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10.3  TOF Electronics

10.3.1  Introduction

The primary task of the TOF electronics is to measure the flight time of charged particles, referred as the “time measurement”. In order to correct the timing error caused by the “time-walk” effect, the total charge from scintillators should also be measured, referred as the “charge measurement”. Therefore the three essential functions of TOF electronics are as follows:
( Time measurement

( Charge measurement

( Fast timing signals for trigger.

10.3.2  Pre-Amplifier

Since the gain of PMT in a magnetic field of 1T is about 2.5×105. The signal amplitude is then about 50mV, and it will decrease further after a long cable(15-20 meters). The attenuation depends on the frequency characteristics of the cable. Generally, if the diameter of coaxial cable is 6-7mm, and the bandwidth of signal is 200MHz, the attenuation of signal will be 2.8dB. If the diameter is 2.9mm, the attenuation will be up to 8dB. Hence, a high-performance pre-amplifier is a good choice. The basic design considerations about the pre-amplifier are as follows.

1. Good Bandwidth

In order to achieve a no-distortion amplification for the PMT signal with 4ns rising time, the pre-amplifier must have a good high-frequency performance. The requirement is that –3dB bandwidth should not be less than 150MHz, the rising time of the amplifier should be around 2.3ns, and the effect to the rising edge of the signal should be less than 0.65ns.

2. Dual-linear Amplifying

Dual-linear amplifying is to have a higher gain for small signal in order to obtain large enough signal amplitude and good signal to noise radio (SNR); While have a gain of only a factor of one or two for large signals in order to guarantee the output signal in the linear range of the amplifier. Therefore, the dynamic range of the pre-amplifier can be broadened, and the long dead time due to signal over loading and long recovering time can be avoided. The inflexion of dual-linear amplifying is set according to the simulation result of the PMT output signal.

3. Fully Differential Amplifying

Fully Differential Amplifying is a new type of amplifier with differential input and output. It can improve SNR and the dynamic range of signals, and its differential input and output signals can suppress the noise and disturbance from long distance transmission.

10.3.2.1  Scheme of Pre-amplifier

The CDF experiment developed a new type of pre-amplifier[?] which is composed of discrete components with advantages of high gain and high bandwidth, however its reliability, long term stability and consistency could be a concern. With the development of integrated amplifier in recent years, it is possible to realize a high gain, high bandwidth pre-amplifier with integrated circuit. In our design, a scheme of two-level structure is adopted. The first level is for dual-linear amplifying and the second one is fully differential amplifying with fixed gain. Dual-linear amplifying will be tested with two techniques, one is discrete components, and the other is the current feedback (CF) integrated structure with a single chip.  

1. Dual-linear Amplifying (discrete components) + Fully Differential Amplifying

The basic idea of the dual-linear amplifier based on discrete components is shown in Fig 10.3-1. Its first level dual-linear amplifying circuit is based on the idea of the CDF system. The second level is composed of a single chip, a fully differential amplifier with a gain of two. The output level is a fully differential amplifier. Because the output of PMT is differential, we can build a complementary differential PMT signal with its anode signal and the last dynode signal, which has the same amplitude and opposite polarity as the anode signal. The difference between our design and common TOF pre-amplifiers is that our pre-amplifier adds one time gain to the signal, and at the same time, it can restrict output noise of the detector and improve SNR. Fig 10.3-2 and Fig 10.3-3 shows the dual-linear input and output wave of the pulse response of the amplifier based on the spice simulation.
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Fig 10.3-1 Schematic of dual-linear amplifier based on discrete components
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Fig 10.3-2 Simulation of input and output waves      Fig 10.3-3 Simulation of pulse response

2. Dual-linear Amplifying (CF integrated amplifier) + Fully Differential Amplifier

Fig 10.3-4 shows the schematic of dual-linear amplifier based on the CF amplifier. Unlike the voltage feedback amplifier, the product of bandwidth and voltage gain of CF amplifier is not a constant, and it can have a higher bandwidth with a higher voltage gain. The key in this scheme is the selection of an amplifier with high frequency and high gain. Obviously, the circuit in Fig 10.3-4 is simpler than the one in Fig 10.3-1. Considering the low impendence at the negative input of CF amplifier, there is a big different on the impendence of the two inputs. So, we cannot obtain a differential input with the CF amplifier, and only use the single anode signal.
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Fig 10.3-4 Schematic of the dual-linear amplifying based on CF amplifier

