
IEEE TRANSACTIONS ON NUCLEAR SCIENCE, VOL. 59, NO. 6, DECEMBER 2012 3205

A Switcher ASIC Design for Use in a
Charge-Pump Detector
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Abstract—The objective of this paper is to describe a Switcher
ASIC with 64 high voltage output channels. Each channel pro-
vides two high voltage control pulses with maximum amplitudes
of 32 V. The high voltage level shifter was designed with a current
mirror switching circuit that has a readily adjustable switching
speed, unlike conventional switching circuits. The logic control cir-
cuit uses a forward and reverse chain of Flip-Flops along with
other combinational logic gates to generate bidirection sequential
control pulses with adjustable pulsewidth and polarity. The layout
was carefully designed to achieve a 14 m width for the last stage
transistors’ drain path based on the 50 m output channel pitch
set up. At least a 200 mA current driving capability was obtained
for each channel. The design was fabricated using TSMC’s 180
nm CMOS HV technology. The paper further discusses the crit-
ical design steps including chip architecture, layout, simulation and
bench test. The final experimental results demonstrate that the
Switcher ASICmeets requirements and the rising time could reach
480 ns with a 1 nF capacitive load at 15 V pulse amplitude. With
this load, the total power consumption of the chip was measured to
be approximately 4 mW when the input clock period was 42.2 s.
In addition to use in a charge-pump detector, the ASIC can be used
to control the charge accumulation and readout in other detectors,
such as X-ray pump probe detectors (XPP).

Index Terms—Charge-pump detector, level shifter, switcher,
X-ray correlation spectroscopy.

I. MOTIVATION

A CTIVE pixel detectors play a growing role in high energy
and astrophysics experiments [1]. Conventional CCD

systems have been successfully used but with some disad-
vantages. The depleted field effect transistor (DEPFET) pixel
sensor [1] was developed later for astrophysics applications
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to achieve longer X-ray exposure time, lower noise level [2]
and higher spatial resolution [2]. The X-ray correlation spec-
troscopy (XCS) sensor [3], [4] (for which the current circuit was
designed) was developed specifically for the XCS experiment
to be performed at the Linac Coherent Light Source at SLAC.
The strategy of using bias electrodes to move charges from
pixels to readout amplifiers is similar for all of these devices.
The charge-pump detector, designed at Brookhaven National

Laboratory for use in X-ray correlation spectroscopy [3], is
based on the XCS sensor which has 1024 rows 1024 columns
of 56 micrometer pixels [3]. The LCLS source produces a
50 fs X-ray laser pulse at a 120 Hz rate. The charges created
by the detection of the scattered X-rays are collected in the
XCS sensor, and must be read out before the next X-ray pulse
is delivered, i.e., in less than 8 ms. The outputs of all 1024
columns are connected to 1024 preamplifiers at the bottom of
the array. The charges from each row are transferred to the 1024
preamplifiers sequentially in a repetition period of less than
7.8 s [3], similar to the row wise operation of the DEPFET
detector [5], [6]. Each pixel requires two bias pulses to transfer
the charges, thereby only two bias pulses are required for row
controls. The bias pulsewidth needs to be less than 7.8 s to
be able to transfer 1024 rows within 8 ms. The Switcher ASIC
here discussed was designed to meet these requirements.
The structure of a single XCS sensor pixel is displayed in

Fig. 1. The sensor is built based on an N type semiconductor
substrate (blue). On the bottom is a P -doped area where a high
negative bias ( 100 volts) is applied. On the top, the center
circle area D is doped N and is the node for extracting the
stored charge. It is surrounded by 3 P -doped electrodes which
are marked C, B and A in the figure. The dimension of the sensor
is 56 m 56 m. The electrodes A, B, C, D are biased with

V, V, V, 0 V, respectively, and the bottom is bi-
ased with a negative high voltage of around 100 V. The bottom
side of the sensor is fully depleted initially. When X-rays are
absorbed in the depleted silicon they create electron-hole pairs.
The electrons will drift towards the B node because of the po-
tential valley created by the electrode biases, and will not be
able to move past the D node because of the potential barrier
created by the C electrode bias. After the charges are accumu-
lated for a certain time period, the B node bias will be changed
to V from V and the C node bias to V from
V, the electron charges on the B node will start to move towards
the D node for readout (as in [3]). This type of sensor is able to
store the charge produced by up to 180 X-ray photons of 8 KeV
in each pixel while its equivalent noise charge (ENC) is main-
tained to be less than 100 electrons [3].

