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. Length | Length Added Delay
Signal Name (Mils) (ps) Is Ref (ps) Tapssiy; | Tapsyorm
FPGA_SRAM_RDATA21 2003.05 | 334.50935 0 -59.460350 0 4
FPGA_SRAM_RDATA20 1848.85 | 308.75795 0 -33.708950 0 4
FPGA_SRAM_RDATA19 1675.54 | 279.81518 0 -4.7661800 0 4
FPGA_SRAM_RDATA18 1688.03 | 281.90101 0 -6.8520100 0 4
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H.5 IODELAY Table for AsAP #1 Interface

Table H.4: AsAP #1 Signal Delay Values

. Length | Length Added Delay
Signal Name (Mils) (ps) Is Ref (ps) Tapssiy, | Tapsyorm
Matched Length Group: #1
FPGA_ASAP1_CLK_OUT | 3888.03 | 649.30101 1 0 0 1
FPGA_ASAP1_VLD_OUT | 4049.70 | 676.29990 0 -26.998890 0 1
FPGA_ASAP1 REQ_OUT | 4052.61 | 676.78587 0 -27.484860 0 1
FPGA_ASAP1.DOUT15 4144.88 | 692.19496 0 -42.893950 0 1
FPGA_ASAP1.DOUT14 4209.27 | 702.94809 0 -53.647080 0 1
FPGA_ASAP1.DOUT13 4166.49 | 695.80383 0 -46.502820 0 1
FPGA_ASAP1.DOUT12 3939.19 | 657.84473 0 -8.5437200 0 1
FPGA_ASAP1.DOUT11 4805.99 | 802.60033 0 -153.29932 -1 0
FPGA_ASAP1_.DOUT10 4815.56 | 804.19852 0 -154.89751 -1 0
FPGA_ASAP1.DOUT9 3641.68 | 608.16056 0 41.1404500 0 1
FPGA_ASAP1.DOUTS 3701.51 | 618.15217 0 31.1488400 0 1
FPGA_ASAP1 DOUT7 4163.47 | 695.29949 0 -45.998480 0 1
FPGA_ASAP1.DOUT6 4227.27 | 705.95409 0 -56.653080 0 1
FPGA_ASAP1_.DOUTS5 3559.15 | 594.37805 0 54.9229600 0 1
FPGA_ASAP1_.DOUT4 3785.44 | 632.16848 0 17.1325300 0 1
FPGA_ASAP1_.DOUTS3 3856.54 | 644.04218 0 5.25882999 0 1
FPGA_ASAP1_.DOUT?2 4078.00 | 681.02600 0 -31.724990 0 1
FPGA_ASAP1.DOUT1 3278.86 | 547.56962 0 101.731390 1 2
FPGA_ASAP1_.DOUTO 3288.72 | 549.21624 0 100.084770 1 2
Matched Length Group: #2
FPGA_ASAP1_CLK_IN 2656.68 | 443.66556 1 0 0 2
FPGA_ASAP1_VLD_IN 2137.68 | 356.99256 0 86.6730000 1 3
FPGA_ASAP1_REQ_IN 2767.24 | 462.12908 0 -18.463520 0 2
FPGA_ASAP1_DIN15 2695.18 | 450.09506 0 -6.4295000 0 2
FPGA_ASAP1_DIN14 2657.36 | 443.77912 0 -0.1135600 0 2
FPGA_ASAP1_DIN13 2342.88 | 391.26096 0 52.4045999 0 2
FPGA_ASAP1_DIN12 2361.73 | 394.40891 0 49.2566499 0 2
FPGA_ASAP1_DIN11 2188.27 | 365.44109 0 78.2244699 1 3
FPGA_ASAP1_DIN10 2183.37 | 364.62279 0 79.0427700 1 3
FPGA_ASAP1_DIN9 2551.92 | 426.17064 0 17.4949199 0 2
FPGA_ASAP1_DIN8 2961.36 | 494.54712 0 -50.881560 0 2
FPGA_ASAP1_DINT 2636.86 | 440.35562 0 3.30993999 0 2
FPGA_ASAP1_DING 2601.93 | 434.52231 0 9.14324999 0 2
FPGA_ASAP1_DIN5 3023.82 | 504.97794 0 -61.312380 0 2

Continued on Next Page...
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. Length | Length Added Delay

Signal Name (Mils) (ps) Is Ref (ps) Tapssiy, | Tapsyorm
FPGA_ASAP1_DIN4 3355.69 | 560.40023 0 -116.73467 -1 1
FPGA_ASAP1_DIN3 3219.09 | 537.58803 0 -93.922470 -1 1
FPGA_ASAP1_DIN2 3142.93 | 524.86931 0 -81.203750 -1 1
FPGA_ASAP1_DIN1 3586.95 | 599.02065 0 -155.35509 -1 1
FPGA_ASAP1_DINO 3717.09 | 620.75403 0 -177.08847 -2 0
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H.6 TIODELAY Table for AsAP #2 Interface

Table H.5: AsAP #2 Signal Delay Values

. Length Length Added Delay
Signal Name (Mils) (ps) Is Ref (ps) Tapsgiy | Tapsyorm
Matched Length Group: #1
FPGA_ASAP2_CLK_OUT | 5402.93 | 902.289310 1 0 0 1
FPGA_ASAP2_VLD_OUT | 5298.40 | 884.832800 0 17.4565100 0 1
FPGA_ASAP2 REQ_OUT | 5138.41 | 858.114470 0 44.1748400 0 1
FPGA_ASAP2 DOUT15 5198.95 | 868.224650 0 34.0646600 0 1
FPGA_ASAP2.DOUT14 5282.13 | 882.115710 0 20.1736000 0 1
FPGA_ASAP2.DOUT13 5487.81 | 916.464270 0 -14.174960 0 1
FPGA_ASAP2.DOUT12 5680.78 | 948.690260 0 -46.400950 0 1
FPGA_ASAP2 DOUT11 5874.91 | 981.109970 0 -78.820660 -1 0
FPGA_ASAP2_.DOUT10 5837.32 | 974.832440 0 -72.543130 0 1
FPGA_ASAP2.DOUTY9 4944.92 | 825.801640 0 76.4876700 0 1
FPGA_ASAP2.DOUTS 4669.31 | 779.774770 0 122.514540 1 2
FPGA_ASAP2 DOUTT 5679.63 | 948.498210 0 -46.208900 0 1
FPGA_ASAP2.DOUT6 5282.01 | 882.095670 0 20.1936400 0 1
FPGA_ASAP2_.DOUTS5 4691.11 | 783.415370 0 118.873940 1 2
FPGA_ASAP2_.DOUT4 4599.08 | 768.046360 0 134.242950 1 2
FPGA_ASAP2_.DOUTS3 5928.96 | 990.136320 0 -87.847010 -1 0
FPGA_ASAP2_.DOUT?2 5494.71 | 917.616570 0 -15.327260 0 1
FPGA_ASAP2_.DOUT1 4679.77 | 781.521590 0 120.767720 1 2
FPGA_ASAP2_.DOUTO 4556.70 | 760.968900 0 141.320410 1 2
Matched Length Group: #2
FPGA_ASAP2_CLK_IN 5126.14 | 856.065380 1 0 0 2
FPGA_ASAP2_VLD_IN 4551.79 | 760.148930 0 95.9164500 1 3
FPGA_ASAP2 REQ_IN 4173.06 | 696.901020 0 159.164360 2 4
FPGA_ASAP2_DIN15 4780.52 | 798.346840 0 57.7185400 0 2
FPGA_ASAP2_DIN14 4717.12 | 787.759040 0 68.3063400 0 2
FPGA_ASAP2_DIN13 4786.03 | 799.267010 0 56.7983700 0 2
FPGA_ASAP2_DIN12 4730.52 | 789.996840 0 66.0685400 0 2
FPGA_ASAP2_DIN11 4767.18 | 796.119060 0 59.9463200 0 2
FPGA_ASAP2_DIN10 4904.30 | 819.018100 0 37.0472800 0 2
FPGA_ASAP2_DIN9 5335.07 | 890.956690 0 -34.891310 0 2
FPGA_ASAP2 _DIN8 5698.97 | 951.727990 0 -95.662610 -1 1
FPGA_ASAP2_DINT 5019.04 | 838.179680 0 17.8857000 0 2
FPGA_ASAP2_DING 4888.85 | 816.437950 0 39.6274300 0 2
FPGA_ASAP2_DIN5 5732.70 | 957.360900 0 -101.29552 -1 1

Continued on Next Page...
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. Length | Length Added Delay

Signal Name (Mils) (ps) Is Ref (ps) Tapsgiy | Tapsyorm
FPGA_ASAP2_DIN4 5651.11 | 943.735370 0 -87.669990 -1 1
FPGA_ASAP2_DIN3 5832.44 | 974.017480 0 -117.95210 -1 1
FPGA_ASAP2_DIN2 5564.81 | 929.323270 0 -73.257890 0 2
FPGA_ASAP2_DIN1 6143.62 | 1025.98454 0 -169.91916 -2 0
FPGA_ASAP2_DINO 6081.24 | 1015.56708 0 -159.50170 -2 0
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The Data Path FPGA on the measurement board is controlled by the Control FPGA via a

SPI interface. The Data Path FPGA is essentially a large register file made up of seven base address

ranges, shown in Table I.1. The following sections describe the registers in the Data Path FPGA,

including what data they are storing and how the data is used.

Table 1.1: Hardware Register Addresses

Hardware Register Addresses

Section | Sub-System Hardware Registers Dev Address
1.1 Measurement Board | System Registers 0x0000

1.2 Measurement Board | IODELAY Control Registers 0x0100

1.3 Measurement Board | RAM/User Pattern Control Registers | 0x0300

14 Measurement Board | Auxiliary Input Control Registers 0x0400

1.5 Measurement Board | Trigger Control Registers 0x0500

1.6 Measurement Board | ADC Control Registers 0x0700

L7 Measurement Board | AsAP Control Registers 0x0800
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Hardware Function: 0x0
Device Address:  0x0000
Read/Write:  Write Only

I.1 Base Address: 0x0000, System Registers

I.1.1 Safe State, Address: 0x0000

Writing anything to this register causes all Data Path FPGA registers to go into their reset
state. This is the same state that the registers are in when the measurement board assembly first

powers up.

