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�
FEATURES





_	64-channel correlator chip.


_	Custom 0.45 micron BICMOS ASIC design.


_	Low cost TQFP 100 package.


_	Low power 3.3 Volts powered.


_	LVTTL input and output compatibility.





_	Synchronous data processing.


_	LVPECL differential clock input up to 100 MHz.


_	Quad X and Y 2-bit inputs plus one X and one Y 2-bit cascade inputs.


_	One   X and Y 2 bit cascade outputs.


_	Can be cascaded to expand the spectral resolution.


_	4 x 16 lags or 2 x 32 lags or 1 x 64 lags.


_	Multiplication scheme : full 2 x 2 bits (A. Bos).


_	Degradation factor : 1.146.


_	1 or 3 prescaler stages.


_	21 or 24 integrator stages.


_	64 x 16-bit channels storage in binary format.


_	Separate inhibition of the adder.


_	Load of the counters to RAM with automatic reset.


_	Minimum reading frequency of 25Hz.





_	Asynchronous processor interface for control and data readout.


_	Mode and control registers.


_	Test facilities included.








APPLICATIONS





Radio astronomy digital correlators.








INTRODUCTION





	The digital correlator chip is designed to be used in both auto and cross correlation spectrometers. It processes 64 channels in parallel organized into 4 x 16-channel blocks.


At each clock cycle data are delayed, shifted, multiplied, added and integrated into counters. At fixed time, the 16 most significant bits of the counters are stored in a RAM storage and counters cleared if required. Then RAM storage can be read through the processor interface.


Cascading of several chips provides a wide and flexible correlator.








THEORY OF OPERATION





The inter-correlation function :





The normalized inter-correlation function is :








�			�








�
Because receivers outputs produce a gaussian white noise with �, � and �. The simplified function becomes :








�			�








In time domain, the inter-correlation function takes the general form of :








			�		








Finally comes the corresponding discrete inter-correlation function made of L elementary channels. The equation for an elementary channel k is :





											�


�			�			L : number of lags


											N : number of samples








Amplitude quantization





We use a 2-bit/4-level quantization scheme. One of the two bits is assigned to the SIGN bit which is equal to 0 when the input voltage is positive or equal to 1 if it is negative. The second bit is used to represent the MAGnitude bit which is equal to 0 when the input voltage is between +/-Vo or equal to 1 if outside. Radiometric noise source are well simulated by a gaussian white noise generator. When a gaussian white noise feeds the sampler at optimum level, the probability to have the SIGN bit set to logic "1" is 0.50 and the probability to have the MAG bit set to logic "1" is 0.3649 . Digitization of signals introduces a loss of sensitivity versus pure analog signals which is called a degradation factor.


Correlator with 2-bit/4-level quantization scheme have a theoretical degradation factor of 1.136 for Vo = 0.906 x RMS value of the input signal. With the low level products of the  multiplication table deleted, the degradation factor of the correlation function is increased to 1.146 . The 2 x 2-bit multiplication scheme adopted is the same as the NFRA chip.


The multiplication table is shown here :


�


		Sx	 0	 0	 1	 1


		Mx	 1	 0	 0	 1


	 Sy     My                                                      .


� 


 0	 1		 3	 1	-1	-3





 0	 0		 1	 0	 0	-1





 1	 0		-1	 0	 0	 1





 1	 1		-3	-1	 1	 3








Table 1. Multiplication table with low level products deleted. 


GENERAL DESCRIPTION





The correlator chip is divided in two parts :


A high speed parallel correlator.


A processor interface.





The correlator chip is a complex logic array device. It consist of 4 independent subchips, each controlled by a common microprocessor interface, as illustrated in the figure 1 block diagram.








�








figure 1 : correlator block diagram








 Each subchip contains the following :





_	A 2-bit X  input  and a 2-bit Y  input. 


_	A 2-bit X output and a 2-bit Y output. 


_	Two 8-lag shift registers shifting in opposite directions with an extra delay compensation.


