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Driving techniques for high-frame-rate frame transfer CCDs

with low smear
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Abstract: Frame transfer CCDs play a very important role in hyperspectral remote sensing, while smear
has become one of the greatest obstacles for frame transfer CCDs used in hyperspectral imaging and other
applications with high frame rate. In order to reduce the smear effect, a clock propagation model
consisting of the driver, transmission line and the internal structure of the CCD were established, which
better predict the clock waveforms inside and outside of the CCD. The effect on the clock waveforms
with typical values of the parameters was simulated, and the simulation and measured results shown great
consistency. The driving electronics was optimized based on the simulation, resulting in a line transfer
time of as short as 100 ns, which is equal to a smear factor of within 1% under a frame rate of 500 fps,
showing the ability of frame transfer CCDs to operate at higher frame rates.
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Fig.1 Traditional CCD driving circuit model
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Fig.2 Internal structure of CCD for this paper
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Fig.3 Simplified internal structure of the CCD
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Fig.4 Complete model of the CCD driving circuit
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Fig.5 Waveforms at point B with different Ry,
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Fig.6 Waveforms at point A with different inductances
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Fig.7 Waveforms at point B before and after CCD optimization
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Tab.1 Signal level of driving clocks at point B

No. Status T:/ns Vil V Vios! V
1 PCB1-CCD1 200 9.91 8.33
2 PCB1-CCDI 300 14.1 11.81
3 PCB2-CCD1 200 9.69 8.62
4 PCB2-CCD1 300 9.95 9.43
5 PCB2-CCD2 100 9.88 9.11
6 PCB2-CCD2 200 10.0 9.90

MFEF AL X T PCB1,PCB2 1 9K 3 i i
A3 T B L T CCD2 AH X T CCD1 A 250
JNT SRS BR Y U 55 4, CCD2 HR T N R4S #e)
JP AL AT T AL FE RURE B AT S5 RS B H) T BK B B
WA T — 2 BN HAT R R I 6] T, 24 100 ns B 74 B
BRI AN 24 CCD1 ) T, & 200 ns B ) s 4o 45 K

3 WMXERSHH

# ff F§ PCB1 #1 PCB2 3% 3 CCD1 B} A 4 f 52
MW TE 505 B g5 Rt Xl te, WK 8 Wi, B Al
UL, 0 B0 55 S 45 B W) A B E T SCrh BT EE T Y
9K 2 H R 1Y A R 5 &4k, PCB2 11 9K 2 it A
SURCIE I BURT L S oECE T -

Voltage/V

Time/ns

After PCB optimization

_.
=

Voltage/V
W

(=]

150 200 250 300
Time/ns

(=
wi
(=]
—_
(=3
(=)

€l 8 PCB I AL 1l Jei iy 2L K 92 Il 2 4 1

Fig.8 Simulated/measured waveforms before/after PCB optimization
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Tab.2 Full well electron number before and after

optimization
No. Status T,/ns Saturation level
1 PCB1-CCD1 200 1.12x10°e”
2 PCB1-CCD1 300 3.08x10°e”
3 PCB2-CCD1 200 3.01x10°e”
4 PCB2-CCD1 300 4.14x10° e~
5 PCB2-CCD2 100 3.64x10°e”
6 PCB2-CCD2 200 5.41x10° e~
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Fig.10 Smear factor with different frame rates
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