SECTION4	THEORY of OPERATION





4.1	Processor Board : F9302-1-8 for 9384, 9384M & 9384TM, F9302-1-16 for 9384L



This processor board is based on the 68EC030 and 68882 coprocessor, with an internal clock frequency of 32 MHz, and 8 Mbytes or 16 Mbytes of memory.

The internal Data Bus is 32 bits wide ( DRAM, DSP ), the peripheral Data Bus has 8 or 16 bits, and the Address Bus has 32 bits ( A0-A30 and A31 for the Min/Max. ).





4.1.1	Processor Block Diagram
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4.1.2	Parallel Peripherals



DRAM memory : Data bus 32 bits



The DRAM memory of 4 Mbytes ( up to 64 Mbytes ) is used as the program memory and working memory.

The compressed program of 1 Mbytes, stored in the Flash EPROM, is uncompressed then loaded and executed in the DRAM. 



DSP interface : Data bus 32 bits.



An optional Digital Signal Processor is connected to the processor board via a 32 bit 

address bus.



F9384-3 main board interface : Data bus 16 bits.



The main board is connected to the processor via a 32 bit address bus.

See section 4.3.



Min/Max calculation : Data bus 16 bits.



A gate array, MNX401, makes a histogram of the waveform in its associated 16 Kbyte memory and at the same time stores the minimum and maximum data values of the waveform.



Flash memory : Data bus 8 bits.



The 1 Mbyte flash EEPROM contains a 16 Kbyte boot program, executable at power on, and the operating system of the oscilloscope.  The boot program uncompresses the operating system and moves it to the DRAM for execution. This EEPROM can be updated from a floppy disk or memory card with a new operating system when available.



Memory card : Data bus 8 bits.



An interface is implemented to support an external memory card, PCMCIA / JEIDA 4, �type 68 pins, whose size can range from 16 Kbytes to 64 Mbytes, with the extension to 

support flash memory and I/O cards.



Graphic processor : Data bus 8 bits.



The graphic processor of the raster scan display is a gate array designated MDS410.



Clock frequency:48 MHz.

Trace and characters memory:32 Kbytes ( SRAM ).

Bitmap memory:128 Kbytes ( BMRAM ).

Character font:32 Kbytes ( SRAM ).



Non volatile memory : Data bus 8 bits.



A static RAM of 32 Kbytes contains the parameters used at power on to initialize the scope and the stored panel parameters. This memory is battery backed up



Display intensity : Data bus 8 bits.



The control of the display intensity is done by a RAMDAC, up to 8 traces.



Status and command registers : Data bus 8 bits.



Status (read) and command (write) registers of 12 bit address, control the memory card and front panel interface during the boot process or after a RESET.



4.1.3	Serial Peripherals



The processor controls the digital and analog section with a dual serial controller.



DAC registers (read/write)

Front panel registers (68HC05C4)

RTC registers (68HC68T1)

Probe detection

Software options (GAL)

Front end control

Trigger control (MTR408)



Real time clock



Integrated circuit 68HC68T1 (Motorola or RCA).

Resolution:		1 sec to 99 years.

Clock frequency:	32.768 KHz.

Non volatile memory:	32 Kbytes.

Data & Address bus:	8 bits.

Interrupt level: 	5.



4.1.4	External Interfaces



Serial RS232 interface and Parallel GPIB interface.

See F9300-4 description, section 4.4.





4.1.5	Optional Interfaces



Graphic Printer:	F9300-6 interface and F9300-7 printer controller.

Internal graphic printer



Floppy Disk Drive:	F9300-6 interface  

1.44 Mbyte floppy



Centronics Printer:	F9300-6 interface



Hard Disk Drive:	F9300-8 PCMCIA III controller,

130 Mbyte hard disk



4.2	F9384-3 Main Board



4.2.1	Introduction 



The board is divided into five sections :



Microprocessor control.

Front-end

Trigger

Analog to Digital Converter and memory

Time base



4.2.2	Microprocessor Control



The microprocessor interface provides the address, data, and control interface for the microprocessor card plugged into connector J1. This is the only interface to the data acquired by the acquisition card. This interface is essentially identical to the 9354 and 9374 interface. The main power supplies provided on connector J2 are +/-15 volts, +/-6 volts, +/-5 volts, and +3.3 volts.





4.2.2.1	
Data Bus Buffer



The data bus BD(0:15) from the microprocessor is buffered by A12 and A14 to unload the microprocessor bus from the extended bus DD(0:15) on the acquisition card. There is a one to one mapping of the two busses. All data flows through this bi-directional bus buffer. An additional eight bit buffer (A27) provides zero fill for the least significant eight bits of the bus when the processor reads data from the acquisition or buffer memory.



