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12 channel, 5 GSPS

Switched Capacitor Array

DRS3

FEATURES

Single 2.5V Power Supply

Sampling speed 10 MSPS to 5 GSPS

12 Channels with 1024 Storage Cells,

Cascading of channels allows deeper
sampling depth

Differential Inputs with 450 MHz Bandwidth

Readout speed: 33 MHz

Region-Of-Interest readout mode for shorter
dead time

Multiplexed or parallel analog outputs

Low Power: 50 mW at 2 GSPS

Low Inte%ral Nonlinearity:
0.5x107at 0.1 Vto 1.1 V Range

High SNR: 69 dB after Offset Correction

Low Noise: 0.35 mV after Offset Correction

APPLICATIONS

Instrumentation and Measurement

Photomultiplier, Drift Chamber and
APD Readout

Low Cost Digital Oscilloscopes

Ultrasound Equipment

Handheld Oscilloscopes

PRODUCT DESCRIPTION

The DRS3 is a switched capacitor array (SCA) capable of
sampling 12 differential input channels at a sampling
speed of 10 MSPS to 5 GSPS. The analog waveformis
stored in 1024 sampling cells per channel, and can be
read out after sampling via a shift register clocked at 33
MHz for external digitization:

The write signal for the sampling cellsis generated by a
chain of inverters (domino principle) generated on the
chip. The domina'wave is running continuously until
stopped by atrigger. A read shift register clocks the con-
tents of the sampling cellseither to amultiplexed or to
individual outputs, whereit.can be digitized with an ex-
ternal ADC. It ispossible to read out only a part of the
waveform for reducing the digitization time.

The high channel density, high analog bandwidth of 450
MHz and low noise of 0.35 mV (after offset calibration)
makes this chip.ideally suited for low power, high speed,
high precision waveform digitizing. Fabricated on an ad-
vanced CMOS process in aradiation hard design, the
DRS3isavailablein a 64-lead low profile quad flat pack
(LQFP) and a 64-pin quad flat non-leaded package
(QFN).
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DRS3

SPECIFICATIONS

(AVDD =2.5V, DVDD = 2.5V, Temp. = 25°C, unless otherwise noted)

Parameter Typ. Unit Comment
DRS3
Sampling speed fsamp 0.01 GSPS min
5 GSPS max
Readout speed 10 MHz min Optimal Performance at 33 MHz
40 MHz max
Fixed pattern offset error 5 mV rms
Random noise 0.35 mV rms After offset correction
Signal-to-Noise Ratio (SNR) 69.1 dB After offset correction
Effective number of bits 115 Bits After offset correction
Gain 0.982 VIV min
0.988 VIV max
Integral Nonlinearity 0.5 mvV Input Range 0.1V - 1.1V, BIAS=0.70V
10 mv Input Range0 V"= 1V, BIAS=0.70 V
Fixed pattern timing jitter TBD ps fsamp = 0.5 GHz
TBD ps fSAMPZZGHZ
TBD (o] fSAMPZSGHZ
Random pattern timing jitter TBD ps fsamp = 0.5 GHz
TBD (o] fSAMPZZGHZ
TBD PS fSAMP =5 GHz
TEMPERATURE DRIFT
Offset Error 75 nV/°C Tested between 25° C and 50° C
Gain Error 25 ppm/°C Tested between 25°.C and 50° C
ANALOG INPUTS
Input Span 1 V p-p
Absolute Voltage Limits AGND — 300 mV V min
AVDD + 300 mV V. max
Linear Range 01-11 V Optimal Performance, ROFS= 0.85V
0-1 \% Reduced Linearity, ROFS=0.95 V
Input Capacitance TBD
Input Current TBD
Bandwidth (-3dB) 450 MHz
Crosstalk <-46 dB 1 nsrise-time pulse driven differentially
-40 dB 1 nsrise-time pulse driven non-differentially
TIMING CHARACTERISTICS
torap 2048 " 1/fsamp S
terk 1 s max Clock speed for all shift registers
2 nsmin
to 10 ns RSRCLK Rising Edge to Analog Output
tsamp tottck For optimal performance, use tc =30 ns and
sample analog signal 38 ns after RSRCLK
trst 10 nsmin RSRRST Pulsewidth
POWER REQUIREMENTS
AVpp 25 \Y,
DVpp 25 \%
Dlpp 0.5 mA Domino wave stopped (Standby)
44 mA Running at 0.5 GSPS
6.7 mA Running at 1 GSPS
11.2 mA Running at 2 GSPS
249 mA Running at 5 GSPS
Alpp 16 mA A0-A3=1 (Standby)
14.9 mA Running at 2 GSPS, 10 Hz trigger rate, single
channel readout
38 mA Running at 2 GSPS, 10 Hz trigger rate, paral-