1.1.2 Instrument Reset Register, Address: 0x0002

Hardware Function: 0x0
Device Address: 0x0002
Read/Write: Read and Write

This is the Instrument Reset register. It is used to reset portions of the Data Path FPGA
that may need to be reset during the operation of the instrument. Table 1.2 shows the register bit
assignments and the default value. If a bit defaults to a 1, then that bit is active low. If a bit

defaults to a 0, then that bit is active high.

Table 1.2: Instrument Reset Register

BIT NAME RESET
31:8 RSVD 0
WAVE_RST 1
6 ADC_FIFO_RST 0
5 RSVD 0
4 RAM_DAC_RST 1
3 SYS_-DCM 0
2 SRAM_CTRL 1
1 XIL.SRAM_CTRL 0
0 SRAM_PLL 0




APPENDIX I. DATA PATH FPGA REGISTER DEFINITIONS 305

Table 1.3: Instrument Reset State

Bit | Reset Description
7 | WAVE_RST Active Low
6 | ADC_FIFO_RST Active High
5 | RSVD Active High
4 | RAM_DAC_RST Active Low
3 | SYS.DCM Active High
2 | SRAM_CTRL Active Low
1 | XIL.SRAM_CTRL | Active High
0 | SRAM_PLL Active High

1.1.3 Interrupt Register, Address: 0x0004

Hardware Function: 0x0
Device Address: 0x0004
Read/Write:  Read Only

The Interrupt Register is used to tell the status of the interrupts of the assembly currently
being addressed. It is a read only register.

The bits are assembly specific. A pending interrupt is indicated by the appropriate bit
in the Interrupt Register being set. All interrupt bits are latched except for Bit 0. Bit 0 of the
Interrupt Register is reserved to tell the status of the Interrupt Service Request (SRQn) output of
the assembly. When Bit 0 is enabled, Bit 0 is the OR, of the interrupt bits 1 through 31.

Table I.4: Interrupt Register
BIT NAME RESET
31:7 RSVD 0
6 SRAM_CAL_DONE_ON
SRAM_CAL_DONE_OFF
SYS_-DCM_LOCKED_ON
SYS_.DCM_LOCKED_OFF
SRAM_DCM_LOCKED_ON
SRAM_DCM_LOCKED_OFF
SRQn

S|l H|IN|[W| K |WC
— ol Oo|lOo|Oo| O

SRQn - Service Request Bit
0 = SRQn is NOT being driven low.
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1 = SRQn is being driven low.
SRAM_DCM_LOCKED_OFF
0 = FALSE

1 = TRUE

SRAM _DCM_LOCKED_ON
0 = FALSE

1 = TRUE
SYS_.DCM_LOCKED_OFF
0 = FALSE

1 = TRUE
SYS_DCM_LOCKED_ON

0 = FALSE

1 = TRUE
SRAM_CAL_DONE_OFF

0 = FALSE

1 = TRUE
SRAM_CAL_DONE_ON

0 = FALSE

1 = TRUE

1.1.4 Interrupt Enable Register, Address: 0x0006

Hardware Function: 0x0
Device Address:  0x0006
Read/Write: Read and Write

The Interrupt Enable Register is used to enable/disable the individual interrupts of the
assembly currently being addressed. It is a write only register.

Each bit of the Interrupt Enable Register has a one to one correspondence with the bits
in the Interrupt Register. Bit 0 of the Interrupt Enable Register is reserved to enable/disable the
SRQn output of the assembly.

An interrupt is enabled by setting its bit in the Interrupt Enable Register. The enabled

interrupts will always show their status in the Interrupt Register. Disabled interrupts do not cause
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interrupts but do show the latched status of the associated bit in the Interrupt Register. The latched
interrupt status bits will still show their status even if the SRQ_EN bit is disabled. This allows the

interrupts to be polled without causing the system controller to be interrupted.

Table 1.5: Interrupt Enable Register
BIT NAME RESET
31:7 RSVD 0
6 SRAM_CAL_DONE_ON
SRAM_CAL_DONE_OFF
SYS_-DCM_LOCKED_ON
SYS_.DCM_LOCKED_OFF
SRAM_DCM_LOCKED_ON
SRAM_DCM_LOCKED_OFF
SRQ-EN

S|l H|IN|[W|K~|WC
Ll =N E=N Nl Nl Nl N

SRQn - Service Request Bit

0 = SRQn output is disabled.

1 = SRQn output is enabled.
SRAM_DCM_LOCKED_OFF
0 = disabled

1 = enabled
SRAM_DCM_LOCKED_ON
0 = disabled

1 = enabled
SYS_DCM_LOCKED _OFF
0 = disabled

1 = enabled

SYS_ DCM_LOCKED _ON

0 = disabled

1 = enabled
SRAM_CAL_DONE_OFF

0 = disabled

1 = enabled
SRAM_CAL_DONE_ON
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0 = disabled
1 = enabled

1.1.5 Interrupt Clear Register, Address: 0x0008

Hardware Function: 0x0
Device Address:  0x0008
Read/Write:  Write Only
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The Interrupt Clear Register is used to clear the individual interrupts of the assembly

currently being addressed. It is a write only register.

Each bit of the Interrupt Clear Register has a one to one correspondence with the bits in

the Interrupt Register. Bit 0 of the Interrupt Clear Register does nothing since the SRQ interrupt

is not latched. When the condition causing the interrupt is fixed, the CPU should clear the latched

interrupt bit by writing a one to the corresponding bit in the Interrupt Clear Register.

Table I1.6: Interrupt Clear Register

BIT NAME RESET

31:7 RSVD

6 SRAM_CAL_DONE_ON

SRAM_CAL_DONE_OFF

SYS_-DCM_LOCKED_ON

SYS_-DCM_LOCKED_OFF

SRAM_DCM_LOCKED_ON

SRAM_DCM_LOCKED_OFF

C|lH|IN|[W|K|WC

No Effect

ool OO O

SRAM_DCM_LOCKED_OFF
0 = no change

1 = clear interrupt
SRAM_DCM_LOCKED_ON
0 = no change

1 = clear interrupt

SYS_DCM_LOCKED_OFF
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0 = no change

1 = clear interrupt
SYS_DCM_LOCKED _ON
0 = no change

1 = clear interrupt
SRAM_CAL_DONE_OFF
0 = no change

1 = clear interrupt
SRAM_CAL_DONE_ON
0 = no change

1 = clear interrupt

1.1.6 Status Register, Address

Hardware Function: 0x0
Device Address: 0x000A
Read/Write: Read Only

Table 1.7: Status Register

: 0x000A

BIT

NAME

RESET

31:7

RSVD

6 SRAM_CAL_DONE_ON

SRAM_CAL_DONE_OFF

SYS_-DCM_LOCKED_ON

SYS_.DCM_LOCKED_OFF

SRAM_DCM_LOCKED_ON

SRAM_DCM_LOCKED_OFF

SIF|IN|[W|K~|WC

No Effect

ol len )l i enll el i evll I an )l R an)

SRAM_DCM_LOCKED_OFF
0 = no change
1 = interrupt

SRAM_DCM_LOCKED_ON

309
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0 = no change

1 = interrupt
SYS_DCM_LOCKED_OFF
0 = no change

1 = clear interrupt
SYS_.DCM_LOCKED_ON
0 = no change

1 = clear interrupt
SRAM_CAL_DONE_OFF
0 = no change

1 = clear interrupt
SRAM_CAL_DONE_ON
0 = no change

1 = clear interrupt

1.1.7 Debug LED Register, Address: 0x000C

Hardware Function: 0x0
Device Address:  0x000C
Read/Write: Read and Write
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This register is used to control the debug LEDs. Writing a 0 to this register will turn an

LED on, and writing a 1 will turn an LED off. This register is used only for debugging purposes.

Table 1.8: Debug LED Register

BIT NAME RESET

31:4 RSVD 0

3:0 | DEBUG_LEDSI3:0] 0x99
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1.1.8 FPGA Date Code Register, Address: 0x000E

Hardware Function: 0x0
Device Address: 0x000E
Read/Write:  Read Only

This is the FPGA Date Code register. It is used to determine what date and time the

FPGA was built. The date code is essentially the UNIX time format.

Table 1.9: FPGA Date Code Register
BIT NAME RESET
31:0 | DATECODEI31:0] | 0x00000000

1.1.9 FPGA Version Register, Address: 0x0010

Hardware Function: 0x0
Device Address: 0x0010
Read/Write:  Read Only

This register is used to determine the version of the FPGA being built. This register will
be updated when major or minor changes have been applied to the FPGA. An example version for

a first release in integer is 1.0.1.0. and hexadecimal is 0x01.0x01.0x0000.

Table 1.10: FPGA Version Register
BIT NAME RESET
31:24 | REV_MAJORJ31:24] | 0x0100
23:16 | REV_MINORJ[23:16] | 0x0001
15:0 REV_DEV/[15:0] 0x0001
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I.2 Base Address: 0x0100, IODELAY Control Registers

1.2.1 IDELAY _CTRL Reset Register, Address: 0x0100

Hardware Function: 0x0
Device Address: 0x0100
Read/Write: Read and Write

The IDELAY_CTRL Reset register is used to reset the IDELAY_CTRL blocks used in the
Data Path FPGA. The IODELAY blocks will not function until the IDELAY _CTRL blocks are

reset. A reset is performed by setting all bits in this register high-then-low.

Table I.11: IDELAY _CTRL Reset Register

BIT NAME RESET
31:6 RSVD 0

5 RESERVED 0

4 RESERVED 0

3 RESERVED 0

2 RESERVED 0

1 ADC_IDLY_RST_CTRL 0

0 DAC_IDLY _RST_CTRL 0

1.2.2 IDELAY_CTRL Status Register, Address: 0x0102

Hardware Function: 0x0
Device Address: 0x0102
Read/Write:  Read Only

The IDELAY_CTRL Status register is used to report the readiness of the IDELAY_CTRL

block. The ready signals are active high.