Bus�Bus name �Description��bd(0:15)�Data bus �Microprocessor data bus, bi-directional��dd(0:15)�Internal data bus�Internal buffered microprocessor data bus, bi-directional��


4.2.2.2	
ADC Address Shifter



Four GAL16V8’s, ROUTE1-A, ROUTE2-A, ROUTE2-B, and ROUTE3-C shift and buffer the address bus BA(0:31) from the microprocessor.   The shifted address bus DA(0:31) is used to read the data from the acquisition memory and the buffer memory. 

Data from the four acquisition channels are not written into the acquisition memory in a linear sequential fashion. For example, when interleaving channel 1 and channel 2 for a sample rate of 2 Gs/S, channel 1 acquisition memory has the first sample point and channel 2 has the second sample point, these must be read in the correct time sequence to the microprocessor. The address bus shifter is programmed to read the first sample point from channel 1 and the second from channel 2, etc. Similarly, when 4 Gs/S is selected, one sample from each channel is read in the correct time sequence for the microprocessor
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Each channel also interleaves two ADC’s to sample at 1 Gs/S. At this sample rate two demultiplexers write sample points to memory in a non time ordered sequence. The address shifter must shift the microprocessor address bus to read the sample points in the correct time sequence.



 


Bus�Bus name�Description��ba(0:31)�Address bus�Address bus from the microprocessor��da(0:31)�Shifted address bus�Acquisition memory bus and when selected, the buffer memory address bus��


4.2.2.3	
Buffer Address Scalar



Acquisition memory is off-loaded to the buffer memory via the MDX622 demultiplexers for direct access by the microprocessor. The buffer memory is sequentially addressed via the address bus BUFA(1:17) by the buffer address scalar, a seventeen bit counter. The buffer address scalar can be loaded with an address pointing to the start of data, then sequential address strobes from the microprocessor increments the scalar, sequentially addressing the buffer memory and writing waveform data. Meanwhile the address shifter reads the waveform data from the acquisition memory in the correct time sequence.



Bus�Bus name�Description��bufa(1:17)�Buffer address bus�Address bus for the buffer memory which stores a portion of  the acquisition memory data.��


4.2.2.4	
ADC Address Selector



After the acquisition memory is filled by the waveform data, the buffer address scalar is loaded with the starting address for the buffer memory and the shifted address bus is connected to the acquisition memory address bus MA(5:22) with the ADC address selector. (NOTE: During acquisition, the monolithic timebase, MTB411, provides the memory addresses.)  Sequential addresses from the microprocessor address the acquisition memory and increment the buffer address scalar, moving the waveform data from the acquisition memory to the microprocessor card. The buffer memory snoops the data and saves the waveform data from the acquisition memory in the local buffer memory. Subsequent accesses to the waveform data by the microprocessor can come from the buffer memory instead of the acquisition memory. The buffer memory stores only 128k samples, one eigth of the samples stored in the acquisition memory. At memory sizes above this value, double buffering in the buffer memory is of little use.

Notice that the buffered sample points are in the correct time sequence for single channel operation. However, when two or four channels are interleaved, the address shifter must be used to read the data from the buffer memory in the correct time sequence for the microprocessor.



Bus�Bus name�Description��ma(5:22)�Memory address�High speed acquisition memory address bus��


�
4.2.2.5	
Decode Logic



A programmable device, GAL16V8, called AVENUE-A decodes the upper address bits of the microprocessor address bus to generate the signals shown below.



AVENUE-A��SPER0, SPER1�select peripheral group��PS21, PS22, PS23�pseudo address output for the address shifter��_EBA�select card��_SMDX�select MDX��

Two more GAL16V8’s (CHEMIN-A and ARTERE-A) use the output of AVENUE-A, part of the shifted address bus (DA(0:31)), and the microprocessor signals _BAS and _BR_W to write and read the acquisition memory and buffer memory.

The decoded signals of these two decoders are:



CHEMIN-A��_BUFCLD, _BUFCKE�buffer scalar command output��_WEBUFH, _WEBUFL, _BUWALL�buffer memory command output��_EADR_AB, _EADR_CD, DIOE�ADC command��ARTERE-A��_EZERO, EADCW�driver command��_SADCM, _ADCOE1, _ADCOE2�ADC memory command output��_WE_AB, _WE_CD�ADC write output��_REBUF�buffer READ output��Another GAL16V8 (MIMOSA-A) is the state machine for the scanning DAC.

The following table is the memory map for the 9384-3 card.



