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CHAPTER 1

1.0 INTRODUCTION TO THE CRC-744

1.1 Background

This manual serves as both a user’s guide and operating manual for the CRC-744 readout
integrated circuit (ROIC).  The “sensor chip assembly” (SCA) is a hybrid structure consisting of
a CRC-744 silicon “cryo-CMOS” ROIC interconnected to an infrared photodetector array.  The
ROIC and detectors are interconnected by an array of indium bumps which provide the electrical
interface of the individual detector elements (“pixels”) to the corresponding ROIC input unit
cells.

The 256 x 256 SCA is designed for cold operation (≤ 5−35 K) at relatively low backgrounds
(≤2×1011 ph/sec/cm2) for ground-based and space-based astronomy applications using near
infrared InSb (~1 to 5 µm) or longer wavelength infrared Si:As (~2 to 28 µm).  These SCAs
operate with high quantum efficiency, very low dark currents, excellent uniformity, and low
noise.

1.2 CRC-744 Readout Description

The CRC-774 ROIC consists of 256 columns x 256 rows of unit cells each 30 µm by 30 µm
in size.  The heart of the unit cell is the source follower per detector (SFD) input circuit. An
additional source follower buffers the output signal and is capable of driving up to 600 pF of
cable, although ≤ 300 pF is recommended.  The unit cell is described more fully in Chapter 3,
section 3.4.4.  The data stream is designed such that 4 valid signals are output simultaneously.
Blocks of four pixels are read out serially from the readout with sequencing provided by two
multiplexer circuits or “MUXes”.  One of these MUXes is a “slow” MUX which addresses the
256 rows one by one.  The other, “fast” MUX, addresses the columns within each row.  The row
and column readout multiplexers are implemented as two independent shift register circuits.

The basic integration mode for operating the CRC-744 ROIC is integrate-while-read.  In
integrate-while-read mode, which can also be thought of as a “rolling wave” mode, the array is
continuously integrating even during  the read out. Rows are read out and reset sequentially.
Once the row reset is complete, the unit cells in a given row begin integrating photocurrent while
the other rows are read out.  In this mode, all pixels do not integrate simultaneously.  The user
includes a delay time between frame readouts, so the integration time of a given pixel is equal to
the frame readout period plus the delay time.  Although pixels in different rows do not begin and
end their integration times simultaneously, the total integration time is the same per pixel.
Within this integration mode there exist a variety of sampling schemes that can be implemented
in the timing, including correlated double sampling (CDS), correlated triple sampling (CTS),
sampling up the ramp (SUTR), and multiple or “Fowler” sampling (FS).  The timing details for
this ROIC are described in more detail in Chapter 3.0.

The overall transfer function of the ROIC is given by

∆Vout = Asf1*Asf2 *∆Vin    volts (1)

where Asf1 is the gain of the unit cell source follower, Asf2 is the gain of the output stage source
follower, and ∆Vin is the change in voltage on the unit cell input node.  The total gain of the two
source followers in the signal path is about 0.8.  The transfer function can also be written as
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∆Vout = Zt*∆N volts (2)

where Zt is the ROIC transimpedance gain in volts/electron and ∆N is the number of charge
carriers collected during the integration time period, including both photo-generated carriers and
“leakage” or “dark” current carriers.  The transimpedance gain is given by

Zt = q*Asf1*Asf2/Cint volts/electron (3)

where q is the electron charge in Coulombs and Cint is the unit cell integration capacitance in
Farads.  ∆N is given by

∆N = Cint*∆Vin/q electrons (4)

Combining equations (2) and (3), the change in output voltage can be written as:

∆Vout = q*Asf1*Asf2*∆N /Cint volts (5)

Cint is equal to the sum of the detector’s capacitance, which is bias dependent, and the stray
capacitance of the readout at the input gate to the unit cell source follower.  The stray
capacitance is dominated by the gate to source capacitance of the source follower.  Typical
values are 25 fF for the stray capacitance and 30 fF for the InSb detector capacitance with ~ 0.6V
bias and 5 fF for the Si:As detector capacitance with ~1.0V bias.

1.3 CRC-744 Design Features and Performance Characteristics

A summary of some of the key design features and performance characteristics for the CRC-
744 ROIC are given below in Table 1.1.

