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1. Introduction

DIPIX1 and DIPIX?2 chips are processed in the OKI Semiconductor CMOS FD-SOI 0.2um pixel process
developed at KEK. These chips include 14um x 14um size integration type pixels with CDS (Correlated Double
Sampling) circuit. DIPIX1(256 x 256 pixel) and DIPIX2( 256 x 128 x 2 type) have same circuit but have

different sensor geometry in buried layers.

The circuit is designed to work both in n-type and p-type substrate. In addition, you can readout from analog

output and/or digital output. Thus we named these chips as DIPIX (Dual mode Integration type PIXel) .

Layout size of the chip is 5.0 mm square, and actual dimension after dicing is about 5.1 mm square. The chip
is typically thinned to 260um (+10um -20um) by mechanical gliding and chemical etching, and 200nm Al

sputtering is done in some case. There are bare chips and packaged chips in 177 pins ceramic package.

2. Circuit

2.1. Architecture
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Fig. 1 Schematics of DIPIX1/2 pixel.
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Fig. 2. Block diagram of DIPIX1/2. DIPIX1has one 256 x 256 pixel array, and DIPIX2has two kinds of 256x128
pixel arrays.



ERAE R

S

Fig. 3 Chip layout of DIPIX1/2.

2.2. Potential Rings
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2.3. Pixel
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Fig. 5 Detailed pixel schematic
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Fig. 6 Diagram of internal voltages.



Fig. 7 Pixel layout of the dpix1. Pixel size is 14um x 14um . Lower white square is a capacitor. Center red
octagon is BPW. Pixel in dpix2a, dpix2b has same layout in transistors and metal wire, but has different buried
layer layout.



Fig. 8 Buried layer layout of dpix1. Both BPW and BP2 (deeper p well) has same layout.

10.00

Fig. 9 Buried layer layout of dpix2a. There is no BP2 layer.



Fig. 10 Buried layer layout of dpix2b. In addition to the BPW and BP2, BNW layer (blue) is overwrapped. This
pixel is designed for p-sub wafer and reverse implant, so the BNW layer act as p-stop(p spray) layer.

2 4. Shift Register for addressing
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2.5. Column ADC
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Fig. 11 Principle of Column ADC.

2.6. Signal Delay & Delay Monitor
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Fig. 13 Variable delay circuit.
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RST_CMP1

RST_CMP2

MDEL

Fig. 14 Timing of the Signal Delay & Delay Monitor circuit. The rising edge timing difference between
RST_CMP1 and RST_CMP2 will be the pulse width of MDEL.

3. Signal & Timing
BHMEZOHP L Z A I 72U TITRT,

3.1. Digital Signals

All the digital signal has 3.3V CMOS level (threshold ~1.65V).

* DO[10:0]
ADC Output Data

* CARSTx
Reset signal for Column Address shift register. When this signal is issued CA become -1(none of the column

is selected) and the Test ADC is selected.

* CACLK
Clock signal for Column Address shift register. In each clock, next column (+1) is selected. The shift register

does not circulate and the end of column can be confirmed by looking 'CRENDXx' signal.

* RARSTx
Reset signal for Row Address shift register. When this signal is issued (low level) , RA become -1 (none of the

row is selected)

* RACLK
Clock signal for Row Address shift register. In each clock, next row (+1) is selected. The shift register does

not circulate and the end of row can be confirmed by looking 'CRENDx' signal..

*RSTN
Reset control signal for n-type substrate. In p-type substrate, connect to VSS. When RSTN=Hi Vsense node is
connected to V_RSTN voltage.

* RSTP
Reset control signal for p-type substrate. In p-type substrate, connect to VDD. When RSTN=Hi Vsense node
is connected to V_RSTP voltage.

* RSTCDS

-13-



Rest control signal for CDS circuit. By asserting this signal one terminal of the Ccds capacitor is connected to
V_RST_CDS voltage. You can connect same signal as RSTP/N when you use internal delay circuit which is
controlled with V_DCON signal. (see 2.6)

*RST_CMPI1

Reset signal for the first stage comparator in the Column ADC.

*RST_CMP2
Reset signal for the first stage comparator in the Column ADC. You can connect same signal as RST_CMP1
when you use internal delay circuit which is controlled with V_DCON signal.(see 2.6) . The delay can be
checked with MDEL signal.

* MDEL
Monitor signal of delay between RST_CMP2 and RST_CMP1.

* STORE
STORE control signal in the pixel.

* SKIP
SKIP control signal in the pixel. When this signal is Hi, Ccds capacitor is shorted.

* EN_RAMP
Enable Ramp signal to Comparator. By asserting this signal, Ramp signal is applied to comparator of the
column ADC.

* EN_PIX
Enable Pixel signal to Comparator. By asserting this signal, Pixel output signal is applied to comparator of the
column ADC.

