
F A S T  H I G H  V O L T A G E  Q - S W I T C H  D R I V E R
 G e n e r a l
T h e  S e r i e s  F Q D  Q - s w i t c h  d r i v e r s  a r e  m i n i a t u r i z e d  h i g h  v o l t a g e  p u l s e r s  
f o r   d r i v i n g  P o c k e l s  c e l l s  i n  L a s e r  q u a l i t y  s w i t c h i n g  a p p l i c a t i o n s .  F Q D  
d r i v e r s  c o n t a i n  e v e r y t h i n g  n e c e s s a r y  f o r  a  r e a d y - t o - u s e  s o l u t i o n ,  
i n c l u d i n g  a  h i g h l y  r e l i a b l e  B e h l k e  s o l i d - s t a t e  s w i t c h  a n d  v a r i o u s  
p a s s i v e  H V  p a r t  c o m p o n e n t s .  D u e  t o  i t s  v e r y  s m a l l  d i m e n s i o n s ,  t h e  
F Q D  d r i v e r  c a n  b e  i n t e g r a t e d  d i r e c t l y  i n t o  t h e  l a s e r  s e t u p .  A s  a  r e s u l t ,  
t h e  l e n g t h  o f  t h e  p u l s e  t r a n s m i s s i o n  l i n e  b e t w e e n  Q - s w i t c h  d r i v e r  a n d  
P o c k e l s  c e l l  i s  r e d u c e d  t o  a  f e w  i n c h e s  /  c m .  T h e  c a p a c i t i v e  l o s s e s  a r e  
t h e r e b y  s u b s t a n t i a l l y  d e c r e a s e d ,  k e e p i n g  t h e  p o w e r  c o n s u m p t i o n  a n d ,  
c o n s e q u e n t l y ,  t h e  t h e r m a l  e m i s s i o n  o f  t h e  d r i v e r  v e r y  l o w ,  e s p e c i a l l y  i n  
c a s e s  o f  h i g h e r  r e p e t i t i o n  r a t e s .  T h e  s t a n d a r d  F Q D  d r i v e r s  d e s c r i b e d  
h e r e  a r e  w o r k i n g  i n  t h e  O N - M o d e  w i t h  p o s i t i v e  v o l t a g e .  A d d i t i o n a l l y ,  
O F F - M o d e  t y p e s  f o r  p o s i t i v e  v o l t a g e  a r e  o p t i o n a l l y  a v a i l a b l e  ( o p t i o n  
O F F ) .  O F F  a n d  O N - M o d e  t y p e s  c a n  b e  c o n f i g u r e d  f o r  n e g a t i v e  h i g h  
v o l t a g e  p o w e r  s u p p l i e s  ( o p t i o n  N E G ) .  T h e  i n t e r n a l  c i r c u i t  f o r  t h e  O N -
M o d e  t y p e  i s  s h o w n  i n  F i g .  1  a n d  f o r  t h e  O F F - M o d e  t y p e  i n  F i g .  2 .