Table 1.1.  CRC-744  SCA Design and Performance Characteristics.
Parameter Specification

Pixel Size 30 µm x 30 µm
Array Configuration 256 x 256 or 65,536 elements
Array Active Area 7.68 mm x 7.68 mm
Effective Unit Cell Optical Fill Factor ≥ 98%    (Aoptical ≅  8.8 x 10-6 cm2)
Number of Outputs 4 + 2 diagnostic + (2 temp sensor)
Clocks (including “switched” biases) 8
Bias/Current Supplies (including “ground”) 10/11 (InSb/Si:As) Bias Supplies ; 2 Current Sources

4 detector biases for Si:As; 1 detector bias for InSb
Maximum Frame Rate ≅  18 Hz
Reset Options By row, integrate-while-read
IR Detector InSb or Si:As
Well Capacity ~ 2×105 electrons at 0.6 volt reverse bias InSb

~ 2×105 electrons at 1.0 volt reverse bias Si:As
Transimpedance ~ 3 µV/electron at 0.6 volt reverse bias InSb

~ 5 µV/electron at 1.0 volt reverse bias Si:As
Responsivity Uniformity < 8% (sigma/mean)
Wavelength Range Visible to 5 µm InSb; 1-28 µm Si:As
Responsive Quantum Efficiency ≥ 80% peak InSb; ≥ 40% peak Si:As
Operating Temperature 15 - 35 K InSb; 5 - 10 K Si:As
Dark Current < 1 electron/sec (Si:As @ 6K, InSb @ 15 - 30K)
Noise (input-referred) ~ 6 - 50 mean rms electrons  (sampling dependent)
Defective Pixels typically < 0.5 %
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1.4 CRC-744 Architecture and Floor Plan

The CRC-744 Readout Integrated Circuit (ROIC) consists of  256 x 256 pixels (see Figure
1.2).  Figure 1.1 illustrates the location of the row “slow” shift register (row MUX) and the
column “fast” shift register (column MUX) as well as direction of read out.  In this Figure,  the
first pixel read out, at column #1 and row #1, is located in the lower left hand corner and the last
pixel read out, at column #256 and row #256 is located in the upper right hand corner.  The
readouts “CRC744” logo can be seen with a microscope in the upper left hand corner as oriented
in Figure 1.1.  Pixels are read out by addressing each row in turn and addressing and reading all
columns in each row. Since there are 4 interleaved analog outputs, each output reads out every
4th column, i.e. output #1 reads out columns 1, 5, 9, 13, …, 253; output #2 reads out columns 2,
6, 10, 14, …, 254; output #3 reads out columns 3, 7, 11, 15, …, 255; and output #4 reads out
columns 4, 8, 12, 16, …, 256.  This readout scheme is repeated 64 times until all pixels in the
selected row have been read out, after which the next row is selected.

The CRC-774 ROIC architecture and floor plan is fully illustrated in Figure 1.2.  The active
array consists of 256 columns and 256 rows.  On the periphery of the active array area are the
row and column shift registers as well as the two current sources (#1 and #2).  At the top of the
array in Figure 1.2 are the current source #1 mirror FET (controlled by VGG1 and VSS1) for the
unit cell source followers and the clamp circuitry FETs (controlled by VGGCL and VDDCL).
Just above the column shift register, but below the active area, are the current source #2 mirror
FET (controlled by VGG2 and VSS2) the 64:1 (256:4) column output multiplexer.

Each of the 4 outputs must read out 16,384 pixels.  With the fast column clocks running such
that the pixel data rate on each output is 250 kHz (4.0 µsec/pixel), the total time required to read
out an entire 256 x 256 array is about 66 msec, which corresponds to a 15 Hz frame rate.

First Pixel
Read Out

Last Pixel
Read Out

Columns
Fast MUX Direction

Rows
Slow MUX Direction

Figure 1.1.  CRC-744 Read Out Procession
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CHAPTER 2

2.0 CRC-744 ROIC I/O Pad Functions

This chapter provides a description of the CRC-774 ROIC Input/Output (I/O) pad functions
and the appropriate bias levels associated with each.  It also provides information on the location
of the equivalent pad functions on the Leadless Chip Carrier (LCC).  Some LCC I/O pads require
a series external resistor tied to a DC bias supply (see Figure 3.3).  It should be noted that all
external clocks supplied to the CRC-744 are activated (turned on) with a “low” logic level
(~ -5 to -7 volts).

2.1 ROIC Column Shift Register Clocks (“Fast”)

•  ØSYNCF:  This clock performs synchronization of the fast shift register which
controls the column multiplexing functions.  It initializes the start pulse for the shift
register when the logic level is simultaneously low with Ø2F.  Nominal voltage rails
are -5.0V (low) and -1.0V(high).

•  Ø1F:  This clock is the Phase 1 input clock for the fast shift register.  Ø1F transitions
32 times per enabled row in a nested fashion with the Ø2F clock.  Nominal voltage
rails are -5.0V (low) and -1.0V(high).

•  Ø2F:  This clock is the Phase 2 input clock for the fast shift register.  Ø2F  transitions
32 times per enabled row in a nested fashion with the Ø1F clock.  Nominal voltage
rails are -5.0V (low) and -1.0V(high).  When both Ø2F and Ø1F are simultaneously
low, the shift register is cleared and  no columns are addressed.