Table 1.12: IDELAY_CTRL Status Register

BIT NAME RESET
31:4 RSVD 0

3 ADC_IDELAY _RDY 0

2 SRAM_Q_IDELAY_RDY 0

1 SRAM_D_IDELAY_RDY 0

0 SRAM_CTRL_IDELAY_RDY 0
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I.3 Base Address: 0x0300, RAM /User Pattern Control Reg-

isters

1.3.1 Playback RAM Write Control Register, Address: 0x0300

Hardware Function: 0x0
Device Address: 0x0300
Read/Write: Read and Write

This is the Playback RAM Write Control register. This register initiates an SRAM 4-word
burst write. The write data resides in registers 0x0306 to 0x030C, and the write address resides in
register 0x0304. When performing an SRAM 4-word burst write, the CPU must toggle this bit high
then low. The time between the SRAM Write Enable bit being set high then low is inconsequential,
because a one-shot circuit inside the FPGA creates a single pulse one clock period wide when it

detects a 0—1 transition on its input.

Table 1.13: Playback RAM Write Control Register

BIT NAME RESET
31:1 RSVD 0
0 PLAY_SRAM_WR_EN 0

1.3.2 Playback RAM Write Status Register, Address: 0x0302

Hardware Function: 0x0
Device Address: 0x0302
Read/Write: Read Only

This is the Playback RAM Write Status register. The SRAM_CAL_DONE bit indicates
when the Xilinx QDR-~II SRAM Controller has completed its calibration routine. The Control
FPGA must wait until the SRAM_CAL_DONE bit goes high before it performs any SRAM related
operations, especially if the PPG is currently in SRAM Pattern mode. The SRAM_WR_DONE bit
indicates when a single 128-bit packet has been successfully written to the QDR-II SRAM. The
Control FPGA must wait until the SRAM_WR_DONE bit goes high before initiating a new QDR-II
SRAM Write Sequence.
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Table 1.14: Playback RAM Write Control Register

BIT NAME RESET
31:2 RSVD 0

1 PLAY_SRAM_WR_DONE 0

0 SRAM_CAL_DONE 0

1.3.3 Playback RAM Write Address Register, Address: 0x0304

Hardware Function: 0x0
Device Address: 0x0304
Read/Write: Read and Write

These are the Playback RAM Write Address registers. These registers comprise a register

that is 18-bits wide, and addresses the 4-word burst write transaction.

Table 1.15: Playback RAM Write Address Register
BIT NAME RESET
31:18 RSVD 0

17:0 | PLAY_ WR_ADDRJ[17:0] | 0x00000

1.3.4 Playback RAM Write Data 0 Register, Address: 0x0306

Hardware Function: 0x0
Device Address: 0x0306
Read/Write: Read and Write

These are the Playback RAM Write Data 0 registers. These registers comprise a register
that is 32-bits wide, and make up one word of the 4-word burst write transaction. This 32-bit packet

is the LSB Word in the 128-bit packet.

Table 1.16: Playback RAM Write Data 0 Register
BIT NAME RESET
31:0 | PLAY_WRO0_DATA[31:0] | 0x00000000
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1.3.5 Playback RAM Write Data 1 Register, Address: 0x0308

Hardware Function: 0x0
Device Address: 0x0308

Read/Write: Read and Write
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These are the Playback RAM Write Data 1 registers. These registers comprise a register

that is 32-bits wide, and make up one word of the 4-word burst write transaction.

Table 1.17: Playback RAM Write Data 1 Register

BIT

NAME

RESET

31:0

PLAY_WR1_DATA[31:0]

0x00000000

1.3.6 Playback RAM Write Data 2 Register, Address: 0x030A

Hardware Function: 0x0
Device Address: 0x030A

Read/Write: Read and Write

These are the Playback RAM Write Data 2 registers. These registers comprise a register

that is 32-bits wide, and make up one word of the 4-word burst write transaction.

Table 1.18: Playback RAM Write Data 2 Register

BIT

NAME

RESET

31:0

PLAY_WR2_DATA[31:0]

0x00000000
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1.3.7 Playback RAM Write Data 3 Register, Address: 0x030C

Hardware Function: 0x0
Device Address: 0x030C
Read/Write: Read and Write

These are the Playback RAM Write Data 3 registers. These registers comprise a register
that is 32-bits wide, and make up one word of the 4-word burst write transaction. This 32-bit packet

is the MSB Word in the 128-bit packet.

Table 1.19: Playback RAM Write Data 3 Register
BIT NAME RESET
31:0 | PLAY_ WR3_DATA[31:0] | 0x00000000

1.3.8 Playback RAM Read Control Register, Address: 0x030E

Hardware Function: 0x0
Device Address: 0x030E
Read/Write: Read and Write

This is the Playback RAM Read Control register. This register initiates an SRAM read.
The read address resides in registers 0x0312 to 0x0318. When performing an SRAM Read initiation,
the CPU must toggle this bit high then low. The time between the SRAM Read Enable bit being
set high then low is inconsequential, because a one-shot circuit inside the FPGA creates a single

pulse one clock period wide when it detects a 0—1 transition on its input.

Table 1.20: Playback RAM Read Control Register
BIT NAME RESET
31:1 RSVD 0

0 PLAY_SRAM_RD_EN 0
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1.3.9 Playback RAM Read Status Register, Address: 0x0310

Hardware Function: 0x0
Device Address: 0x0310
Read/Write:  Read Only

This is the Playback RAM Read Status register. This register is a place holder for any

important information related to SRAM read operations.

Table 1.21: Playback RAM Read Control Register

BIT NAME RESET
31:2 RSVD 0

0 PLAY_SRAM_RD_DONE 0

0 SRAM_CAL_DONE 0

1.3.10 Playback RAM Read Start Address Register, Address: 0x0312

Hardware Function: 0x0
Device Address: 0x0312
Read/Write: Read and Write

This is the Playback RAM Read Start Address register. This register indicates the start

address for the pattern. It is 18-bits wide, and addresses the 4-word burst read transaction.

Table 1.22: Playback RAM Read Start Address Register
BIT NAME RESET
31:18 RSVD 0
17:0 | PLAY RD_START_ADDRJ[17:0] 0
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1.3.11 Playback RAM Read Stop Address Register, Address: 0x0314

Hardware Function: 0x0
Device Address: 0x0314
Read/Write: Read and Write

This is the Playback RAM Read Stop Address register. This register indicates the stop

address for the pattern. It is 18-bits wide, and addresses the 4-word burst read transaction.

Table 1.23: RAM Read Stop Address (Pattern A) Register

BIT NAME RESET
31:18 RSVD 0
17:0 | PLAY _RD_STOP_ADDR/17:0] 0

1.3.12 Playback RAM Read Increment Address Register, Address: 0x0316

Hardware Function: 0x0
Device Address: 0x0316
Read/Write: Read and Write

This is the Playback RAM Read Increment Address register. This register indicates the

value that the SRAM address is incremented when streaming data from SRAM. It is 18-bits wide.

Table 1.24: Playback RAM Read Increment Address Register
BIT NAME RESET
31:18 RSVD 0

17:0 | PLAY_RD_INC_ADDRJ17:0] | 0x00001
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1.3.13 Playback RAM Read Maximum Address Register, Address: 0x0318

Hardware Function: 0x0
Device Address: 0x0318
Read/Write: Read and Write

This is the Playback RAM Read Maximum Address register. This register indicates the
maximum initial address, which is used to pre-load the SRAM stream address counter. It is 18-bits
wide.

Table 1.25: Playback RAM Read Maximum Address Register
BIT NAME RESET

31:18 RSVD 0
17:0 | PLAY_ RD_-MAX_ADDRJ[17:0] | 0x3FFFF

1.3.14 Xilinx SRAM Controller Done Status Register, Address: 0x031A

Hardware Function: 0x0
Device Address: 0x031A
Read/Write: Read Only

This is the Xilinx SRAM Controller Done Status register. This register is used to trou-
bleshoot the calibration routine in the Xilinx SRAM Controller. The calibration routine is made up

of several stages. Each stage of the routine is complete when its status bit goes high.

Table 1.26: Xilinx SRAM Controller Done Status Register
BIT NAME RESET
31:8 RSVD
INIT_.COUNT_DONE
Q_CQp_INIT_DELAY_DONE
Q_-CQn_INIT_DELAY_DONE
CQp-CAL_DONE
CQn_CAL_DONE
WE_CAL_DONE_CQp
WE_CAL_DONE_CQn
CAL_DONE

o
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1.3.15 Xilinx SRAM Controller Count Status Register, Address: 0x031C

Hardware Function: 0x0
Device Address: 0x031C
Read/Write:  Read Only

This is the Xilinx SRAM Controller Count Status register. This register is used to trou-
bleshoot the calibration routine in the Xilinx SRAM Controller. The calibration routine is made up
of several stages. Each stage of the routine calculates a tap count that is used to center the CQ_p

clock in the lower 18-bits of read data and the CQn clock in the upper 18-bits of read data.

Table 1.27: Xilinx SRAM Controller Count Status Register

CQp_Q_DATA_VALID
0 CQn_Q_DATA_VALID

BIT NAME RESET
31:26 RSVD 0
25:20 | Q_CQp_INIT_DELAY_DONE_TAP_CNT[5:0] 0
19:14 | Q_CQuINIT_DELAY_DONE_TAP_CNT[5:0] 0
13:8 CQp_CAL_TAP_CNT[5:0] 0
7:2 CQn_CAL_TAP_CNT[5:0] 0
0
0
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I[.3.16 Xilinx SRAM Controller Debug Control Register, Address: 0x031E

Hardware Function: 0x0
Device Address: 0x031E
Read/Write:  Read Only

This is the Xilinxk SRAM Controller Debug Control register. This register is used to trou-
bleshoot the calibration routine in the Xilinx SRAM Controller. The signals below allow for manual

control of the calibration routines. For a detailed description of the signals below, see the appendix

of the Xilinx MIG User’s Guide (ug086.pdf) [27].

Table 1.28: Xilinx SRAM Controller Debug Control Register

BIT NAME RESET
31:18 RSVD 0
17 DBG_IDEL_UP_ALL 0
16 DBG_IDEL_DOWN_ALL 0
15 DBG_SEL_ALLIDEL_CQ 0
14 DBG_SEL_IDEL_CQ 0
13 DBG_IDEL_UP_CQ 0
12 DBG_IDEL_DOWN_CQ 0
11 DBG_SEL_ALL_IDEL_CQ.-n 0
10 DBG_SEL_IDEL_CQ.n 0
9 DBG_IDEL_UP_CQ.n 0
8 DBG_IDEL_DOWN_CQ.n 0
7 DBG_SEL_ALL_IDEL_Q_CQ 0
6 DBG_SEL.IDEL.Q_CQ 0
5 | DBG.SEL_ALL.IDEL.Q.CQ.n 0
4 DBG_IDEL_UP_Q.CQ 0
3 DBG_IDEL_DOWN_Q_CQ 0
2 DBG_SEL_IDEL.Q_CQ.n 0
1 DBG_IDEL_UP.Q.CQ.n 0
0 DBG_IDEL_DOWN_Q.CQ.n 0
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1.3.17 Custom SRAM Controller FIFO Status Register, Address: 0x0320
Hardware Function: 0x0

Device Address:  0x0320
Read/Write:  Read Only

This is the custom SRAM Controller FIFO Status register. This register is used to trou-

bleshoot the read data path of the SRAM Controllers. These bits should always be 0.

