Semiconductor
Laboratory SD3301-0

12288 PIXELS VISIBLE CCD TDI IMAGER
(PRELIMINARY)

e 8um x 8um pixel size

e 8um pixel pitch

e Maximum 96 integration stages

e Variable number of integration stages
e Twenty-four outputs for fast readout

e Cascading feature for reduced number of outputs

Device Description:

The SC3928 is a high
resolution, high data rate, 12288
pixels visible TDI linear imager.
Each pixel consists of 96 stages
of CCD (photo-gate) sensors for
charge integration. There are
twenty-four readout shift
registers for high data rate.
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multiple purposes of photo-
detection, charge integration and
charge transfer. For a particular

rate of transfer in the parallel Vost  Yosz o Voss Vosm Vosm Vosm Vosas
shift register, the integration can

be varied using 2, 8 or 32 stages

instead of all the 96. This is done by applying appropriate clock signals to the corresponding
pins.

The read-out shift registers, like the parallel shift registers, are of 4-phase N-buried
channel type. The signal from 512 photo-sensitive elements associated with each read-out
shift register is read out of each of the twenty-four outputs. At each output channel, the
signals corresponding to 10 dummy pixels arrive first, followed by those from the photo-
sensitive pixels. Signal charge from multiple (2, 4, 8 or 24) read-out shift registers may be
read out through a single output by employing the cascading feature, which is done by
applying appropriate clock signals. This reduces the number of outputs. The output signals
may be processed to reconstruct the image.

Each output section comprises a floating diffusion charge detection node, a reset
transistor and a two-stage N-buried channel source follower amplifier.
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Pin Descriptions:

The device pins may be grouped according to their functions.

Parallel shift register:

The parallel shift register has been divided into four sections as per the requirements of stage
selection. Each section has independent transport clock inputs of four phases each and all but
the last have a stage selection clock input to allow operation as a transport or as a blocking
gate. The charge from the unselected stages are dumped in a gated drain. Finally, at the
interface between the parallel and the serial shift registers is the parallel to serial transfer
clock.

Transport clocks (®yxy : where X denotes the phase and Y denotes the segment)

Stage Selection Clocks (®ssx : where X denotes the segment)

Stage Selection Gate (Vssg)

Stage Selection Drain (Vssp)

Parallel Shift Register Terminal Clock (®y4r)

Parallel to Serial Transfer Clock (®vy)

Serial shift register:

There are twenty-four serial read-out shift registers. These have been divided into two
sections, with transport clocks of four phases for both. The cascading feature requires two
more clocks, the cascade clock and the tap clock. There are four pins of each.
Transport clocks (®uxy : Where X denotes the phase and Y denotes the section)
Cascade clocks (Dncx: where X is the serial letter for identifying the shift registers
being cascaded)
Tap clocks (®yrx: where X is the serial letter based on function of the pin)

Output section and peripherals:

There is a single output gate pin. There are four pins each of the reset gate and the reset drain.
Based on the requirement of cascading the amplifier drain pins (bias pins corresponding to
unused outputs need not be powered) have been divided into eight groups. There are twenty-
four output pins and amplifier source bias pins. Finally, there are the substrate pins and a pin
for powering heat dissipation elements on-chip.

Output gate (Vgs)

Reset gate (®rx: Where X is A, B, C or D)

Reset drain (Vprx: Where X is A, B, C or D)

Amplifier drain bias (Vppx: where X may be from A to H)

Device output (Vosx: where X is a number between 1 and 24)

Amplifier source biases (Vsx: where X is a number between 1 and 24)

Heat dissipation bias (Vup)

Substrate bias (Vss)
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Table 1: Pin descriptions (sorted by pin function).