ADC memories (0200 0000 - 0200 FFFF) 16MB���������� 0200 0000          � 021f ffff� ADC memory ch. A    1MP�2MB ��           � 023f ffff� ADC memory ch. A  2MP�4MB ��                      �                          �                       ��� 0220 0000� 0227 ffff� BUF memory ch. A   256kP�512kB������� 0240 0000          � 025f ffff� ADC memory ch. B    1MP�2MB ��           � 027f ffff� ADC memory ch. B  2MP�4MB ��                      �                          �                       ��� 0260 0000� 0267 ffff� BUF memory ch. B   256kP�512kB��                      �                          �                       ��� 0280 0000          � 029f ffff� ADC memory ch. C    1MP�2MB ��           � 02bf ffff� ADC memory ch. C  2MP�4MB ���                                                                        ���� 02a0 0000� 02a7 ffff� BUF memory ch. C   256kP�512kB ��                      �                          �                ��� 02c0 0000         � 02df ffff� ADC memory ch. D    1MP�2MB ��           � 02ff ffff� ADC memory ch. D  2MP�4MB ��                      �                                                  ���� 02e0 0000� 02e7 ffff� BUF memory ch. D   256kP�512kB ��                      �                                           �  ���Small peripherals (0300 0000 - 033F FFFF) 4MB���������� 0300 0000 � 0300 0062� MCL404 Multiplexed DAC    �2*36B ������� 0308 0000 � 0308 0n02� Smart probe IIC controller �xB ������� 0310 0000 � 0310 000e� MDX416 Data demux ch. A  �4B�� 0314 0000 � 0314 000e� MDX416 Data demux ch. B  �4B�� 0318 0000 � 0318 000e� MDX416 Data demux ch. C  �4B�� 031c 0000 � 031c 000e� MDX416 Data demux ch. D  �4B�� � 031f ffff�spare����                                                                       ���� 0320 0000 � 0320 0005� MST412 Smart trigger      �6B�� 0320 0006 � 0320 0007� Mode control / status     �2B �� � 032f ffff�spare����                                                                       ���� 0330 0000 � 0330 003f� MTB411 Timebase           �64B ���                                                                       ����Extended buffer memories (0300 0000 - 033F FFFF) 4MB���������� 0340 0000 � 0347 ffff� BUF memory ch. A 2x128kB �512kB �� 0350 0000 � 0357 ffff� BUF memory ch. B 2x128kB �512kB �� 0360 0000 � 0367 ffff� BUF memory ch. C 2x128kB �512kB �� 0370 0000 � 0377 ffff� BUF memory ch. D 2x128kB �512kB ��                                                                        �����Spare (0380 0000 - 03FF FFFF) 8MB                               �����                                                                        ����� 0380 0000 � 03ff ffff� spare                     �12MB ������� 


4.2.2.6	
Serial, Watchdog ADC, Overload, and IIC Control



The microprocessor card provides the serial clock SCKA, write data SDWA, and strobe STRA for the serial data stream that programs most of the DAC’s and registers. It reads back the serial data via SDRA. Two decoders (A4 and A10) provide 13 write strobes, generated by STRA. The data is shifted in from the microprocessor to all of the serial DAC’s and registers but only the intended DAC’s or registers are strobed by the write strobe.

The 9384 has controls for the gain of each flash and delay and offset of each S/H for each channel, a total of six DAC’s per channel. These DACs are provided by three octal 8-bit DACs.

The watchdog ADC monitors probe attenuation, calibration voltage, and VCCADC and generates an interrupt when any monitored voltage is outside of the valid range. Attaching a probe to the input of the scope changes the monitored voltage and alerts the microprocessor that a new probe is connected. The probe is interrogated by the microprocessor to determine the type of probe.

An overload condition at any of the 50 ohm inputs generates an interrupt to the microprocessor. The microprocessor reads the status register to determine which of the 8 possible overload conditions caused the interrupt.  

The probus connectors are controlled by the IIC controller and IIC selector. IIC is a two wire serial bus used to control the probus probes. The controller controls the four input channels, external trigger input, probe cal, an EEPROM, and another input. 




4.2.2.7	
Scanning DAC



The scanning DAC is an 18 channel 16 bit DAC for use where precision and resolution are needed in the analog circuits. The DAC output range is +/-10 volts. It has its own reference and is not trimmed for gain or offset.

The MCL404 is a controller chip for the scanning DAC subsystem. Eighteen sample and hold circuits can be updated periodically with the MCL404. The MCL404 sequentially enables each of the sample and hold circuits. A precision 16 bit DAC provides the input to the sample and hold circuits through an analog multiplexer also controlled by the MCL404. The MCL404 has eighteen internal 16 bit registers for the eighteen sample and hold circuits.

