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摘　要:采用 90W半导体激光软钎焊系统对方形扁平式封装器件 (QFP)进行了焊接

试验研究 , 并对不同激光输出功率下形成的 QFP结构焊点进行了力学性能比较。研究

结果表明 , 半导体激光软钎焊不仅能够大幅度地提高 Sn-Ag-Cu钎料 QFP微焊点的抗拉

强度 , 而且也能够明显地改善 Sn-Pb钎料 QFP微焊点的抗拉强度。在相同的钎料成分

下 , 半导体激光输出功率直接影响 QFP焊点的抗拉强度 , 研究结果可为提高 QFP微焊

点强度和可靠性提供一个有效的解决方法。
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0　序　　言

方形扁平式封装器件 (quad flat pack devices,简

称 QFP)由于具有高密度 、高可靠性以及优良的电

性能等诸多优点而在大规模集成电路中得到了广泛

应用 , QFP器件的焊点在实际应用中起着电气连接

和机械连接的双重作用
[ 1]
。近年来 ,由于 QFP引脚

数量越来越多 ,引脚间的间距也越来越小 ,因此当

QFP器件经常处于温度循环负载中时 ,常常容易引

起焊点的开裂 ,从而导致器件失效。

目前 , QFP器件的焊接大都采用整体加热方式

如热风对流 、红外辐射及热板传导等方法 ,虽然热风

对流 、红外辐射等再流焊技术已较为成熟
[ 2]
,但是

细间距 QFP器件在这些整体加热方法中常出现大

量桥连和开裂等缺陷 。由于 QFP器件在使用中经

常处于温度循环负载中 ,长期的温度循环负载会在

引脚处焊点产生周期性的应力应变 ,从而导致焊点

开裂
[ 3]
,因此如何提高 QFP器件焊点的力学性能 ,

成为人们关注的重点之一 。

作者通过研究半导体激光软钎焊对 Sn63Pb37

与 Sn96Ag3. 5Cu0. 5钎料对 QFP器件微焊点强度的

影响 ,分析了半导体激光工艺参数对 QFP焊点力学

性能的影响因素 ,可望对提高细间距 QFP器件的焊

点可靠性提供有效的解决方法 。

收稿日期:2005 - 07 -29

1　试验设备和材料及方法

1. 1　试验设备

使用的 90W半导体激光软钎焊系统由激光传

输光路单元 、半导体激光加热单元 、六轴工作台 、工

业数字摄像机及数据采集和处理单元组成 (如图 1

所示 )。它的工作原理是:焊接时 ,激光通过光学聚

焦系统按照 2∶1的比例进行聚焦 ,将直径为 400μm

的激光聚焦为 200μm的激光束 。调节工作台使激

光束直接照射到焊接区域 ,焊接区域器件引线和钎

料吸收激光并转变成热能 ,温度上升到一定温度值

时 ,钎料熔化并铺展 、润湿欲焊工件。激光照射停止

后 ,焊接部位迅速冷却 ,钎料凝固 ,形成牢固可靠的

图 1　半导体激光焊接系统

F ig. 1　D iode-laser so lder ing system
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微焊点 。

1. 2　试验材料及方法

1. 2. 1　试验材料

(1)试验 PCB基板焊盘:Au /N i /Cu三层结构

和 N i /Cu两层结构 。

(2)焊膏成分:Sn63Pb37和 Sn96Ag3. 5Cu0. 5。

(3)QFP元器件:QFP48(四边引脚数各为 12)

和 QFP100(四边引脚数各为 25)。

1. 2. 2　试验方法

采用红外再流焊机与 90W半导体激光焊接系

统分别对 3种组合试件进行了焊接 ,具体试件组合

方式如表 1所示 。焊后采用日本 RHESCN公司生

产的 STR -1000型微焊点强度测试仪测试 QFP焊

点的抗拉强度 ,分析对比其变化规律 。

表 1　焊接试件结构

Tab le 1　S tructure of so lde ring samp les

试件编号 试件组合方式(元器件 +钎料 +焊盘结构)