Table 1.29: Custom SRAM Controller FIFO Status Register

BIT NAME RESET
31:2 RSVD 0

1 SRAM_FIFO_FULL 0

0 SRAM_FIFO_EMPTY 0

1.3.18 Playback RAM Write Trigger Data Register, Address: 0x0322

Hardware Function: 0x0
Device Address:  0x0322
Read/Write: Read and Write

This is the Playback RAM Write Trigger Data registers. This register contains trigger
location bits that are stored in the MSB 4-bits of each of the 4x 36-bit SRAM words. This trigger
data is all ones at the first location in the SRAM, and all zeros at all remaining SRAM locations.

This allows the trigger pulse to be synchronous to the SRAM data.

Table 1.30: Playback RAM Write Trigger Data Register
BIT NAME RESET
31:16 RSVD 0

15:0 | PLAY_TRIG_DATA[15:0] | 0x0000
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1.3.19 Capture RAM Read Control Register, Address: 0x0324

Hardware Function: 0x0
Device Address: 0x0324
Read/Write: Read and Read

This is the Capture RAM Read Control register. This register initiates an SRAM 4-word
burst read. The read data resides in registers 0x0328 to 0x032E, and the read address resides
in register 0x0326. When performing an SRAM 4-word burst read, the CPU must toggle the
CAP_SRAM_RD_EN bit high then low. The time between the Capture SRAM Read Enable bit
being set high then low is inconsequential, because a one-shot circuit inside the FPGA creates a
single pulse one clock period wide when it detects a 0—1 transition on its input. To enable Capture

mode set CAP_NPLAY to a logic high. To enable Playback mode set CAP_NPLAY to a logic low.

Table 1.31: Capture RAM Read Control Register

BIT NAME RESET
31:3 RSVD 0

2 CAP_NPLAY 0

1 CAP_SRAM_RD_EN 0

0 RSVD 0

1.3.20 Capture RAM Read Address Register, Address: 0x0326

Hardware Function: 0x0
Device Address: 0x0326
Read/Write: Read and Write

These are the Capture RAM Read Address registers. This register is 18-bits wide, and

addresses the 4-word burst read transaction.

Table 1.32: Capture RAM Read Address Register
BIT NAME RESET
31:18 RSVD 0

17:0 | CAP_RD_ADDRJ17:0] | 0x00000
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1.3.21 Capture RAM Write Start Address Register, Address: 0x0328

Hardware Function: 0x0
Device Address: 0x0328
Read/Write: Read and Write

This is the Capture RAM Write Start Address register. This register indicates the start

address that the data is streamed into the SRAM. It is 18-bits wide.

Table 1.33: Capture RAM Write Start Address Register
BIT NAME RESET
31:18 RSVD 0

17:0 | CAP.WR_START_ADDR]J17:0] | 0x00000

1.3.22 Capture RAM Write Stop Address Register, Address: 0x032A

Hardware Function: 0x0
Device Address: 0x032A
Read/Write: Read and Write

This is the Capture RAM Write Stop Address register. This register indicates the stop

address that the data is streamed into the SRAM. It is 18-bits wide.

Table 1.34: Capture RAM Write Stop Address Register
BIT NAME RESET
31:18 RSVD 0

17:0 | CAP.WR_STOP_ADDRJ[17:0] | 0x3FFFF
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1.3.23 Capture RAM Write Increment Address Register, Address: 0x032C

Hardware Function: 0x0
Device Address: 0x032C
Read/Write: Read and Write

This is the Capture RAM Write Increment Address register. This register indicates the

value that the SRAM address is incremented when streaming data into the SRAM. It is 18-bits wide.

Table 1.35: Capture RAM Write Increment Address Register
BIT NAME RESET
31:18 RSVD 0

17:0 | CAP_WR_NC_ADDRJ17:0] | 0x00001

1.3.24 Capture RAM Write Maximum Address Register, Address: 0x032E

Hardware Function: 0x0
Device Address:  0x032E
Read/Write: Read and Write

This is the Capture RAM Write Maximum Address register. This register indicates the
maximum initial address, which is used to pre-load the SRAM stream address counter. It is 18-bits

wide.

Table 1.36: Capture RAM Read Maximum Address Register
BIT NAME RESET
31:18 RSVD 0

17:0 | CAP-WR_MAX_ADDRJ17:0] | 0x3FFFE
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1.3.25 Capture RAM Read Data 0 Register, Address: 0x0330

Hardware Function: 0x0
Device Address: 0x0330
Read/Write:  Read Only

These are the Capture RAM Read Data 0 registers. These registers comprise a register
that is 16-bits wide, and make up one word of the 4-word burst read transaction. This 16-bit packet
is the LSB Word in the 128-bit packet.

Table 1.37: Capture RAM Read Data 0 Register
BIT NAME RESET
31:16 RSVD 0

15:0 | CAP_.RD0_-DATA[15:0] | 0x0000

1.3.26 Capture RAM Read Data 1 Register, Address: 0x0332

Hardware Function: 0x0
Device Address: 0x0332
Read/Write: Read Only

These are the Capture RAM Read Data 1 registers. These registers comprise a register

that is 16-bits wide, and make up one word of the 4-word burst read transaction.

Table 1.38: Capture RAM Read Data 1 Register
BIT NAME RESET
31:16 RSVD 0

15:0 | CAP_RD1_DATA[15:0] | 0x0000
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1.3.27 Capture RAM Read Data 2 Register, Address: 0x0334

Hardware Function: 0x0
Device Address: 0x0334
Read/Write:  Read Only

327

These are the Capture RAM Read Data 2 registers. These registers comprise a register

that is 16-bits wide, and make up one word of the 4-word burst read transaction.

Table 1.39: Capture RAM Read Data 2 Register

BIT NAME RESET
31:16 RSVD 0
15:0 | CAP_RD2.DATA[15:0] | 0x0000

1.3.28 Capture RAM Read Data 3 Register, Address: 0x0336

Hardware Function: 0x0
Device Address: 0x0336
Read/Write: Read Only

These are the Capture RAM Read Data 3 registers. These registers comprise a register

that is 16-bits wide, and make up one word of the 4-word burst read transaction.

Table 1.40: Capture RAM Read Data 3 Register

BIT NAME RESET
31:16 RSVD 0
15:0 | CAP_RD3_DATA[15:0] | 0x0000
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1.3.29 Capture RAM Read Data 4 Register, Address: 0x0338

Hardware Function: 0x0
Device Address: 0x0338
Read/Write:  Read Only
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These are the Capture RAM Read Data 4 registers. These registers comprise a register

that is 16-bits wide, and make up one word of the 4-word burst read transaction.

Table 1.41: Capture RAM Read Data 4 Register

BIT NAME RESET
31:16 RSVD 0
15:0 | CAP_RD4_DATA[15:0] | 0x0000

1.3.30 Capture RAM Read Data 5 Register, Address: 0x033A

Hardware Function: 0x0
Device Address: 0x033A
Read/Write: Read Only

These are the Capture RAM Read Data 5 registers. These registers comprise a register

that is 16-bits wide, and make up one word of the 4-word burst read transaction.

Table 1.42: Capture RAM Read Data 5 Register

BIT NAME RESET
31:16 RSVD 0
15:0 | CAP_RD5_DATA[15:0] | 0x0000
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1.3.31 Capture RAM Read Data 6 Register, Address: 0x033C

Hardware Function: 0x0
Device Address: 0x033C
Read/Write:  Read Only

These are the Capture RAM Read Data 6 registers. These registers comprise a register

that is 16-bits wide, and make up one word of the 4-word burst read transaction.

Table 1.43: Capture RAM Read Data 6 Register
BIT NAME RESET
31:16 RSVD 0

15:0 | CAP_.RD6_DATA[15:0] | 0x0000

1.3.32 Capture RAM Read Data 7 Register, Address: 0x033E

Hardware Function: 0x0
Device Address:  0x033E
Read/Write: Read Only

These are the Capture RAM Read Data 7 registers. These registers comprise a register
that is 16-bits wide, and make up one word of the 4-word burst read transaction. This 16-bit packet

is the MSB word in the 128-bit data word.

Table 1.44: Capture RAM Read Data 6 Register
BIT NAME RESET
31:16 RSVD 0

15:0 | CAP_RD7_DATA[15:0] | 0x0000




APPENDIX I. DATA PATH FPGA REGISTER DEFINITIONS 330

1.3.33 Capture RAM Read Data 8 Register, Address: 0x0340

Hardware Function: 0x0
Device Address: 0x0340
Read/Write:  Read Only

These are the Capture RAM Read Data 8 registers. These registers comprise a register
that is 16-bits wide, and make up one word of the 4-word burst read transaction. This 16-bit packet

contains the corresponding overflow flags for the 128-bit packet.

Table 1.45: Capture RAM Read Data 7 Register
BIT NAME RESET
31:16 RSVD 0

15:0 | CAP_.RD8_DATA[15:0] | 0x0000

1.3.34 Capture RAM Read Status Register, Address: 0x0342

Hardware Function: 0x0
Device Address: 0x0342
Read/Write: Read Only

This is the Capture RAM Read Status register. The CAP_SRAM_RD_DONE bit indicates
when a single 128-bit packet has been successfully read from the QDR-II SRAM. The Control FPGA
must wait until the CAP_.SRAM_RD_DONE bit goes high before initiating a new QDR-II SRAM

Read Sequence.