Each frontend channel has a gain, offset, and trigger level sample and hold. External trigger level is connected to one sample and hold.   Probe calibrate also uses one of the sample and hold outputs.

The scanning DAC is not used to calibrate the S/H and flash gain, offset, and delay. These are independent DAC’s near each acquisition hybrid.





4.2.2.8	
Power Supply Connector



The power supply provides +/-15 volts, +/-6 volts, +/-5 volts, +3.3 volts, -2 volts and line. All voltages except for line appear at connector J2. Line appears on connector J4. Line is a TTL compatible square wave synchronized to the ac power supplying the instrument.





4.2.3	Front End



The front end system provides the signal conditioning for the ADC system. 

The main functions are :



four channel operation, calibration with software control 

input protection and coupling : AC, DC, 1 M�SYMBOL 87 \f "Symbol"�, 50 �SYMBOL 87 \f "Symbol"�

amplitude normalisation for the ADC system : 320 mV full scale  

fine gain control 

offset control

bandwidth limit filter : BWL 25 MHz or 200 MHz user selctable

triggering with standard coupling and TV trigger on four channels and External





Six power supplies are generated from +/-15 volts and +/-6 volts for use in the frontend. These are: +/-12VFEP, +/-12VFE, and +/-5VFE. A reference supply VREF at 5 volts is generated by an SMLM336-5 from +12VFE.






�
4.2.3.1	Channel Description 



The four channels are identical, thus only one channel will be described for brevity.






�






Attenuation/Coupling Stage

Relay RL1000 selects the input between the HiZ (1 M() and the 50 ( path. A diode circuit senses the temperature of the 300 �\SYMBOL 87 \f "Symbol"� termination and sets the _OVL bit low if overheating is detected. 
If overload is detected t
he 50 ( path is then disconnected by the hardware and the 1 Mohm input is switched in.
 


Relay RL1001 selects the input between divide-
by-10 or direct 
for the signal
 in the HiZ path.

Relay RL1002 selects 
another divide-by-10 or direct 
for the signal
 in the HiZ path 

Relay RL1003 selects the input between another divide-
by-10 or direct  for the signal
 in the 50 ( path.

Relay RL1004 enables the HiZ output (selection between 1M( output & offset for 50 ( buffer).

Relay RL1006 sets the AC/DC coupling in HiZ.

Relay RL1007  selects the ouput between no attenuation in 50 ( or  HiZ (if RL5 
is 
ON) to attenuate by 10 in 50 (.

Switch SW1 (_Voff3) enable :This signal is only used for the calibration of the 50 ( path when 1 M( coupling.



HFE624:

The HFE624 provides the following functions:

Fine gain control to fill up the fixed vertical sensitivities with a 13:1 gain control range

Bandwidth limit filter at 25 MHz and 200 MHz

Three outputs, one for the trigger circuit and two for  sample and hold input.

Amplitude normalisation for the ADC system : at the BNC the dynamic range is 16 mV to 8V FS at 50 ( and to 80V FS (full scale) at 1 MOhm in a 1-2-5 step sequence and the ADC system input is 500 mV differentiel,




�
4.2.3.2	Digital controls 




The 
following controls are for the 
front end 
in the 9354.
  Note: Bits 16-23 are internal to the HFE624 and are written as a serial data stream.






   0141 0z00 - 0141 0zff
 
write channel A control register

   0141 1z00 - 0141 1zff
 
write channel B control register

   0141 2z00 - 0141 2zff
 
write channel C control register

   0141 3z00 - 0141 3zff
 
write channel D control register






23
�������
16
��
---�
ENc
�
ENb
�
ENa
�
G1
�
G0
�
BWL1
�
BWL0
��
15�������8��
RELSHA
�
:1 50
�
:10 50
�
:100 1M
�
:10 1M
�
AC/DC
�
1M
�
50
��
7�������0��
---�---�
---�
---�
---�
---�
OF_BUF50
�
---�
�



EN
c
	
	
:	Enable MFE output C



EN
b
	
	
:	Enable MFE output B



EN
a
	
	
:	Enable MFE output A



G
1
,
G0
	
:	
Gain range
;
 0 = range*1, 1 = range*2, 3 = range*5



BWL1,BWL0
	:	
Bandwidth limit; 0 = off, 1 = 200 
MHz
, 
2 = 20 MHz



RELSHA
	:	0 = direct, 1 = (A:BA, D:CD)



:1 50	:	RL7
;
 1 = x0.1 and 1M calibration, 2 = x1


:10 50	:
	
RL6;
 1 = 50 Ohm calibration and 1
mo
hm 
running


:100 1M	:
	
RL3; 1


:10 1M	:	RL2;