2.2 ROIC Row Shift Register Clocks (“Slow”)

•  ØSYNCS:  This clock performs synchronization of the slow shift register which
controls the row multiplexing functions.  It initializes the start pulse for the shift
register when simultaneously low with Ø2S.  Nominal voltage rails are -7.0V (low)
and -1.0V(high).

•  Ø1S:  This clock is the Phase 1 input clock for the slow shift register.  Ø1S transitions
128 times per read in a nested fashion with the Ø2S clock.  Nominal voltage rails are
-7.0V (low) and -1.0V(high).

•  Ø2S:  This clock is the Phase 2 input clock for the slow shift register.  Ø2S transitions
128 times per read in a nested fashion with the Ø1S clock.  When both Ø2F and Ø1F
are simultaneously low, the shift register is cleared and no rows are addressed.
Nominal voltage rails are -7.0V (low) and -1.0V(high).

2.3 Other ROIC Clocks

•  ØRST:  This clock performs the row reset function.  The supply rail voltages are
nominally -5.5 volts (low) and -3.0 volts (high).  When a row is selected by either
Ø2S or Ø1S and ØRST is set low, all of the 256 detector elements in that row are
reset.

2.4 ROIC Switched Biases (Analog)

•  VGGCL:  This is the bias which is applied to the gate of the clamp MOSFET for each
column (see Figure 3.3).  This bias and VDDCL control the column bus potential
when no row is selected.  The nominal bias levels are -5.0 (clamp on) and -1.0 volts
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(clamp off).  The column clamp transistor should turn on, thereby holding the column
bus at a fixed voltage, whenever a transition between rows occurs or during
integration without the final row left addressed.

2.5 ROIC DC Biases and Returns

•  VSUB:  This bias serves as analog ground reference for the CRC-744 ROIC.  The
nominal bias is 0.0 volts (ground).

•  VSS1:  This bias is the analog source supply lead for the current mirror circuit for
each column line (see Figure 3.3).  It is normally set to -1.0 volts to reduce the power
consumption of the array.  The current mirror supplies the current set by Vgg1 to the
unit cells’ source follower drivers.  Nominally set the current in a unit cell SF
between 0.4 -1.0 µA.  This will correspond to a current draw of 100 - 250 µA on the
Vss1 supply with a single row addressed.

•  VSS2:  This bias is the analog source supply lead for the auxiliary current mirror
circuit for each column output at the output buffer (see Figure 3.3).  It is normally not
used unless higher data rates are needed.  The current mirror supplies the extra
current set by VGG2 to the four unit cell source followers connected to the input
gates of the output buffer source followers.

•  VDDCL:  This bias is the clamp voltage for the column bus when no row address is
selected (see Figure 3.3).  The nominal bias level is between -1.6 to -1.9 volts; this
will need to be adjusted depending on the chosen reset level.  It should be set to about
0.3V above a threshold above the reset level of the unit cell (i.e., VDDCL ≅
Vreset_level + |Vthreshold| + 0.3V ≅  Vreset_level + 1.6V).

•  VDDUC:  This  bias is the unit cell SFD driver MOSFET drain supply.  The nominal
bias level is -3.5 volts.

•  VRSTUC:  This bias is the unit cell SFD (SF1 in Figure 3.3) gate bias that defines the
baseline output voltage level with no current.  The nominal bias level is -3.5 volts for
InSb and -3.2 volts for Si:As.

•  VDDOUT:  This analog bias is the drain voltage supply applied to the output buffers.
Nominal bias level is ~ -1.2 volts, sinking a current of about 160 - 240 µA (40 -
60 µA per output).

•  VSSSCANF:  This is the source supply for the column (“fast scan”) shift register.
The nominal bias level is -1.0 volt.

•  VSSSCANS:  This is the source supply for the row (“slow scan”) shift register. The
nominal bias level is -1.0 volt.

•  VDETCOM or VDET:  This bias is the detector common bias, which is connected to
the detector backside, the side where the photoflux is incident.  The detector applied
bias is the difference between VDETCOM and the VRSTUC voltage levels1.  The

                                                
1 The actual bias across the detector is given by Vbias = VDETCOM - VRSTUC - Vzbp, where Vzbp is the

“zero bias point..”  The zero bias point is an offset shift that naturally occurs when the reset switch, controlled by
ØRST, is opened.  As the switch opens charge is redistributed resulting in the so called “charge injection effect.”
The typical zero bias point offset is about  +100 mV.  This reduces the actual bias across InSb and increases the
actual bias across Si:As by this amount.
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applied bias level can range from VRSTUC (zero bias) to VRSTUC + Vbias.   For
InSb set Vbias > 0V and for Si:As set Vbias < 0V.  The absolute value of Vbias is the
magnitude of the reverse bias across the detector.  Typically for InSb, Vbias ≅  0.6V
and for Si:As, Vbias ≅  -1.0V.