a) PARALLEL SHIFT REGISTER

1. Transport Clocks

Stage Phase 1 Phase 2 Phase 3 Phase 4 Stage Sel.
96-34 ®y,p [D10] -

33 ®yip [D16] | Dyzp [CL3] | Dysp [D18] N D [DO8]
32-10 Dy, [C10 -

9 Dyyc [D15] | Dyac [C12] | Dygc [C18] € _[ ] Des [DO7]
8-4 D45 [CO9 -

3 Oy [D14] | Dyop [D12] | Dysp [C17] e _[ ] Den [CO7]
2-1 Dyia [C14] | Dyoa [D11] | Pyza [C16] | Pyaa [DOI] -

2. Stage Selection Gate Vsse [D05]
3. Stage Selection Drain Vssp [CO5]
4. Parallel Shift Register Terminal Clock D47 [CO6]
5. Parallel to Serial Transfer Clock ®yy [D04]

b) SERIAL SHIFT REGISTER

Readout register number
1[2]3]4[5]6]7]8]9]10]11]12|13]14[15]16]17|18]19[20[21|22|23 |24

Pins

@14 [BO4]
Dpipa [BO3]
Dpiza [A03]
Draa [BO2]
Oy [B33]
Oy [B34]
O3 [A34]
®pyp [B39]
@1 [DO1], Prca [D36]
Oy [DO2], Bricp [D3F]
DOprc [DO3], Prcc [D34]
Dprp [CO3], Pricp [C34]
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c) OUTPUT SECTION AND PERIPHERALS

Readout register number
112345 |6 |7 |89 1011121314 [15 |16 |17 |18 19 [ 20|21 |22 |23 |24

Pins

Dra [A01],Vpra [CO1]

Dgg [BO1],Vore [CO2]

Drc [A36],Vpre[C36]
Dgp [B36],Voro [C35]
Vopa [A04]

VDDB [AOS]

Vooc [A06]
Voop [BO6]
Vooe [A33]
Voor [A32]
Vooe [A31]
Voon [B31]
Voso1 10 Vosza A07 |A08 |A09 [A10 |All [A12 |[A13 |Al4 |AL5 |AL6 |AL7 |AL8 |A19 |A20 |A21 |A22 [A23 |A24 |A25 |A26 |A27 |A28 |A29 [A30
Vo1 10 Voa BO7 |B0S |B09 |B10 |B11 |B12 |B13 |B14 |B15 |B16 |B17 |B18 |B19 |B20 |B21 |B22 |B23 |B24 |B25 |B26 |B27 |B28 |B29 |B30
Vip [BO5]

Vss [A02], [A35], [C08], [C11], [C15], [DO6], [D13] & [D17]

The following pins are not connected: AO, A37, BO, B32, B37, C0, C19 - C32, C37, D0, D19 - D33 and D37.
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Table 2: Pin Descriptions (sorted by pin number)

Pin Pin Pin Pin Pin Pin Pin  [Pin
No. |symb. No. [symb. No. [symb. No. [symb.
A0l | Dga B0l |®gg CO01 |Vbra D01 |Dy7a
A02 Vss B02 D C02 VbRre D02 Dyt
AO3 | Di3a BO3 | ®uoa CO03  |®ump D03 |®urc
A04  Vppa B04 |®uia C04  |Vgs D04 | Dyy
AO05 |Vppe BO5 Vup C05 Vssp D05 |Vssg
A06 |Vppe B06 |Vpop C06 |Dyat D06 |Vss
A07  |Vos: BO7 |Vs: Cco7 [OTIN D07 |®gp
A08 Vosz B08 V52 C08 Vss D08 (Dsc
A09 |Voss3 B09 Vs3 C09 Dyvsp D09 Dyan
Al10 VOS4 B10 V34 C].O q)v4c DlO CDv4D
All |Voss B11l Vs Cl11 |Vss D11 |Dyoa
Al2 |Voss B12 |Vss Cl12 Dyoc D12 |Dyp
Al3 VOS7 B13 V37 C13 q)sz D13 Vss
Ald  |Voss B1l4 |Vss Cl4 |®yia D14 |Dyip
Al5 |Voso B15 |Vg Cl15 |Vss D15 |Dyic
Al6 Vosm B16 VSlO C16 q)V3A D16 cDVlD
Al7  |Vosin B17 |Vsni C17 Dy3p D17 |Vss
A18 Vosj_g 818 V512 C18 (Dvgc D18 (Dng
Al9  |Vosis B19 |Vsi3 c19 | D19