Fig 10.3-5 and Fig 10.3-6 shows the result from spice simulation for the dual-linear amplifying circuit based on the CF amplifier. From the simulation, we can find that there is no big difference in the performance of these two circuits. So, the finial scheme will be decided based on the real circuit test.
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Fig 10.3-5 Simulation of input and output wave      Fig 10.3-6 Simulation of pulse response

3. Single Level CF Amplifier

As the spare scheme, we still consider the design of an amplifier with a fixed gain similar to that of the BELLE experiment. In our design, the gain will be improved by a factor of three to fifteen, which is the main difficulty of this scheme. High-performance CF amplifier plays an important role in this scheme. Two-level structure with CF and fully differential amplifier has to be used if it is too difficult in this scheme.

10.3.2.2  Basic Parameters of Pre-amplifier

Basic parameters considered now are as follows.

Voltage gain:                 15

Signal bandwidth:             >150MHz

Rising time:                  2ns

Output signal:                differential or single

Dynamic range of output signal:  0-2V (single)

                            0-4V (differential)

Power:                      ( 6V
10.3.3 TOF Front-end Electronics 

The Front-End Electronics (FEE) of the TOF system is made of three parts, including the time measurement circuit, the charge measurement circuit and the mean timer. Mean timer is used to provide a fast timing signal for trigger system. A simplified block diagram of a single channel of the TOF front-end electronics is shown in Fig. 10.3-7. A total of 16 channels are to be assembled in a 9U VME module. 
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Fig. 10.3-7 A block diagram of Front-End Electronics (FEE)
Fast signals from PMT have the characteristics as shown in Table 10.3-1. Each PMT signal will be split into three. Two of them are sent to the discriminators with two different threshold levels: The low level (LL) threshold discriminators and the high level (HL) threshold discriminator. The former is used to provide the best possible timing information to be sent to a multi-hit TDC, while the later provides a gate signal for charge measurement and to be combined with the other end of the scintillator bar to form a mean timer for trigger system. The choice of the threshold level is a trade-off between the efficiency and the background rate. Both thresholds will be set via DAC circuits. The third one is sent to ADC for the charge measurement, which is used to correct the intrinsic time skewing of a fixed threshold discriminator (so called “time walk”). To achieve the design goal of 25ps, a high performance TDC chip called HPTDC[2] will be used for the time measurement. For the charge measurement, two options are under consideration: One is the traditional current integral ADC, and the other is the waveform digitalizer. All of them will be described below. Full analysis of different options is still in progress and each of them will be completed before the final decision to be made.

Table 10.3-1 Characteristics of signals from PMT

	Rising Time
	~ 4ns

	Falling Time
	~ 8ns

	Pulse Width
	~12ns

	Pulse Amplitude
	0~ -4V

	Mean Event Rate/PMT
	4K/s

	PMT signal cable
	~ 20 meters


10.3.3.1 Double Threshold Techniques 

As showed in Fig. 10.3-7, discriminators with two different thresholds will be used for TOF FEE in order to achieve the accurate timing and reduce the signal rate due to backgrounds. The selection of high-speed comparator will be a key point, while a number of comparators currently available can satisfy our requirements, such as MAX9693, MAX9601 of MAXIM[3], AD96687 of Analog Device[4], SPT9693 and SPT9689 of SPT[5], etc. A number of tests for these chips will be performed before the final decision is made.

10.3.3.2 Time Measurement

1. HPTDC
As mentioned above, we plan to use HPTDC chip designed by microelectronics group of CERN for the time measurement in order to achieve a time resolution of 25ps. CERN HPTDC is a high performance multi-hit and multi-channel TDC chip with a programmable resolution of ~25ps–800ps, implemented in a 0.25µm CMOS technology. 