lel channel readout
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DRS3

PIN FUNCTION DESCRIPTIONS

Pin Number Mnemonic Description
1 IN8+ Analog Input Channel 8 (+)
2 IN8- Analog Input Channel 8 (-)
3,5,7,9,11,13,15 IN7+ —IN1+ Analog Input Channels 7 — 1 (+)
4,6,8,10,12,14,16 | IN7- —IN1- Analog Input Channel 7 — 1(-)
17,32 AGND Analog Ground
18,31 AVDD Analog Power Supply, 2.5V Nominal
19 INO+ Analog Input Channel O (+)
20 INO- Analog Input Channel 0 (-1)
21 WSROUT Write Shift Register Output
22 WSRCLK Write Shift Register Clock
23 SSROUT Stop Shift Register Output
24 SSRLOAD Stop Shift Register Load
25 RSRRST Read Shift Register Reset
26 RSROUT Read Shift Register Output
27 RSRCLK Read Shift Register Clock
28 RSRLOAD Read Shift Register Load
29 SRIN Common Shift Register Input
30 BIAS Bias voltage for internal buffers. Use internal voltage of 0.68 V if left open. If con-
nected to alow impedance voltage source overwrites the internal bias voltage.
33 MUXOUT/OUTO | Multiplexed Analog Output/ Analog Output Channel O
34-44 OUTx Analog Output Channel 1 —11
45,46,47,48 A3,A2,A1A0 Address bits, see Table 1
49,64 DGND Digital Ground
50,63 DVDD Digital Power Supply, 2.5V Nominal
51 DTAP Domino tap signal toggling.on each domino revolution
52 DSPEED Analog Setting Voltage for Domino.Speed
53 DWRITE Domino Write Input. Connect the Domino Wave Circuit to the write switches if
high. Also used toinitialize the write shift register.
54 DENABLE Domino Enable Input. A low-to-high transition starts the Domino Wave. Setting
thisinput low stops the Domino Wave.
55 DMODE Domino Meode Input.. Low. for asingle revolution, high for continuously running
Domino Wave.
56 ROFS Read Offset VVoltage Input. Used to shift the contents of the sampling capacitors
into the linear range of the output buffers.
57,59,61 IN11+ — IN9+ Analog Input Channels 11 —9 (+)
58,60,62 IN11- —IN9- Analog Input Channels 11 — 9 (-)
PIN CONFIGURATION
64-Lead LQFP
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DRS3

Typical Performance Char acteristics

2 2
T T L
18] ROFs=095v ROFS = 0.95 V
’ BIAS =0.70 V PZ BIAS =0.70 V
16 A 1
= // s
o E
214 = >
e o [=
2 vd c TN
¢ e g0 e N
g 12 /, u Ny
S / z N\
zZ 7 O
< / z
0.8 ]
0.6
2
0 0.2 0.4 0.6 0.8 1 1.2 0 0.2 0.4 0.6 0.8 1 1.2
ANALOG INPUT [V] ANALOG.OUTPUT [V]
Plot 1. Analog Output vs. Analog Input Plot 2. Nonlinearity
0.52 0.52 ‘ ‘ ‘ ‘
‘ J Crosstalk from trigger signal
| R N | i | |
S 051 5051 ’
= =
o] 2
% M‘ un‘ “\H Ih l“ I 1\‘ |]\ I M ‘ H\ \‘M' \M‘l H \‘“JH\ “\‘ % o At s A S, ot "‘H@&Mmm
Peol 11 e [ L “”H (e ] PN M A0 Gl WA AR LI L pe
2 I ‘ {VIRTIY A o
o) o)
- -
s s
<0.49 | ‘ ‘ i < 0.49
0.48 0.48
0 200 400 600 800 1000 0 200 400 600 800 1000
BIN NUMBER BIN NUMBER

Plot 3. 0.5 V DC signal sampled at 5 GSPS before offset Plot 4. 0.5V DC signal sampled at 5 GSPS after offset
correction correction

200 200
180 180
160 160
140 140
8 w
s 120 Lz) 120
g g
5 100 g 100
8 o
o) 80 IS) 80
60 60
40 40
20 20
[} 0 >
0.48 0.49 0.5 0.51 0.52 0.48 0.49 0.5 0.51 0.52
OUTPUT VOLTAGE [V] OUTPUT VOLTAGE [V]
Plot 5. Noise Histogram before offset correction Plot 6. Noise Histogram after offset correction. The dis-

tribution is a convolution of the DRS3 noise and the
AD9238 ADC noise.