Table 1.46: Capture RAM Read Status Register

BIT NAME RESET
31:2 RSVD 0

1 CAP_SRAM_RD_DONE 0

0 RSVD 1




APPENDIX I. DATA PATH FPGA REGISTER DEFINITIONS 331

1.3.35 Playback RAM FIFO Read Count Register, Address: 0x0344

Hardware Function: 0x0
Device Address: 0x0344
Read/Write:  Read Only

This is the Playback RAM FIFO Read Count register. The PLAY _SRAM_FIFO_RD_CNT

register indicates how many words are in the SRAM Playback FIFO.

Table 1.47: Playback RAM FIFO Read Count Register

BIT NAME RESET
31:12 RSVD 0
11:0 | PLAY_SRAM_FIFO_RD_CNTJ[11:0] 0

1.3.36 Playback Block RAM Write Control Register, Address: 0x0380

Hardware Function: 0x0
Device Address:  0x0380
Read/Write: Read and Write

This is the Playback Block RAM Write Control register. This register initiates a Block
RAM 128-bit write. When performing a Block RAM 128-bit write, the CPU must set these bits
high.

Table 1.48: Playback Block RAM Write Control Register
BIT NAME RESET
31:1 RSVD 0

0 PLAY BRAM_WR_EN 0
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1.3.37 Playback Block RAM Write Address Register, Address: 0x0382

Hardware Function: 0x0
Device Address: 0x0382
Read/Write: Read and Write

This is the Playback Block RAM Write Address register. This register is 14-bits wide, and

addresses the 128-bit write transaction.

Table 1.49: Playback Block RAM Write Address Register
BIT NAME RESET
31:14 RSVD 0

13:0 | PLAY BRAM_WR_ADDR[13:0] | 0x0000

1.3.38 Playback Block RAM Write Data 0 Register, Address: 0x0384

Hardware Function: 0x0
Device Address: 0x0384
Read/Write: Read and Write

This is the Playback Block RAM Write Data 0 register. This register is 32-bits wide, and
makes up one word of the 128-bit write transaction. This 32-bit packet is the LSB Word in the

128-bit packet.

Table 1.50: Playback Block RAM Write Data 0 Register
BIT NAME RESET
31:0 | PLAY BRAM_WRO0_DATA[31:0] | 0x00000000
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1.3.39 Playback Block RAM Write Data 1 Register, Address: 0x0386

Hardware Function: 0x0
Device Address: 0x0386
Read/Write: Read and Write

This is the Playback Block RAM Write Data 1 register. This register is 32-bits wide, and

makes up one word of the 128-bit write transaction.

Table 1.51: Playback Block RAM Write Data 1 Register
BIT NAME RESET
31:0 | PLAY BRAM_WRI1_DATAI31:0] | 0x00000000

1.3.40 Playback Block RAM Write Data 2 Register, Address: 0x0388

Hardware Function: 0x0
Device Address: 0x0388
Read/Write: Read and Write

This is the Playback Block RAM Write Data 2 register. This register is 32-bits wide, and

makes up one word of the 128-bit write transaction.

Table 1.52: Playback Block RAM Write Data 2 Register
BIT NAME RESET
31:0 | BRAM_WR2_DATA[31:0] | 0x00000000
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1.3.41 Playback Block RAM Write Data 3 Register, Address: 0x038A

Hardware Function: 0x0
Device Address: 0x038A
Read/Write: Read and Write

This is the Playback Block RAM Write Data 3 register. This register is 32-bits wide, and
makes up one word of the 128-bit write transaction. This 32-bit packet is the MSB Word in the

128-bit packet.

Table 1.53: Playback Block RAM Write Data 3 Register
BIT NAME RESET
31:0 | PLAY BRAM_WR3_DATAI31:0] | 0x00000000

1.3.42 Playback Block RAM Read Control Register, Address: 0x038C

Hardware Function: 0x0
Device Address: 0x038C
Read/Write: Read and Write

This is the Playback Block RAM Read Control register. This register initiates an Block
RAM read. When performing a Block RAM Read initiation, the CPU must set bit 0 high.

Table 1.54: Playback Block RAM Read Control Register
BIT NAME RESET
31:1 RSVD 0

0 PLAY BRAM_RD_EN 0
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1.3.43 Playback Block RAM Read Start Address Register, Address: 0x038E

Hardware Function: 0x0
Device Address: 0x038E
Read/Write: Read and Write

This is the Playback Block RAM Read Start Address (Pattern A) register. This register

is 14-bits wide, and addresses the 4-word burst read transaction.

Table 1.55: Block RAM Read Start Address Register

BIT NAME RESET
31:14 RSVD 0
13:0 | PLAY_.BRAM_RD_START_ADDR][13:0] 0

1.3.44 Playback Block RAM Read Stop Address Register, Address: 0x0390

Hardware Function: 0x0
Device Address:  0x0390
Read/Write: Read and Write

These are the Playback Block RAM Read Stop Address register. This register is 14-bits

wide, and addresses the 128-bit read transaction.

Table 1.56: Playback Block RAM Read Stop Address Register
BIT NAME RESET
31:14 RSVD 0
13:0 | PLAY_BRAM_RD_STOP_ADDR]13:0] 0
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1.3.45 Capture Block RAM Read Data 0 Register, Address: 0x039A

Hardware Function: 0x0
Device Address: 0x039A
Read/Write:  Read Only

These are the Capture Block RAM Read Data 0 registers. These registers comprise a
register that is 16-bits wide, and make up one word of the 128-bit read transaction. This 16-bit
packet is the LSB Word in the 128-bit packet.

Table 1.57: Capture Block RAM Read Data 0 Register
BIT NAME RESET
31:16 RSVD 0

15:0 | CAP_.RD0_-DATA[15:0] | 0x0000

1.3.46 Capture Block RAM Read Data 1 Register, Address: 0x039C

Hardware Function: 0x0
Device Address: 0x039C
Read/Write: Read Only

These are the Capture Block RAM Read Data 1 registers. These registers comprise a

register that is 16-bits wide, and make up one word of the 128-bit read transaction.

Table 1.58: Capture Block RAM Read Data 1 Register
BIT NAME RESET
31:16 RSVD 0

15:0 | CAP_RD1_DATA[15:0] | 0x0000
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1.3.47 Capture Block RAM Read Data 2 Register, Address: 0x039E

Hardware Function: 0x0
Device Address: 0x039E
Read/Write:  Read Only

These are the Capture Block RAM Read Data 2 registers.

These registers comprise a

register that is 16-bits wide, and make up one word of the 128-bit read transaction.

Table 1.59: Capture Block RAM Read Data 2 Register

BIT NAME RESET
31:16 RSVD 0
15:0 | CAP_RD2.DATA[15:0] | 0x0000

1.3.48 Capture Block RAM Read Data 3 Register, Address: 0x03A0

Hardware Function: 0x0
Device Address: 0x03A0
Read/Write: Read Only

These are the Capture Block RAM Read Data 3 registers.

These registers comprise a

register that is 16-bits wide, and make up one word of the 128-bit read transaction.

Table 1.60: Capture Block RAM Read Data 3 Register

BIT NAME RESET
31:16 RSVD 0
15:0 | CAP_RD3_DATA[15:0] | 0x0000
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1.3.49 Capture Block RAM Read Data 4 Register, Address: 0x03A2

Hardware Function: 0x0
Device Address: 0x03A2
Read/Write:  Read Only

These are the Capture Block RAM Read Data 4 registers.

These registers comprise a

register that is 16-bits wide, and make up one word of the 128-bit read transaction.

Table 1.61: Capture Block RAM Read Data 4 Register

BIT NAME RESET
31:16 RSVD 0
15:0 | CAP_RD4_DATA[15:0] | 0x0000

1.3.50 Capture Block RAM Read Data 5 Register, Address: 0x03A4

Hardware Function: 0x0
Device Address: 0x03A4
Read/Write: Read Only

These are the Capture Block RAM Read Data 5 registers.

These registers comprise a

register that is 16-bits wide, and make up one word of the 128-bit read transaction.

Table 1.62: Capture Block RAM Read Data 5 Register

BIT NAME RESET
31:16 RSVD 0
15:0 | CAP_RD5_DATA[15:0] | 0x0000
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1.3.51 Capture Block RAM Read Data 6 Register, Address: 0x03A6

Hardware Function: 0x0
Device Address: 0x03A6
Read/Write:  Read Only

These are the Capture Block RAM Read Data 6 registers. These registers comprise a

register that is 16-bits wide, and make up one word of the 128-bit read transaction.

Table 1.63: Capture Block RAM Read Data 6 Register
BIT NAME RESET
31:16 RSVD 0

15:0 | CAP_.RD6_DATA[15:0] | 0x0000

1.3.52 Capture Block RAM Read Data 7 Register, Address: 0x03A8

Hardware Function: 0x0
Device Address: 0x03AS
Read/Write: Read Only

These are the Capture Block RAM Read Data 7 registers. These registers comprise a
register that is 16-bits wide, and make up one word of the 128-bit read transaction. This 16-bit

packet is the MSB word in the 128-bit data word.

Table 1.64: Capture Block RAM Read Data 6 Register
BIT NAME RESET
31:16 RSVD 0

15:0 | CAP_RD7_DATA[15:0] | 0x0000
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1.3.53 Capture Block RAM Read Data 8 Register, Address: 0x03AA

Hardware Function: 0x0
Device Address: 0x03AA
Read/Write:  Read Only

These are the Capture Block RAM Read Data 8 registers. These registers comprise a
register that is 16-bits wide, and make up one word of the 128-bit read transaction. This 16-bit

packet contains the corresponding overflow flags for the 128-bit packet.

Table 1.65: Capture Block RAM Read Data 7 Register
BIT NAME RESET
31:16 RSVD 0

15:0 | CAP_.RD8_DATA[15:0] | 0x0000

1.3.54 Capture Block RAM Write Status Register, Address: 0x03AC

Hardware Function: 0x0
Device Address: 0x03AC
Read/Write: Read Only

This is the Capture Block RAM Write Status register. The CAP_.BRAM_WR_DONE bit
indicates when a single 128-bit packet has been successfully read from the Block RAM. The Control
FPGA must wait until the CAP_.BRAM_WR_DONE bit goes high before initiating a new Block
RAM Write Sequence.

Table 1.66: Capture Block RAM Write Status Register
BIT NAME RESET
31:1 RSVD 0

0 CAP_BRAM_WR_DONE 0
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1.3.55 Playback Block RAM Write Trigger Register, Address: 0x03AE

Hardware Function: 0x0
Device Address: 0x03AE
Read/Write: Read and Write

These are the Playback Block RAM Write Trigger registers. This 16-bit packet is the

trigger word for the 128-bit data word.