A20 |Vosia B20 |Vsu c20 |. D20

A2l  |Vosis B21 |Vsis c21 | D21

A22  |Vosis B22 Vs c22 | D22

A23  |Vosi7 B23 |Vsi17 Cc23 | D23

A24  |Vosis B24 |Vsgg c24 | D24

A25 |Vosig B25 |Vsio C25 | D25

A26 |Vosxo B26 |Vsy C26 | D26

A27 |Vosa B27 |Vsy c27 | D27

A28 |Vos» B28 |Vso c28 | D28

A29 |Voszs B29 |Vsys3 c29 | D29

A30 |Vosau B30 Vs C30 | D30

A3l |Vpog B31 |Vpon C31 | D31

A32  |Vpor B32 — C32 | D32

A33  |Vpoe B33 |®uip C33 |Vss D33 |.

A34 Dsp B34 Dop C34 LOJETSS) D34 Dyce
A35 |Vss B35 |®uus C35 |VprD D35 |®ucp
A36 | Dpe B36 |drp C36 |Vbre D36 |Dpca

The following pins are not connected: A0, A37, BO, B32, B37, C0, C19 - C32, C37, DO,
D19 - D33 and D37.
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DC Characteristics:

Table 3 : DC Operating Characteristics :

Value .
Parameters Symbol : : Units
Min Typical Max

Stage selection gate DC bias Vssc 0.5 1 2 \Y
Stage selection drain Vssp 13 13.5 14 \V
Output gate DC bias Vs 0.5 1 2 Vv
Reset drain DC bias Vpr 13 135 14 V
Output amplifier drain supply Vb 15 18 19 V
Output amplifier source supply Vg 0 0 0 \%
Substrate bias Vss 0 0 0 \Y

Clock characteristics:

Figure 2 shows the timing relationships of the different clock inputs to the device. The timing
details are enumerated in table 4 and the clock characteristics in table 5. Different modes of
operation of the device require the routing of the different clock inputs shown in figure 2 to
different pins. The routing for different stage selection modes are shown in table 6, and those

for the cascading modes are shown in table 7.

Table 4 : Timing Characteristics (referred to in figure 2):

Parameter - Vel - Unit |Remarks
Typical | Min.
T; 100 33 psec |Integration time
tio—to, th— 13 400 nsec |Horizontal to vertical transfer time gap
t3—t, tg—ty, 7 —tg & tg—1tg 400 nsec |VSR clock overlap period
ty—t3, tg—ts &tg—t7 1.6 usec | VSR adjacent phase offset
t1a —tio 150 | 50 n sec |Readout register clock period
t11 — o, tio — g, tis — i, tig — i3 t/4 usec |HSR clock overlap period
tor t/4 nsec |Reset clock on time

$
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Timing Relationships (INDICATIVE — TO BE MODIFIED):
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This figure shows the interrelationships between the different phases of clocks. The routing of the above signals to the different pins is shown in tables 6 & 7.
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Figure 2 : Clock and output signals for normal device operation
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Table 5 : Clock Characteristics:
Value Unit
Parameters Symbol Level Min | Max
Parallel SR clocks’ HIGH 10 13 Vv
(four phases: X=1,2,3,4) dux LOW | 04 1 Vv
Stage selection clocks® HIGH 10 13 V
(eight pins: X=1t08) 9ssex LOW | 04 1 Vv
Parallel to Serial HIGH 10 13 V
S.R. Clock bvn LOW | 04 1 Y
Serial SR Clocks HIGH 10 13 V
(four phases: X=1,2,3,4) Prix LOW | 04 1 Vv
Reset clocks HIGH 10 13 \Y
O LOW | 04 1 Y
Parallel shift register transport CDyyyval 4.4 nF
and stage selection clocks CDyarval 35 =
CDyicvsc 3.3 nF
CDyp6.vac 2.6 nF
CDy1hvan 2.2 nF
CDyo4.van 1.7 nF
C(DVlA,VfSA, C(DVlE,VfSE, C(I)VlF, V3F 820 pF
CDyopv2e, CDvoe van 650 pF
CDyicvac, CPvipvap, CPvaevar 540 pF
CDyac,v2p 430 pF
CDyicvap 320 pF
CDyip,v3s 270 pF
CDyys 220 pF
_ CDyup ss(ato H) 110 pF
gi:rﬁllcellotcokSerlal Ch 200 pF
Serial SR Clocks
(four phases: X=1,2,3,4) Ciix 200 pF
Reset clocks Cdg 25 pF
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Table 6: Clock connections for different stage selection options. The clock phase for each
pin corresponding to each stage selection option is shown. Un-shaded cells denote gates
clocked normally, cells in gray denote gates clocked for reverse transfer cells and 'L’
denotes gates held at low potential to act as a barrier.