A total of 32 channels are available with up to 100ps of bin size in the lower resolution mode, and only 8 TDC channels are available with 25ps of bin size in the highest resolution mode, since four low-resolution channels are used to perform a fine time interpolation. 
Unlike the traditional Start-Stop type of TDC, HPTDC is a data driven multi-channel TDC[6]. The architecture of HPTDC is divided into two main functional units: A timing unit and a digital data processing and buffering unit, as shown in Fig. 10.3-8.
[image: image8.png]clock

(“4OMHz)[ >

coarse
counter

hit[31:0]H

\

Timing Unit

EZ hit registers —————]

4 groups

(8 channels

EE hit registers ———
—

cach)

error monitoring

JTAG

token
in/ out

Trigger
Interface

channel encodin
controlles

event
number|

256
words

latency
buffer

trigger
matching

2o
EE
B

trigger]
e < trigger

serial

Readout
Interface

parallel data
(32 bits)

serial data

(2 wires)





Fig. 10.3-8 The architecture of the HPTDC chip

( The Timing Unit:
The timing unit performs time digitization based on a clock synchronous counter (called “coarse” counter) and two types of interpolators. An on-chip PLL is used for clock multiplication up to 320MHz from an external 40MHz clock synchronized with the accelerator cavity’s RF clock. A 32 elements Delay Locked Loop (DLL) performs time interpolation down to about 100ps. For the highest resolution mode, a fine time interpolation down to 24.5ps can be reached by using four samples of DLL generated by an adjustable on-chip RC delay line. Only 8 TDC channels can be used in this mode due to this fine time interpolation. With two kinds of interpolation, one clock period can be divided into 128 clock phases. In contrast to the coarse counter, the store of clock states with the interpolation mechanism is called the count of “fine” counter. 

When a TOF hit signal comes, the current count of the coarse counter and the clock state recorded by the fine counter, as a time tag of the hit signal, are stored in the channel buffer with 25ps binning. When a L1 trigger signal comes, the current count of the coarse counter, as the time tag of trigger, is stored in the trigger FIFO with a 25ns binning.

( The Digital Data Processing and Buffering Unit:
The digital data processing unit encodes and stores the data previously digitized in four buffers with a depth of 256 words. Upon receiving the trigger-matching signal, data filtering is performed and only those related to the triggered event are forwarded to a readout FIFO, where it waits to be readout.
Trigger-matching is a time match between a trigger time tag and the time measurement themselves. To perform an exact trigger matching, the basic time measurement must be aligned with the positive trigger signal taking into account the actual latency of the trigger decision. The effective trigger latency in number of clock cycles equals to the distance between the coarse count offset and the trigger count offset. When no counter roll-over is used(roll-over = FFF hex), the relationship is simply: 
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Fig. 10.3-9 Data drive TDC

As a data driven TDC, HPTDC only stores the time tag in the L1 buffer (FIFOs) when a hit has been detected. The hit time tag in the buffer is compared with the L1 trigger time tag, as shown in Fig. 10.3-9. Hits located inside a given time window are extracted as the trigger matching hit(See Fig. 10.3-10) and will be stored in the readout FIFO. Taking into account the total flight time for different particles and the detector size,  the time  window for the L1  trigger will be about 60 ns.  The  technical specifications of the HPTDC are listed in Table 10.3-2.

Table 10.3-2 Technical specifications of HPTDC
	Number of channels
	8 (Very high resolution mode)
32 (lower resolution mode

	Clock frequency
	40 MHz / 160 MHz/ 320 MHz

	Time bin size
	25 ps

	Time resolution:
	19 ps RMS *

	Dynamic range
	12 + 7 + 2 = 21 bit

	Double pulse resolution
	5 ns (if two hit registers free).

	Max. recommended hit rate
	8 MHz per channel

	Event buffer size
	4× 256

	Read-out buffer size
	256

	Trigger buffer size
	16

	Power supply
	2.25 ~ 2.75 V

	Icc
	Typical: 100 mA; Max: 200 mA

	Temperature range
	-40ºC~80ºC

	Hit inputs
	LVDS or LV TTL (3.3 V)


*: After the off line correction.
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Fig. 10.3-10 Window based trigger matching
2. Two Options for Time Measurement with HPTDC

It is known that the HPTDC 1.2 has the following non-linearity problems: 
( INL from 40 MHz logic: 

The INL in the high resolution and the very high resolution have a fixed pattern of non-linearity caused by cross talks from the logic circuit of the chip running at 40MHz.
( DNL at bin27:

The DNL in the high resolution mode has a clear non-linearity in the timing bin27 plus multiples of 32.