Rev. 1 | Page 4 of 10




DRS3

WAVEFORM [V]

AMPLITUE [dB]

KR
o

. / I\
7 1 1%
/ ]
Zji \ / \ /
i )
0.1 \

0

0 20 40 60 80 100 120 140 160 180 200

TIME [ns]

Plot 7. 5 MHz sine wave sampled at 5 GSPS

© b N dd A b Nk o RN
=

10
FREQUENCY [MHz]

Plot 9. Signal Frequency Response

[GHz]

f

SAMP

| /

0 0.5 1 15 2 25
DSPEED [V]

Plot 8. Sampling'Speed vs. DSPEED Voltage

Rev. 1 | Page 5 of 10




DRS3

THEORY OF OPERATION

The DRSS consists of an on-chip inverter chain generat-
ing a sampling frequency up to 5.5 GHz (domino wave
circuit), eliminating the need to feed an external sampling
clock in the GHz range into the chip. This signal opens
write switchesin all 12 sampling channels, where the dif-
ferential input signal is sampled in small (200 fF) capaci-
tors. After being started, the domino wave runs continu-
ously inacircular fashion until stopped by atrigger sig-
nal, which freezes the currently stored signal in the sam-
pling capacitors. The signal is then read out viaaread
shift register for external digitization.

DOMINO WAVE CIRCUIT

The domino wave circuit is basically a series of 1024
double inverters. After raising the DENABLE signal high,
awave traverses through these inverters producing the
write signal for the sampling cells. Figure 1 showsasim-
plified schematics of two double inverter blocks.

DSPEED o
from
CELL1023 DJ‘LD_J > ;‘L[ > i
DENABLE

DWRITE

CELLO CELL1
WRITEO WRITE1

Figure 1. Simplified schematics of two out of 1024
double inverter blocks forming the domino wave cir-
cuit

The first inverter is actually an AND gate. This allows to
enable and to stop the domino wave at any time viathe
DENABLE signal. The AND.gate is connected to the
following inverter viaan NMOS transistor operating asa
voltage controlled resistor. This resistor formswith the
parasitic input capacitance of the inverter a RC-circuit,
imposing a variable delay. for the propagation of the dom-
ino wave, which can be controlled by the analog voltage
DSPEED. Since the actual domino wave speed depends
on the power supply voltageand the temperature, some
stabilization is necessary to ensure steady operation. For
thispurpose the DTAP signal is available, which toggles
its state each time the domino wave reaches cell #512. If
operating the chip at fopmonio, the DTAP outputs a rectan-
gular signal with 50% duty cycle with afrequency ac-
cording to following formula:

fDTAP =271024 fDOMINO

This signal can be used by an external PLL circuit to lock
the domino frequency and phase to a quartz generated
freguency. An alternative approach isto feed this signal
into afrequency counter implemented in a FPGA, and to
correct the DSPEED signal viaa 16-bit DAC in case of a
deviation.

The domino wave gets started by raising the DENABLE
signal high. Aninternal circuit ensures that the write sig-
nal isaways 16 cellswide. If DMODE is high, the dom-
ino wave runs infinitely until being stopped by setting

DENABLE low. If DMODE islow, the domino wave
only propagates once through each cell and stops after
cell 1023. In this case only asignal low-to-high transition
at cell 512 is seen at the DTAP output. The DWRITE
signal determines if the write signal is sent to the sam-
pling cells. If using an external PLL circuit, it might be
advantageous to keep the domino wave running during
the readout phase. This can be achieved by keeping DE-
NABLE high and only lowering DWRITE to stop the
sampling process. In this case, the DTAP signal isalso
produced by the revolving domino wave during readout.
Care has however be taken that the DTAP signal does not
interfere with the anal og output of the DRS3 chip and
therefore degrading the signal quality.