AC/DC	:	RL4; 0 = AC, 1 = DC


1M	
	
:	RL5;


50	
	
:
	
RL1


OF_BUF50	:	0 = user mode, 1 = 1
mo
hm 
calibration mode






0140 4z00 - 0140 4zff read channels overload (and option package availability)



7�������0�LSB-1��_INTWD�_INTIIC�_OVL_T�_PPOFF�_OVL_D�_OVL_C�_OVL_B�_OVL_A�OPT��



_INTWD
 
watchdog ADC interrupt,

_INTIICI2C protocol interrupt,

_PPOFF
 
probe power overload interrupt,

_OVL_noverload indicator (Ch A, B, C, D, EXT).

OPT935XA-CKTRIG option package ( 9th bit of serial read ).�

A low state indicate that overload or interrupt is detected. Bit OPT is high when the options are available.



0140 5z00 - 0140 5zff
 
read overload sum



OVLSUMbit 7, Sum of the eight above bits. 

0 = OK, 1 = problem occurred ( read channels overload )




4.2.3.3	Analog controls



One precision DAC, with its associated control system, drives and refreshes a multiple sample-and-h
old system. Each channel has three
 analog controls 
V
OF
F
1
_x
, VOFF3_x
 and IVGAIN_x, where x refers to channel A, B, C, or D corresponding to channels 1, 2, 3, and 4.
 VOFF1
_x
 is the offset control in 50 
Oh
m 
coupling,
,
 VOFF3_x is used to control the offset of the 50 
Oh
m 
path when in 1 MOHm coupling
 and IVGAIN_x is used to calibrate the 
gain of
 the front end
 and perform the variable gain control.


The DAC dynamic range (�\SYMBOL 177 \f "Symbol"� 10V) is scaled to the proper range by means of resistor dividers. 

The addresses are :



0300 0000	write channel A gain control

0300 0002	write channel A offset control

0300 0004	write channel B gain control

0300 0006	write channel B offset control

0300 0008	write channel C gain control

0300 000a	write channel C offset control

0300 000c	write channel D gain control

0300 000e	write channel D offset control



4.2.4	Trigger




The different trigger couplings are :



DC

AC : cut off frequency 
approximately
 10 Hz.

LF REJ: a single pole high pass filter with a cut off frequency at 50 kHz.

HF REJ: a single pole low pass filter with a cut off frequency at 50 kHz.

HF: divides the trigger frequency by two.



The amplitude at the input of the MTR408 is approximately 400 mV FS ( identical to the ADC system ),




4.2.4.1
	Digital Controls



The 40 bit shift register, is allocated as follows :



0141 4z00 - 0141 4zff	write trigger control register



39�������32��---�TBWL_A�HFR_A�AC_A�DC_A�---�SNEG_A�SPOS_A��31�������24��TEXT50�TBWL_B�HFR_B�AC_B�DC_B�---�SNEG_B�SPOS_B��23�������16��---��TBWL_C�HFR_C�AC_C�DC_C�---�SNEG_C�SPOS_C��15�������8��---�TBWL_D�HFR_D�AC_D�DC_D�---�SNEG_D�SPOS_D��7�������0��_EXT/10�TBWL_EXT�HFR_EXT�AC_EXT�DC_EXT�---�SNEG_EXT�SPOS_EXT��

TEXT50	0 = 1 M�\SYMBOL 87 \f "Symbol"� external input coupling, 1 = 50 �\SYMBOL 87 \f "Symbol"� external input coupling.

_EXT/10	0 = attenuation is ON, 1 = OFF.




4.2.4.2
	Analog Controls



A sample and hold fed by the precision DAC provides the threshold level. 



The addresses are :



0300 0010	write EXT threshold control

0300 0018	write channel A threshold control

0300 001a	write channel B threshold control

0300 001c	write channel C threshold control

0300 001e	write channel D threshold control




4.2.4.3
	TV Trigger



Each channel has an analog pick-off for the tv trigger after the HFE624. The external trigger has a pickoff after the high impedance buffer. The TV trigger source is selected via the three bits of TVS and drives an amplifier with complementary outputs. These outputs are selected by _TVINV.

The TV trigger uses a commercial chip (LM1881) and provides two outputs,TV1 & TV2. This circuit is able to trigger on several different TV line number standards.



�SYMBOL 167 \f "Wingdings"� Digital Controls



The 16 bit shift register, written using the serial protocol, is allocated as follows :



0141 5z00 - 0141 5zffwrite trigger TV and MST412 oscillator control register



15�������8��_TVINV�TVS2�TVS1�TVS0�HDTV�875�MB�MA��7�������0��_STI�_STW�_SVS�_STS�---�---�---�---��

_TVINV	0 = inverting TV trigger (to compensate for inversion in MFE409).