O p e r a t i o n
T h e  s o l i d - s t a t e  s w i t c h ,  S W ,  i s  t r i g g e r e d  b y  a  p o s i t i v e  g o i n g  T T L  p u l s e  
a t  p i n  1 .  A  s u c c e s s f u l  t r i g g e r i n g  i s  i n d i c a t e d  b y  t h e  y e l l o w  L E D .  T h e  
t r i g g e r  p u l s e  a m p l i t u d e  s h o u l d  b e  3  t o  6  V  a n d  t h e  t r i g g e r  p u l s e  s l e w  
r a t e  s h o u l d  n o t  b e  l e s s  t h a n  1 0 0  m V / n s  f o r  b e s t  j i t t e r  r e s u l t s .  A p a r t  
f r o m  j i t t e r  b e h a v i o u r ,  o u t p u t  p u l s e  r i s e  t i m e  o r  o u t p u t  p u l s e  w i d t h  c a n  
n o t  b e  i n f l u e n c e d  b y  t h e  q u a l i t y  o f  t r i g g e r .  T h e  t r i g g e r  p u l s e  d u r a t i o n  i s  
u n c r i t i c a l .  A n y  v a l u e  b e t w e e n  5 0  n s  a n d  i n f i n i t y  i s  s u f f i c i e n t .  T o  
a c h i e v e  t h e  l o w e s t  p o s s i b l e  p u l s e  d e l a y  a n d  b e s t  l o n g - t e r m  s t a b i l i t y  i n  
r e s p e c t  t o  j i t t e r ,  t h e  a u x i l i a r y  v o l t a g e  ( 5 . 0 0  V D C )  s h o u l d  p e r m a n e n t l y  
b e  a p p l i e d  t o  p i n  3 ,  w h e n  t h e  F Q D  i s  i n  o p e r a t i o n .  A f t e r  t r i g g e r i n g ,  t h e  
s w i t c h  r e m a i n s  o n  f o r  a b o u t  1 0 0  n s .  T h e  e f f e c t i v e  p u l s e  w i d t h  a t  t h e  
P o c k e l s  c e l l  i s  m u c h  l o n g e r ,  b e c a u s e  o f  t h e  t i m e  c o n s t a n t  R L  x  C L .  T h e  
e f f e c t i v e  o u t p u t  p u l s e  w i d t h  f o r  s t a n d a r d  d e v i c e s  i s  a p p r o x .  2 0 0  n s  a t  
C L  = 1 0 p F  a n d  R L  =  2 0 k O h m .  T h e  t i m e  c o n s t a n t  c a n  b e  a d a p t e d  t o  t h e  
s p e c i f i c  r e q u i r e m e n t s  b y  a n  o p t i o n a l  v a r i a t i o n  o f  R L  ( o p t i o n  M - R L ,  
p o s s i b l e  R L  v a l u e s  a r e  f r o m  1 k O h m  t o  1 G O h m ) .  I n  c a s e  o f  i n c r e a s e d  
d e m a n d s  r e g a r d i n g  t h e  t o p  f l a t n e s s  o f  p u l s e ,  t h e  r e a l  o n - t i m e  o f  t h e  
s w i t c h  c a n  b e  o p t i o n a l l y  e x t e n d e d  u p  t o  1 0 0  µ s  ( o p t i o n s  O T - 1 µ s ,      
O T - 1 0 µ s  o r  O T - 1 0 0 µ s ) .  P l e a s e  n o t e  t h e  i n c r e a s e d  r e s i s t i v e  l o s s e s       
a t  R L  i n  s u c h  a  c a s e .  T h e  o u t p u t  p u l s e  r i s e  t i m e  c a n  a l s o  b e  a d a p t e d  t o  
s p e c i f i c  r e q u i r e m e n t  b y  m e a n s  o f  c u s t o m i z e d  v a l u e s  f o r  t h e  d a m p i n g  
r e s i s t o r  R S  ( o p t i o n  M - R S ,  u s e f u l  v a l u e s  a r e  0  t o  1 0 0  O h m ) .  T h e  F Q D  
s t a n d a r d  d e v i c e  i s  c o n f i g u r e d  s o  t h a t  a l l  t h e  r e q u i r e m e n t s  o f  a  t y p i c a l  
Q - s w i t c h  a p p l i c a t i o n  a r e  m e t .  I n  c a s e  o f  s p e c i f i c  r e q u i r e m e n t s  p l e a s e  
c h o o s e  f r o m  t h e  a b o v e  o p t i o n s  o r  c o n s u l t  B e h l k e .  T h e  c o n t r o l  c i r c u i t  o f  
t h e  F Q D  d r i v e r  c o n t a i n s  a  p r o t e c t i v e  c i r c u i t ,  w h i c h  m o n i t o r s  t h e  
a u x i l i a r y  v o l t a g e ,  t h e  m a x i m u m  r e p e t i t i o n  r a t e  a n d  t h e  m a x i m u m  
o p e r a t i n g  t e m p e r a t u r e .  I f  a  d i s t u r b a n c e  s h o u l d  o c c u r ,  t h e  F Q D  d r i v e r  i s  
t u r n e d  o f f  a n d  a  T T L  f a u l t  s i g n a l  i s  g e n e r a t e d  a t  p i n  4 .  T h e  f a u l t  
c o n d i t i o n  i s  a l s o  i n d i c a t e d  b y  a  r e d  L E D .