DENABLE

DWRITE

D — tnmp —>

DTAP

—> 1.4
Figure 2. Timing of the Domino Wave Circuit
Domino Wave Jitter

A small timing jitter is present between the doublein-
verter blocks. Thisjitter is composed of a constant devia-
tionfor each cell (the so-called “fixed pattern jitter”) aris-
ing from the mismatch of the transistors in each cell, and
avariable term for each domino revolution. While the
overall jitter can be minimized by using an external PLL,
acell-to-cell variation will still be present. If applications
require high timing accuracy, the fixed pattern jitter can
be calibrated and corrected for. Since one domino wave
circuit controls al 12 channels inside the DRSS, only one
channel for each DRS3 chip needs to be cal ibrated. One
possibility to do this isto sample a high accurate sine
wave with the DRS3 chip, and look for deviationsbe-
tween the sampled waveform and the ideal one obtained
from asinefit of all samples. Averaging over many
waveforms at different phases of the sine wave, the fixed
pattern jitter can be measured and stored for calibration in
a database for example.

An additional complication might arise from the fact that
the domino wave can only be stopped between cells. This
gives atiming accuracy of 1/fyomino. If higher accuracy
is needed, it is recommended to sample a highly stable
clock signal in one of the 12 channels of each DRS3 chip.
By fitting the edges of this clock signal, the actually sam-
pling frequency and phase for each waveform can be
measured preciselsy, and atiming accuracy below 100 ps
can be achieved.

ANALOG INPUTS

Each sampling cell consists of a sampling capacitor with
Cs = 200 fF connected to the IN+ and IN- inputs via two
NMOStransistors (Figure 3). Thisallows aquasi differ-
ential input, given than both input signals do not exceed
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DRS3

the rails of the power supply. After the sampling cycle,
the capacitor stores the voltage

Uu,=u

s IN+ U IN-

Since the NMOS transistors show a nonlinear behavior
when approaching therails, it is recommended to operate
them 100 mV away from the lower rail. The full rangeis
limited by the linearity of the buffer in each cell, which
shows a non-linearity better than 0.5 mV for an input
voltage between 1.05V and 2.05 V. If signals smaller
than 1.05 V should be sampled, it is possible to shift Us
up by applying an external voltage ROFS during the
readout phase. Thisworks similar like a charge pump,
lifting the bottom plate of the capacitor from IN- to
ROFS. The voltage seen by the buffer during readout is
therefore

U§ :UIN+ - UIN— +UROFS

Aninput rangeof 0.1V to 1.1 V can therefore be ob-

tained for example by applying 0.95 V to the ROFS input.

This shifts the input signal into the linear range of 1.05 V
t02.05 V of the cell buffer. The DRS3 has an additional
buffer at each analog output, which then shifts this output
to arange from approximately 0.8 V to 1.8 V. The over-
all gain of the analog chain is 0.985.

WRITE

IN+ O

IN- O *

O ROFs

READ

Figure 3. Simplified Schematics.of one Sampling
Cell

It should be noted that the charge stored in the sampling
capacitor islost over time due to charge leakage, and the
readout of acell should be done quickly (< 1 ms) after
the sampling phase.

CASCADING OF CHANNELS

It is possible to cascade two or more channels to obtain
deeper sampling depth with the cost of fewer channels.

The sampling cells on DRS3 can be cascaded according
to Table 1.

A write shift register containing 12 bitsis used to activate
each channel. The bits are rotated by one position on each
revolution of the domino wave. If thisregister isloaded
with 1's, al channels are active all the time, and the
DRS3 works like having 12 independent channels. The
other extremeis asingle 1 loaded into the register. This 1
is clocked through all 12 positions consecutively. This
means that on the first domino revolution the first chan-

nel is active, on the second domino revol ution the second
channel is active and so on. If the input signal gets fanned
out into each of the 12 channels, the DRS3 chip works
like having a single channel with 12 times the sampling
depth.

Table 1. Cascading of Channels

Number of Number of Initial write
channels sampling cells shift register bit
per channel pattern

12 1024 1111112111111,
6 2048 101010101010,
4 3072 100100100100,
3 4096 1000100010005,
2 6144 100000100000,
1 10288 100000000000,

To bring the write shift register in one of the above states,
the bit pattern according to Table 1 has to be written into
the register initially according to the timing diagram
givenin Figure 4.

WSRCLK
DWRITE
r—-—- r— -~ \—
SRIN /bltlle|t10>< blt9X bit8 ><b|t0 Xbltll( b|t10(

r——r-——r

WSROUT ) bltll( blth(

Figure 4. Write Shift Register Timing Diagram

Writing to the shift register is enabled by setting
DWRITE high. Twelve bits are then clocked into the
shift register, MSB first. Bits are latched into the shift
register on the falling edge of WSRCLK. To ensure
proper working of the shift register, the DWRITE signal
can be kept high for more than 12 clock cycles, in which
case the bits are clocked out of the chip viathe WSROUT
signal (dashed lines). In this case the bits must be re-
applied at the SRIN input again for proper operation.