0018-9499/$31.00 © 2012 IEEE
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Fig. 1. Single element of CCD- like XCS array sensor, left side is cross section,
right side is top view. On the left panel, the voltages marked with cyan and white
are the bias voltages of the nodes. The nodes marked with white are P ; with
orange is the N .

Fig. 2. Switcher ASIC architecture.

Implementation of this detector requires the Switcher ASIC
to provide multiple control channels for row operation. Each
control channel should be able to provide two bias pulses
changing from V to V and from V to V
to control one row. The pin pitch of these pads needs to be
matched with XCS pixel size for wire bonding purpose. These
pulses need to be able to propagate from one channel to another
at the falling edge of the row clock for the sequential row-wise
operation. The speed of the row clock needs to be faster than
7.8 s period with the line load of 1 nF capacitor. Also, the
pulsewidth and polarity need to be adjustable for control flex-
ibility. Such a device is not found on the commercial market
and hence we produced the design described in this paper.

II. ARCHITECTURE

To provide the row controls for 1024 1024 pixel sensors,
we developed a control system which has 16 Switcher ASICs.
Each ASIC possesses 64 high voltage output channels. Each
channel provides two control pulses, A and B, with maximum
amplitude of 32 V. The polarity of pulses A and B can be
separately reversed. The Switcher architecture is shown in
Fig. 2. It consists of 3 sections of LV (Low Voltage) portion,
LV-HV (High Voltage) shifter and HV driver. TSMC018 HV
technology is used for this design, for which the LV transistors
require 1.8 V and HV transistor can support up to 32 V.
The LV portion provides the digital control for pulse propa-

gation both in forward and reverse directions. It also provides
pulsewidth and polarity control. The circuit contains the for-
ward and reverse chain of Flip-Flops and combinational logic
circuits. Detailed function description can be found in the sim-
ulation section.
The low voltage circuit (LV portion) uses a power supply,

VDDD (voltage drain to drain (VDD) digital) (1.8 V, positive)

with VSSD (voltage for substrate and sources (VSS) digital).
LV-HV shifter circuit uses a power supply, VDDH (VDD High
voltage) (32 V maximum, positive) with VSSH (VSS high
voltage). The LV-HV shifter converts the pulse amplitude from
1.8 V to high voltage in the range from 1.8 V to 32 V. Details
are displayed on Fig. 4.
The HV driver unit is designed with a large current drive ca-

pability which can drive a 1 nF capacitor with 200 mA peak cur-
rent at high voltage. It has four stages and the optimized stage
effort [7] is used to switch quickly with the minimum number of
stages. The HV driver for Pulse A uses the power supply which
is connected to the “VDDHO1” (VDDH Output 1) (positive)
pad and “VSSHO1” (VSSH Output 1) (negative) pad. Pulse B
circuit power is connected to “VDDHO2” (VDDH Output 2)
(positive) pad and “VSSHO2” (VSSH Output 2) (negative) pad.
Each channel has two sets of circuits and each set contains the
LV portion, LV-HV shifter and HV driver. These two sets of cir-
cuits share parts of the LV portion circuit and provide separately
the outputs of HV pulse A and HV pulse B. Both HV Pulse A
and B are triggered at the falling edge of clock. The VDDH
needs to be connected with most positive voltage of VDDHO2,
VDDHO1, and VDDD. VSSH needs to be connected with most
negative voltage of VSSHO2, VSSHO1, and VSSD.
(Two versions of the ASIC were developed finally. The revi-

sion 1 was developed for 56 m XCS sensor. It has the transis-
tors test circuits to monitor the fabrication process. These test
circuits were removed in revision 2, which is developed for 90
m sensors. Both versions share the same ASIC structure de-
scribed above. Other difference between revision 1 and 2 are
the pad sizes and pin pitches and Pulse polarity control for A
port (PA). The pad sizes and pin pitches of two revisions are
provided in detail in Section IV. The PA function difference has
been discussed in the second paragraph of Section V.)