_	16 multipliers followed by a 2-tap prescaler.


_	16 x 16-bit counters.


_	16 x 16-bit channels storage.








Special registers





	The chip contains a 16-bit global Test and Control Register (TCR) and two double byte Operand Selection Registers (OSR). These registers can be asynchronously loaded using the processor interface and the value becomes immediately active. They can also be read.








�
INTERNAL ARCHITECTURE





The correlator chip includes 4 identical, independent subchips with a common processor interface. They are made of two shift registers with data flowing in opposite direction. At each clock cycle data are shifted of one lag, multiplied, and the result added in an accumulator of which the carry-out feeds a integrator. The multiplier, adder and integrator belong to an entity named elementary channel. One channel represents one point of the correlation function. Details are shown figure 2 and 3.


�


figure 2 : subchip block diagram








The input multiplexer :





Each multiplexer is controlled by a Operand Selection Register (OSR). It has 4 direct inputs, 1 cascade input, 1 internal loop back from the opposite shift register (for auto correlation) and a static test input controlled by a Test and Control Register (TCR).








The extra delay :





There are two extra delays, one at each start of the subchip shifters. They are used when time multiplex configurations are required to accommodate the various length of shift registers. They are controlled by The Operand Selection Registers (OSR).








The shift register :





The 2-bit wide shift register is made of 8 D flip-flop for the X input and 8 D flip-flop for the Y input but flowing in opposite directions. It can be split as 2 or 4 to accommodate various time multiplex configurations. Sometimes an extra delay is required which is placed just behind the input multiplexer. 








�
The shift register cascade outputs:





At the end of each shift register data are resynchronized and buffered. By activating Aox and/or Aoy in TCR, the output can be anticipated by one clock cycle. This allows long cascade schemes which need an extra resynchronization on board.


� figure 3 : cascade between 2 correlators








The elementary channel :





One channel is made of a multiplier, an adder, a prescaler, a counter and a RAM storage. Details are shown figure 4. 





�





figure 4 : Elementary channel diagram


The multiplier :





The multiplication table used is a compromise between quantization noise and multiplier complexity which will lead to higher power consumption. This leads us to use a multiplication table with a positive offset of 3. This offset is added at each clock cycle and must be subtracted by software when counters are read out.








 The offset weight table is shown below :








�		Sx	 0	 0	 1	 1


		Mx	 1	 0	 0	 1


Sy     My                                           .


�


 0	 1		 6	 4	 2	 0





 0	 0		 4	 3	 3	 2 





 1	 0		 2	 3	 3	 4





 1	 1		 0	 2	 4 	 6








Table 2. Offset multiplication table. 








The adder :





For a 4-bit adder, the carry output rate versus input is :








INPUT�
CARRY OUT�
�
Permanent W0�
0.000�
�
Anti correlated gaussian white noise signal�
0.119�
�
Permanent W2�
0.125�
�
Non correlated gaussian white noise signal (mean value)�
0.1875�
�
Permanent W3 (mean)	 	�
0.1875�
�
SELTG (Test feature)	�
0.250�
�
Permanent W4		�
0.250�
�
Fully correlated gaussian white noise signal�
0.256�
�
Permanent W6 (maximum value)�
0.375�
�



			 						


At any time the adders can be disabled during the duration of INHADD signal, low active. 








�
The integrator :





The carry output of the adder feeds an integrator made of two parts, a 4-bit prescaler and a 16-bit counter. The prescaler allows 2 choices : divide by 2 or 16, selected by software through a Test and Control Register (TCR) bit command described in the "MODE CONTROL REGISTERS" chapter. Then the prescaler output feeds a 16-bit synchronous counter.


The maximum integration time before the counter overflow is a function of the selected prescaler and multiplier output.








�








With a prescaler of 16 and a permanent W6 multiplier output at 80 MHz clock frequency, the maximum integration time before overflow is 35 milliseconds.


