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This water-cooled heatsinl< allows ·a.~ 110-a SCR to operate with a 1Q-C 

rise at the stud. The heatsink performs satisfactorily at flow rates as low 

as 0.25 GPM. Experimental results show the effect of water flow rate and 

mounting method. The best heat transfer was obtained using XC-2-0106 sil

icone compound at the heat transfer surface. A simplified design procedure is 

presented. 

INTRODUCTION 

High-cun·ent semiconductor devices must be properly cooled if they 

are to operate reliably at rated current. The low junction-to-case thermal 

resistance of such devices is of little value if the heatsink thermal resistance 

is high by comparison. Air-cooled heatsinke become bulky when one tries to 

achieve a thermal resistance less than 1°C/\7. Moreover, the high ambient 

temperature present in some equipment racks often precludes the use of air 

cooling. 

Water cooling has long been used to overcome the above-mentioned 

difficulties. This note describes an operational water-cooled heatsink for 

individual 2N"1911 SCR' s. The basic design can easily be adapted to semicon

ductors of different stud sizes. Also, the design procedure is given to enable 

the engineer to rapidly design similar heatsinks. 

"HEATSINK 

The heats ink is shown in Figure i. Three 1/ 4-in-diameter water 

passages carry water around the mounting base of the semiconductor. The 

1-i:n counterbore moves the heat transfer surface closer to the cooling water 

and allows more threads to protrude through the mounting hole. This i -in 

counterbore should be cut on a lathe to insure a smooth flat· surface for good 

heat transfer. Thinner heatsink material (e. g •• 3/8-in) could have been used, 
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thus eliminating the necessity to counterbore, if it were not for the ~/8-in 

pipe fittings. 

This heatsin..~ allows rr..ore heat transfer surface than those employing 

two drilled holes joined at the ends by a soldered tube. Moreover, the 1/8-in 

pipe plug can be removed if it should become necessary to clean the water 

passages. 

The hcatsink can be mounted by using any two of the four 13/64-in holes, 

thus leaving both SGR nut surfaces acceaeible for-tightening to the proper torque. 

Total shop time for machining is 1 .. 1j2 to 2 hr; the only critical operation 

is the surface-finishing of the i-in counterbore. 

Figure 2. is an assembly drawing sho\1\ri.ng the SGR mounted to the heatsink. 

INSTRUMENTATION 

The SCP stud temperatures·v.ere measured with a copper-constantan 

theJ:mocouple soldered to the flat sm.·face of the stud hex. The temperature at 

this point closely approximates the temperatul"e of the stud imn•cdiately below 

the rectifier junction.
1 

The heatsink temperature was measured using a 

therrt".tocouple located in the front of the heatsink about O.OS in under the SCR 

heat transfer surface. 

Two GE ZN-1911 SGR's, rated at iOO arms each, were connected back-to

tack as shown in Figure 3 .. The firing signal was the ac wave shown in the ·figure. 

\Vhen connected as shown, the SCR circuit is capable of carrying iSS a rms pro

vided the stud temperature does not go above 62 °C. (This results in a junction 

temperature of 125°G.) 

EXPERIMENTAL RESULTS 

Figure 4: shows SCR stud temperature rise versus SCR current, with 

cooling water flow rate as a parameter. Note that the current here is the total 

rms current through~ SCR's. This current is .[2. times the rms current 

through each SGR. 

As specified in Figure 4, the SCR heat transfer surface was coated with 

XC-2.-0106 silicone compound and the stud was torqued to 12.S ft-lb. 

Figure 5 shows how various mou..."'lting methods affect the stud-to-heatsink 

temperature drop. Note that the XC-2-0106 silicone compound was about 44% 

n'lore effective than the DG-200-1000CS silicone fluid. Note, also, that decreasing 

the stud torque by 20% caused the stud-to-heatsink temperature drop to increase 
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by 15%. 

Vti'ith :1.50 a total current, the measured power dissipation was 100 w 

per SCR. This implies a stud-to-heatsink thermal resistance of 0.05 °C/w, 

using the XC-2-0106 silicone compound and iZ.S ft-lb of torque. The table 

gives the thermal resistance from heatsink to cooling water for various water 

flow rates. 