Due to these non-linearity problems, the time resolution(RMS) of HPTDC 1.2 is about 69.8ps in the very high resolution mode as shown in Fig. 10.3-11 and table 10.3-3 according to the HPTDC manual (version 2.1) [2]. We expect the non-linearity problem will be solved in HPTDC 2.0 at the end of 2002. However, to ensure the 25ps resolution of TOF, two options are considered for the time measurement: HPTDC with or without a time stretcher. 
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Fig. 10.3-11 DNL & INL graphs (25ps mode)

Table 10.3-3 Effective HPTDC resolution based on cable delay measurements

	Mode
	Resolution

	Low resolution
	0.34 bin (265 ps)

	Medium resolution
	0.44 bin (86 ps)

	High resolution
	0.65 bin (64 ps)

	High resolution

DLL tap adjust

INL table correction
	0.35 bin (34 ps)

	Very high resolution
	2.4 bin (58 ps)

	Very high resolution

DLL tap adjust

INL table correction
	0.72 bin (17 ps)


HPTDC without the time stretcher will be our first choice. As an alternative method, HPTDC with the time stretcher will be adopted in the case of no significant improvement of non-linearity in the final version of HPTDC, since HPTDC has the ability to simultaneously measure leading and trailing edges. An evaluation board of HPTDC with a time stretcher board from KEK has been started, and a new evaluation board with a monolithic integrated time stretch chip (MTS1) developed at KEK and at Hawaii university[7] will be started later. The prototype of MTS1 will be submitted soon and test will start around the end of 2002 [8]. The following is a brief list of MTS1’s technical parameters:

 ▪ Process: Agilent 0.5m CMOS, 3 metal, single poly, linear Capacitor

 ▪ 8 Channels: 8 LVDS inputs & 16 LVDS outputs (2x 8 channels)


 ▪ Programmable Stretch factor: 1:1 to 1:20 (1:4 will be used in BESIII)


 ▪ Ping-Pong Mode


 ▪ RF clock: LVDS pair (up to 100MHz)


 ▪ Package:  84-pin TQFP

10.3.3.3 Charge Measurement

There are two schemes considered for the charge measurement: one is the current integral pulse amplitude measurement, and other is the pulse waveform digitization.

In principle, if the pulse into the FADC is well captured, accurate pulse amplitude and leading edge information can be obtained from the waveform. With the waveform recording at a very high sampling rate, such as 1 GSPS, the shape of each PMT pulse can be well measured, including rise and fall times, as well as any structure caused by pulse pile-up. Some commercial FADC chips are good enough in speed, but the cost and power consumption is too high for hundreds of TOF channels. 

The Analog Transient Waveform Digitizer (ATWD) chip developed at LBNL lab[9] is a possible choice to be used to capture the PMT signal pulse. ATWD addresses the problem of capturing fast transient waveform of modest duration with miserly power consumption. It meets the speed, cost and power requirements of the BESIII TOF system.
Pulse amplitude measurement is a more traditional way for the charge measurement by integrating the current from the PMT. It has been successfully used in most of the current TOF FEE system. 

Option 1: Pulse Waveform Digitization

( ATWD

As mentioned above, we plan to use the very high sampling rate(~1GPSP) waveform recorder to capture the PMT output signal. ATWD is a monolithic ADC chip with 10 bits resolution. It can simultaneously capture four channels of independent signals at a sampling speed from 300 MHz to 2GHz. The sampling action is generated internally without the need for external high-speed clocks, thus it permits extremely high sampling speeds while allowing engineers to design the board with a conservative board-level clock frequency (e.g. 40 MHz). The PMT waveform is captured at a high sampling rate and held temporarily as analog data in an array of storage capacitors within the ATWD. The sampling action of the ATWD is triggered by the discriminator at the high level threshold, and PMT signals will be delayed a few ns to ensure that baseline appears prior to the PMT pulse. The analog data are digitized subsequently with a 10-bit common-ramp parallel Wilkinson ADC, permitting the direct conversion on-chip of the captured analog signal. The ATWD v3 properties are summarized in Table 10.3-4.