H o u s i n g  O p t i o n s
V a r i o u s  h o u s i n g  o p t i o n s  a r e  a v a i l a b l e .  G e n e r a l l y ,  t h e  s t a n d a r d  p l a s t i c  
c a s e  ( 2 5  o r  1 9  m m  h e i g h t )  i s  s u f f i c i e n t  f o r  l o w  a n d  m e d i u m  r e p e t i t i o n  
r a t e s  ( m a x .  1 0 0 0  t o  2 0 0 0  p p s ) .  A t  h i g h e r  r e p e t i t i o n  r a t e s ,  t h e  s t a n d a r d  
p l a s t i c  c a s e  m u s t  b e  c o m b i n e d  w i t h  a  s u f f i c i e n t  c o o l i n g  o p t i o n .  I f  a  
l i q u i d  c o o l i n g  i s  a l r e a d y  a v a i l a b l e  i n  t h e  l a s e r  s y s t e m ,  t h e  o p t i o n  D L C  
( d i r e c t  l i q u i d  c o o l i n g )  m a y b e  a d e q u a t e .  T h i s  o p t i o n  i s  f o r  n o n -
c o n d u c t i v e  l i q u i d s  ( e . g .  G A L D E N )  o n l y .  T h e  u s e  o f  c o n d u c t i v e  l i q u i d s  
r e q u i r e s  t h e  o p t i o n  D L C - I S O .  H e a t  c a n  a l s o  b e  r e m o v e d  l o c a l l y  b y  
n a t u r a l  o r  f o r c e d  c o n v e c t i o n .  F o r  t h i s  p u r p o s e ,  t h e  F Q D  d r i v e r  c a n  a l s o  
b e  f i t t e d  w i t h  a  c e r a m i c  c o o l i n g  s u r f a c e  ( o p t i o n  C C S ) ,  w i t h  n o n -
i s o l a t e d  c o o l i n g  f i n s  ( C F )  o r  w i t h  a  g r o u n d e d  c o o l i n g  f l a n g e  ( G C F )  f o r  
a t t a c h m e n t  o n  h e a t  s i n k s .  P l e a s e  c o n s u l t  B e h l k e  f o r  f u r t h e r  d e t a i l s .

F i g .  1   S i m p l i f i e d  C i r c u i t ,  O N  M o d e
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F Q D  4 0 - 0 3  w i t h  o p t i o n  G C F
( g r o u n d e d   c o o l i n g   f l a n g e )  

R i s e  t i m e  2  -  4  n s      H i g h  f r e q u e n c y  
C o m p a c t  d e s i g n      V e r y  e a s y  t o  u s e   
R e l i a b l e  -  n o  a v a l a n c h e  t e c h n i q u e !

S o l i d - S t a t e  S w i t c h  

S W

1 n F 2 0  k

+ H V

0  V

F i g .  2   S i m p l i f i e d  C i r c u i t ,  O F F  M o d e

T T L  T r i g g e r  I n ,  3 - 6  V
G r o u n d  ( L o g i c  G N D )

+ 5 . 0 0  V D C  /  4 0 0  m A

F a u l t  S i g n a l  O u t p u t

+  H V  I n p u t  

1
2
3
4
5

R L

R S   5 0 R

C B

G N D  /   R e t u r n  

 
S a f e t y  G N D

G N D / R e t u r n  

P o c k e l s  C e l l

S o l i d - S t a t e  S w i t c h  

S W

1 n F

 2 0  k

+ H V

0  V

R e d

B l a c k

R e d

B l a c k



 

TECHNICAL DATA 

 

Specification Symbol Condition / Comment          

 

FQD 40-03 FQD 50-02 FQD 80-01 Unit 

Maximum Operating Voltage VO(max) Tcase = 25 °C, Ioff < 100 µADC 4000 5000 8000 VDC 

Lowest Operating Voltage VO(min)  0 VDC 

Typical Breakdown Voltage VBr Ioff > 1mADC, Tcase = 70 °C 4200 5250 8400 VDC 

Galvanic Isolation VI HV side against control side > 10000 VDC 

Maximum Peak Current IP(max) Peak current is internally limited 35 25 15 ADC 

Output Impedance Zout Standard devices, see option M-RS 75 75 75 Ω 

Maximum Off-State Current Ioff Tcase = 25 °C,  0.8 x VO. Lower Ioff  on request. 10 µADC 

Typical Turn-On Delay Time td(on) Shorter delay on request 50 ns 

Typical HV Pulse Rise Time tr - @ 0.8 x VO(max)  

- Standard output impedance 75 Ω 

- Pockels cell connecting leads < 100 mm (4”) 

CL=  5 pF 

CL=10 pF 

CL=20 pF 

2.5 

2.9 

3.7 

2.6 

3.1 

4.0 

3.2 

4.4 

5.6 

 

 

ns 

Typical Switch On-Time  ton Switch on-time only. See also options OT-xxxx  100  ns 

Effective HV Pulse Width tp(HV) CL=10 pF, top flatness < 3%. See also option M-RL.  200  ns 