1 QFP100+ Sn96Ag3. 5Cu0. 5+Au /N i /Cu

2 QFP48+ Sn63Pb37+N i /Cu

3 QFP48+Sn96Ag3. 5Cu0. 5+N i /Cu

2　试验结果与分析

2. 1　激光工艺参数对微焊点强度的影响

当钎料成分 、PCB基板焊盘及 QFP元器件确定

后 ,则焊接后的焊点性能就由焊接温度与焊接时间

所决定
[ 4]
。但是在半导体激光焊接过程中 ,焊接区

域的温度是很难准确控制的 ,因此采用控制激光焊

接速度和激光输出电流两个参数来控制焊点形态和

焊点的各项性能
[ 5]
。

表 2数据表明 ,如果焊接速度 、钎料成分和 QFP

元器件确定后 ,当选取不同的激光加热工艺参数进

行焊接时 , QFP微焊点的抗拉强度具有较大的差别 。

图 2反映了激光输出电流与 QFP微焊点抗拉

强度之间的关系 ,当激光输出电流达到一定值时 ,

QFP微焊点的抗拉强度达到最大值 ,如果电流继续

升高 ,抗拉强度反而会下降 。其原因是由于在连续

扫描的方式下工作时 , 8. 8 A的输出功率 ,使 QFP的

钎焊温度达到最佳状态 ,此时激光束的照射可以使

钎料完全润湿 QFP的引脚 ,钎缝组织细密
[ 6]
,钎料

与基板和元器件端头的相互作用最大 ,因此抗拉强

度达到最高 。继续升高电流 ,激光输出功率过大 ,钎

缝区组织粗大 ,因此抗拉强度明显地下降。

2. 2　两种焊接方法的微焊点强度对比试验结果

有研究表明
[ 7, 8]

, 各种成分的 Sn - Pb钎料

(不含其它元素 ,如 Sb, B i等 )的抗拉强度等力学性

能均较 Sn -Ag -Cu钎料低 ,但从表 3中可以看出 ,

半导体激光焊接软钎焊能够明显地提高 Sn - Pb微

焊点的抗拉强度 ,使其达到红外热风再流焊焊后 Sn

-Ag -Cu微焊点的抗拉强度水平 。

表 2　激光连续加热试件微焊点抗拉强度试验结果

Tab le 2　Resu lts o f tens ile streng ths o fm icro-jo in ts

w ith laser con tinuous hea ting　　

强度测定值

σb M/ Pa)
激光输出电流 I /A

试件编号 8. 6A 8. 8A 9. 0A 9. 2A 9. 4A

1 49. 18 80. 85 63. 43 54. 88 30. 16(已过烧)

2 53. 01 84. 06 63. 79 56. 26 24. 19(已过烧)

3 55. 06 90. 38 70. 78 52. 83 基板击穿

4 57. 02 85. 97 65. 70 50. 92 基板击穿

5 58. 53 85. 04 61. 96 62. 76 基板击穿

6 52. 88 82. 90 64. 68 60. 45 基板击穿

7 48. 78 90. 29 61. 70 48. 55 基板击穿

8 56. 31 93. 68 71. 32 52. 34 基板击穿

9 47. 13 91. 45 58. 93 56. 62 基板击穿

平均值 53. 10 87. 18 64. 68 55. 06 -

图 2　激光输出电流与 QFP焊点抗拉强度之间的关系

F ig. 2　Re lation be tween outpu t curren ts o f laser and

tensile streng ths o f QFP m ic ro-jo in ts

比较表 3和图 3的抗拉强度数据 ,可以看出 ,采

用半导体激光焊接 , Sn -Ag - Cu钎料焊点与 Sn -

Pb钎料焊点的抗拉强度都有明显提高 , 并且两者

的提升幅度相当接近 ,在 25%左右 ,特别是对于 100

引线的 QFP元器件来说 ,其抗拉强度的提高幅度更

大 ,达到 50%以上 。

进一步分析还可以看出 ,半导体激光软钎焊微
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焊点的力学性能相对于红外热风再流焊焊点普遍有