_SVS	0 = enable TV1 source.

_STS	0 = enable TV2 source.

_STI	0 = enable interval width mode for MST412 oscillator control.

_STW	0 = enable pulse width mode for MST412 oscillator control.



TVS2�TVS1�TVS0�TV trigger source�HDTV�875�line setting��0�0�1�channel A�0�0�525-625 TVLO��0�1�0�channel B�0�1�875 (MED)��0�1�1�channel C�1�0�1225 (HIGH)��1�0�0�channel D�1�1�2500 (HDTV)��1�0�1�external trigger��




�
4.2.4.4
	
Block Diagram
�
4.2.5	Analog to Digital Converter



4.2.5.1	Introduction 



The analog to digital converter system does the signal conversion to 8 bits. Each channel has a custom hybrid, HAD621, that contains two identical channels A and B consisting of a sample and hold, MSH417, and an 
ADC
, TDA8718. Each hybrid is f
ollowed by a data demultiplexer, MDX622 
and memory.



Sample and Hold : the MSH417 with an analog bandwidth of 1GHz, performs the track and  hold before the ADC. It is clocked at three different frequencies : 500 MHz, 400 MHz,  and 200 MHz. The offset difference between the two channels in the HAD621 is adjusted by an 8 bit DAC.



Flash ADC : the TDA8718 is a folding ADC working at a maximum clock speed of 500 MS/s. The gain difference between channels in the HAD621 is calibrated by adjusting the internal resistor ladder using an 8 bit  DAC. The ADC input level is nominally 2 volts peak to peak.



Demultiplexer : the MDX622 monolithic is used to demultiplex the ADC output for the slower memories and to peak detect the data on the fly.



Buffer Memory : 128K bytes




ADC Memory : 100 K for the 9384, 500 K for the 9384M and 1 M for the 9384L. Memory length may be extended by combining the acquisition 
 
memories of  multiple channels to a maximum of 8 Mpoints for one channel.





Any time two channels are interleaved to produce a higher sample rate
,
 the timing between the S/H’s must be precise. A square wave oscillator at 
a frequency of 
15.5029 MHz provides the edge required 
to calibrate 
the timing. The square wave is injected into the 50 ohm signal path a
t the buffer driving the HFE624 and is used by the software to calibrate 
out 
this internal del
ay.











4.2.5.2	ADC Block Diagram




�



�4.2.5.3	Memories Block Diagram



�4.2.6	Time Base



4.2.6.1	Introduction 



The main clock comes from a PLL oscillator that uses a precision 10 MHz reference. There is a control bit, SEXTREF, to select an optional external reference providing a 0 dbm signal level.

  

The PLL output frequency is controlled by three bits, SF500, SF400, and _SF200. One branch of the main clock, SHCK, is directly used by the sample-and-hold, the analog-to-digital converter and the time-to-digital converter for data acquisition. A differential ECL clock from each channel, called MCK, synchronizes the MDX622 data demultiplexer with the data from the adc.



Another branch of the main clock, MDXCK, is routed to the time where the basic timing of the oscilloscope is generated. A programmable divider using a fast ECL first stage and a slower TTL second stage generate a signal called SAMPLE CLOCK. A second programmable ECL divider uses SAMPLE CLOCK to generate the timing signals for the MDX622 data demultiplexers, the time to digital converter, the trigger recognizer, and the MTB411 timebase.



The main clock can also be driven from the external trigger BNC, this path is selected by a control bit (SEXTCK). The external clock threshold can be modified by two bits from the time base mode control (EXTCTH1 and EXTCTH2). This external clock frequency range is 0 to 100 MHz. An optional rear panel input can drive the external clock to 500 MS/s.



The PLL oscillator has in fact only two values, 500 and 400 MHz, the 200 MHz is a secondary path coming from a divide by two.



500 MHz is used for the fast timebase settings, 250 MS/s, 500 MS/s, 1 GS/s, 2 GS/s, 4 GS/s and RIS mode.



400 MHz is used for all other timebase settings including Roll mode. 



The time to digital converter is a variation on the classic Wilkinson charge to time converter. The capacitor is charged by the time difference between the trigger and the main clock, while the discharge is controlled by a fixed current source approximately 0.001 times the charging current. The MTB411 counts a clock called ICK, which is 1/8 th. of the main clock, during the discharge part of the TDC. The value of the counter after the discharge cycle is proprotional to the time difference.



Another clock called TRT, derived from the main clock is used by the processor to calibrate the smart
 trigger
.