* RST_CNTx

Reset signal for counters of Column ADCs.

* ADCLK

Clock signal for Column ADC. The counter is counted with this signal.

* STRAMPx

Start control signal for the Ramp Generator. By asserting this signal, ramp signal start to increase.

* CRENDx
Monitor output of end of Row Address shift register or end of Column Address shift register. When the last
shift register (CA or RA=255) is selected, this signal becomes Lo.

3.2. Analog Signals

(Caution : The value shown below is derived from simulation when the sensor bias is OV. The value may be

changed in real situation.)

*]_PIX
Reference current for load voltage in pixel, Column Buffer, AOUT1 analog output buffer (AOBUF). Typical
value is 20 uA (Connect ~60KOhm resistor to 1.8V).

*]_AB
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Reference current for AOUT2 Analog Buffer (AROAOBUF33_30_WIESD designed by A-R-Tec). Typical

value is 36uA.

I RG

Reference current for Ramp Generator. Typical value is ~1uA.

*] RGSF

reference current for Ramp Generator Source Follower circuit. Typical value is ~10uA.

* V_RSTN
Reset voltage for n-type substrate. Nominal value is ~0.2V. In case p-type substrate, connect this signal to
VSS.

* V_RSTP
Reset voltage for p-type substrate. Nominal value is ~1.6V. In case n-type substrate, connect this signal to
VDDI18.

*V_RST_CDS

Reset voltage for CDS circuit. Nominal value is ~0.15V.

* VBL

Bias line of Pixel. Not used.

* V_ADCIN
Test input of the Test ADC circuit. The ADC is enabled when CARSTx becomes Lo.

*V_DCON
Control voltage of Delay circuit. When this signal is 1.8V, the delay will be minimum. If this signal is

connected to VSS, the delay circuit does not work.

*V_RAMP
Ramp Generator offset voltage. When the Ramp circuit is stopped by 'STRAMPx' signal, the ramp voltage
returns to this voltage. Please set to desired offset value or connect to ground through 1.1 kohm resistor

(discharge time ~ 450 ns, see Fig. 15).

* AOUT1
Analog output signal #1. Output buffer of aobuf which has been used in previous chips is used. Output signal
range is about 0.75~1.6V.

* AOUT2
Analog output signal #2. New output buffer of AROAOBUF33_30_WIESD which is designed by A-R-Tec
and occupy 1/O buffer area is used. Output signal range is about 0.75~1.6V.
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Fig. 15 V_RAMP voltage after mounting 1.1 kohm resistor to ground.

3.3. Voltage Signals

* VDD33
Power supply voltage for 3.3V 1/O.

*VDDI18

Power supply voltage of 1.8V core circuit.

* VSS

Ground connection.

* VDET
Sensor bias voltage supplied from HV Ring on the top.

* VBACK

Sensor bias voltage supplied from back side of chip.

* VBIAS
BIAS Ring voltage (outermost p-type ring). This line is also connected to BPW under I/O buffers and

peripheral circuits.

3.4. Data I/O Timing

CDS f1& AOUTx D1 % A4 I v 7% Fig. 16 127”7 T, ZOfAHLTEZ LN NT P AZ Pl
B OVKTC /A RZHYTHELEL, 78621504050, P3 & Column buffer 12 L5
offset IXFE/ZE LGNNI, ZORELAELGIS BT, HENPEDNTTRTIOIRFIAI LT TH
7 O offset W & e L THEE, Fig. 16 THOLNT —# 0L ELBIK LERH D,

Fig. 17 is timing diagram used in Piotr Kapusta's test, and Fig. 18 shows scope display at that time.
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[AOUTX sampling timing]
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Fig. 16 Sampling timing of the analog output (AOUTX) signals.
Table 1 Readout timing value in the analog output. Very Preliminary!
Symbol Characteristics Min Max Unit Comment
T1 RST width 10 ns
T2 RSTCDS overhang 10 ns
T3 STORE overhang 10 ns
T4 CACLK(RACLK) width 10 ns
TS5 Column Address change to AOUTx valid 100 ns
(CACLK width)
T6 Row Address change to AOUTx valid 200 ns T5>T4
(RACLK width)
T7 CARSTx(RARSTx) width 10 ns
T8 CARSTx(RARSTX) negate to 10 ns
CACLK(RACLK) time

-17 -



CA_CLK |_|

~ pixel signal 1s sampled

@’ with this edge

RSTCMP1 (S1)

RSTCMP2 (S2)

EN_PIX (S3)

EN_RAMP (S4) ramp settling delay!
-

STRAMPx

RSTCNTx

Fig. 17 Sequence of the column ADC control signal.
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Fig. 18 Scope image of the column ADC control signal.
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