•  VGUARD:  This bias is used only for the IBC detectors and goes to the outer guard
ring of the detector array.  It is recommended that this bias be set to the reset voltage
level, VRSTUC.  Its purpose is make the peripheral active pixels “see” the same
surrounding electrical environment that the interior active pixels “see.”

2.6 ROIC Shift Register Diagnostics

•  LASTR:  This is a diagnostic output for the row shift register.  For diagnostic
purposes, a ~10 kΩ resistor should be placed in series between the LASTR output pad
and a 0.0 volt bias supply or ground.  The test point is the node between the resistor
and the LASTR output. The diagnostic pulse will occur after the last row has been
successfully clocked. If the slow shift register fails to completely clock all 256 rows
the LASTR pulse will not occur.  It is recommended that this line be floated when not
in use.

•  LASTC:  This is a diagnostic output for the column shift registers.  For diagnostic
purposes, a ~10 kW resistor should be placed in series between the LASTC output
pad and a 0.0 volt bias supply or ground.  The test point is the node between the
resistor and the LASTC output.  The diagnostic pulse will occur after the last column
has been successfully clocked.  If the fast shift register fails to completely clock all
256 columns the LASTC pulse will not occur.  It is recommended that this line be
floated when not in use.

2.7 ROIC Current Sources (Current Mirrors with External Current Control)

•  VGG1:  This bias provides the current setpoint for the VGG1 current mirror on each
of the 256 column bus lines.  For current control, a ~400 kΩ metal film resistor must
be connected in series with the VGG1 bias.  The nominal bias level is ~ -3.0 volts.
The ratio of current in VGG1 to a single source follower is 4:1.  Nominal current in
the unit cell source follower should be ~ 0.4-1.0 µA.  The current draw on VGG1
should range between 1.6 and 4.0 µA, the voltage drop across the metal film resistor
should range between 0.64 and 1.6 V.  With a single row active, the current draw on
VSS1 should range between 100 to 256 µA (= 256 x ISF + IVGG1).  (See Figure 3.3).

•  VGG2:  This bias provides the current setpoint for the VGG2 current mirror on the 4
output bus lines.  For current control, a ~40 kΩ metal film resistor must be connected
in series with the VGG2 bias.  This bias is normally not used unless faster pixel
settling times are required.  The ratio of current in VGG2 to a single bus line is 4:1.
So, for example, a desired boost current of 5 µA per output bus line, you should
measure a current draw of 20 µA, or a voltage drop across the metal film resistor of
0.8V.  With a row and column address active, the current draw on VSS2 should be
40 µA (= 4 x IBUS + IVGG2). (See Figure 3.3).
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2.8 ROIC Analog Outputs

•  VOUT1,2,3,4:  The  voltage outputs are connected to the source sides of  the four
output buffer/driver source followers (SF2 in Figure 3.3).  To function properly, each
output requires a ~30 kW metal film load resistor to a bias (~ +1V) to provide the
necessary current to the SF.   Nominal drain to source current should be 40 - 60µA
per output buffer.

2.9 ROIC Internally Generated Clocks

•  COLEN:  This internal clock controls the sequence of 4 outputs that are placed onto
the output bus lines from the 256 column bus lines (see Figure 3.3).  It is generated
from the column address bit and the Ø1F and Ø2F column shift register clocks.  This
clock is transparent to the user, i.e. nothing needs to be done provided the proper
timing of the column shift register clocks is provided.

•  ROWEN: This internal clock controls the sequence of rows that are placed, one at a
time, onto the 256 column bus lines (see Figure 3.3).  It is generated from the row
address bit and the Ø1S and Ø2S row shift register clocks.  This clock is transparent
to the user, i.e. nothing needs to be done provided the proper timing of the row shift
register clocks is provided.
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Table 2.1.  CRC-744 ROIC and LCC Pad Description
Pad # Name Function Nominal Level Pad Type