After the domino wave has been started viathe D E-
NABLE signal, the bit pattern is rotated one position on
each revolution of the domino wave. If the domino wave
gets stopped by setting DENABLE low, it can happen at
any state of the shift register. To test in which state the
shift register has been stopped, atiming diagram similar
to Figure 4 must be used to clock out the last state of the
shift register. Twelve clock cyclesreveal the 12 current
bits at WSROUT when DWRITE is kept high.

WAVEFORM READOUT

After sampling has been stopped by either setting D E-
NABLE or DWRITE low, the waveform can be read out
viathe read shift register. Todo so, asingle“1” is
clocked into the shift register, followed by 1024 clock
cycles at 33 MHz. Care has to be taken in the PCB design
that the DENABLE, DWRITE and DTAP signals are far
away from the analog inputs. Otherwise some crosstalk
between these signal's and the analog input channels may
occur, as can be seenin Plot 4.
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Figure 5. Readout Shift Register Timing Diagram

Pulling RSRRST low for at least 10 nswhile RSRCLK

and SRIN are low erases the contents of the read shift
register. A “1” isclocked into the first cell of the register
at the falling edge of RSRCLK. This“read bit” isthen
shifted down on each consecutive clock cycle, until it
appears at the 1024"™ cycle at WSROUT indicating suc-
cessful operation of the shift register. On the rising edge
of RSRCLK at each clock cycle the contents of the next
sampling cell appears at the analog output MUXOUT
after adelay of to = 10 nsif the multiplexer is used.
When operated at 33 MHz clock speed (tc x = 30 ns), the
analog signal has 30 nsto settle at the output. Care must
be taken to sample it with an external flash ADC at the
end of this 30 ns period, but just before the beginning of
the next cycle. So with tsayp = to + tc k = 40 nsthe sam-
pling should occur about 38 ns after the rising edge of
RSRCLK. Sampling the signal after 35 ns already de-
grades the DRS3 linearity.

Since each sampling cell contains a buffer at the output,
an offset error from that bufferisseen due to the mis-
match of the transistors inside the buffer, which istypi-
cally 5mV rms (Plot 3, Plot 5). Since this offset erroris
constant over time (“fixed pattern noise”), it can be meas-
ured and corrected for during thereadout. One example
to do thisisto put an offset correction table into the
FPGA whichdoes the readout of the ADC connected to
the DRS3. Thisway the noise can be reduced by more
than one order of magnitude. Care has to be taken to
choose an ADC which matches the performance of the
DRS3. Many 12-bit ADCshave a SNR which is lower
than 70.dB and would therefore not give optimal per-
formance.

CHANNEL MULTIPLEXER

Four address bits AO-A3 are used to configure the analog
output. In multiplexed mode, each channel’s analog out-
put can be routed to one single output MUXOUT, mak-
ing it possible to use only a single external ADC to digi-
tize al 12 channels. If digitization time however isim-
portant, all 12 channels can be digitized in parallel using
12 external ADCs, thus reducing the digitization time by
afactor of 12.

TABLE 2. Address Bit Settings

Channel 3 at MUXOUT
Channel 4 at MUXOUT
Channel 5 at MUXOUT
Channel 6 at MUXOUT
Channel 7 at MUXOUT
Channel 8 at MUXOUT
Channel 9 at MUXOUT
Channel 10 at MUXOUT
Channel 11 at MUXOUT
Don't use (internal test pur-
pose only)

Don't use (internal test pur-
pose only)

Enable OUT0-OUT11
Disable all outputs (standby)

OrOROROROR
OrRrRrOORROOR
POOOORRRLRELRO
PRPrRPPRPPRPOOOOO

=
o
=
=

o
=
N
N

A0 | A1 | A2 | A3 | Output

0 0 0 0 Channel 0 at MUXOUT
1 0 0 0 Channel 1 at MUXOUT
0 1 0 0 Channel 2 at MUXOUT

Setting all address bits to one disables all analog output
drivers, reducing the power consumption to 2 mA for the
complete chip.

REGION-OF-INTEREST READOUT MODE

The digitization of all 1024:samplesat 33 MHz takes

30 ns, evenif the 12 channels are digitized in parallel.
During thistime the sampling of the DRS3 is stopped and
no new waveforms canbe acquired. If this dead timeis
not acceptable, two.or more DRS3 systems can berunin
parallel connected to the same signal channel. If one
DRS3 is stopped for readout, the others are still active.
The overall dead time can therefore be reduced. Another
approach isto read only a subset of all sampling cells, for
applications where oneis interested only in short pulses
like illustrated in Figure 6.