�
4.2.6.2
	Time Base Block Diagram

�4.2.6.3	Digital Control



0141 8z00 - 0141 8zffwrite Time Base divider register



15�������8��MDX_CNT7�MDX_CNT6�MDX_CNT5�MDX_CNT4�MDX_CNT3�MDX_CNT2�MDX_CNT1�SEXTREF��7�������0��DISFD�_SF200�SF500�SF400�DIV3�DIV2�DIV1�DIV0��

where :



SEXTREF	select optional external PLL clock reference ( 10 MHz �SYMBOL 177 \f "Symbol"� 5 % ).

DISFD		disable FD clock to MTB411.

_SF200		select oscillator frequency 200 MHz.

SF500		select oscillator frequency 500 MHz.

SF400		select oscillator frequency 400 MHz.

DIVn		frequency pre-divider (4 bits).

MDX_CNT1:7	master MDX622 divider.



4.2.6.4	Trigger Selection



Each differential output of the five MTR408’s from the Front-End (TCx)  are selected (bit SCHn) and then inverted (bit INVCH) to drive the TRCKL signal and the VALCKL signal (bit SVAL1).



A logical function of the TCx signals can be selected (bit STCx) for the pattern generator. A few single ended signals can also be selected one at a time (bit STn). These signals are TV1 and TV2 for television trigger, TRT for test and calibration of MST412, _VALOUT for drop-out trigger.



Then there is a selection between the pattern and the single ended sources (bit SPAT). The signal obtained is inverted (bit INVPAT) and used to drive TRCKL (bit STRCKL). There is also a choice between this signal and TV1 to drive VALCKL (bit SVAL0). The pattern trigger logic function is any "AND" combination of TCx input signals, inverted or not. All the control
s
 are done through a 16 bit serial register.



4.2.6.5	Smart Trigger



The VALCKL source drives the MST412. The TRCKL source goes through a buffer to drive the MST412, the fast trigger latch, and control the smart trigger 400 MHz start/stop oscillator. The DC trigger coupling mode uses the fast trigger latch path for triggering to approximately 700 MHz. Selecting HF trigger coupling extends the trigger sensitivity to beyond 1 GHz. 



The MST412 oscillator is usually free running, but when using glitch trigger mode, the oscillator is enabled only during the pulse duration (bit _STW), and when using interval width trigger mode the oscillator is restarted at each edge (bit _STI).

There is also a  time base mode control register with roll mode interrupt enable (RMIE), external clock control (SEXTCK, EXTCTH1 and EXTCTH2), buzzer (BUZZ) and calibration front panel output signal selection (PCSn).




4.3	F9300-4 GPIB and RS 232 Interface



This board is connected to the processor through a flat cable.

Data bus is 8 bits, address bus: 12 bits.

Address 0180 000 to 0180 00FF.



4.3.1	RS 232 Serial Interface



Based on the 2661A IC from Signetics or Philips.



- Clock frequency 4.9152 MHz.

- 4 internal registers of 8 bits.

- Interrupt level 2.

- Connector type DB9 with 9 male pins.



4.3.2	GPIB Interface



Based on the 7210 IC from NEC.



- Clock frequency 5 MHz.

- 8 internal registers of 8 bits.

- Tri-state external GPIB drivers. - Low level output.

- Interrupt level 3.



The GPIB address is set by software and stored in non-volatile memory.



4.4	F9354-5 Front Panel



The front panel is connected to the processor board with a flat cable. Power supply and control signals are supplied from the processor. The front panel is divided in two sections:



- One board with Motorola 68HC05C4 processor, coders, and serial data interface.

- One matrix Keyboard with push buttons.



4.5	F9300-6 Centronics, Floppy, Printer interface option



4.5.1	Centronics interface option



This Centronics interface makes direct connection possible to

external parallel printer.



-  Address 0130 0180 to 0130 01A0

-  Interrupt level 2 



4.5.2	Floppy Disk drive interface option



Based on the circuit MCS3201 from Motorola.



-  Address 0130 01C0 to 0130 01C7

-  Interrupt level 4



  Address	ReadWrite

  

  0130 01C0	Input register-----

  0130 01C2	-----Digital output register

  0130 01C4	Main status register-----

  0130 01C5	Data registerData register

  0130 01C7	Data input registerDisk control register



4.5.3	Printer Interface option



Internal graphic printer : Seiko LPT5446



-  Address 0130 0140 to 0130 0160

-  Interrupt level 2



4.6	F9300-7 Printer Controller option



Based on the LPT5000 series control chip set from Seiko instrument Inc



-  PT501P01  CPU

-  PT500GA1  Gate array

-  Technical reference 39019-2234-01

-  Address 0130 0100



4.7	F9300-8 Hard Disk option, PCMCIA III Controller



-  Address 0130 0800 to 0130 0bff 

-  Interrupt level 5



4.8	93XX-Display



4.8.1	General Description



The raster scan display module is divided into five sections:



- Graphic processor

- Deflection

- Video

- Yoke

- Cathode ray tube



4.8.2	Basic Characteristics



- Nine inch diagonal monochrome, yellowish, orange CRT.