The contents of the counters is a function of the selected prescaler, multiplier output and the integration time (Tint).








�








At a reading speed of 32 Hz (Tint = 31.25 ms), with a prescaler of 16 and a 80 MHz clock frequency, the counter value is 59594.








RAM storage :





To avoid counter overflow, at fixed time the most significant bits of the counters are loaded into 16-bit wide registers and reset by the same signal named LDRST. This low active signal has several functions. First LDRST inhibits the adder during all the time it is asserted. Then it loads the counters into registers and after a short time it resets them. During this process LDRST disables automatically the adders with a minimum duration equal to a fixed number of clock cycles. This inhibition due to the load and reset mechanism is a built-in function. 


When this automatic inhibition is realized, updated registers can be read by the processor. Registers size is 16-bit wide which is well oversized for radiometric noise correlation. Data are stored in registers in binary format.








Automatic inhibit :





Two or three clock cycles after LDRST is asserted, INIBIT ADDER is activated and stops the integration for a minimum duration of 6 clock cycles. Three clock cycles are required to allow the ripple carry to reach the MSB of the counter. Then STORE COUNTER is activated and one clock cycle later counter are cleared by CLEAR COUNTER.





Details are shown figure 5. 











�EMBED Word.Picture.8���





Figure 5 : Automatic inhibit sequencer.








Processor interface





The processor interface is compatible with commonly used 16/32-bit microprocessors as well as VME bus. This interface includes a 64-channel decoder, 3-register address decoder, chip select and write controls to load all on-chip control and operand registers as well as to read counters. Tables 4 & 5 provides the address map for the device. When REG/RAM signal is high registers can be written or read. Each register is decoded from the 6-bit input address bus. It is important to note that only the 3 first addresses are decoded among 64 available. When REG/RAM signal is low read only counters are decoded from the 6-bit input address bus. Counters can only be read but OSR or TCR are written and read. The bi-directional data bus is 16 bits wide. Four input signals are used to control I/O operations. They are :








CS		WRITE	      REG/RAM		LOAD		FUNCTION





0		  0			  1			 (		Write into OSR or TCR.





0		  1			  1			 X		Read from OSR or TCR.





0		  1			  0			 X		Read counters.





1		  X			  X			 X		Chip disabled.








CS is a chip select, WRITE is equivalent to VME bus write, REG/RAM is an address line used to separate counter area from setup register area, and LOAD is equivalent to inverted VME bus DTACK. When data are written into register, they are stored by the rising edge of LOAD input.