Water flow rate, GPM 

0.25 

0.5 

1.0 

Thermal resistance, 

sink-to-watc:r, °C/w 

0.09 

0.0675 

0.055 

Thus, at a flow rate of i GPM, the stud-to-heatsin.l< thermal drop is 

approximately equal to the heatsin.'k-to-water thermal drop. This, then, rep

reeemts a point of diminishing returns lY~yond which an increase in the cooling 

water flow xate will not substantia:ily reduce the stud temperature. 

Figure 6 shows the measured heatsin..~ pressure drop as a function of 

water il0w rate. The upper curve gives the pressure drop across two heatsinks, 

68 in of Weatherhead H-9 1/ 4-in-ID hose, and the associated fittings. The lower 

curve gives the pressure drop across one heatsink, two RL union couplings, and 

two tubing nipples. 

DESIGN PROCEDUR~ 

This design procedure makes use of the data sheets in the ApperLdix 

(from Lawrence Radiation Laboratory UCRL Design Data Book). The procedure 

is intended to yield only approximate results, and some of the assumptions and 

approximations are admittedly crude. Nevertheless, this design procedure can 

give the engineer a quick conservative answer which can be refined experimen

tally, if necessary. 
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Symbol 

A 

a 

D 

d 

F 

K 

L 

Le 

In 
Lw 
1 

M 
p 

p 

RT(H- VI) 

RT(J -S) 

RT(S-H) 

s 

v 
e 
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NOMENCLATURE 

Definition 

Cross-sectional area of tube 

Heat transfer area 
·. 

Diameter of semiconductor heat transfer surface 

Diameter of water passage 

\Vater flow rate 

Thermal conductivity of heatsink material 

Equivalent total lengch of all tubing and fittings 

Equivalent length of elbows 

Length of con.."l.ecting hose 

Length of water pa~sage 

Length of tube 

Heat transfer rate 

Powe1· dissipation 

P1·essure 

Heatsink-to-water thermal resistance 

Junction-to-stud ~hermal resistance 

Stud-to-heatsink thermal resistance 

Mean cross-sectional area of heatsink matel'ial 
from semiconductor mO\h"'lting surface to cooling 
water. 

Heatnink temperature at stud surface 

Junction temperature 

Semiconductor stud temperature 

Cooling water ·temperature 

Mean thickness of heataink material from 
semiconductor mounting surface to cooling water 

Velocity of water 

Film drop 

Units 

in 

in 

gal/min 
calories 
sec-cm°C 

ft 

ft 

ft 

ft 

in 

watts/in
2 

watts 

psi 

°C/watt 

°C/watt 

°C/watt .., . ~ 
1n 

in 

ft/ sec 

oc 
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Step 1. Determine semiconductor power dissipation and maximwn allowable 

stud temperature. Data from the manufacturer' G specification sheet usually 

allows calculation by at least one o£ the .following methods. 

(a) Often ma.v..imum. allo·wable stud temperature and power dissipation at 

ma.Jcimum rated current are given dh·ectly in the specification. 

(b) Given ma~~timum power dissipation. junction-to-stud thermal resistance, 

and ma.ximu.-n junction temperature (usually 12.5°C for silicon), 

(1} 

(c) Power dissipation can be found by integratingthe e-i curve g1·aph

ically or analytically. 

NOTE: Other forms of power losses-such as those due to forward and 

reverse leaknge currents, those due to gaie curreni, .9.nd those due to switching

are neglected since t.."lese losses are usually negligible. 

Step 2. Determine maximum allowabl0 heatsink temperature. 

(a) First determine the stud-to-hea1;sink thermal 1·esistance. Check 

reference l than estimate if necessary. For large power rectifiers, RT(S-H) 

should be less than O. i ocjwatt when XC-2.-0i06 silicone compound is used: 

TH = TS- RT(S-H)p (Z) 

Step 3-. Determine required water flow rate. 

(a) Assume the film drop is the major component of the heatsink-to-wa.ter 

temperature drop. 

(b) Pick O=O.S(TH-T\'1). (3) 

(c) Choose a reasonable size water passage and estimate the heat transfer 

2. a = w d 1 :::: 'IT dD (4) 

(This approximation is made. because Dis more likely to be known :rat.~er than l ). 

(d) Compute heat transfer rate: 

!vi: = p (5) 
a 

(e) Read water velocity from Design Data Sheet 38 opposite 0=0.8(TH- Tw>· 

(!} Compute water flow rate: 

F = 3.13 VA (6) 
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(g) Reiterate Step 3. starting with (c} if the water flow rate found in (£) 

is unreasonable. 