所提高 ,尤以细间距无铅钎料激光焊点的力学性能

最为优异 ,其微观机制有待进一步的研究 ,这一问题

的深入研究 ,对提高细间距 QFP微焊点强度和可靠

性将提供理论指导和技术支持 。

表 3　微焊点强度试验对比结果

Tab le 3　Comparisons o fm icro-jo in ts streng th

焊接方式 红外再流焊 激光软钎焊

抗拉强度 试件编号 试件编号

测定值 M/ Pa Ⅰ Ⅱ Ⅲ Ⅰ Ⅱ Ⅲ

1 49. 18 46. 82 58. 01 80. 85 58. 49 69. 36

2 46. 95 52. 12 59. 56 84. 06 71. 81 72. 70

3 45. 70 45. 48 61. 43 90. 38 56. 53 79. 74

4 54. 92 52. 03 63. 52 85. 97 62. 23 72. 79

5 52. 43 47. 44 60. 94 85. 04 60. 63 70. 79

6 54. 48 51. 81 61. 96 82. 90 59. 42 76. 62

7 49. 80 52. 70 62. 19 90. 29 70. 92 85. 97

8 53. 86 43. 61 58. 27 93. 68 54. 61 72. 12

9 51. 67 46. 15 63. 34 91. 45 61. 61 64. 99

平均值 51. 01 48. 69 61. 03 87. 18 61. 78 73. 99

图 3　抗拉强度平均值

F ig. 3　Average o f tensile streng ths ofm icro-jo in ts

3　结　　论

(1)半导体激光输出功率直接影响 QFP焊点

的抗拉强度。半导体激光无铅微焊点的力学性能相

对于红外热风再流焊无铅微焊点普遍提高了 25%

左右 ,尤以细间距无铅钎料激光微焊点的力学性能

提升最为显著 ,平均提高了 50%以上 。

(2)半导体激光软钎焊不仅能够改善无铅微焊

点的抗拉强度 ,也能够大幅度地提高 Sn - Pb微焊

点的抗拉强度 ,平均可提高 25%左右 。
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Abs tract:　One technolog ica l prob lem abou t the w eak comb ination

of in terface betw eenC r p lating layer and substrate wh ichw as streng thened

by p lasm a had been pu t forw ard accord ing to the app lication state of under

seriou s ab lation and erosion by ho t chem ical airflow. The techno logy u sing

d istrans fer p lasm a to heat the s teelw orkpiecew ith C r plating layer at h igh

speedw as used to strengthen in terface bond ing b etw een C r p lat ing layer

and substrate. The p rincip le of s trengthening w ith p lasm a w as in troduced

in th is paper and the process exp erim en t of strength ening w ith p lasm a arc

w as carried ou .t The experimental resultsm easu rem en t and analys is show

that th em etallu rgical bond ing has occu rred betw een C r p lat ing layer and

substrate and the s trengthening of in terface bond ing betw een C r p lating

layer and sub strate is im p roved rem arkab le ly.

Keyw ords:　 p lasm a beam;p lating layer;interface streng then ing;

m etal lurgical bonding

Study on streng th o f so ldered m icro-jo ints of QFP dev ices　　HU

Yong-fang1 , XUE Song-b ai1 , YU Sheng-lin2(1. C ollege ofM aterials Sci-

en ce＆ Technology, Nanjing University of Aeronau tics＆ Astronau tics,

Nanjing 210016, Ch ina;2. 14 th Research Ins itu te, Ch ina E letron ics

Technology G roup C orporation , N an jing 210013, Ch ina). p78 - 80

Abs tract:　Ten sile strength of the quad f lat pack (QFP) devices

w ere determ ined by STR-1000 Jo in t S treng th Tes ter and com pared w ith

the join ts so ldered w ith d ifferen t pitches and d ifferent so lder com pos itions

