
!"#$%&'()!*'+,'-(
(

./0(12304(5675/(28975(
.!:(624;2<91(

=2>0(,9930(



"75?;10(

•  .062/065:(?;@/5-(A/25(;B(;5C(A/D(B/97?4(+(E260C(

•  .!:(;F2@;1@-(A/25(?;0B(801025/G(

•  .!:(BH0E569BE9HD-(A/25&B(B/23;1&C(
IJ1B-(E/26@0K(195(82E91L(FFFFG82E91GLM(



=+',NJ+#$%(

A261;1@-(
(
./0(O9??9P;1@(H60B0152<91(E9152;1B(B9F0(
;F2@0B(9O(8?766D(12304(H09H?0(P;5/(B57Q(52H04(
59(5/0;6(894DL(R;0P06(4;BE60<91(;B(24>;B04L(



N;@/5(;B(2(0?0E569F2@10<E(P2>0(
P2>0?01@5/(

=;60E<91(9O(
H69H2@2<91(

$?0E56;E(S0?4( #2@10<E(S0?4(

)06;94;E;5D(9O(P2>0(40S104(8D(71;5(9O(?01@5/-(P2>0?01@5/(9O(?;@/5(
(
$?0E56;E(214(F2@10<E(S0?4(9BE;??250B(P;5/(O60T701ED(U(
(
)6947E5(9O(O60T701ED(214(P2>0?01@5/(@;>0B(BH004(9O(?;@/5(E(V(WLXXYZ[\Y(F]B(



N0^9>06(8;5((

*97(E21(49(2(?95(P;5/(5/;B(?0^9>06(8;5__((



'976E0B(9O(.!:(624;2<91(
•  !"#$%&'()*+()+&'(,+$--./+
•  !95(894;0B(0F;5(624;2<91(2EE964;1@(59(2(8?2E3894D(BH0E567FL(
•  `?2E3894D(B976E0B(25(0?0>2504(50FH0625760B(I2E572??D(2?B9(25(

?9P(50FH0625760BM(0F;5(624;2<91(;1(5/0(.!:(621@0(
•  R06D(P023(B976E0(9O(.!:(624;2<91G(



"5/06(B976E0B-(5/0(a1;>06B0_(

•  ./0(a1;>06B0G(

WW(#2D(W\[[(b(

Illustration:  
NASA WMAP Team 

0.0 0.2 0.4 0.6 0.8 1.0
0

1x10-5

2x10-5

3x10-5

4x10-5

5x10-5

6x10-5

I(f
)[

W
/m

2 /T
H

z]

Frekvens [THz]

T = 2.728 K

f
max

 = 176 GHz

c60T701ED(d.!:e(



`0O960([XX\-(.!:(BE;01E0(f195(B9(86;@/5g(

Solid-State THz Sources (CW)

0.001

0.01

0.1

1

10

100

1000

10000

10 100 1,000 10,000 100,000

Frequency (GHz)

Po
w

er
 (m

W
)

h9(@994(
B976E0B_(



$26?D(H;91006B(;1(.!:(624;2<91(

Y. R. Shen  
University of California, Berkeley 
 
Optical rectification of intense laser 
pulses 

Gerard Mourou 
University of Rochester 
 
Generation of picosecond electrical 
transients 
Time-resolved measurements with 
far-IR radiation 

David Auston 
Columbia University, New York 
 
Picosecond pulses from photo- 
conductive switches  
(the Auston switch)  

Daniel Grischkowsky 
Oklahoma State University 
 
Free-space THz transients 
Optical THz technology 
THz time-domain spectroscopy 
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Radial electric field from point charge q: 
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Now we look closer at a single field line: 

The charge q is accelerated for a short time !t, we look again a bit later: 

The information about the moving charge propagates at the speed of light. 
 