III. LV-HV SHIFTER CIRCUIT DESIGN

The conventional voltage level converter circuit in Fig. 3 [8]
cannot satisfy our needs because of its complex bias circuit and
the difficulty of adjusting the response speed.
A new level shifter circuit, displayed in Fig. 4, is utilized for

the Switcher ASIC, in which, the current mirror principle [9]
is applied to copy current from a low voltage switching cir-
cuit (M1, M2, M3, M4) to high voltage (M7, M8, M9, M10)
switching. In this way the output voltage level can shift from
1.8 V to 32 V. Also, an adjustment circuit (M5, M6) is added
to adjust the transient response speed and prevent both M8 and
M10 from turning on at the same time.
In Fig. 4, V and V are the 1.8 V pulse signals to be level

shifted, which come from the LV portion of the Switcher. In the
case V is switched from high to low (1.8 V to 0 V) and V
from low to high (0 V to 1.8 V), V turns on the HV transistor
of M1. V signal turns off the HV transistor of M2.
Before V and V are switched, M6 is in the linear state

since its gate is biased with the same gate voltage as M4, which
is in the saturation state when V is low. Therefore, when V
and V are switched, while M3 is at the cut off state and M8
is still on, M6 is turned on immediately to prevent turning on
M7, M9, M10. M4 continues to be on to discharge the node ca-
pacitor until the voltage of its drain/gate drops below threshold.
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Fig. 3. Conventional voltage level shifter circuit demonstrated in [8].

Fig. 4. New voltage shifter using current mirror circuit.

This will decrease the gate voltage of M6 as well and the drain
voltage of M6 will be increased to maintain the current until
it is big enough to turn on the M3, M5 and M7. If M5 is on,
it facilitates the discharge process ’of the drain node of M4
and the voltage of the node falls below the transistor threshold
voltage more quickly and thusM8 will be turned off faster. Sim-
ilarly, when V is switched from low to high, M5 and M6 will
also play a similar role in speeding up the turn-off of M7 and
the turn-on of M8. Therefore, the adjustment circuit improves
the performance of the circuit during the transition period and
switching speed can be readily adjusted by changing the size of
these two transistors.
M1 and M6 are turned on first when V is changed to high

voltage and later when M3 starts to be turned on and saturated,
M6 will be cut off. The current, limited by a poly resistor be-

tween M1 and VDD can thus be expressed as the drain current
of M3. When it is copied to M7 and it could be amplified by a
factor of . Where is the width of M7 and W1 is
the width of M3, assuming the lengths of M3 and M7 are equal.
WhenM7 is on, it turns onHVPMOSM10 by another current

mirror circuit. Since M8 is turned off by M4 and M5, the output
of “out” will be “VDDH.” Similarly if V is switched from 1.8
V (VDDD) to 0 and V from 0 to 1.8 V (VDDD), M10 will be
off and M8 will be on, the output will be “VSSH.” Thus, the LV
(VDDD, VSSD) to HV (VDDH, VSSH) transition is achieved
by copying the current from the LV to HV switching circuit.

IV. LAYOUT DESIGN

The challenge for the layout design is to decide which semi-
conductor technology can be used for HV and how to put all the
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Fig. 5. (a) HV symmetric NMOS cross section. (b) HV symmetric PMOS cross section.

Fig. 6. LV and HV arrangement for the Switcher ASIC.

transistors of two channels (2 A and 2 B outputs) within a dis-
tance of 100 m, while providing the maximum output current
drive capability on the output pads.
The breakdown voltage of a PN junction is presented in [8]

as follows:

where is the dielectric permittivity of silicon, is the
doping concentration of the acceptors of P-type material, is
the doping concentration of the donors in the N-type material,
q is the charge of an electron and is the critical electric
field for silicon. Since the TSMC018 HV transistors use the
lightly doped N-well or P-well to form the P or N channel of
HV symmetric P/NMOS, as indicated in Fig. 5, it will give a
high breakdown voltage and can be used for the HV (32 V)
purpose of the Switcher ASIC. (In this figure STI denoted
Shallow Trench Isolation, P-EPI denoted P type EPItaxy).
To prevent latch up, the HV and LV devices are totally iso-

lated by the N-well (NW) and P-well (PW). The LV devices
were placed on the left side of the ASIC after the input pads,

The HV devices were placed on the right side before the HV
output pads. The cross section of such an arrangement is dis-
played in Fig. 6.
To reach the maximum current drive capability for the output

ports with 50 m channel pitch given (Fig. 7), it requires the
path width from the Drain of PMOS and NMOS to the output
pads to be as wide as possible. Such a layout arrangement for
two channels is displayed in Fig. 7. We achieved about 14 m
widths for the last stage transistor drain path which is the best
case of the layout and obtained at least 200 mA peak current
driving capability for each channel.
The view of entire layout of the Switcher ASIC (revision 2)

and its corresponding function blocks are displayed in Fig. 8.
The layout different between revision 1 and 2 is the test pins and
pin pitch of the input and output pads. On revision 1, N/PMOS
test transistors are added to monitor the fabrication process;
therefore additional 13 input pins are added for the purpose. The
input pins are displayed on the left side of Fig. 8. For revision 1,
pin pitches are m and m and pad size is 60 m
(L) 60 m (W). For revision 2, the test pins were removed,
the pad size is 200 100 m and input pin pitch is 168 m.