Table 1.67: Playback Block RAM Write Trigger Register
BIT NAME RESET
31:16 RSVD 0

15:0 | PLAY_ BRAM_WR_TRIG[15:0] | 0x0000

I.4 Base Address: 0x0400, Miscellaneous Control Registers

1.4.1 AUX Input Control Register, Address: 0x0400

Hardware Function: 0x0
Device Address:  0x0400
Read/Write: Read and Write

The AUX Input Control register is used to set the current mode of the external AUX Input.

The states of the AUX Input Control register are shown in Table 1.69.

Table 1.68: AUX Input Control Register
BIT NAME RESET
31:3 RSVD 0
2:0 | AUX_CTRL 0
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Table 1.69: AUX Input Control Modes

AUX_CTRL
Mode
1 0
0 X Disabled
1 Gating
111 0 Sweep

1.4.2 RAM Select Register, Address: 0x0402
Hardware Function: 0x0

Device Address:  0x0402
Read/Write: Read and Write

The RAM Select register is used to select between Block RAM patterns and QDR-IT SRAM

patterns. The states of the RAM Select register are shown in Table 1.71.

Table 1.70: Pattern Select Register

BIT NAME RESET
31:1 RSVD 0
0 BRAM_nSRAM 0

Table 1.71: RAM Select Modes
BRAM_nSRAM Mode
0 QDR-IT SRAM Pattern
1 Block RAM Pattern
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1.4.3 Sweep Control Register, Address: 0x0404
Hardware Function: 0x0

Device Address:  0x0404
Read/Write: Read and Write

This is the Sweep Control register. This register is used to enable sweep.

Table 1.72: Sweep Control Register

BIT | NAME | RESET
31:1 | RSVD 0
0 SWEEP 0

1.4.4 Gating Control Register, Address: 0x0406
Hardware Function: 0x0

Device Address:  0x0406
Read/Write: Read and Write

This is the Gating Control register. This register is used to enable waveform gating.

Table 1.73: Gating Control Register

BIT | NAME | RESET
31:1 | RSVD 0
0 GATE 0
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1.4.5 Waveform Enable Register, Address: 0x0408

Hardware Function: 0x0
Device Address: 0x0408
Read/Write: Read and Write

This is the Waveform Enable register. This register is used to enable waveform.

Table 1.74: Waveform Enable Register
BIT | NAME | RESET
31:1 RSVD 0

0 WAVE_EN 0

I.4.6 DC/RAM Select Register, Address: 0x040A

Hardware Function: 0x0
Device Address: 0x040A
Read/Write: Read and Write

The DC/RAM Select register is used to select between RAM patterns and a DC value of

16’h0000. The states of the DC/RAM Select register are shown in Table 1.76.

Table 1.75: Pattern Select Register
BIT NAME RESET
31:1 RSVD 0

0 DCnRAM 0

Table 1.76: RAM Select Modes
BRAM _ nSRAM Mode
0 RAM Pattern
1 DC Value
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1.4.7 Pattern Shift Register, Address: 0x040C

Hardware Function: 0x0
Device Address: 0x040C

Read/Write: Read and Write

The Pattern Shift register is used to perform a shift by 16-K bits, where the value of this

register is 2%. The states of the Pattern Shift register are shown in Table I1.78.

Table 1.77: Pattern Shift Register

BIT NAME RESET
31:16 RSVD 0
15:0 | WAVE_SHIFT([15:0] | 0x0001

Table 1.78: Pattern Shift Modes

Bits to Shift | Value
0 0x10000
1 0x08000
2 0x04000
3 0x02000
4 0x01000
5 0x00800
6 0x00400
7 0x00200
8 0x00100
9 0x00080
10 0x00040
11 0x00020
12 0x00010
13 0x00008
14 0x00004
15 0x00002
16 0x00001
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1.4.8 Pattern Invert Register, Address: 0x040E

Hardware Function: 0x0
Device Address: 0x040E
Read/Write: Read and Write

346

The Pattern Invert register is used to perform a two’s complement invert of the current

pattern. The states of the Pattern Invert register are shown in Table 1.80.

Table 1.79: Pattern Invert Register

BIT NAME RESET
31:16 RSVD 0
15:0 | WAVE_INVERT/[15:0] | 0x0001

Table 1.80: Pattern Invert Modes

PAT_INV

Mode

0x0001

Normal Pattern

OxFFFF

Inverted Pattern
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I.5 Base Address: 0x0500, Trigger Control Registers

1.5.1 Trigger Output Mode Register, Address: 0x0500

Hardware Function: 0x0

Device Address:  0x0500
Read/Write: Read and Write

This is the Trigger Output Mode register. This register controls the type of trigger present

on the front panel.

Table 1.81: Trigger Output Mode Register

BIT NAME RESET
31:1 RSVD 0
0 TRIG.-OUT_-MODE 1

Table 1.82: Trigger Output Modes
TRIG_.OUT_MODE Mode
0 Divided Clock Trigger
1 Pattern Trigger
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1.5.2 Trigger RAM Mode Register, Address: 0x0502

Hardware Function: 0x0
Device Address: 0x0502
Read/Write: Read and Write

This is the Trigger RAM Mode register. This register controls the type of trigger for the
RAM Patterns.

Table 1.83: Trigger RAM Mode Register

BIT NAME RESET
31:1 RSVD 0
0 TRIG_.RAM_MODE 0

Table 1.84: Trigger RAM Modes

TRIG_RAM_MODE Mode
0 A Only Pattern Trigger
1 A /B Pattern Trigger

1.5.3 RAM Pattern A Trigger Address Register, Address: 0x0504

Hardware Function: 0x0
Device Address: 0x0504
Read/Write: Read and Write

This is the RAM Pattern A Trigger Address register. This register is 18-bits wide, and

makes up the RAM pattern A trigger address register used by the RAM Pattern Trigger Module.

Table 1.85: RAM Pattern A Trigger Address Register
BIT NAME RESET
31:18 RSVD 0

17:0 | RAM_APATRN_TRIG[17:0] | 0x2AAAA
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1.5.4 Divided Clock Trigger Control Register, Address: 0x0506

Hardware Function: 0x0
Device Address: 0x0506
Read/Write: Read and Write

This is the Divided Clock Trigger Control register. This register is used to select the divided

clock frequency.

Table 1.86: Divided Clock Trigger Control Register
BIT NAME RESET
31:2 RSVD 0
1:0 | DIV_CLK_TRIG]1:0] 0b01

Table 1.87: Divided Clock Trigger Modes
DIV_CLK_TRIG Mode Frequency

00 clk 500 MHz
01 <k (default) | 250 MHz
10 dk 125 MHz

4

11 dk 62.5 MHz
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I.6 Base Address: 0x0700, ADC Control Registers

1.6.1 ADC Data FIFO Empty Register, Address: 0x071A

Hardware Function: 0x0
Device Address: 0x071A

Read/Write: Read and Write
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The ADC Data FIFO Empty register is used to read the Empty status of the FIFOs. These

will most likely be used for debug only as the FIFOs are continuously filled and emptied.

Table 1.88: ADC Data FIFO Empty Register

BIT NAME RESET
31:18 RSVD 0
17:0 | MUX_FIFO_LEMPTY 0

1.6.2 ADC Data FIFO Full Register, Address: 0x071C

Hardware Function: 0x0
Device Address: 0x071C

Read/Write: Read and Write

The ADC Data FIFO Full register is used to read the Full status of the FIFOs. These will

most likely be used for debug only as the FIFOs are continuously filled and emptied.

Table 1.89: ADC Data FIFO Full Register

BIT NAME RESET
31:18 RSVD 0
17:0 | MUX_FIFO_FULL 0
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1.7 Base Address: 0x0800, AsAP Control Registers

1.7.1 AsAP #0 Read Data Register, Address: 0x0800

Hardware Function: 0x0

Device Address:  0x0800
Read/Write:  Read Only

The AsAP #0 Read Data register is used to store the data read from AsAP #0.

Table 1.90: AsAP #0 Read Data Register

BIT NAME RESET
31:16 RSVD 0
15:0 | ASAPO_RD_DATA[15:0] 0

1.7.2 AsAP #1 Read Data Register, Address: 0x0802

Hardware Function: 0x0
Device Address:  0x0802
Read/Write: Read Only

The AsAP #1 Read Data register is used to store the data read from AsAP #1.

Table 1.91: AsAP #1 Read Data Register
BIT NAME RESET
31:16 RSVD 0
15:0 | ASAP1.RD_DATA[15:0] 0
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1.7.3 AsAP #0 Control Register, Address: 0x0804

Hardware Function: 0x0
Device Address: 0x0804
Read/Write:  Read Only

The AsAP #0 Control register is used to control AsAP #0.

Table 1.92: AsAP #0 Control Register
BIT NAME RESET
31:1 RSVD 0

0 ASAPO_CTRL 0

1.7.4 AsAP #1 Control Register, Address: 0x0806

Hardware Function: 0x0
Device Address: 0x0806
Read/Write: Read Only

The AsAP #1 Control register is used to control AsAP #1.

Table 1.93: AsAP #1 Control Register
BIT NAME RESET
31:1 RSVD 0

0 ASAP1_CTRL 0
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Appendix J

Control FPGA EDK /MicroBlaze

Peripherals

The Control FPGA on the measurement board serves many purposes, from configuring
the Data Path FPGA to loading waveform files for the baseband signal source. The Control FPGA
uses a Xilinx MicroBlaze 32-bit soft-core processor, which is implemented in the FPGA fabric. The
MicroBlaze processor has many peripherals attached to its processor local bus (PLB) for controlling
external SPI and I2C devices. These devices are controlled by software written in C and C++, and
running on the MicroBlaze processor. The software is developed using the Xilinx embedded devel-
opment kit (EDK), which contains a library of common peripherals from SPI interface controllers to
general purpose I/O controllers. In addition, the EDK software application allows custom processor
peripherals to be written in either Verilog HDL or VHDL. This chapter will describe each of the

EDK peripherals used by the MicroBlaze processor in the Control FPGA.