This leads to a kink in the field that propagates away from charge at the 
speed of light. (LIGHT!) 
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Heinrich Rudolph Hertz (1857-1894) 

Karlsruhe, 1887: 
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Geometry of a broadband THz antenna

Auston switch
(1984)

Semiconductor substrate

+

E

• Electrodes are defined on a  semi-
conductor surface by UV or e-beam
lithography and metal evaporation.

• There is a bias applied across the 
electrodes.

• The photoconductive region between the 
electrodes is excited by a femtosecond
laser.

• The transient photocurrent leads to 
emission of THz radiation.

.DH;E2??D(j\(nF(@2HH04(2150112(B567E5760(91(2(B0F;E9147E<1@(B78B56250L(



!065:&B(0ZH06;F015(;1(5/0([XX\&BG(

+
A

,766015(B76@0_(
I2EE0?062<1@(E/26@0B(V(?;@/5M(

$?0E56;E(S0?4(9O(H7?B0(
2EE0?06250B(E/26@0B(;1(
F2506;2?L(
=050E5(E766015(H69H96<912?(
59(0?0E56;E(S0?4L(

O0F59B0E914(
4762<91(?2B06(
H7?B0(

B0F;E9147E596(B78B56250( B0F;E9147E596(B78B56250(

O0F59B0E914(
4762<91(?2B06(
H7?B0(

'"GLP/25(4;4(P0(o7B5(49GL(



p01062504(214(4050E504(2(.!:(H7?B0(

)7?B0(9O(0?0E56;E(S0?4(5/25(
9BE;??250B(91?D(910(EDE?0_(
(
=762<91(9O(H7?B0(;B(?0BB(5/21([(
H;E9B0E914(I[\k[W(BM(



./0(B/96506(5/0(H7?B0(;1(<F0(
5/0(F960(E9?976B(IO60T701E;0BM(;5(E9152;1B(

.;F0(8214P;45/(H6947E5-(

.;F0( c60T701ED(

$?
0E
56
;E
(S
0?
4(

!t!"# 1
2



`69248214(.!:()7?B0B(

`6;@/5(B976E0(9O(.!:(624;2<91L(
=050E<91(B01B;<>;5D([K\\\K\\\(-([(
h"AK(P/25(49(P0(49(P;5/(5/0B0C(

(
(



.!:(+F2@;1@(

!""#$%%&&&'(#)'*+,%-.!/012345675

!"#$%&'()*$&+'#,-'.#/0'12//"-3

!""#$%%&&&'(#)'*+,%-.!/012345675

!"#$%&'()*$&+'#,-'.#/0'12//"-3

!9P(F7E/(P2506(;B(;1(5/0(502(H95C(



.!:(+F2@;1@(

!""#$%%&&&'(#)'*+,%-.!/012345678

!"#$%&'%()*%+,-.%/,0,12"3)4

/56%&0"1*"&2%72*8)*'*2

!9P(O60B/(;B(D976(2;6(O60B/0106C(



.!:(+F2@;1@(

THz image of a packaged semiconductor integrated circuit 

THz image of a freshly cut and 48 hours old leaf 

Hu and Nuss, Opt. Lett. 20, 1716 (1995) 

THz transmission image of a Hershey bar 

THz time delay image of a Hershey bar 

Mittleman et al. Appl. Phys. B 68, 1085 (1999) 



.!:(+F2@;1@(

Visual inspection: 
Nothing dangerous! 

THz picture:  
hidden knife is visible. 

[Source: QinetiQ, http://www.qinetiq.com] 
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Mummified hand

THz-Transission 
at 0.16 THz

Lena Öhrström, 
P.D. Dr. Dr. Frank Rühli

Klinische Paläopathologie
Medizinhistorisches Institut, Universität Zürich

X-ray

THz-pulse delay 
image

II

III

IV

L. Öhrström et al., submitted (2009)
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Phonon signatures of molecular crystals can be used for identification 
purposes. Packing material is (often) transparent. 
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