LI et al.: A SWITCHER ASIC DESIGN FOR USE IN A CHARGE-PUMP DETECTOR 3209

Fig. 7. Layout plan for two channels cell (HV portion) of the Switcher ASIC.

Fig. 8. 64 channels switcher ASIC die (revision 2). Size of layout is 3203
m 3307 m. Block A: Pad in circuit which contains the input pads, Schmitt
trigger circuits and test transistors. Block B: Low voltage circuit, includes logic
control circuits to propagate the pulse and the pulse polarity and width control,
etc. Block C: LV-HV level shifter circuit. Block D: HV driver which contains
four stages buffer. Block E: Output pads.

The output pins are displayed on the right side on Fig. 8. For re-
vision 1, output pin pitch is 134 m for pins at the same column
and 33 m for pins at adjacent columns and pad size is 154 m
(L) 60 m (W). For revision 2, pin pitch is 168 m (same
column) and 85 m (adjacent column) and pad size is 300 m
90 m.

V. SIMULATION

A simulation of the entire circuit (64 channels with 128 HV
outputs) was performed to verify the design. In this paper we
discuss only a four channel cell simulation.
The simulation is done with the 1 nF capacitor load for each

pulse output of each channel based on the Switcher ASIC revi-
sion 1. The functional difference between revision 1 and 2 is the
control function of PA. For revision 1, output pulses of A port
and B port are positive when PA is logic high and Pulse polarity
for pulse B (PB) is logic low. Both of them are negative when
PA is logic low and PB is high. For revision 2, output pulses of
A and B port are both positive when PA and PB are logic low
and are both negative when PA and PB are high.

The connection to test these four channels is made according
to Fig. 9. As displayed in Fig. 9, in the forward pulse propaga-
tion direction, the LV pulse output of channel (Ch)1 which is
labeled with TDOA (Token Data Output of pulse A) is routed
to the input of Ch2 which is labeled with TDIA (Token Data
Input of pulse A). The LV pulse output of Ch2 is connected to
Ch3, and so on. The LV pulse is propagated from Ch1 to Ch4.
Then the LV output pulse of Ch4 (TDOA) is routed back by
connecting to the reverse direction input of itself which is la-
beled TDIAr (TDIA reversed). Its reverse direction pulse output
is connected to Ch3, and so on; the pulse is propagated back to
Ch1 again. In this way, the outputs are sequenced continuously
up and down the four channels.
The simulation result is shown in Fig. 10. In Fig. 10, 18 sig-

nals of simulation are displayed. The input stimulus pulse TDIA
of channel 1 is displayed in signal 4. The HV outputs of channel
1(A1, B1) are displayed in signals 11 and 12. It is activated at the
falling edge of clock signal (CLK) which is displayed in signal
8. The width of the HV output pulse is adjusted by the AI (pulse
A width adjust control Input) or the BI (pulse B width adjust
control Input) displayed in signals 9 and 6. This can be verified
by checking signals 1 and 2 displayed in Fig. 10(a). Signal 1
is the LV signal which is passed to the LV-HV shifter to pro-
duce HV pulse B. Its width is adjusted by BI signal. Signal 2
is the LV signal for pulse A. Similarly, its width is adjusted by
the AI signal. The polarity of the HV pulse is adjusted by PA
or PB which is displayed in signals 10 and 5. The control pulse
is propagated from Ch1 to Ch2 (A2, B2), Ch3 (A3, B3) and
Ch4 (A4, B4) at the falling edge of the clock signal CLK se-
quentially when the reset signal ( RST) displayed in signal 7
is high. The A* and B* are the HV (32 V) outputs of pulse A
and B at channel * which are displayed from signals 13 to 18.
The polarity of A* is negative because PA is logic low in the
forward propagation process. On the contrary, it changes to the
positive when PA is logic high in the reversal direction. The po-
larity of pulse B* is positive when PB is logic low at the forward
direction and changes to negative when PB is logic high at the
reverse direction. PA and PB control function can also be clearly
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Fig. 9. Circuit connection for four-channel simulation.