- CRT anti-glare treated

- Non interlaced resolution of (X)810 x (Y)696 pixels at 60 Hz or 50 Hz frequency.

- Landscape vertical raster

- Electromagnetic deflection.

- Intensity control rise and fall time > 12 ns.

- Analog intensity input

- TTL synchronization input.

- Horizontal nominal size: 165 mm for X-on = 15.39 Ms.

- Horizontal size adjustment: > +/- 5 mm.

- Horizontal offset adjustment: +/- 5 mm.

- Vertical nominal size: 120 mm for Y-on = 14.5µs.

- Vertical size adjustment: > +/- 5 mm.

- Vertical offset adjustment: +/- 5 mm.

- X and Y differential non linearity: 10%.



The line deflection is vertical, from bottom to top. The field deflection is horizontal, from left to right and is resynchronized to the power line frequency.



4.8.3	Horizontal Deflection



The horizontal deflection is synchronized to the 50 or 60 Hertz power line frequency. The on time display is the same for both  frequencies, therefore the deflection is calculated for 60 Hz. The horizontal deflection is controlled by the HSYNC signal.



The trailing edge of HSYNC resets the horizontal spot position to a hardware predefined position at the left side of the screen: MAX_left. When ever HSYNC is high, the spot stays at this position.



The falling edge of HSYNC starts the horizontal deflection ramp. The ramp has the same rate for either 50 or 60 Hertz frequency.

When ever HSYNC is low, the horizontal deflection will rise left to right, until HSYNC becomes high, or the system has reached the maximum right position (MAX_RIGHT).



�



4.8.4	Vertical Synchronization



The timing of both VSYNC and HSYNC is synchronized to the pixel clock (PCLK).







�





The pixel rate is 48 MHz.



4.8.5	Horizontal Resolution







�  # of vertical line�   Time in ms��   HSYNC_T�       842�      15.998��   HSYNC_W�         22�        0.418��   HSYNC_E�          4�        0.076��   HSYNC_S�          6�        0.114��   X-ON�       810�      15.390��   X-OFF�         32�        0.608��



Values of the horizontal timing for the maximum field refresh frequency.





4.8.6	Vertical Resolution





�   #  of Pixels�   Time in �SYMBOL 109 \f "Symbol"�s��   VSYNC_T�       912�      19.000��   VSYNC_W�       136�       2.833��   VSYINC_E�          0�       0.000��   VSYNC_S�        80�       1.666��   Y-ON�       696�      14.500��   Y-OFF�       216�        4.500��4.9	PS93
84
 Power Supply 



4.9.1	Power Supply Specifications



See Andy Lelo for specs.



Input voltage:	90 to 130 V or 180 to 260 V.

Auto ranging line voltage.

Input frequency:	47 Hz to 63 Hz.

Input rush current:	Max. 40 A peak at start up.

Environmental:	Operating temperature range 0 �SYMBOL 176 \f "Symbol"�C to + 50 �SYMBOL 176 \f "Symbol"�C

Storage temperature range - 55 �SYMBOL 176 \f "Symbol"�C to + 80 �SYMBOL 176 \f "Symbol"�C

Relative humidity from 5% to 95%.

Output voltages:	- 5.2 VDC, 13 amp Max.

+ 5.2 VDC, 14 amp Max.

- 15.1 VDC, 4.5 amp Max 

+ 15.1 VDC, 4 amp Max.

Output adjustment:+/- 5%.

Regulation:+/- 1%.

Transient response:	recover to 1% of its final value within 500 �SYMBOL 109 \f "Symbol"�sec.

Ripple and noise:	Peak to peak value < 50 mV

Hold up time:		16 msec at full load

Output short circuit protection:	Yes.

Output over voltage protection:	Yes. 

Input protection:	6 amp fuses.

Thermal protection:	Yes.

Safety:VDE 0806, IEC 380, 435, 950 & UL1012, 478, CSAC22.2#1402C

EMI:VDE 0871 class A, FCC 20780 class A.



4.9.2	Power Supply Block Diagram



�
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�\PAGE \# "'Page: '#'�'"�Page: 9���If possible, transfer this bit in a parallel register (or shorter serial register) to speed up calibration.