Step 4. Check pressure dzop. 

(a} Use Figure 7 to determine the equivalent length of the square elbows 

formed at the intcrGection::; of the VJ.J.tcr pasoages in the heatcink. Neglect the 

pree;sure drop in the fittings even though this is often a poor assumption. 

L = LE + L,17 + LH 
' H 

(7) 

(b) Re,ad. the pressure d:rop from Desig•'l Data. Sheet 10. 

(c) Reiterate Steps 3 and 4 if pressure drop fou..'ld in (b) is u.nreasort.a.ble. 

Step ?· Corr~pute water tempcz·ature ri::se: 

AT .:::: 0.0038P 
~vr :c~ 

Step 6. Compute tcmpe:i.-ature rise in heatsink: 

(1< = 0.9 foz- copper, G.S for aluw..inum) 

StGp 7. Gompu~e ter.t1perature of h-.!atsin..'k near stud: 
b. T \V 

T H = T VI + --z- + e + ~ T H 

(8} 

(9} 

(iO) 

T "'c:: found above in Equation 10 is not ~reater than TH found in R c:.:...J; -

.Eq~JE.tion 2, Step 2. 

D~sign Example 

The design procedurc: is illustrated by usc: of the heatsink shown in 

Figu!'es i and 2. 

Step t. From the G. E. specification sheet for the 2N19·u. SCR 

T J = izsoc 
TS =· 63°C (for 110 arms) 

RT(J -S) = 0.4°C/w 

125-63 ' P=o-x- =·.~.ssw 

·(measured P = 100 w). 
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Step 2. Assume P T(S-H) = 0. ':.."C/w 

TH = 63-(0.1)(155) = 47.5"C 

For greater semi-conductor reliability, try for TH = 35"C. This will result 

in a junction ternperature of -12.2.5"C. 

Step 3. 

{a) Assu..rne T W == 25°C 

then()= (0.8) (35-25) = 8"C. 

(b) Choose i/4-in-ID water passages 

a~ (3.14)
2

(1/4) ('l} = 2.46 in
2 

) 

(actual a= {3.14) (i/4) (4) = 3.~4 in-}. 

(c) 
-155 2 

tvJ = i.7;r;- = 63 w/in 

155 ") 
(actual M = J.i-4 = 49.5 w./in'-). 

{d) V = 8 H./sec (read for Des·ign Data Sheet. 38) 

(actual V is slightly less than 8 ft/ sec from Design Data Sheet 38). 
) 

1 e \ ~ ( 3 . i3 )( 8 }( 3 . 14 )( 1 / 4 ) ~ , "> 3 l/ . 
, : 1• = = .~..- ga m1n. 

S~ep 4. 

From Figure i, 

Pick Lh = 68 in 

L = Z(2.6 + fz> + ~~ = ii.S ft 

( L is for 2 heat sinks) 

{b) From Design Data Sheet tO, cy = ·~~~ (·1-1.5)(0.433) = 7 psi 

(measured pressure drop was 9 psi at i gal/min). 

Step 6. 

(0.0038) (~55} 
-.i. 23 

= 0.48 "C per heats ink 

(measured 1::. TV{ was 0.5"C for each heatsink at i gal/min). 

(155)(1/4) 
A Th = (10.6)(0.9)(1/4)(4) = 4•06 oc 
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Step 7. 

T = ;' 5 .L 
0.48 · 8 · .a. 06 - 3 7 .:to C H- ·z-r -r •• - •• 

This is fairly close to T H found in Step 2 

(measured TH was 35°C at 1. gd/min). 
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FOOTNOTE AND REFERENCES 

J··· 

·· \Vm:k done under the auspices of the U. $. Atomic Energy Commission. 

1. F. W. Gutz'l.viller, 1'Hzatsinlcs for Stud-Mounted Semiconducto::-G," 

Application Note 200. 12, Gener<!.l Electric Co .• R ecifier Components Dept. , 

Auburn, New York, p. ;, 1. 

2.. J. T. Lav:.cischeff, "!'v~mmting Cons ide ratione for Semiconductors, 11 

Lawi:ence f.' adiation La.bo:ra.i:ory Report UCID- i 960, Feb. 1961. 