�
Channels address





CHANNEL ADDRESS�
NAME�
FUNCTION�
SUBCHIP�
�
00�
CH0�
   Channel #0�
A�
�
01�
CH1�
   Channel #1�
A�
�
02�
CH2�
   Channel #2�
A�
�
03�
CH3�
   Channel #3�
A�
�
04�
CH4�
   Channel #4�
A�
�
05�
CH5�
   Channel #5�
A�
�
06�
CH6�
   Channel #6�
A�
�
07�
CH7�
   Channel #7�
A�
�
08�
CH8�
   Channel #8�
A�
�
09�
CH9�
   Channel #9�
A�
�
10�
CH10�
   Channel #10�
A�
�
11�
CH11�
   Channel #11�
A�
�
12�
CH12�
   Channel #12�
A�
�
13�
CH13�
   Channel #13�
A�
�
14�
CH14�
   Channel #14�
A�
�
15�
CH15�
   Channel #15�
A�
�
16�
CH16�
   Channel #16�
B�
�
17�
CH17�
   Channel #17�
B�
�
18�
CH18�
   Channel #18�
B�
�
19�
CH19�
   Channel #19�
B�
�
20�
CH20�
   Channel #20�
B�
�
21�
CH21�
   Channel #21�
B�
�
22�
CH22�
   Channel #22�
B�
�
23�
CH23�
   Channel #23�
B�
�
24�
CH24�
   Channel #24�
B�
�
25�
CH25�
   Channel #25�
B�
�
26�
CH26�
   Channel #26�
B�
�
27�
CH27�
   Channel #27�
B�
�
28�
CH28�
   Channel #28�
B�
�
29�
CH29�
   Channel #29�
B�
�
30�
CH30�
   Channel #30�
B�
�
31�
CH31�
   Channel #31�
B�
�
32�
CH32�
   Channel #32�
C�
�
33�
CH33�
   Channel #33�
C�
�
34�
CH34�
   Channel #34�
C�
�
35�
CH35�
   Channel #35�
C�
�
36�
CH36�
   Channel #36�
C�
�
37�
CH37�
   Channel #37�
C�
�
38�
CH38�
   Channel #38�
C�
�
39�
CH39�
   Channel #39�
C�
�
40�
CH40�
   Channel #40�
C�
�
41�
CH41�
   Channel #41�
C�
�
42�
CH42�
   Channel #42�
C�
�
43�
CH43�
   Channel #43�
C�
�
44�
CH44�
   Channel #44�
C�
�
45�
CH45�
   Channel #45�
C�
�
46�
CH46�
   Channel #46�
C�
�
47�
CH47�
   Channel #47�
C�
�
48�
CH48�
   Channel #48�
D�
�
49�
CH49�
   Channel #49�
D�
�
50�
CH50�
   Channel #50�
D�
�
51�
CH51�
   Channel #51�
D�
�
52�
CH52�
   Channel #52�
D�
�
53�
CH53�
   Channel #53�
D�
�
54�
CH54�
   Channel #54�
D�
�
55�
CH55�
   Channel #55�
D�
�
56�
CH56�
   Channel #56�
D�
�
57�
CH57�
   Channel #57�
D�
�
58�
CH58�
   Channel #58�
D�
�
59�
CH59�
   Channel #59�
D�
�
60�
CH60�
   Channel #60�
D�
�
61�
CH61�
   Channel #61�
D�
�
62�
CH62�
   Channel #62�
D�
�
63�
CH63�
   Channel #63�
D�
�



Table 4. Channel Address Map








	


Registers address





REGISTER ADDRESS�
NAME�
FUNCTION�
�
00�
OSR_BA�
Operand selection register B & A�
�
01�
OSR_DC�
Operand selection register D & C�
�
02�
TCR�
Test and Control register �
�



Table 5. Processor Interface Register Address Map








�
MODE CONTROL REGISTERS





Operand Selection Registers (OSR)





There are four one byte operand selection registers, one for each subchip. Bytes are concatenated into two 16-bit words to fit the data format of the processor interface 


(See table 5). These registers can be written and read.








Operand selection byte of subchip A


 


D7�
D6�
D5�
D4�
D3�
D2�
D1�
D0�
�
XA EXTRA DELAY �



XA INPUT SELECTION�
YA EXTRA DELAY �



YA INPUT SELECTION�
�



Table 6. Operand Selection Register BA (Least significant byte)








Operand selection byte of subchip B


 


D15�
D14�
D13�
D12�
D11�
D10�
D9�
D8�
�
XB EXTRA DELAY �



XB INPUT SELECTION�
YB EXTRA DELAY �



YB INPUT SELECTION�
�



Table 7. Operand Selection Register BA (Most significant byte)








Operand selection byte of subchip C


 


D7�
D6�
D5�
D4�
D3�
D2�
D1�
D0�
�
XC EXTRA DELAY �



XC INPUT SELECTION�
YC EXTRA DELAY �



YC INPUT SELECTION�
�



Table 8. Operand Selection Register DC (Least significant byte)








Operand selection byte of subchip D


 


D15�
D14�
D13�
D12�
D11�
D10�
D9�
D8�
�
XD EXTRA DELAY �



XD INPUT SELECTION�
YD EXTRA DELAY �



YD INPUT SELECTION�
�



Table 9. Operand Selection Register DC (Most significant byte)

















Extra delay





The extra delay bit allows to add one lag ahead any signal path to implement time multiplex configurations. When this bit is set to logic "1", one lag is added in front of the shift register.