J.1 Field Upgrade

The measurement board contains both a 64 MB serial peripheral interface (SPI) configu-
ration flash programmable read only memory (PROM) and a 2 GB microSD card for configuration
file and calibration data storage. The boot-loader application will always be contained in the block
ram of each FPGA image, and will rarely need to change. The factory image will always reside at
location 0x0 in the SPI Configuration Flash PROM to provide a reliable way of recovering from a

configuration error.
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The upgrade image is stored in a file named “UPGRADE.MCS” in the CONFIG directory
of the microSD. The MicroBlaze 32-bit micro-controller will then perform a CRC checksum test to
verify that the image is valid and move the upgrade image into the upgrade location in the SPI
Configuration Flash PROM.

At system power-up or restart, the Xilinx Spartan-3A control FPGA will be configured from
whichever image the internal configuration access port (ICAP) peripheral is currently programmed to
boot from in the SPI configuration flash PROM. The factory default is to boot from the factory image
in the SPI configuration flash PROM. Once the control FPGA is configured the boot-loader will
transfer the control application data, as part of the power-up procedure, from the SPI configuration

flash PROM to the DDR SDRAM memory.

J.1.1 hw_icap_registers_0: ICAP Software Register Peripheral

The hw_icap_registers_vi_00_a EDK Peripheral is used to control the Xilinx Spartan-3A
ICAP primitive (ICAP_SPARTAN3A). The ICAP_SPARTAN3A primitive works similar to the slave
parallel (SelectMAP) configuration interface except it is available to the FPGA application using
internal routing connections. Furthermore, the ICAP primitive has separate read and write data
ports, as opposed to the bidirectional bus on the SelectMAP interface. ICAP allows the FPGA appli-
cation to access configuration registers, readback configuration data, or to trigger a MultiBoot event
after configuration successfully completes. The register map of the ICAP_SPARTANSA primitive is
shown in Table J.2. The variables shown in the Default Value column of Table J.2 are described in

Table J.1. The hw_icap_registers_vi_00-a EDK Peripheral’s register map is shown in Table J.3.

Table J.1: ICAP Variable Descriptions
Variable Name | # of Bits | Description

internal_addr 32 MultiBoot Address: SPI PROM Boot Location
internal_mode 3 BOOTMODE: M[2:0] Configuration Mode Pins
internal_vsel 3 VS[2:0] SPI Configuration Mode Pins
internal_use 1 NEW_MODE

0 = Sample M[2:0] and VS[2:0] pins
1 = Use BOOTMODE bits
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Table J.2: ICAP_SPARTANB3A Register Map

Address | Name Default Value
1 sync_H 0xAA
2 sync_L 0x99
3 tlw_genl H | 0x32
4 tlw_genl L | 0x61
5 addr[15:8] internal_addr[15:8]
6 addr[7:0] internal_addr[7:0]
7 tlw_gen2_H | 0x32
8 tlw_gen2 L. | 0x81
9 addr[31:24] | internal_addr[31:24]
10 addr[23:16] | internal_addr[23:16]
11 tlw_mode H | 0x32
12 tlw_mode L. | OxA1l
13 reserved {1'b0, internal_use, internal_mode[2:0], internal_vsel[2:0]}
14 user_mode 0x00
15 tlw_cmd H | 0x30
16 tlw_cmd_L 0xA1
17 reboot_H 0x00
18 reboot_L 0x0E
19 noop_H 0x20
20 noop_L 0x00
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Table J.3: hw_icap_-registers_vi_00-a EDK Peripheral Register Map

Address

Name

R/W

Default Value

Description

{24’b0,icap_wr_reg[24:31]}

R/W

0x00000000

ICAP Write Byte Register.

{24’b0,icap_rd_reg[24:31]}

RO

0x00000000

ICAP Read Byte Register.

{307b0,icap_ctrl[30:31]}

R/W

0x00000003

ICAP Control Register.
[0:29]: reserved,;
[30]: icap_rnw; ICAP Read/nWrite Signal
1 = Read Operation.
0 = Write Operation.
[31]: icap-ce; ICAP Clock Enable (Active Low)

{31'b0,icap_clk_r[31]}

R/W

0x00000001

ICAP Clock Register.
[0:30]: reserved;
[31]: icap_clk; ICAP Clock
Toggle high then low to clock a
data byte into or out of the ICAP module.

{31’b0,icap_busy}

RO

0x00000000

ICAP Busy/Ready output Register.

[0:30]: reserved;

[31]: icap-busy; ICAP Busy/Ready output (Active High).

busy status. Only used in read
operations. Busy remains Low
during writes. Ops can be started

when this bit goes high.

STVYHAHAIYHAd AZVTIOUDIN/MAHT VOdAd TOYINOD [ XIANAV
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J.1.1.1 ICAP: Get Boot Address

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

To read the boot address from the ICAP module follow the steps outlined below:
. First get lower 16-bits

. Set the icap_ctrl[30:31] register bits (icap_rnw bit and icap_ce) to a 1; or 0x3.

Set the icap_ctrl[30] register bit (icap_rnw bit) to a 0.

. Set the icap_ctrl[31] register bit (icap_ce bit) to a 0.

Write 0x20 (noop_H) to the icap_wr_reg register.
Set the icap_clk register bit to a 0.

Set the icap_clk register bit to a 1.

Write 0x00 (noop_L) to the icap_wr_reg register.
Set the icap_clk register bit to a 0.

Set the icap_clk register bit to a 1.

Write 0xAA (sync_H) to the icap_wr_reg register.
Set the icap_clk register bit to a 0.

Set the icap_clk register bit to a 1.

Write 0x99 (sync_L) to the icap_wr_reg register.

Set the icap_clk register bit to a 0.

Set the icap_clk register bit to a 1.

Write 0x2A (tlr_gen2_H) to the icap_wr_reg register.
Set the icap_clk register bit to a 0.

Set the icap_clk register bit to a 1.

Write 0x81 (t1r_gen2_L) to the icap_wr_reg register.
Set the icap_clk register bit to a 0.

Set the icap_clk register bit to a 1.
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23. Write 0x20 (noop_H) to the icap_wr_reg register.
24. Set the icap_clk register bit to a 0.

25. Set the icap_clk register bit to a 1.

26. Write 0x00 (noop_L) to the icap_wr_reg register.
27. Set the icap_clk register bit to a 0.

28. Set the icap_clk register bit to a 1.

29. Set the icap_ctrl[31] register bit (icap_ce bit) to a 1.
30. Set the icap_ctrl[30] register bit (icap_rnw bit) to a 1.
31. Set the icap_ctrl[31] register bit (icap-ce bit) to a 0.
32. Set the icap_ctrl[31] register bit (icap_ce bit) to a 0.
33. Set the icap_ctrl[31] register bit (icap_ce bit) to a 0.

34. Read the value in the icap_rd_reg, store the value in the lower 8-bits of the Address variable
(i.e., addr[7:0]).

35. Set the icap_ctrl[31] register bit (icap_ce bit) to a 0.

36. Read the value in the icap_rd_reg, store the value in the next 8-bits of the Address variable
(i.e., addr[15:8]).

37. Set the icap_ctrl[31] register bit (icap_ce bit) to a 0.

38. Set the icap_ctrl[31] register bit (icap_ce bit) to a 0.

39. Set the icap_ctrl[31] register bit (icap_ce bit) to a 1.

40. Now get upper 16-bits

41. Set the icap_ctrl[30:31] register bits (icap_rnw bit and icap_ce) to a 1; or 0x3.
42. Set the icap_ctrl[30] register bit (icap_rnw bit) to a 0.

43. Set the icap_ctrl[31] register bit (icap_ce bit) to a 0.

44. Write 0x20 (noop_H) to the icap_wr_reg register.
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45.

46.

47.

48.

49.

50.

ol.

92.

53.

o4.

55.

56.

o7.

58.

99.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Set the icap_clk register bit to a 0.

Set the icap_clk register bit to a 1.

Write 0x00 (noop-L) to the icap_wr_reg register.
Set the icap_clk register bit to a 0.

Set the icap_clk register bit to a 1.

Write 0xAA (sync_H) to the icap_wr_reg register.
Set the icap_clk register bit to a 0.

Set the icap_clk register bit to a 1.

Write 0x99 (sync_L) to the icap_wr_reg register.
Set the icap_clk register bit to a 0.

Set the icap_clk register bit to a 1.

Write 0x2A (t1r_genl H) to the icap_wr_reg register.
Set the icap_clk register bit to a 0.

Set the icap_clk register bit to a 1.

Write 0x61 (t1r_genl L) to the icap_wr._reg register.
Set the icap_clk register bit to a 0.

Set the icap_clk register bit to a 1.

Write 0x20 (noop_H) to the icap_wr_reg register.
Set the icap_clk register bit to a 0.

Set the icap_clk register bit to a 1.

Write 0x00 (noop_L) to the icap_wr_reg register.
Set the icap_clk register bit to a 0.

Set the icap_clk register bit to a 1.

Set the icap_ctrl[31] register bit (icap_ce bit) to a 1.
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69.

70.

71.

72.

73.

4.

75.

76.

e

78.

79.

Set the icap_ctrl[30] register bit (icap_rnw bit) to a 1.
Set the icap_ctrl[31] register bit (icap_ce bit) to a 0.
Set the icap_ctrl[31] register bit (icap_ce bit) to a 0.
Set the icap_ctrl[31] register bit (icap_ce bit) to a 0.

Read the value in the icap_rd_reg, store the value in the next 8-bits of the Address variable

(i.e., addr[23:16]).
Set the icap-_ctrl[31] register bit (icap-ce bit) to a 0.

Read the value in the icap_rd_reg, store the value in the next 8-bits of the Address variable

(i.e., addr[31:24]).

Set the icap-_ctrl[31] register bit (icap-ce bit) to a 0.
Set the icap_ctrl[31] register bit (icap_ce bit) to a 0.
Set the icap_ctrl[31] register bit (icap_ce bit) to a 1.

Now we have the boot address stored in the Address variable.
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J.1.1.2 ICAP: Reboot

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

To perform an FPGA reboot using the ICAP module follow the steps outlined below:
. Set the icap_ctrl[30:31] register bits (icap_rnw bit and icap_ce) to a 1; or 0x3.

. Set the icap_ctrl[30] register bit (icap_rnw bit) to a 0.

Set the icap_ctrl[31] register bit (icap-ce bit) to a 0.

. Write 0x20 (noop_H) to the icap_wr_reg register.

Set the icap_clk register bit to a 0.

Set the icap_clk register bit to a 1.