< 45 DOMINO WAVE STOP>

I4_gTF{IGGER

A
A4

Figure 6. Region-of-Interest (ROI) Readout Mode

Assume that the domino wave is running with a window
sizety = Ufsamp 1024, and a short signal occurs, like a
hit from a photomultiplier. Thissignal triggers an exter-
nal trigger circuit, similar like in an oscilloscope. The
interesting part of the waveformisnow in aregion t; be-
fore and t, after that trigger point. If only this ROl isread
out, the dead time will be reduced by the fraction
(ty+to)/tw. To achieve this with DRS3, the domino wave
has to be stopped ty-t; after the trigger by means of an
external delay. The stop position of the domino wave is
then transferred into the readout shift register via a pulse
on the RSRLOAD pin. The readout starts at this position
and can be stopped after n samples when the complete
ROl is covered. Figure 7 shows the timing for this read-
out mode.
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Figure 7. Timing Diagram for ROl Readout

Therising edge of the RSLOAD pin transfersthe first
sample RO of the ROI to the anal og output, where it can
be digitized after (tsamp.- 2ns). Consecutive pulses on
RSRCL transfer following samples R;, until all n samples
are digitized. This sequence can be repeated 12 times to
digitize all channels if multiplexing is used. Each pulse
on RSLOAD re-transfers the domino wave stop position
into the read shift register, so the same ROI can be digi-
tized on all channels. If the read bit arrives at cell #1023,
it is seen at the RSROUT output, and then wraps around
automatically into cell #0.

If offset correction is applied during readout, one must
know which cell is currently visible at the analog output,
since each cell has a different offset error. If the domino
wave stop happens close to the end of the cell array, the
ROI might overlap with cell #1023 and the read bit can
be detected during the normal ROI readout: |f the read bit
appears after n clock cycles, the domino stop happed at
cell #(1023-n), and the offset correct for that cell should
be applied to the first readout value. If the domino stop
however happens at the beginning of the cell array, the
read bit will never be visibleat RSROUT, since for each
channel it isre-set viathe RSLOAD pulse. One possibil-
ity to solve this problem isto apply .more read pul ses af-
ter the last ROI readout.if multiplexed readout is used.
Assuming the domino stop happens at cell #700 and the
ROI is 100 cellswide, the read bit will be shifted from
cell #700 to #800for each individual channel readout.
After thelast ROI readout, it will sit at cell #800, and ad-
ditional 223 clock cycles will shift it to cell #1023, where
it can be detected viathe RSROUT output. The total time
of the readout will therefore take 12 100+223 clock cy-
clesor 43.1 nsat 33 MHz readout speed. If the domino
wave stop position is randomly scattered around all cells,
the average amount of clock cycles will be 12 100+512
or 51.9ns.

One possibility to reduce thistimeis to increase the shift
register clock speed from 33 MHz to higher values up to
several hundred MHz. This can however make the FPGA
readout design more complicated. Another approach isto
use the dedicated “ stop shift register” which has been
implemented in DRS3. This register isloaded similar to
the read shift register via SSRLOAD pulse, and hasa
dedicated output SSROUT at cell #1023. It is now possi-
bleto load this register only on the first channel readout.
Taken the example from above, the read bit will be
shifted from cell #700 to #800 during the first ROI read-
out. If the SSRLOAD is omitted between individual
channels, the read bit will be shifted from cell #800 to

#900 on the second channel and to cell #1000 on the third
channel. After the 23 more clock cyclesit will appear at
SSROUT. One can now calculate the domino stop posi-
tion as 1023-3" 100+23=700. This readout mode requires
no additional clock cycles after the last channel, so the
total readout timeis 12" 100 clock cyclesor 36.4 s at 33
MHz. The timing for this example is shown in Figure 8.

DENABLE—‘

wnoo ||| J| ]| [
oo [

SSRLOAD
100cycles 100¢ycles 100 cycles - 100 cycles
RSRCLK
after 323 cycles A
SSROUT ?A

Figure 8. Timing Diagram using the Stop Shift Reg-
ister

This method reduces the average readout time by about
30% for a ROI of 100 cells.
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OUTLINE DIMENSIONS

64-Lead Low Profile Quad Flat Pack (LQFP)
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