Input selection (X or Y)





These 3 bits allow to select one input among 5 input pins, or a static value written in the TCR or the opposite shift register output to perform an autocorrelation. 








INPUT


SELECTION�
NAME�
SELECTED INPUT�
�
0 0 0�
I0�
INPUT # 0�
�
0 0 1�
I1�
INPUT # 1�
�
0 1 0�
I2�
INPUT # 2�
�
0 1 1�
I3�
INPUT # 3�
�
1 0 0�
CASCIN�
CASCADE INPUT�
�
1 0 1�
TEST�
TEST REGISTER BITS (STATIC)�
�
1 1 0�
Unused�
Unused�
�
1 1 1�
AUTO�
OPPOSITE SHIFT REGISTER OUTPUT�
�



Table 10. Input Selection








Test and Control Registers (TCR)





There are two one byte registers, one for test and one for control. Bytes are concatenated into one 16-bit word to fit the data format of the processor interface (See table 5). These registers can be written and read.








 D7�
D6�
D5�
D4�
D3�
D2�
D1�
D0�
�
 


SEL8�
 


SELTG 


�



  ---�



  ---�



Sx�



Mx�



Sy�



My


�
�



Table 11. Test Register (Least significant byte)








Mx, Sx, My, Sy





When the input selection is TEST, these static bits replace the shift register data inputs of the subchip. This allows the test of the 16 combinations of the multiplication table. They can also be used for sampling statistics, and so on ...


*** These bits are dedicated to the chip test.  ***





Select toggle (SELTG)





The SELTG bit allows the test of the 64 counters. When this bit is set to logic "1", the output of the adders toggles at half clock frequency. All the counters have the same content.


*** This bit is dedicated to the chip test.  ***








Select dual 8 bit counters (SEL8)





The SEL8 bit allows the test of the 64 counters. When this bit is set to logic "1", each 16-bit counter is split in two 8-bit counters, both feed by the same source.


*** This bit is dedicated to the chip test.  ***








D15�
D14�
D13�
D12�
D11�
D10�
D9�
D8�
�
    SELPS


�
 


 ---�
 


 ---�
 


 ---�



AOx�
 


AOy�
 RESADD�
 RESCNT�
�



Table 12. Control Register (Most significant byte)








Reset counter (RESCNT)





The RESCNT bit allows the reset of the 64 counters. When this bit is set to logic "1", all counters are cleared each time the LDRST input is asserted.








Reset adder (RESADD)





The RESADD bit allows the reset of the 64 adders and prescalers. When this bit is set to logic "1", all adders and prescalers are cleared each time the LDRST input is asserted.








Anticipated cascade output (AOx / AOy)





The AOx and AOy bits allows their respective cascade output to be anticipated in order to compensate for external logic delay.  When AOx bit is set to logic "1", the cascade output in the X path is anticipated by one lag. When AOy bit is set to logic "1", the cascade output in the Y path is anticipated by one lag.








Select prescaler (SELPS)





This bit determines the prescalers size thus the integrator length. Table 13 shows the action of these bits.








SELPS�
PRESCALER SIZE�
�
0�
Select divide by 16�
�
1�
Select divide by 2�
�



Table 13. Prescaler size


INPUTS / OUTPUTS SIGNALS





INHADD and LDRST input signals are internally synchronized through two layers of flip-flop driven by the master clock.