QFP and SOP (sm all out line package). The resu lts ind icate th at for the

sam e solder composi tion s, the w ider the p itch is, the larger the pu lling

force is, .i e. the h igher the tensi le strength is. The ten sile strength of

sold ered join ts ofQFP w ith pure lead is h igh er than that of eu tectic solder

and asw ell and as h igher than that of eutectic sold er itse l.f

Key words:　 tens ile streng th; quad flat pack(QFP); eu tectic

sold er

R eliabi lity o f CBGA so ldered jo int under therm a l cycling　　XUE

Song-bai1 , HU Yong-fang1 , YU Sheng-lin2(1. C ollege of M aterials Sci-

en ce＆ Technology, Nanjing University of Aeronau tics＆ Astronau tics,

Nanjing 210016, C h ina;2. The 14 th Research Insi tu te, Ch ina E letron ics

Technology G roup C orporation , N an jing 210013, Ch ina). p81 - 83

Abs tract:　Therm al fatigue life of ceram ic ball grid array(CBGA)

devices under therma l cycling condi tion sw as p resen ted in - 55℃ ～ 125

℃. Failu re m echan ism of the soldered join ts including the germ inating

position and expand ing direction of the crack sw ere observed and ana lyzed

by opticalm icroscopy. Results show that the crack in soldered joints ger-

m inats in th e borderline all around th e ou tm os t solder balls. W ith th e in-

creasing of therm al cycling t im es, the cracks expand from the borderline

of outmost solder balls to the b all center along the in terfaces. It is found

that the germ ination and expand ing of the m icro-cracks are caused by

h igh ly con cen trated stress and strain as w ell as in teraction betw een ther-

m al cycling and creep.

Key words:　 therm a l fatigue life;BGA;crack;therm al cycling

Low cycle fatigue property o f TA5 titanium a lloy w elded jo int　　

YAN K eng, ZHANG Pei-lei, JIANG Cheng-yu (ProvinceKey Lab ofAd-

vauedW elding Technology, Jiangsu Un iversi ty of S cience and Techno lo-

gy, Zhen jiang Jiangsu 212003, Ch ina). p84 - 86

Abstract:　The low cycle fatigu e p roperty of TA5 Ti tan ium alloy

w elded join t w i th d ifferent rein forcem en t was inves tigated. The resu lt

show s that the increasing ofw eld reinforcem en t decreases the low cycle fa-

tigue life of w e lded join t w hen the TA5 ti tan ium alloy w elded join t is

work ing in the strain value is less than 0. 35%. W hen th e strain value is

h igher than 0. 35%, the rule is not ob viou s. In h igh s tress-strain cond i-

tion, the low cycle fatigu e life of TA5 T itanium alloy w eld ed joint is under

the circu latory hard ening, and in low stress-strain cond ition, its circu lato-

ry harden ing p roperty is not obviou s. The exp ress ion of th e circu latory

stress strain of w elded joint and the low cycle fatigu e life of its sm ooth

samp ling w ere shown.

Key word:　 titanium alloys;w elded jo in t; low cycle fatigu e

M icrostructures and propertieso f 7A52 alum inum a lloy welded jo int

by tw in w ire weld ing　　YU Jin , WANG Ke-hong , XU Yue-lan ,

LIU Yong(Departm en t ofMaterials and engineering, , Nan jing Un iversity

of Science and Technology, Nan jing , 210094, C hina). p87 -89

Abstract:　 7A52 alum inum al loy w as w elded by us ing 5A56 fi ller

w ith tw in w ire gas sh ielded arc w eld ing. The m echan ical p ropert ies and

m icrostructu re of w elded joint w ere s tud ied. The resu lts show that the

w eldab ility of 7A52 alum inum alloy is good. Th ew eld zone is the w eakes t

inw e lded join t du e to ef fects of chem ical componen ts of fi ller and crystal-