Table 10.3-4 Properties of ATWD v3 chip.
	number of input channels
	4

	number of samples/channel:
	128

	sampling rate
	0.3 to 2 GHz, controllable by analog current

	sample span
	64 to 422 ns, depending on sample rate

	Input bandwidth
	> 300 MHz

	Noise/maximum signal
	0.001

	Input signal range
	0.2 to 3.0 V

	power dissipation
	rate dependent, typically ( 100 mW

	ADC type
	common-ramp 128 Wilkinson 10-bit


( Dead Time and Dual-ATWD “Ping Pang” Mode
The signal processing of ATWD can be divided into a sampling phase and a digitization phase. The sampling of the ATWD is triggered by a pulse from the discriminator at the high level threshold, and the analog data stored in an array of capacitors are digitized subsequently after the waveform is captured. Digitization and readout of the entire 128-sample waveform requires about 15μs for one channel and about 60μs for 4 channels at 40 MHz clock for the 10-bit range. If we arrange two PMTs from the two end of the same scintillator bar into the same ATWD chip, the dead time due to digitization per chip will be 30s. For the single channel hit rate of about 4KHz, the dead time is more than 10%.

Dead time may be brought to an insignificant level by employing two ATWDs, which can be alternately selected to maximize readiness. The board circuitry for each PMT output signal includes two ATWD channels, located in two ATWD chips individually. They alternately acquire waveforms in a “ping-pong” mode as shown in Fig. 10.3-12. The dead time only happens when three pulses occurs in the period of 30s. Such a probability follows the Poisson distribution, and can be calculated with the following formula [10]:
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 the time interval(30s). It can be seen that this probability is negligibly small.

An evaluation board of ATWDs with “ping pang” mode is under development for testing.
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Fig. 10.3-12 A block diagram of “Ping Pang” mode
Option 2: Pulse Amplitude Measurement

Conceptually，this scheme is quite simple. Every time when the signal goes above the high level threshold of discriminators, a Q-V conversion by an integrator will happen, and the pulse amplitude will be measured by a 12 bits ADC. This digitized value is then stored for 3.2μs in a pipeline FIFO, waiting for being matched with the trigger signal. A simplified block diagram of one channel of pulse amplitude measurement is shown in Figure 10.3-13. It is similar to the scheme used by the BELLE TOF electronics [11].
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Fig.10.3-13 A simplified block diagram of one channel
One of the most attractive features of the scheme that digitizes continually is the possibility of providing a “pre-sample” of the baseline value just before the arrival of signal pulse. Not only will this aid in determining when pile-up may be affecting the time measurement of a given pulse, it may actually provide useful data in correcting for this effect.
An active plan of prototyping and testing has been undertaken to verify which circuit gives the best timing correction, within the confines of cost and the other system performance criterion listed in Table 10.3-5.

10.3.4 Reference Time for TOF Measurement

In order to derive a Time of Flight, the beam collision time in each event should be known precisely. For the BESII experiments, button type of beam sensors close to the interaction point was used to determine the beam crossing time, with a period of 5μs. However, the same scheme may not be practical at BESIII because of the very short crossing period of 8ns. Instead, we plan to use the RF clock from the superconducting cavity of the accelerator, which is precisely synchronized with the beam collision time. 

A reference clock of approximately 25ns period will be generated from the RF signal of 500 MHz since a precise 40 MHz reference clock is needed for HPTDC as a reference time (t0). The clock jitter should be less than 20ps, similar to that of the BELLE TOF system.

The phase/timing precision of the 40MHz reference clock is crucial. To achieve the designed goal of 90ps time resolution of the TOF system, the following design strategies will be adopted for the reference clock system. 
▪ use PLL technique to generate 40MHz clock and clean up the input clock.

▪ use an optical transfer system with 80m Phase Stabilized Optical Fiber (PSOF). 

▪ use low skew & low jitter clock driver for clock distribution.
A block diagram of the 40MHz reference clock circuit is shown in Fig.10.3-14. In this scheme, the 40MHz clock signal is generated from the RF signal of the SC cavity, transmitted to TOF electronics room with an 80 meters long optical fiber, and then fan out to all TOF FEE modules in the TOF electronics room. Another slightly different scheme transmit the RF clock to TOF electronics room with an 80 meters long optical fiber first, and then the 40 MHz clock is generated from this RF signal and broadcast to all of TOF FEE modules as shown in Fig. 10.3-15. The different of the two schemes is the frequency of clock signal transmitted in the optical fiber. The former is 40MHz, and the later is ~500MHz. It may be easy to transmit the clock signal with the lower frequency from the view of circuit design, but it is possible that PSOF can not work well in the lower frequency, such as 40MHz. 
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Fig. 10.3-14 Block diagram of reference clock system (Scheme A)
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Fig. 10.3-15 Block diagram of reference clock system (Scheme B)