PIN NUMBER�
NAME�
I/O TYPE�
CONDITIONS�
DESCRIPTION�
�
23�
XSa�
TTL Input�
�
X sign input #a�
�
22�
XMa�
TTL Input�
�
X magnitude input #a�
�
21�
XSb�
TTL Input�
�
X sign input #b�
�
20�
XMb�
TTL Input�
�
X magnitude input #b�
�
7�
XSc�
TTL Input�
�
X sign input #c�
�
6�
XMc�
TTL Input�
�
X magnitude input #c�
�
5�
XSd�
TTL Input�
�
X sign input #d�
�
4�
XMd�
TTL Input�
�
X magnitude input #d�
�
18�
XSCi�
TTL Input�
�
X cascade sign input�
�
16�
XMCi�
TTL Input�
�
X cascade magnitude input�
�
11�
XSCo�
CMOS Output�
+/-24 mA�
X cascade sign output�
�
9�
XMCo�
CMOS Output�
+/-24 mA�
X cascade magnitude output�
�
53�
YSa�
TTL Input�
�
Y sign input #a�
�
54�
YMa�
TTL Input�
�
Y magnitude input #a�
�
55�
YSb�
TTL Input�
�
Y sign input #b�
�
56�
YMb�
TTL Input�
�
Y magnitude input #b�
�
69�
YSc�
TTL Input�
�
Y sign input #c�
�
70�
YMc�
TTL Input�
�
Y magnitude input #c�
�
71�
YSd�
TTL Input�
�
Y sign input #d�
�
72�
YMd�
TTL Input�
�
Y magnitude input #d�
�
65�
YSCi�
TTL Input�
�
Y cascade sign input�
�
67�
YMCi�
TTL Input�
�
Y cascade magnitude input�
�
58�
YSCo�
CMOS Output�
+/-24 mA�
Y cascade sign output�
�
60�
YMCo�
CMOS Output�
+/-24 mA�
Y cascade magnitude output�
�
13�
CLOCK�
LVPECL Input�
LVPECL Clock�
Master differential clock 80 MHz�
�
14�
CLOCK/�
LVPECL Input�
LVPECL Clock/�
Master differential clock 80 MHz/�
�
26�
CLOCKEN�
TTL Input�
high active�
Enable clock�
�
62�
INHADD�
TTL Input�
low active�
Inhibit adder�
�
63�
LDRST�
TTL Input�
low active�
Load counters to RAM and reset them�
�
2�
LOAD�
TTL Input�
falling edge�
Load setup register  (dtack)�
�
24�
WRITE�
TTL Input�
low active�
VME write �
�
52�
CS�
TTL Input�
5V tolerant


low active�
Chip select�
�
99�
REG/RAM�
TTL Input�
high active�
Select control registers (instead of RAM)�
�
98�
A5�
TTL Input�
�
Address #5�
�
97�
A4�
TTL Input�
�
Address #4�
�
96�
A3�
TTL Input�
�
Address #3�
�
95�
A2�
TTL Input�
�
Address #2�
�
94�
A1�
TTL Input�
�
Address #1�
�
93�
A0�
TTL Input�
�
Address #0�
�
34�
D15�
TTL Bidir�
+/-24 mA�
Data #15�
�
36�
D14�
TTL Bidir�
+/-24 mA�
Data #14�
�
38�
D13�
TTL Bidir�
+/-24 mA�
Data #13�
�
40�
D12�
TTL Bidir�
+/-24 mA�
Data #12�
�
42�
D11�
TTL Bidir�
+/-24 mA�
Data #11�
�
44�
D10�
TTL Bidir�
+/-24 mA�
Data #10�
�
46�
D9�
TTL Bidir�
+/-24 mA�
Data #9�
�
48�
D8�
TTL Bidir�
+/-24 mA�
Data #8�
�
91�
D7�
TTL Bidir�
+/-24 mA�
Data #7�
�
89�
D6�
TTL Bidir�
+/-24 mA�
Data #6�
�
87�
D5�
TTL Bidir�
+/-24 mA�
Data #5�
�
85�
D4�
TTL Bidir�
+/-24 mA�
Data #4�
�
83�
D3�
TTL Bidir�
+/-24 mA�
Data #3�
�
81�
D2�
TTL Bidir�
+/-24 mA�
Data #2�
�
79�
D1�
TTL Bidir�
+/-24 mA�
Data #1�
�
77�
D0�
TTL Bidir�
+/-24 mA�
Data #0�
�
74�
CLEAR�
TTL Input�
5V tolerant