lization p rocess. Therefore tw in w ire gas sh ielded arc w elding ofm ed ium

and thick 7A52 alum inum plate can ob tain excellent we lded join .t

Key w ords:　 7A52 alum inum a lloy; tw in w ire gas sh ield ed arc

w eld ing;w elded join t;m icrostructu re

Effect o f d iode-laser param eters on tensile streng th o f QFP m icro-

jo ints　　YAO Li-hua, XUE Song-bai,WANG Peng, LIU Lin(C ollege of

M ateria ls S cien ce and Techno logy, Nan jing Un iversity ofAeronautics and

Astronau tics, Nan jing 210016, Ch ina). p90 - 92

Abstract:　 Sold ering techno logy for quad flat pack dev ices(QFP)

w ere stud ied by m eans of 90W d iode-laser soldering system and the m e-

chan ical properties of m icro-join ts of QFP w ere com pared w ith d ifferen t

laser pow er. Resu lts indicate that diode-laser soldering can obvious ly im-

p rove both the tensi le s trength of th e join tsw ith Sn-Ag-Cu solder and the

streng th of the jointsw ith S n-Pb solder. The d iode-laser ou tpu t pow er d i-

rectly in flu ences the ten sile strength of the m icro-jo in ts of QFP w ith the

sam e solders. These resu ltsw i ll provide a goodm ethod for im proving the
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strength and reliabi lity of f ine p itch QFP devices.

Keyw ords:　 laser so ldering;QFP;tensi le strength

Effects of temperature and coatings on wettabil ity of Sn-Ag-Cu lead-

free so lder 　　WANG Xu-yan1 , XUE Song-bai1 , YU Sheng-lin2 ,

ZHU X iao-jun2(1. Col lege of Materials S cience＆ Techno logy, N an jing

Un iversity ofA eronau tics＆A stron autics, N an jing 210016, Ch ina;2. 14 th

Research Insitu te, Ch ina E letronicsTechno logy G roupC orporation , N an-

jing 210013, Ch ina). p93 - 96

Abs tract:　By m eans ofw ett ing balance m ethod, the w etting tim e,

w etting force and th e ef fects of soldering tem peratu re on w ettab ili ty of Sn-

Ag-Cu lead-free solder w ere tested under the cond itions of tw o tempera-

tu res and th ree substrates. Th e resu lts ind icate that th e h igher tempera-

tu re rem arkab ly imp roves w et tab ility of lead-free sold er on substrate. The

w etting t im e of Sn-Ag-C u lead-free so lder on Cu substrate is close to that

of Sn-Pb sold er, and th ew ett ing force is greater than that of Sn-Pb solder

at 260℃. The w etting time of Sn-Ag-C u lead-free solder on N i /Au and

SnB i coat ings are obvious ly shorter th an th at on Cu subst rate, and the

w etting t im e of Sn-Ag-C u solder on th ree sub strates are decreased by 34%

～ 67% com pared w ith that of Sn-Ag-C u at235℃.

Keyw ords:　 lead-f ree solder;w ettab ility;coatings

FEM ana ly sis o f stress and stra in in CBGA solder jo int w ith d iffer-

ent size under therm al cycle　　HU Yong-fang1 , XUE Song-b ai1 , YU

Sheng-lin2(1. C ollege ofM ateria ls Science＆ Techno logy, N an jing Uni-

versity ofAeronau tics＆A stronau tics, Nan jing 210016, Ch ina;2. 14 th Re-

search Insitu te, C hina E letron icsTechnology G roup Corporation , N an jing

210013, Ch ina). p97 - 100

Abs tract:　The com ponents of CBGA w as sim p lified in to 2-D mod-

el of fini te elem ent analysis for the stress and strain of sold ered joint, and

the fin ite element m ethod w as u sed to sim u late th e d istribu tion of stress

and strain of th ree k ind s ofC BGA com ponents (0. 76 mm , 1. 0mm and

1. 3mm) under therma l cycle, and calcu late the m aximum of stress and

strain. The resu lts show that the reliabi lity of CBGA com ponents w ith

0. 76mm d iam eter is the best and th e analysis indicates th e finite elem en t

sim ulation is su itab le for study ing re liab ility of all k inds of soldered join ts

in pack aging ofm icroelectron ics.