1 VSUB Substrate contact 0.0 V Bias
2 VGGCL Column  clamp gate bias -5.0/-1.0 V Switched

bias
3 VDDCL Column  clamp bias ~  -1.9 to -1.6 V Bias
6 LASTR Last row diagnostic tap 10kΩ  to 0V Output
7 VSSSCANS Source supply for the slow shift register -1.0 V Bias
8 Ø1S Phase 1 clock for the slow shift register -7.0/-1.0 V Clock
9 Ø2S Phase 2 clock for the slow shift register -7.0/-1.0 V Clock
10 ØSYNCS Sync clock for the slow shift register -7.0/-1.0 V Clock
11 ØRST Reset clock -5.5/(-3.2 to -3.5)V Clock
12 ØSYNCF Sync clock for the fast shift register -5.0/-1.0 V Clock
13 Ø2F Phase 2 clock for the fast shift register -5.0/-1.0 V Clock
14 Ø1F Phase 1 clock for the fast shift register -5.0/-1.0 V Clock
15 LASTC Last column diagnostic tap 10kΩ to 0V Output
16 VSSSCANF Source supply for the fast shift register -1.0 V Bias
36 VDDOUT Drain supply for the output buffer rail -1.2 V Bias
37 VOUT 4 Output 4 ~30 kΩ to 0-1V (40-60µA) Output
38 VOUT 3 Output 3 ~30 kΩ to 0-1V (40-60µA) Output
39 VOUT 2 Output 2 ~30 kΩ to 0-1V (40-60µA) Output
40 VOUT1 Output 1 ~30 kΩ to 0-1V (40-60µA) Output
41 VSUB Substrate contact 0.0 V Bias
42 VGUARD Peripheral guard ring for Si:As detector VRSTUC(Si:As) / float (InSb) Bias
43 VDETCOM Detector backside bias variable Bias
44 VRSTUC Unit cell source follower gate reset bias -3.5 (InSb)/ -3.2 (Si:As) Bias
45 VDDUC Unit cell drain bias rail -3.5 V Bias
46 VGG2 Control for setting supplemental current

source
~  0.16-0.48  mA Bias

47 VSS2 Supplemental current source bias rail 0.16 to 1.6 V (~40kΩ series R) Bias
48 VGG1 Control for setting unit cell current

source
0.64 to 1.6 V (~400kΩ series R) Bias

49 VSS1 Unit cell source bias rail -1.0 V Bias
51 VSUB Substrate contact 0.0 V Bias
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CHAPTER  3

3.0 OPERATIONAL AND TIMING REQUIREMENTS

3.1 Integration and Reset

In integrate-while-read mode, one row is addressed, read out, and reset while the other 255
rows integrate.  The next row is then addressed, read out, and reset as the other 255 rows
integrate.  When this process has cycled through all 256 rows, it simply restarts at the first row
after some user defined delay time.  The integration time for a given pixel is the time from one
address, read, and reset cycle to the next, i.e. the frame readout time plus the user defined delay
time.  The sequential addressing of rows to read out is controlled by the operation of the row
shift register.  The sequential resetting of rows is controlled by the row shift register in
conjunction with the ØRST clock.  Although pixels in different rows do not begin and end their
integration times simultaneously, the total integration time is the same per pixel.

By not resetting the rows during a readout, the user can implement various multiple sampling
techniques, such as sampling up the ramp and Fowler sampling.  These methods allow the user to
reduce the readout noise substantially by a factor ~1/√(Ns), where Ns is the number of samples.
This technique works until a lower noise floor is reached, beyond which the noise will not
improve.  An excellent review article on the operation of the CRC-744 readout can be found in
“Development of infrared focal plane arrays for space,” Jian Wu et. al, Rev. Sci. Instrum. 68 (9),
September 1997.

3.2 Timing Requirements for the Column (Fast) Clocks

The column clocks are:

•  ØSyncF - Synchronizing clock for the column shift register

•  Ø1F - Phase 1 input clock for the column shift register

•  Ø2F - Phase 2 input clock for the column shift register

•  COLEN - Internally generated clock that transfers (“enables”) a particular column
block of four outputs from the 256 column bus lines to the 4 column output lines (see
Figure 3.3)

The propagation of the initial ØSyncF pulse along the column shift register is controlled by
the frequencies of the Ø1F and Ø2F clocks.  The ØSyncF clock must be clocked once every row.
The Ø1F and Ø2F clocks must be symmetrically nested for the proper propagation of the column
address bit (initially injected by the ØSyncF pulse) needed for read out.  In other words, it is
important that the Ø1F and Ø2F clocks are never simultaneously active (logic level 0,
corresponding to -5V).  Proper operation is achieved by adjusting the duty cycles of the Ø1F and
Ø2F clocks so that the clocks are active low for ~40% of the pixel readout cycle and inactive
high for ~60% of the pixel readout cycle.  Figure 3.1 shows the recommended nesting sequence
for the column clocks.

