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Fig. 2a Schematic of a portion of the side-injection 
gate utilizing a resistive-gate structure for the 
computer simulation. 

Fig. 2c Potential profile of the resistive 
layer with GT=-1 V, G1 =G2=O V, G3=G4=3 V. 
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Fig. 3b Schematic cross section and channel 
potential of a RGCCD side-injection gate for 
a direct injection scheme (indirect detection). 
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Fig. 2b Potential profile of the resistive 
layer with GT=-1 V, G1 =G4=O V, G2=G3=3 V. 

DIRECT DETECTION 

5.1. GQAs 

Fig. 3a Schematic cross section and channel 
potential of a RGCCD side-injection gate for 
a direction detection method. 
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Fig. 3c Schematic cross section and channel 
potential of a RGCCD side-injection gate for 
a gate modulation scheme (indirect detection). 



at a maximum frequency of 83 KHz12. Low CTE is attributed to the inter-electrode potential trough which 
has a more serious effect on modulation-doped materials because the c,tlannel is very close to the gate 
('" 300A) and the high bandgap material is highly doped (",2><1018fcm~. 

The schematic device structure and energy band diagram of a uniform-modulation-doped AIGaAsfGaAs 
RGCCD is shown in Fig. 4 and Fig. 5, respectively. The material structure is com~osed of a 300A thick 
GaAs cap layer with 4x1 018fcm3 Si doping, a 350A thick AIGaAs layer with 2><10 8fcm3 Si doping, 
and a 30A undoped AIGaAs spacer layer on top of the undoped GaAs channel layer. The 
planar-modulation-doped material is com~ose~ of a 300A thick GaAs cap layer, a 350A thick undoped 
AIGaAs layer, an AIGaAs layer with 5x1 01 fcm Si planar doping, and a 30A undoped AIGaAs spacer layer 
on top of the undoped GaAs channel layer. Both materials were grown at Columbia University by an MBE system 
on < 100> semi-insulating GaAs substrates. 

n+-
AIGaAs Undaped-GaAs 

V~'-- _ 
INPUT G1 G2 G3 ,0'1 ,0'2 ,0'3 ,0'4
 

Withaut SIgnal Charge
 

V9~A_____
""- UNDOPED AIGaAs \J- : 

UNDOPED GoAs
 
With Signal Charge
 LSL. BUFFER 

S.1. GoAs SUBSTRATE V9>Olf__" _ 
Fig. 4 Schematic cross section of a 2DEG RGCCD. Fig. 5 Energy band diagram of a 2DEG CCD. 

Both materials underwent the same processing steps. After a 4000A deep mesa etching, AuGe ohmic 
contacts were formed and annealed at 425 C for 45 sec under a forming gas ambient. The GaAs cap layer and 
50A of the underlying AIGaAs layer was etched using the AuGe pattern as a mask. Cermet was e-beam 
evaporated on the CCD channel with an equal weight mixture of Cr and SiO powder sources, forming a Schottky 
contact to the underlying AIGaAs layer. The cermet was 2500A thick with sheet resistance of 
350 KOfO. The first CrfAu metallization was done bye-beam and thermal evaporations, respectively, to 
form finger electrodes and gates for the output amplifiers. A 3500A thick SiO layer was e-beam 
evaporated and lifted-off to form via holes. The second CrfAu metallization was used to connect electrodes 
with the same phase. 

Three types of RGCCD delay lines were fabricated: a 50 stage (200 electrodes) RGCCD with 2 um long 
electrodes spaced by 1 um, a 32 stage (128 electrodes) RGCCD with 1 um long electrodes spaced by 4 um, and a 
13 stage (52 electrodes) RGCCD with 1 um long electrodes spaced by 10 um. All delay lines are 100 um wide 
and designed to operate with a 4 phase clocking scheme. A 1 urn long and 100 um wide MODFET source follower 
with the same size on-chip load is used to read out the signal from the CCD channel. A dual-gate MODFET with 
a 1 urn long and 25 um wide gate is used to reset the output of the CCD channel. 

The operation of the delay lines was performed at both low and high frequencies. The high frequency 
test was performed for clock frequencies between 0.6 GHz and 1 GHz. The CTE measuredfor the 2 um gate 
spacing and 4 um gate spacing RGCCDs at 1 GHz clock frequency was 0.999 at room temperature. The CTE was 
slightly lower for the 10 um gate spacing RGCCD at this frequency. The result of 1 GHz operation of the 32 
stage, 4 um gate spacing RGCCD on the uniform-doped AIGaAsfGaAs material is shown in Fig. 6. 
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The low frequency test was done at clock frequencies up to 13.3 MHz which is the maximum available with 
our low frequency test station. The measured CTE of the three types of RGCCOs on the uniform-doped material 
was 0.999 at 13 MHz clock signal at room temperature. The CTE degraded due to dark current as the clock 
frequency decreased; for example, 0.98 at 1.5 MHz for the 4 urn spacing delay line. The CTE of the RGCCDs on 
the planar-doped AIGaAs/GaAs material was better than 0.999, and did not degrade for clock frequencies as low 
as 130 KHz as shown in Fig. 7. 

Fig. 6 Waveforms of electrical input and delayed Fig. 7 Waveforms of electrical input and delayed 
output signals of a 32 stage uniform-doped 2DEG output signals of a 32 stage planar-doped 
RGCCD at 1 GHz clock frequency. 20EG RGCCO at 133 KHz clock frequency. 

In order to characterize the performance at low frequency, the temperature of the CCD was lowered during 
the operation. Improvement of the CTE and the output signal amplitude was observed as the device was cooled 
down. Electrical measurement of the cermet Schottky diodes on both materials showed that the room 
temperature leakage current on the planar-doped AIGaAs was about two orders of magnitude lower than that of 
the diode made on the uniform-doped AIGaAs (20 uA/cm2 and 2 mA/cm2 respectively). These results suggest 
that the low frequency performance of 2DEG AIGaAs/GaAs RGCCDs is limited by the thermally-activated leakage 
current, though the carrier transport mechanism responsible for the excessive leakage current is not yet 
fully understood. 

4. DISCUSSION AND CONCLUSIONS 

Room temperature operation of high performance 2DEG AIGaAs/GaAs RGCCDs at 1 GHz has been demon­
strated, showing promise of high speed signal processing and readout multiplexer applications. A new high 
frequency test station capable of driving CCOs with clock frequencies between 1 GHz and 4 GHz will be set up 
to evaluate the high speed limit of these devices. Research on a new material system (2DEG InAIAs/lnGaAs 
heterostructure) in which higher transfer speed and larger dynamic range are expected is also under way. 
Further efforts to understand the transport mechanisms responsible for the gate leakage currents on the 2DEG 
material systems is suggested. Design examples of CCO readout multiplexers on GaAs and related 
heterostructure materials were presented. A multiprojeet e-beam mask set will be delivered soon, and 
monolithic integration of 20EG CCOs with advanced engineered bandgap detectors will be attempted with the new 
mask set. Significant advancement in the understanding of 20EG CCO focal-plane arrays for advanced III-V 
detectors is anticipated from this work. 
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