1. PLL

We plan to use a monolithic integrated PLL for 40MHz clock generation. In this way, the 40 MHz clock can be directly generated with only one PLL chip, such as SY89421V[12] of MICREL. With a ~500MHz input clock, it can output a ~40MHz clock with 10ps RMS (typical) as shown in Fig. 10.3-16.
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Fig. 10.3-16 Circuit for generating 40 MHz clock with SY89421V

2. Optical Transfer System

The optical fiber has many advantages, such as the temperature stability, low transmission loss, etc, for the long distance transfer of precise clocks compared to a coaxial cable. We plan to used the phase stabilized optical fiber (PSOF) made by Furukawa electric Co.[13] which has been successfully used in several experiments, such as LEP [14], Spring8 [15], KEKB [16] and KEK-ATF [17], due to its excellent stability against temperature variations. PSOF has a very low temperature coefficient (0.04 ppm/C) [18] compared with that of the ordinary optical fiber(6 ppm/C). For a short distance, 200m or less, PSOF can keep the phase stability without feedback. The time jitter was tested to be 1.1ps with 100 meters fiber cable for 508MHz at KEK[19].

3. Clock Distribution

Since one VME 9U module will assemble 16 FEE channels, a total of 28 VME 9U modules are needed for the whole TOF system at least. A 1:20 clock driver (NB100LVEP221) of On Semiconductor [19] has been considered for the clock fan out. NB100LVEP221 is a LVPECL/LVECL clock driver with 1ps RMS jitters. Two such chips will be enough for all of TOF modules. 
By using SY89421V and NB100LVEP211 chips, the circuit which including 40MHz clock generator and fan out will be very simple. It’s possible that only one NIM or VME 6U module is used for them. A test board for performance evaluation is under development as shown in the Fig. 10.3-17. 
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Fig. 10.3-17 Block diagram of clock test board

10.3.5 Summary

TOF frontend electronics is designed to work in pipeline mode with the capability of multi-hits. For time measurement, HPTDC developed at CERN will be our choice, and the time stretcher may be used together with HPTDC depending on the performance of the final version of HPTDC chip. A precise 40MHz reference clock, which is directly from the SC cavity is used for time reference, as well as for whole system as a system clock.

For charge measurement, ATWD chip for the waveform digitalization may be used in order to obtain more information from PMT signal. It is very useful for the walk correction and eliminating backgrounds. Using “Ping-Pang” mode can effectively eliminate the dead time caused by ATWD digitalization time. In addition to waveform digitization, traditional pulse amplitude measurement is also under development as an alternative scheme.  

Detailed design of several testing boards is in progress according to the schedule. Table 10.3-5 below lists the Specifications of the TOF electronics system of BESIII. 

Table 10.3-5 Specifications of the TOF electronics system
	Electronics Requirements

	Discriminators(leading edge)
	896 channels

  HL: 448 channels

  LL: 448 channels

	Time Measurement
	448 channels

    Barrel:  352

    Endcap:  96

HPTDC:56(without TS)

HPTDC:28 (with TS)

Resolution: 25ps RMS

Full Range: 0 ~ 60ns

	Charge Measurement
	448 channels

Barrel:  352

    Endcap:  96

ATWD: 224 (ping pang) Crosstalk:     < 1%

INL:         < 2%

	Fast Trigger Signals 
	Barrel: 176 channels

      (Mean Timer)

Endcap: 96 channels

	L1 Trigger
	Trigger Rate: 4K/S

	40 MHz Reference Clock
	Fanout:  ~ 30

Jitters:   <20ps RMS

PSOF:   80 meters

Signal:   LVPECL

       or  LVDS

	Pre-Amplifiers
	176 (CCT)

	Card Package

FEE

Clock Fanout & others:
	VME 9U 

  NIM or VME 6U

	TDC Parameters

	Bin size
	25ps   (Without TS)

100ps  (With TS)

	Dynamic Range
	21 bit

	Input Signal
	LVDS

	Clock
	40MHz

	Package
	BGA

	Time Stretch factor 
	4

	ADC Parameters (ATWD)

	Resolution
	10 bits

	Sample Rate 
	> 1GSPS

	Input Range
	0~3V

	Clock
	40MHz
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