Windowing in the column direction is possible by bursting the address bit through the
column shift register to the desired starting column, slowing down, reading out the columns
within the window, and bursting the address bit to the end of the shift register.
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The following summary of requirements apply to the ØSyncF, Ø1F,and Ø2F  fast clocks:

•  Active clocks are at the most negative clock supply rail, i.e. active low

•  The fast shift register start bit is loaded when ØSyncF and Ø2F are simultaneously
active low

•  ØSyncF needs to remain active low longer than Ø2F to enable the fast shift register
start bit

•  Ø2F and Ø1F edges must not overlap and must not be active simultaneously for
proper clocking

•  When Ø2F and Ø1F are both active simultaneously  the column shift register is
cleared

•  Maximum clock speed for the fast shift register under nominal (non-bursting)
operating conditions is about 3 µsec per pixel (2.9 µsec active, 3.1 µsec inactive
nested pair).  We typically operate at 5 µsec per pixel.

•  It is not recommended to set the column clock active level more negative than -5.5V;
-5.0V is the recommended operating level

Column Clocking Pattern  (Active Logic Low)

0
Time (Arbitrary units -- each division approximately 0.5usec )
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s (

L
og

ic
 le

ve
ls

 sh
ow

n)

ΦΦΦΦSyncF

ΦΦΦΦ2F

ΦΦΦΦ1F
Repeat this pattern x32

Load 1st Column Register Bit              

<==          ==>    <==          ==>    <==          ==>    <==          ==>    

<==                                 ==>         <==                                 ==>         <==                                 ==>         <==                                 ==>         

 <=            => <=            => <=            => <=            =>
Clear Column Shift Register

Figure 3.1.  CRC-744 ROIC Column Clock Timing
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3.3 Timing Requirements for the Row (Slow) Clocks

The row clocks are:

•  ØSyncS - Synchronizing clock for the row shift register

•  Ø1S - Phase 1 input clock for the row shift register

•  Ø2S - Phase 2 input clock for the row shift register

•  ROWEN - Internally generated clock that transfers (“enables”) a particular row of the
array onto the 256 column bus lines (see Figure 3.3)

The propagation of the ØsyncS pulse along the row enable shift register is controlled by the
frequencies of the Ø1S and Ø2S clocks.  As with the column clocks, it is important that the row
clocks be properly nested for the proper propagation of the row address bit (initially injected by
the ØSyncS pulse) needed for read out.  In normal operation, the row clocks must never be
simultaneously active (logic level 0, corresponding to -7V).

Again, windowing in the row direction is also possible by “bursting” the address bit through
the row shift register to the desired row, slowing down, reading out the desired rows (window),
and bursting the address bit to the end of the row shift register.

The following summary of requirements apply to the ØSyncS, Ø1S,and Ø2S slow clocks:

•  Active clocks are at the most negative clock supply rail, i.e. active low

•  The slow shift register start bit is loaded when ØSyncS and Ø2S are simultaneously
active low

•  ØSyncS needs to remain active low longer than Ø2S to enable the slow shift register
start bit

•  Ø2S and Ø1S edges must not overlap and must not be active simultaneously for
proper clocking

•  When Ø2S and Ø1S are both active simultaneously  the row shift register is cleared

•  A delay of ~3 µsec is sufficient time to clear the address registers (see figures below)

•  A delay following a row transition of ~10 µsec is recommended for settling
considerations

•  It is not recommended to set the row clock active level more negative than -7.0V or
less negative than -6.0V; -7.0V is the recommended operating level

•  We recommend that the operation of the row clocks follow the general pattern shown
in Figure 3.2.  We prefer to keep the last row addressed after readout.  This keeps the
current flowing through a given row of unit cell source followers.  This provides
thermal stability and reduces transients in the operation of the array.
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CRC-744 Row Timing (Active Logic Low)

0

Time (Arbitrary units; not to scale)
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ΦΦΦΦSyncS

ΦΦΦΦ2S

ΦΦΦΦ1S

ΦΦΦΦRST

VGGCL

 <= => <= => <= => <= =>

Load 1st Row Register Bit        

Row One

Row Two

Reset 
Row 1

Reset 
Row 2

<==                                                                                                                      ==><==                                                                                                                      ==><==                                                                                                                      ==><==                                                                                                                      ==>
Repeat double row pattern x128

<==             ==>    <==             ==>    <==             ==>    <==             ==>    

Clear Row Shift Register

<==                                ==><==                                ==><==                                ==><==                                ==>
Read out row #1

<==                                ==><==                                ==><==                                ==><==                                ==>
Read out row #2

<==                                ==><==                                ==><==                                ==><==                                ==>
Read out row #3

••••Row read out has column timing pattern implemented (see Figure 3.1 
above)
••••  For multiple, non-destructive sampling, the reset is not implemented until 
the end of the integration period

Figure 3.2.  CRC-744 ROIC Row Clock Timing

3.4 Timing Requirements for the Signal Chain Clocks

3.4.1 Basic Operation of the Signal Chain

To fully understand the readout, it is important to understand the basic operation of the signal
chain.

