.40E-06				20.0		-20.0

		beta		3		1.8		1.6		1.4		1.2		1		0.8		0.6		0.4		0.2		0.1				2.2		2.6

		K1		66.1		31.4		27.4		23.8		20.7		18.2		16.5		15.7		17.0		25.3		44.4				41.0		52.6

		gamma*		-0.3		-0.4		-0.4		-0.4		-0.5		-0.5		-0.5		-0.4		-0.4		-0.2		-0.1				-0.3		-0.3

		a		0		0		0		0		0		0		0		0		0		0		0				0		0

		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002		0.0001		0.00005				0.0011		0.0013

		t1, um		1500		900		800		700		600		500		400		300		200		100		50		0		1100		1300

		y_m, um		70		103		110		117		123		127		126		118		95		55		29		0		90		79

																						1.0
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Si-Be bending sagita

Si Thickness, microns

Sagita, microns

Si-Be(0.5 mm) thermal warp from +20C to -20C
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Al-be

		MK  on 10/05/04						Bi-metal plate by G. Derylo:						Al-Be during cooling												AL

		L		t2(be)		E2(be)		cte2		E1(Al)		cte1(Al)				T_o		T

		0.1		0.0005		3.18E+11		1.15E-05		1.00E+11		2.35E-05				-27.0		20.0								Be

		beta		3		1.8		1.6		1.4		1.2		1		0.8		0.6		0.4		0.2		0.1				2.2		2.6

		K1		67.6		31.4		27.1		23.4		20.2		17.5		15.5		14.4		15.0		21.3		36.4				41.4		53.4

		gamma*		-0.4		-0.6		-0.6		-0.7		-0.7		-0.8		-0.8		-0.8		-0.6		-0.4		-0.2				-0.5		-0.5

		a		0		0		0		0		0		0		0		0		0		0		0				0		0

		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002		0.0001		0.00005				0.0011		0.0013

		t1, um		1500		900		800		700		600		500		400		300		200		100		50		0		1100		1300

		y_m, um		501		755		811		869		924		967		983		939		789		477		255		0		655		570
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3M9882_E2

		E2(T) for 3M9882								a1		0.0003784

										a2		-0.0764511

										a3		-5.349572

		T, oC		E2		ln(E2)		E2(T)		DT

		-55		1		0		0.9998985052

		23		0.001		-6.907755279		0.0009999816

		100		0.0001		-9.210340372		0.0000999658

		20						0.0011978416

		15						0.0016430541		10

		5						0.0032719554		10

		-5						0.0070279762		10

		-15						0.0162824816		10

		-24						0.0370018562		7

		-27						0.0493144223
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ln(E2(T)

Temp, deg C

ln(E2(T), GPa)

3M9882 E2(T)

y = 0.0003784x2 - 0.0764511x - 5.3495720
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0

0
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Al-be (2)

		MK  on 10/05/04						Bi-metal plate by G. Derylo:						Al-Be during cooling												AL

		L		t2(be)		E2(be)		cte2(be)		E1(Al)		cte1(Al)		alpha		T_o		T

		0.1		0.0005		3.18E+11		1.15E-05		1.00E+11		2.35E-05		3.14E-01		-27.0		20.0								Be

		beta		3		1.8		1.6		1.4		1.2		1		0.8		0.6		0.4		0.2		0.1				2.2		2.6

		K1		67.6		31.4		27.1		23.4		20.2		17.5		15.5		14.4		15.0		21.3		36.4				41.4		53.4

		K		710.6		1071.4		1150.6		1232.1		1310.0		1371.9		1393.9		1332.6		1119.2		677.2		362.2				928.6		809.1

		a		0		0		0		0		0		0		0		0		0		0		0				0		0

		t1,m		0.0015		0.0009		0.0008		0.0007		0.0006		0.0005		0.0004		0.0003		0.0002		0.0001		0.00005				0.0011		0.0013

		t1, um		1500		900		800		700		600		500		400		300		200		100		50		0		1100		1300

		y_m, um		501		755		811		869		924		967		983		939		789		477		255		0		655		570

		DL						54.1				110.5				56.4
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Sheet1

		MK		7/9/02

				Temperature warp for 3 types of assembly adhesive

		FPB01		(HEXEL epoxy)

		To-Tmeas		20		40		20		40		20		40		20		40

		Sensor#		Average		Average		Error		Error		Average +error				Average -error				Lsensor

		1		1.9791062313		9.2840330633		1.9		7.7		3.8791062313		16.9840330633		0.0791062313		1.5840330633		18.4

		2		28.3889802704		75.6242752427		11.7		9.9		40.0889802704		85.5242752427		16.6889802704		65.7242752427		26.5

		3		67.9807110847		118.530786555		11		8.1		78.9807110847		126.630786555		56.9807110847		110.430786555		34.6

		4		46.5491331941		141.5086650431		45.8		40.6		92.3491331941		182.1086650431		0.7491331941		100.9086650431		42.7