verified by comparing signal 1 to signal 18 and signal 2 to signal
17 where signals 1 and 2 are the low voltage pulses adjusted by
pulsewidth signals but not yet adjusted by the polarity control
signals. The polarity will be changed according to PA and PB
and is reflected in the HV outputs of channel 4 which is signals
17 and 18.
The LV pulse output (TDOA) of the last channel (channel

4) is deliberately designed to be triggered at the rising edge of
CLK (same to the TDOAr of the first channel (Ch1)); therefore
it is delayed half clock period of the input pulse (TDIA of Ch4).
This is verified by the TDIAr waveform displayed on signal 3
which is obviously triggered at the rising edge of CLK. Since the

Fig. 10. Four-channel simulation signals in 10 s time scale total. The load for
each channel is 1 nF capacitor. (a) Signals from 1 to 6 are 1.8 V, where Signal
1 is LV pulse output of B for channel 4. Signal 2 is LV pulse output of A for
channel 4. Signal 3 is LV forward direction pulse output of channel 4 (TDOA,
TDIAr). Signal 4 is forward direction pulse input for channel 1 (TDIA). Signal
5 is PB, pulse polarity control for B port. Signal 6 is BI, pulsewidth control for
B port. (b) Signals from 7 to 10 are 1.8 V; signals from 11 to 12 are 32 V. Signal
7 is the reset signal ( RST) which is active low. Signal 8 is the clock signal
(CLK). Signal 9 is the AI signal, pulsewidth control for A port. Signal 10 is
PA, pulse polarity control for A Port. Signal 11 is A1, HV output of port A of
channel 1. Signal 12 is B1, HV output of port B of channel 1. (c) Signals from
13 to 18 are 32 V. Signal 13 is A2, HV output of port A of channel 2. Signal
14 is B2, HV output of port B of channel 2. Signal 15 is A3, HV output of port
A of channel 3. Signal 16 is B3, HV output of port B of channel 3. Signal 17 is
A4, HV output of port A of channel 4. Signal 18 is B4, HV output of port B of
channel.

TDOA is connected to TDIAr in Ch4 in which the TDIAr pulse
will be adjusted and finally passed to LV-HV shifter circuit at
the coming falling edge of clock, the HV output of TDIAr pulse
is therefore overlapped with the HV output of TDIA pulse of
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Fig. 11. Bench test set up. Switcher die is bonded to the pads of print wire
board with wires.

channel 4. This is why only one pulse is seen on A4 and B4. It
shows that the pulse of end channel will be with the same phase
as the pulse of the start channel of the next chip if we connect the
LV output directly from one chip to the input of another chip.
This is a problem and an external additional flip-flop is required
to give one clock delay on the propagation path between chips.
To summarize, from Fig. 10, the function of the 4-channel

Switcher is verified to perform as expected. Since it is only the
end two channels which require external I/O connections, the 64
channel Switcher is actually realized by placing the channel 1
of 4-channel Switcher first, 62 copies of channel 2 in the second
and a copy of the channel 4 at the last. The TDOAr of first
channel (Ch1) is 1/2 clock shift from the pulse output of second
channel (Ch2) and triggered at rising edge of CLK. The TDOA
of last channel (Ch64) is 1/2 clock shift from pulse output of
63th channel (Ch63) and triggered at rising edge of CLK. The
TDOAr pulse propagated from Ch64 to Ch2 and TDOA pulse
from Ch1 to Ch63 are triggered at the falling edge of CLK. The
rest functions of these 64 channels are the same, just like four
channels switcher simulated above, the HV outputs of A and B
of one channel are synchronized at the falling edge of CLK and
one clock shift from the previous channel. The pulsewidth and
polarity are adjusted by AI, BI, PA, PB signals.