Photocurrent and dark or “leakage” current from the detector integrates onto the unit cell
integration capacitance whenever the row reset switch is inactive (open, gate logic HIGH).  The
direction of integration is dependent on the type of detector array that is hybridized to the
readout.  Typically the reset level is initially set to about -3.5V for InSb and -3.2V for Si:As and
the signal at full capacity integrates up to -2.9V for InSb biased 0.6V and down to -4.2V for
Si:As biased 1V.  When the row enable (ROWEN) FET is activated for some selected row, then
the current source defined by VGG1 is active.   The ROWEN clock is an internally generated
clock from the row clocks Ø1S and Ø2S and the row address bit.  When activated, a particular
row of source follower outputs is transferred to the 256 line column bus.  At this stage, the clamp
switch FET controlled by the gate level VGGCL should be inactive (open, gate logic HIGH).
Hence, the source of the unit cell source-followers (SF1 in Figure 3.3) will follow the signal
swing, reduced by the SF1 gain, ASF1 ≅  0.9, and more positive by a threshold voltage drop
≅  1.3V.  For example, if the reset voltage is at -3.2V and the voltage swing due to integrated
signal is +0.5V, the voltage at the source side of SF1 will go from ~ -1.9V at reset (-3.2V +
1.3V) to -1.45V with the integrated signal (-1.9V + ASF1x ∆Vsig).

Following row selection and activation, the internal column enable (COLEN) FET is
activated. The COLEN clock is an internally generated clock from the column clocks Ø1F and
Ø2F and the column address bit.  Once activated, four adjacent pixels in the selected row have
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their signal levels transferred from the column bus to the output bus that feeds the gates of the
four source follower output buffers (SF2 in Figure 3.3).  The source side of each source follower
output buffer will follow the signal level, reduced by the SF2 gain, ASF2 ≅  0.9, and more
positive by the threshold drop ≅  1.3V.  Hence, the output of the source-follower (VOUT) will
swing from ~ -0.6V at reset (-3.2V + 1.3V + 1.3V) to -0.2V with the integrated signal
(VOUT  = -0.6V + ASF1x ASF2x ∆Vsig).

After a selected row has read out all columns, the row is reset by activating ØRST (logic
LOW), which feeds the gate of the row reset FET.  When the reset switch is deactivated (logic
HIGH) the integration time starts again on this row.  This sequence continues until all the rows
have been read out.  A user defined delay time allows the integration time to vary from a
minimum time equal to the  frame readout period to an arbitrarily long time equal to the frame
readout period plus the user defined delay time.

3.4.2 The Signal Chain Clocks

The signal chain clocks are:

•  COLEN - This  internally generated clock is described under the column clocks.

•  ROWEN - This  internally generated clock is described under the column clocks.

•  ØRST - This clock controls application of the reset voltage level, VRSTUC, to the
integration capacitor.  This voltage is used to set the baseline level at the gate input to
the unit cell source follower (SF1).  It is applied , on a row by row basis, following
the readout of the row.  For “non-destructive” readout, the reset is not applied for
several frame readout periods.  This allows the user to implement other sampling
techniques such as sampling up the ramp or multiple (“Fowler”) sampling.

•  VGGCL - This switch bias controls the gate to a “clamp” circuit switch.  See the
discussion of the clamp circuit in section 3.4.3 below, “The VGGCL Clamp Circuit.”

3.4.3 The VGGCL Clamp Circuit

It is highly recommended that the user implement the “clamp” circuitry located on the
column bus just below the unit cell source followers and controlled by the VGGCL gate. If you
do not perform the "clamping", then the source node of the unit cell source follower FET will be
pulled up to the VSS1 level (-1V) whenever you are not addressing a row.  This “collapses” the
column bus lines to VSS1 putting a strain on the system to quickly recover when the row is
enabled.  It will lead to transient effects for fast operation.  In general, for readouts operating
very cold, you want to minimize any unnecessary large excursion swings of the FET levels.

There is an additional “option” that avoids the necessity of using the VGGCL circuit.  Below
I describe the two options that the user can utilize to stabilize the source node of the unit cell
source followers when the array is not being readout.