low active �
Reset control registers�
�
1�
VDD�
Power�
+ 3.3 V�
+ 3.3 V power supply connection�
�
10�
VDD�
Power�
+ 3.3 V�
+ 3.3 V power supply connection�
�
25�
VDD�
Power�
+ 3.3 V�
+ 3.3 V power supply connection�
�
30�
VDD�
Power�
+ 3.3 V�
+ 3.3 V power supply connection�
�
35�
VDD�
Power�
+ 3.3 V�
+ 3.3 V power supply connection�
�
41�
VDD�
Power�
+ 3.3 V�
+ 3.3 V power supply connection�
�
45�
VDD�
Power�
+ 3.3 V�
+ 3.3 V power supply connection�
�
51�
VDD�
Power�
+ 3.3 V�
+ 3.3 V power supply connection�
�
59�
VDD�
Power�
+ 3.3 V�
+ 3.3 V power supply connection�
�
75�
VDD�
Power�
+ 3.3 V�
+ 3.3 V power supply connection�
�
80�
VDD�
Power�
+ 3.3 V�
+ 3.3 V power supply connection�
�
84�
VDD�
Power�
+ 3.3 V�
+ 3.3 V power supply connection�
�
90�
VDD�
Power�
+ 3.3 V�
+ 3.3 V power supply connection�
�
3�
GND�
Ground�
0 V�
Ground connection�
�
8�
GND�
Ground�
0 V�
Ground connection�
�
12�
GND�
Ground�
0 V�
Ground connection�
�
15�
GND�
Ground�
0 V�
Ground connection�
�
17�
GND�
Ground�
0 V�
Ground connection�
�
19�
GND�
Ground�
0 V�
Ground connection�
�
26�
GND�
Ground�
0 V�
Ground connection�
�
33�
GND�
Ground�
0 V�
Ground connection�
�
37�
GND�
Ground�
0 V�
Ground connection�
�
39�
GND�
Ground�
0 V�
Ground connection�
�
43�
GND�
Ground�
0 V�
Ground connection�
�
47�
GND�
Ground�
0 V�
Ground connection�
�
50�
GND�
Ground�
0 V�
Ground connection�
�
57�
GND�
Ground�
0 V�
Ground connection�
�
61�
GND�
Ground�
0 V�
Ground connection�
�
64�
GND�
Ground�
0 V�
Ground connection�
�
66�
GND�
Ground�
0 V�
Ground connection�
�
68�
GND�
Ground�
0 V�
Ground connection�
�
73�
GND�
Ground�
0 V�
Ground connection�
�
76�
GND�
Ground�
0 V�
Ground connection�
�
78�
GND�
Ground�
0 V�
Ground connection�
�
82�
GND�
Ground�
0 V�
Ground connection�
�
86�
GND�
Ground�
0 V�
Ground connection�
�
88�
GND�
Ground�
0 V�
Ground connection�
�
92�
GND�
Ground�
0 V�
Ground connection�
�
100�
GND�
Ground�
0 V�
Ground connection�
�
Other�
Free�
NC�
�
Unused pins�
�



Table 14. Input / Output signals





�
TECHNICAL SPECIFICATIONS








Absolute Maximum Ratings








PARAMETER�
 SYMBOL�
MIN�
MAX�
UNITS�
�
Storage temperature�
TS�
-55�
 +85�
°C�
�
Operating temperature�
TA�
   0�
 +70�
°C�
�
Junction temperature�
Tj�
   0�
+125�
°C�
�
Voltage on input pin (unless specified)�
�
   0�
VDD+0.5�
 V�
�
Voltage on VDD & any output pin�
�
 -0.5�
3.6�
 V�
�
Clock frequency �
Clock�
       0�
100�
    MHz�
�









DC Electrical Characteristics








PARAMETER�
SYMBOL�
MIN�
MAX�
UNITS�
�
Supply Voltage�
VDD�
3.00�
3.6�
V�
�
High-level Input voltage�
VIH�
2.0�
VDD+0.5�
V�
�
Low-level Input voltage�
VIL�
  0�
0.8�
V�
�
Input Leakage Current�
IL�
    -10�
   +10�
µA�
�
Input Capacitance�
Cin�
  4�
 6�
pF�
�
High-level Output voltage�
VIH�
2.4�
VDD�
V�
�
Low-level Output voltage�
VIL�
  0�
0.4�
V�
�
Fast Data Output Current�
FDOC�
-24�
+24�
mA�
�
Processor Output Current�
POC�
-24�
+24�
mA�
�
Output Capacitance�
Cout�
  4�
 10�
pF�
�
Power Dissipation @ 80 MHz�
Pd�
  -�
0.34�
W�
�






�



�











SIGNAL�
DESCRIPTION�
MIN�
MAX�
UNITS�
�
tAC�
Address valid to CS falling�
     10�
       -�
ns�
�
tWC�
Write to CS falling�
     10�
       -�
ns�
�
tDSU�
Data setup to load falling�
  6�
       -�
ns�
�
tDH�
Data hold after load falling�
  0�
       -�
ns�
�
tCW�
CS to Write rising�
  0�
       -�
ns�
�
tCDO�
CS to data output�
 11�
      29�
ns�
�
tDH�
Data hold after CS rising�
 11�
      29�
ns�
�



�



�EMBED Word.Picture.8���











SIGNAL�
DESCRIPTION�
MIN�
MAX�
UNITS�
�
tAC�
Address valid to CS falling�
 10�
�
ns�
�
tCDO�
Chip select to data output�
 11�
29�
ns�
�
tDH�
Data hold after CS rising�
 11�
29�
ns�
�
�
�








SIGNAL�
DESCRIPTION�
MIN.�
TYP.�
MAX.�
UNITS�
�
tCL�
Clock low  period @ 80 MHz�
5.0�
6.25�
7.5�
ns�
�
tCH�
Clock high period @ 80 MHz�
5.0�
6.25�
7.5�
ns�
�
tSU�
Setup to clock rising�
  0�
  -�
  -�
ns�
�
tH�
Hold after clock rising�
  -�
  -�
  -�
ns�
�
tRISE/FALL�
Output rising or falling time�
  -�
1.0�
2.0�
ns�
�
tPD�
Clock to cascade output�
  -�
  -�
6.0�
ns�
�









Timing rules





Subchip extremities





The inputs of the 8-cell shift registers accept data from different sources. The internal timing ensures proper operation whichever one is selected. When an internal loopback is set on a subchip, the end multiplier (either 0 or F)  delivers the square of the samples. Of course the relevant extra delay is supposed to be set off by the software.





Cascading





The clock-to-signal times and number of resynchronization layers of the chip are such that any number of chips can have their X and Y shift registers cascaded seamlessly, in the same way subchips are cascaded inside the chip. There are two types of cascading: local cascading and long-distance cascading.  Long-distance (board-to-board) implies the use of external buffers and the activation of the Anticipated Cascade feature (bits D7 and D6 of the TCR). Local cascading is a direct chip-to-chip connection and is subject to some restrictions due to the limited fan out of the XCo and YCo output pads. 





�








SIGNAL�
DESCRIPTION�
MIN�
MAX�
UNITS�
�
tIS�
INHADD setup before clock�
  0�
  -�
ns�
�
tIH�
INHADD hold after clock�
  -�
  -�
ns�
�
tLS�
LDRST setup before clock�
  0�
�
ns�
�
tLH�
LDRST hold after clock�
  -�
  -�
ns�
�









Packaging





TQFP-100	Size : 14 x 14 mm	Pitch : 0.5 mm	Height : 1.45 mm
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