VI. BENCH TEST OF SWITCHER DIE

Fig. 11 shows the bench test set up for Switcher ASIC
revision 2. The stimulus board on the left side provides the
clock, reset, input LV pulse and AI/BI pulse, given in detail in
Figs. 12, 13. These stimulus signals were connected to “CLK”
“ RST” “TDIA” “AI” and “BI” of the die on the test board.
The PA, PB are connected to logic low. All the HV power
supplies (VDDH, VDDHO1, VDDHO2) are connected to 15
V, while VSSH, VSSHO1, VSSHO2, VSSD, die substrate
are connected to ground. As expected, Fig. 12 shows that the
TDOA pulse of the last channel (Ch64) appears at the rising
edge of the 64th clock of “CLK” signal after TDIA pulse.
The HV output was also checked on the selected ports (A15,

A16, B17 and B18 port); A15 output is displayed here in
Figs. 13 and 14 as an example. AI, BI are connected to logic
high first, it gives the result of Fig. 13. Then they are connected
to the pulse displayed in Ch2 of Fig. 14. A15 gives the output
in Ch4 of Fig. 14 and shows that the output pulse is positive

Fig. 12. Test results of TDOA. Ch3 is the TDIA to the first ASIC channel. Ch2
is the reset ( RST) signal. Ch4 is the TDOA of the last ASIC channel (Ch64);
Ch1 is the clock signal (CLK). All four channels of scope are in 2 V, 400 s
scale.

Fig. 13. Test results on the scope. Ch3 is the TDIA to the first ASIC channel.
Ch4 is the HV pulse output of A15 when AI is logic high. Ch2 is the reset signal
( RST); Ch1 is the clock signal (CLK).

Fig. 14. Test results on the scope. Ch3 is the TDIA to the first ASIC channel.
Ch4 is the HV pulse outputs of A15 when AI is the pulse displayed in Ch2; Ch1
is the clock signal (CLK). Comparing with Fig. 13, the pulsewidth of A15 here
is adjusted by the AI signal.

when PA and PB is connected to logic low and the pulsewidth
can be adjusted to the same width of the AI pulse. All functions
of these ports work as simulated.
The output pulse rising time vs. capacitor load was also

checked, the results are listed in Table I as follows.
The total power consumption of the die was about 4 mW

when input clock period was 42.2 s, where 16 out of 128 ports
were connected to capacitor loads (one for 10 pF, one for 100
pF, one for 470 pF and the rest are for 1 nF).
More tests of Switcher ASIC are done on X-ray Pump Probe

detectors system (XPP) [10] which is designed to support
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TABLE I
RESPONSE SPEED TEST VS. LOAD CAPACITANCE

Fig. 15. On XPP detector circuit board, 16 pieces of Switcher ASIC are used
to control charge transferring from 1024 1024 detectors. (a) The XPP de-
tector analog board which includes the 1024 1024 detectors (not bonded on
the figure), 16 sets of readout ASICs, 16 sets of ADC and 16 sets of Switcher
ASICs. (b) Expanded view of area where 16 Switcher ASICs is placed.

the X-ray Pump Probe experiment in LCLS [11]. The XPP
detectors system [12] analog board consists of 1024 1024
X-ray Active Matrix Pixel Sensors (XAMPS), 16 sets each of
the following, 1) 64 channels readout ASICs, 2) ADCs, and
3) Switcher ASICs, which are displayed in Fig. 15. Fig. 15(b)
shows the expanded view of the area where the 16 sets of
Switcher ASICs are placed. Unlike XCS detectors, the XPP
detectors require every row or column readout in less than 5
s, the single sensor size of XAMPS is 90 m and each pixel
requires one voltage control to turn off or on the Junction Field
Effect Transistor (JFET) [11] for charge transferring. The “turn
off” voltage provided by the switcher ASIC is less than V.
The “turn on” voltage is larger than V. The row readout and
JFET gate control functions of Switcher ASIC are verified on
XPP detectors and meet our expectations.

VII. CONCLUSION

Following the simulation and bench test results, we conclude
that the 64 channels (128 HV outputs) switcher ASIC operates
as expected. There was a problem described in Section V with
the token propagation from chip to chip. It is simply rectified by
adding an external additional Flip-Flop to provide a one clock
delay, which we have done in our applications of the chip.
The ASIC provides high sequential voltage control at given

clock rate for 64 channels, each channel can provide two pulse
with maximum voltage and driving current of 32 V and 200mA,
the pulsewidth and polarity is adjustable. In addition to be used
with the charge pump XCS detector, the latest version of ASIC
(revision 2) can be utilized in other applications, such as XPP
detector since this application only requires one bias pulse to
control the switches for charge transferring of the row pixels.
Both revisions were verified by tests and meet the requirements.
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