Option 1:  Set VDDCL @ -2.0V nominal (the desired “clamp” level), and toggle VGGCL
between -5V (active clamping) and 0V (inactive).  Activate VGGCL (logic LOW) whenever a
row is not addressed and during row clock transitions.  VGGCL activation is essentially
determined by the logical NAND of Ø2S with Ø1S.  This option is routinely used in our own test
labs.  This is the “standard” use of the clamp circuitry.
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Option 2:  VGGCL and VDDCL can be unused if the array is always left addressed, even
during integration (i.e., the user defined delay time).  This technique, which leaves the last row
addressed maintains the current flow in the SF1 output (column bus) line and thus prevents the
node from being pulled up to VSS1.  This has the added advantage of providing greater thermal
stability since the current source is not cycled on and off during readout and integration,
respectively.  The disadvantage is that the detectors in the last row will pick up the “glow”
associated with this current in the unit cell source-follower; however, experience shows this is
often a  preferable trade-off for improved overall stability.  This option is used by the “SIRTF”
(Space Infrared Telescope Facility) space mission.

In this mode, the VGGCL is not activated during the row clock transitions. Clock switching
should probably not occur faster than ~200 nsec, but should be at  ~200 nsec to prevent the
column bus line from “collapsing” to VSS1 before the next row is activated.

3.4.4 The Unit Cell SFD Input Circuit

The unit cell of the CRC-744 ROIC contains only three transistors (see Figure 3.3).  The
heart of the unit cell Source Follower per Detector (SFD) input circuit consists of a single PMOS
driver transistor which operates as a source follower.  The SFD is ideally suited to very small
unit cells and offers low noise with near unity gain.  The other two transistors in the unit cell
function as switches which are controlled by on-chip clocks.  The “reset” switch FET allows the
input node to the detector to be reset to a well defined bias (VRSTUC) at the beginning of each
new frame.  The gate of the reset FET is connected to the ØRST (reset) clock which is activated
by the internal ROWEN clock.  The “row enable” switch FET, whose gate is also controlled by
the ROWEN clock allows the source follower in all unit cell to turn on by connecting the drain
of the unit cell source follower to the power rail VDDUC.  Once a row has been activated, the
current is supplied by the current mirror controlled by VGG1.  This load current must be large
enough to drive, or slew, the capacitance Cmux of the common output bus.  Because the load
MOSFET for the SFD is outside the unit cell, there is no power dissipation in the unit cell until
the unit cell is “enabled” by the ROWEN via the row shift register.

3.5 Shift Register Diagnostic Outputs

The LASTR and LASTC diagnostic outputs are voltage taps which serve as diagnostic
outputs for verification of proper shift register operation.  The LASTR diagnostic output verifies
that the row shift register is working  properly out to the last row (row 256).  Similarly, the
LASTC diagnostic output verifies that the column shift register is working properly out to the
last column (column 256).  To verify correct operation, a digital voltage pulse is detected on
these outputs when the last row or column is addressed.
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Figure 3.3.  CRC-744 Readout Signal Chain



MAN01-0325 17

APPENDIX A
GENERAL SAFETY PROCEDURES & BONDING DIAGRAMS

A.1 General Handling and Storage Procedures

Note: The SCAs are static sensitive.  Static protection must be observed during
handling.  Wearing a grounded wrist strap and a static-safe smock at an
ESD safe workbench is highly recommended.

Because the SCAs are static sensitive, static-safe procedures should be used during handling
and storage.  While handling the SCA, a grounded wrist strap should be used to prevent build up
of static charge.  During temporary storage in a laboratory environment, SCA/LCCs should be
placed inside a “recloseable” static shielding bag such as the 3M 2110R bag.  For long-term
storage, one of the following methods should be used:

1. Store SCA/LCC in an evacuated bell jar.

2. Store SCA/LCC in a hermetically sealed “dry” box which is continuously purged
with a dry inert gas such as dry N2.  This method is almost as good as storage under
vacuum but allows easier access to the parts in storage.

3. Store SCA/LCC in a static-safe hermetic package with a desiccant to remove water
vapor.

A.2 Power Up Sequence

All external connectors to your infrared dewar should have grounding caps in place prior to
mounting your SCA inside the dewar.  Only handle the SCA when you are grounded with a wrist
strap.  After the SCA is mounted into your mating socket inside your dewar, you should
disconnect the grounding caps on your external connectors and attach your cables with no power
applied.  First bring up the biases, preferably all to ground, and then subsequently to their
nominal operating voltage levels.  Only after the biases are applied should you bring up the
clocking levels.  When shutting off your system, first shut off the clocks and then turn off the
bias levels.  Remove the cables and attach the grounding caps.  The grounding caps should
remain in place as long as the SCA is contained in the dewar and is not powered up.
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Figure A.1.  256 x 256 CRC-744 ROIC Bond Pad Functions

NOTE: There are a total of 27 input/output bond pads (excluding VGUARDL, which is no longer bonded, the second
VSUB, and VDETL, which is not independent of VDETR), including 4 analog outputs, 2 diagnostic outputs, 7
clocks + 1 “switched” bias, and 13 bias supplies.
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Figure A.2.  CRC-744 Bonding Diagram for the 68-pin LCC
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