Typical HV Pulse Fall Time  tf 10-90%, CL =10 pF. See also option M-RL. 1.2 µs 

Switch Recovery Time trc Driver recovery only. Trigger pulse tp =100 ns  500 ns 

Typical Turn-On Jitter tj(on) Vaux / Vtr = 5.00 VDC 100 ps 

Max. Continuous Frequency f(max)  

 

Cooling may be required at  

higher operating frequency 

Standard devices 

With Option HFS 

Customized units 

 50 

150 

up to 500  

  

 

kHz 

Maximum Burst Frequency  fb(max) Use option HFB for >10 pulses 2 MHz 

f= 2 kHz CL=10 pF 1.1 1.5 3.1 

 

f= 20 kHz 

CL=  5 pF 

CL=10 pF 

CL=20 pF 

8.9 

10.8 

12.8 

12.5 

15.4 

16.3 

31.2 

37.8 

44.8 

Typical Power Dissipation  

 

 

Pd @ 0.8 x VO(max) 

CL= Pockels cell capacitance  

Data valid for cooling option GCF. 

Standard devices without cooling 

options have 10% less losses. f= 100 kHz CL=10 pF 54 77 189 

 

 

 

 

Watts 

Standard devices & Option FC,  Tcase = 25 °C 5 

With Option DLC / ILC,  Tliquid = 25 °C, 1 liter/min  60-200 (consult Behlke) 

Maximum Continuous Power 

Dissipation 

Pd(max) 

With Option GCF, Tflange = 25 °C 200 

 

 

Watts 

Operating Temperature Range TO Extended range on request -40...70 °C 

Storage Temperature Range TST  -50...90 °C 

Typical Coupling Capacitance CC HV side against control side 10  pF 

Auxiliary Supply Voltage Vaux < 2% stabilty recommended (±5% max.) 5.00 VDC 

Typ. Auxiliary Supply Current Iaux Tcase = 25 °C,  0.8 x VO @ 0,01 x fmax 

@ fmax 

150 

400 

 

mADC 

Trigger Signal Voltage Range Vtr 3-6 VDC recommended for low jitter 2-10 VDC 

Minimum Trigger Pulse Width tptr(min) Switching behaviour cannot be influenced by trigger pulse 50 ns 

Fault Signal Output Voltage 

 

 Indicates over temperature, over frequency 

(>100 kHz) and low aux. voltage (< 4.75 V) 

„Ready“ = H 

„Fault“   =  L 

4.5 

0.8 

 

VDC 

Fault Signal Output Current  Source/sink current, short circuit proof 10 mADC 

LED Indicators  Green LED 

Yellow LED 

Red LED 

„Ready, auxiliary power good“ 

„Switch triggered“ 

„Fault condition, switch off“ 

 

Dimensions  Standard case  

Option DLC 

Option GCF 

79.5 x 38 x 19 

79.5 x 38 x 25 

95 x 50 x 22 

 

 

mm3 

Weight  Standard case  

Option DLC 

Option GCF 

110 

150 

220 

 

 

g 

 
Ordering Informations 

FQD 40-03 Q-switch driver, on mode, 4000 VDC, 35 Amps.  Option PL-HV Plug connector for high voltage connection 

FQD 50-02 Q-switch driver, on mode, 5000 VDC, 25 Amps.  Option SPT-C Shielded pigtail for control connection, incl. LEMO plug 

FQD 80-01 Q-switch driver, on mode, 8000 VDC, 15 Amps.  Option HFB High frequency burst  

Option OFF Off mode configuration  Option HFS High frequency switching 

Option NEG Negative high voltage supply / negative output pulse polarity   Option UL94 Flame retardend casting resin according to  UL94-VO 

Option M-RL Modified working resistor (customized HV pulse, tp(HV) &  tf )  Option GCF Grounded cooling flange (attachment on heatsinks)   

Option M-RS Modified damping resistor (customized HV pulse damping, tr )  Option DLC Direct liquid cooling for non-conductive liquids   

Option OT-1µ  Switch on-time  1 µs   Option ILC Indirect liquid cooling for conductive & non-conductive liquids   

Option OT-10µ Switch on-time 10 µs    

Option OT-100µ Switch on-time 100 µs  For further options please refer to the product survey “D – Laboratory and OEM pulsers”  

Please consult BEHLKE for individual pulser configurations. Further data and mechanical drawings are available on request. All data and specifications subject to change without notice.                                                 FQD 80-01_TB_20090715

 