VSR . Stage Selection option
Section 96

33-96 | ®uio

w
Imwbl—\N

NSl d|w| s~ oo
N N W AR N w| RN

F

@

o

=

<

=

o
RPN DROIN|RPE DIOIN|RPE DIWIN| -
RN DRWOIN|RP]SE DW|IN| -

I—‘-b-hwl\)l—‘ll\)w-hl—‘

RN DRWIN|E-
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Table 7: Clocking requirements for different cascading options. The clock phase for each
pin corresponding to each cascading option is shown. ‘L’ signifies that a low potential
value is applied to the pin, for it to act as a barrier. For each cascading option, only the
VDD pins marked ‘ON’ need to be powered.

Pins Number of outputs

' 24 12 6 3 1
Dpipas 1 1 1 1 1
I 2 2 2 2 2
Dzngs 3 3 3 3 3
DiyaeB 4 4 4 4 4
Dyrra 4 L L L L
Drca L 4 4 4 4
Dyt 4 4 L L L
Dpics L L 4 4 4
Drirc 4 4 4 L L
Drce L L L 2 4
Dy 2 2 4 1 L
Drico L L L L 4
Vooa ON OFF OFF OFF OFF
Ve ON ON OFF OFF OFF
Vooe ON OFF OFF OFF OFF
Vbob ON ON ON OFF OFF
Vooe ON OFF OFF OFF OFF
Voor ON ON ON ON ON
Voo ON ON OFF OFF OFF
Voon ON OFF OFF OFF OFF

All the pins not mentioned in the above two tables will be continuously powered as defined in Table
3.
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Table 8 : Static and Dynamic Electrical Characteristics :

Symbol | Description Values Unit
Poc Static power dissipation 2.9 w
Pac Dynamic power dissipation 4.8 wW
Zout Output impedance 250 Q

DCour Output DC level 11 \Y
Ig Gate leakage current 1 nA

Table 9 : Electro-optical Characteristics :

The parameters are valid for Integration Time, Ti = 0.1 msec

Parameter Value Unit |Remarks
Linearity (gamma) 0.015 - For signal range 1e3e to 2e5e".
Conversion gain >4 pnV/e
Charge Handling Capacity >2.5e5 e
Dark current signal
-Mean <500 e/msecs |Measured at 25+0.1°C
-Peak <1000 e /msecs
Noise in darkness <50 e rms |Measured at 25+0.1°C
Signal to RMS Noise Ratio >250 - Measured at 25+0.1°C
PS to readout register crosstalk <1 %
Spectral response variation among
pixels
a. within a device <3 %
b. among devices <10 %
Quantum efficiency
B1 band >0.1 - B1 (400-450nm)
B2 band >0.2 - B2 (520-590nm)
B3 band >0.2 - B3 (620-680nm)
B4 band >0.15 - B4 (770-860nm)
Response non-uniformity
-Max high spatial freq. Non- 4 %
uniformity
-Max. N.U. excl. spikes & dips. +3 %
-Max. allowable no. of spikes & 10 %
dips
-Max. N.U. incl. spikes & dips. +7 -
-Max. signal amplitude of any pixel 5 %
with respect to that of adjacent.
CTF
at A=500nm >0.7 -
at A=850nm >0.3 -
Horizontal charge transfer efficiency| >0.999995 -
Vertical charge transfer efficiency >0.99999 -

: B
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Package Drawing :
The device package is of ceramic PGA type.
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