		5		21.4592053201		51.640178794		13.6		7.3		35.0592053201		58.940178794		7.8592053201		44.340178794		26.5

		6		22.1290504625		62.6058193777		17.3		13.1		39.4290504625		75.7058193777		4.8290504625		49.5058193777		34.6

		7		80.6411572757		190.5209714396		12.4		9.5		93.0411572757		200.0209714396		68.2411572757		181.0209714396		42.7

		Variable		Average values				Average +error				Average -error

		A2		0.0415		0.1143		0.0598		0.1286		0.0231		0.1001		Result warp

		A1		-0.2295		-1.0604		-0.3595		-1.1304		-0.0996		-0.9904		T1		T2

		Ls		42.7		42.7		42.7		42.7		42.7		42.7		0		-20

		Warp		65.866885		163.122967		93.682092		186.207014		37.865079		140.221249		66+-28		163+-23

		Warp error		27.9085065		22.9928825

		FPB02		(3M9882 acrylyc film)

		To-Tmeas		20		40		20		40		20		40		20		40		Lsensor

		Sensor#		Average		Average		Error		Error		Average +error				Average -error				18.4

		1		6.8755612127		14.4417721117		2.9		10.63		9.7755612127		25.0717721117		3.9755612127		3.8117721117		26.5

		2				9.7130445038				7.74				17.4530445038		0		1.9730445038		34.6

		3		16.2032558378		40.6775445112		28.69		5.59		44.8932558378		46.2675445112		-12.4867441622		35.0875445112		42.7

		4		27.7477863522		56.8734768375		12.99		8.6		40.7377863522		65.4734768375		14.7577863522		48.2734768375		26.5

		5				11.7974401222				15.92				27.7174401222		0		-4.1225598778		34.6

		6				12.6634694222				6.21				18.8734694222		0		6.4534694222		42.7

		7		18.1335291888		47.9696093097		5.46		5.27		23.5935291888		53.2396093097		12.6735291888		42.6996093097

		Variable		Average values				Average +error				Average -error

		A2		0.0071		0.0392		-0.0067		0.0232		0.0175		0.0553		Result warp

		A1		0.2319		-0.5022		1.1287		0.3139		-0.5284		-1.3184		T1		T2

		Ls		42.7		42.7		42.7		42.7		42.7		42.7		0		-20

		Warp		22.847489		50.029028		35.979447		55.703858		9.344895		44.532257		23 +-13		50+-6

		Warp error		13.317276		5.5858005

		FPB03		(NEE001 silicone glue)

		To-Tmeas		20		40		20		40		20		40		20		40

		Sensor#		Average		Average		Error		Error		Average +error				Average -error				Lsensor

		1																		18.4

		2				17.4565511579				8.88				26.3365511579				8.5765511579		26.5

		3		4.2484656827		4.1836656827		17.77		13.15		22.0184656827		17.3336656827		-13.5215343173		-8.9663343173		34.6

		4		25.5372719977		36.5402219977		9.76		5.99		35.2972719977		42.5302219977		15.7772719977		30.5502219977		42.7

		5		3.3125102996		6.6987152996		12.56		19.59		15.8725102996		26.2887152996		-9.2474897004		-12.8912847004		26.5

		6		23.4040609887		26.9988409887		11.19		9.62		34.5940609887		36.6188409887		12.2140609887		17.3788409887		34.6

		7		23.3256138029		56.7019638029		11.33		9.55		34.6556138029		66.2519638029		11.9956138029		47.1519638029		42.7

		Variable		Average values				Average +error				Average -error

		A2		0		0.0458		0		0.0245		-0.0154		0.0671		Result warp

		A1		0.4643		-0.9322		0.7958		0.1532		0.6381		-2.0176		T1		T2

		Ls		42.7		42.7		42.7		42.7		42.7		42.7		0		-20

		Warp		19.82561		43.701742		33.98066		51.212245		-0.831796		36.191239		20+-17		44+-8

		Warp error		17.406228		7.510503

				Final numbers

				Deviations from +20 C

		DeltaT		FPB01		FPB02		FPB03

		0		0		0		0

		-20		66		23		20

		-40		163		50		44

				Error of deviation

		0		25		10		11

		-20		28		13		17

		-40		23		6		8

		CT1680				Errors

		DT		Warp(mkm)		factor5		factor25		factor1

		0		0		3.5355339059		17.6776695297		0.7071067812

		-7.64367474		2.62395		3.8356513625		19.1782568127		0.7671302725

		-16.742484165		3.02085		3.9480863561		19.7404317804		0.7896172712

		-25.612104184		3.81465		3.6204631092		18.1023155459		0.7240926218

		-31.98955417		6.97515		3.7663645602		18.8318228008		0.753272912

		-39.5019551		11.76735		4.1706640359		20.8533201793		0.8341328072
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