Keyw ords:　CBGA;st ress;strain;FEM ana lysis

Effect o f processparam etersand interlayer on properties of 1420A l-

Li al loy diffus ion bonded joint　　CHEN W en-hua, Q IN Zhan-yan,

SHEN Y i-fu(College ofM aterials Science and Technology, N an jing Uni-

versity ofAeronaut ics and As tronau tics, Nan jing 210016, Ch ina). p101

- 104

Abs tract:　The feasib ility of d iffu sion bond ing of 1420 A l-Li alloy

under certain technical cond itionsw as investigated in this paper. The m i-

crost ru cture, f ractu re m orpho logy and m icrohardness of the join ts w ere

stud ied. The resu lts sh ow th at the excellen tm etallu rgical bond ing can be

ob tained through the suff icien td iffusion of atom s near the join t boundaries

by using the reasonable processing param eters. The w elded jointw ith ho-

m ogenou sm icrostructu res can be ob tain ed by using the copper as the in-

terlayerm ateria.l When th e nickel is used as in terlayer m ateria l, the in-

term etallic com pounds are form ed by diffusion, w hich can im p rove the

streng th of the jo in ts.

Key words:　1420A l-Li alloy;dif fus ion bond ing;in terlayer

Effect o f CPGA gullw ing lead size on reliabil ity of soldered joints　

　WU Yu-xiu, XUE Song-bai, HU Yong-fang (Co llege ofM aterials S ci-

ence＆ Techno logy, Nan jing Un iversity of Aeron aut ics＆ A stronau tics,

Nan jing 210016, Ch ina). p105 - 108

Abstract:　Fin ite elementm eth od was u sed to study the stress d is-

tribu tion in soldered join ts of CPGA gu llw ing lead. Resu lts ind icate th at

the innerside of soldered joint unders ide is th ew eakest pos itionw here the

stress is relative ly concen trated, so i t is easily to be destroyed. The re la-

tionsh ips b etw een d ifferent sizes of gu llw ing lead and the m ax-stress in

soldered jointsw ere ca lcu lated and th e therm al stress distribu tion in sold-

ered join tsw as ana lyzed w ith differen t s izes of gu llw ing lead experien ced

alternating therma l effects. Resu lts show that th e stress d istribution is af-

fected by the s ize of gu llw ing lead. W ith the in creas ing of lead’ s thick-

n ess, th e s tress w ill increase in soldered joints;W ith the increasing of

lead’ s h igh t, th e stress in soldered joints w i ll increase firs tly and then

decrease, wh ich h as a m ax imum valu e. W ith th e increasing of lead’ s

length con tacted w i th solder pad, the stress in soldered join ts w i ll de-

crease firstly and th en increase, w h ich has a m in im um va lue.

Key words:　 fin ite elem en t m ethod; gu ll w ing lead; so ldered

join t;stress

W ater cleaning techno logy for surfacem ounted components so ldered

w ith Sn-Ag-Cu solder　　WANG Xu-yan1 , XUE Song-bai1 , WANG

H ai-song1 , YU Sheng-lin2(1. College ofM aterials S cien ce＆ Techno lo-

gy, Nan jing Un iversity ofA eronau tics＆ A stronau tics, Nan jing 210016,

Ch ina;2. 14 th Research In situ te, Ch ina E letron ics Technology G roup

Corporation, Nan jing 210013, Ch ina). p109 - 112

Abstract:　 S imu lative specim ens and SMC sold ered w i th layer re-

sistances w ere cleaned by SMT450-LD SMT w ater-cleaning sys tem and

the resu lts ind icate that the layer resistancem oun ted on FR4 by Sn-Ag-Cu

no-clean ing solder paste is clean and the residua concen trateion on PCB

su rface is ab out 1. 9μg /cm 2 , w h ich m et the requ irem ent of M IL-STD-

2000( the res idua concen trateion on PCB surface shou ld be less than 5. 7

μg /cm2). C leaning param eters such as clean ing tem peratu re and cleaning

tim e h ave g reat effects on the clean ing resu l.t

Key w ord s:　w ater clean ing;surface res idue;ion ic concen tration;

Sn-Ag-Cu solder paste
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