Write 0x00 (noop_L) to the icap_wr_reg register.

Set the icap_clk register bit to a 0.

Set the icap_clk register bit to a 1.

Write 0xAA (sync_H) to the icap_wr_reg register.
Set the icap_clk register bit to a 0.

Set the icap_clk register bit to a 1.

Write 0x99 (sync_L) to the icap_wr_reg register.

Set the icap_clk register bit to a 0.

Set the icap_clk register bit to a 1.

Write 0x32 (t1w_genl_H) to the icap_wr_reg register.
Set the icap_clk register bit to a 0.

Set the icap_clk register bit to a 1.

Write 0x61 (t1w_genl_L) to the icap_wr_reg register.
Set the icap_clk register bit to a 0.

Set the icap_clk register bit to a 1.

Write addr[15:8] to the icap_wr_reg register.
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23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

Set the icap_clk register bit to a 0.

Set the icap_clk register bit to a 1.

Write addr[7:0] to the icap_wr_reg register.

Set the icap_clk register bit to a 0.

Set the icap_clk register bit to a 1.

Write 0x32 (t1w_gen2_H) to the icap_wr_reg register.
Set the icap_clk register bit to a 0.

Set the icap_clk register bit to a 1.

Write 0x81 (t1w_gen2_ L) to the icap_wr_reg register.
Set the icap_clk register bit to a 0.

Set the icap_clk register bit to a 1.

Write 0x03 (C7:0) to the icap_wr_reg register.

Set the icap_clk register bit to a 0.

Set the icap_clk register bit to a 1.

Write addr[23:16] to the icap_wr_reg register.

Set the icap_clk register bit to a 0.

Set the icap_clk register bit to a 1.

Write 0x32 (t1w_mode_H) to the icap_wr_reg register.
Set the icap_clk register bit to a 0.

Set the icap_clk register bit to a 1.

Write 0xA1l (t1w_mode_L) to the icap_wr_reg register.
Set the icap_clk register bit to a 0.

Set the icap_clk register bit to a 1.

Write 0x00 to the icap_wr_reg register.
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47.
48.
49.
50.
ol.
52.
93.
54.
55.
96.
57.
8.
99.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.

70.

Set the icap_clk register bit to a 0.

Set the icap_clk register bit to a 1.

Write 0x4D (sample M[2:0] and VS[2:0] pins) to the icap_wr_reg register.

Set the icap_clk register bit to a 0.

Set the icap_clk register bit to a 1.

Write 0x30 (t1w_cmd_H) to the icap_wr_reg register.

Set the icap_clk register bit to a 0.

Set the icap_clk register bit to a 1.

Write 0xA1l (t1w_cmd_L) to the icap_wr_reg register.

Set the icap_clk register bit to a 0.

Set the icap_clk register bit to a 1.

Write 0x00 (reboot_H) to the icap_wr_reg register.
Set the icap_clk register bit to a 0.

Set the icap_clk register bit to a 1.

Write 0x0E (reboot_L) to the icap_wr_reg register.
Set the icap_clk register bit to a 0.

Set the icap_clk register bit to a 1.

Write 0x20 (noop_H) to the icap_wr_reg register.
Set the icap_clk register bit to a 0.

Set the icap_clk register bit to a 1.

Write 0x00 (noop_L) to the icap_wr_reg register.
Set the icap_clk register bit to a 0.

Set the icap_clk register bit to a 1.

Write 0x20 (noop_H) to the icap_wr_reg register.
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71.

72.

73.

4.

75.

76.

e

Set the icap_clk register bit to a 0.

Set the icap_clk register bit to a 1.

Write 0x00 (noop_L) to the icap_wr_reg register.

Set the icap_clk register bit to a 0.

Set the icap_clk register bit to a 1.

Set the icap_ctrl[31] register bit (icap_rnw bit) to a 1.

Set the icap_ctrl[30] register bit (icap_ce bit) to a 1.
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J.2 Data Path FPGA Configuration

The Control FPGA is responsible for configuring the Data Path FPGA at power-up. The
Control FPGA will configure the Data Path FPGA using the slave serial method. The slave serial

interface consists of the following 5 signals:
1. CCLK: Serial Configuration Clock
2. DIN: Serial Data In
3. INIT_B: Initialization Flag (Active Low)
4. PROG_B: Configuration Reset (Active Low)
5. DONE: Configuration Done Flag (Active High)

The Data Path FPGA configuration process consists of sending 2,730,704 bytes to the Data Path
slave serial interface 32-bits at a time using the ctz_dp_fpga_config-v1_00-a EDK peripheral. First
the PROG_B signal is toggled low then high to initiate the Data Path FPGA configuration process.
The MicroBlaze Data Path FPGA configuration application will wait until the INIT_B signal tran-
sitions from low to high. Once INIT_B goes high, the MicroBlaze Data Path FPGA configuration
application will begin to send 32-bit words one at a time, while waiting for the txfer_done signal of
the ctz_dp_fpga_config-vi_00-a EDK peripheral to go high between each 32-bit word. Once the last
32-bit configuration data packet has been sent via the slave serial interface, the MicroBlaze Data
Path FPGA configuration application will wait for the configuration done flag to go high. This will
signal the completion of the Data Path FPGA configuration process. If the configuration done flag

does not go high, the process should be executed again.
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J.2.1

366

ctx_dp_fpga_config 0: Data Path FPGA Configuration Peripheral

The ctz_dp_fpga_config-vi_00-a EDK peripheral is used to configure the Data Path FPGA,

and appears as a set of 4 software accessible registers to the applications running on the MicroBlaze.

The ctz_dp_fpga_config_vl_00_a EDK peripheral’s register map is shown in Table J.5.

To initiate a write transaction using the ctz_dp_fpga_config_vi_00_a EDK peripheral first

set the read/write select to write (rnw_i = 0), 16-bit address (saddr_i) and 32-bit data (sdata_i),

then toggle the start_spi_i bit low-high-low to initiate the transfer.

To initiate a read transaction using the ctz_dp_fpga_config-vi_00-a EDK peripheral first set

the read/write select to read (rnw_i = 1) and 16-bit address (saddr-i), then toggle the start_spi-i bit

low-high-low to initiate the transfer.

The ctz_dp_fpga_config-vi_00_a connects to the Xilinx Spartan-3A FPGA pins shown in

Table J.4.

Table J.4: ctx_dp_fpga_config v1_00_a EDK peripheral I/O descriptions

zps_spi Pin Name | Pin Name Dir | Pin | Description

i.dp_fpga_done CUST_CFG_DONE 1 B22 | Configuration Done (Active High).
i_dp_fpga_initb CUST_INIT B 1 B21 | Initialization Flag (Active Low).
o-dp_fpga_cclk CUST_CCLK (0] C21 | Serial Configuration Clock.
o_dp_fpga_din S3A_SPI.DATA_TO_V5 | O | AA15 | Serial Data.

o_dp_fpga_progb CUST_PROG_B (0] C22 | Configuration Reset (Active Low).




Table J.5: ctx_dp_fpga_config vi_00_a EDK peripheral register map

Address

Name

R/W

Default Value

Description

cfg_datal0:31]

R/W

0x00000000

32-bit Configuration Write Data Register.

{29’b0,prog-reg[29:31]}

R/W

0x00000001

Configuration Control Register.
[0:28]: reserved;
[29]: send_clks: Send 16 Clocks (Active High).

Toggle high-then-low to initiate transaction.

[30]: send_data: Send 32-bits of Data (Active High).

Toggle high-then-low to initiate transaction.
[31]: PROGB: Initiate FPGA Program Sequence.

Toggle low-then-high to initiate transaction.

slv_reg2[0:31]

R/W

0x00000000

Reserved Register.

{29’b0,txfer_done, DONE,INITB}

RO

0x00000000

Configuration Transfer Done Register.
[0:28]: reserved;

29]: txfer_done: Serial Transfer Done (Active High).

[
[30]: DONE: Configuration Done (Active High).
[31]: INITB: Initialization Flag (Active Low).
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J.3 Data Path FPGA Control

The data path FPGA is responsible for generating and capturing waveforms as well as
interfacing with the AsAP processors and a variety of memory devices. It is implemented in Sys-
temVerilog, and targeted on a Xilinx Virtex-5 SX50T (XC5VSX50T-1FFG1136C). The data path
FPGA contains hardware registers that need to be initialized at power-up and changed based on
user input. The hardware registers are accessed via an instrument local bus (ILB), which is based

on the serial peripheral interface standard. The SPI bus consists of the following 6 signals:
1. SCK: Serial Clock
2. MOSI: Master-Out/Slave-In
3. MISO: Master-In/Slave-Out
4. ADDR_CSn: Address Chip Select (Active Low)
5. DATA_CSn: Data Chip Select (Active Low)
6. RNW: Read/Write Select; 0 = Write, 1 = Read

The data path FPGA is a slave, so it needs a means of requesting service from the master. An

additional signal is provided for this purpose:
1. SRQn: Service Request (Active Low)

A single ILB transaction consists of two segments: address and data. The address value consists of
16-bits, and the data value consists of 32-bits. First, the desired address shifted out over MOSI as
the ADDR_CSn chip select is driven low. Once the address has been shifted out to the slave, the
ADDR_CSn chip select is driven high. Then two SCK pulses are generated before the DATA_CSn
chip select is driven low while shifting the write data out over MOSI. Once the data has been shifted
out to the slave, the DATA _CSn chip select is driven high with two SCK pulses following. The two
SCK pulses that precede the DATA_CSn chip select allow for the addressed register contents to be
shifted to the master over MISO. The two SCK pulses that follow the DATA_CSn chip select allow
for the slave to perform any last minute tasks before the transaction is completed.

As the data path FPGA control interface is a non-standard SPI interface, a custom EDK

peripheral called ctz_dp_fpga_ctri_vi_00_a was designed to implement the SPI transactions.
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J.3.1 ctx_ dp_fpga ctrl 0: data path FPGA Control Peripheral

The ctz_dp_fpga_ctrl_vi_00-a EDK peripheral is used to control the data path FPGA, and
appears as a set of 8 software accessible registers to the applications running on the MicroBlaze.
The ctz_dp_fpga_ctrl_vi_00_a EDK peripheral’s register map is shown in Table J.7.

To initiate a write transaction using the ctz_dp_fpga_ctri_vi_00_a EDK peripheral first set
the read/write select to write (rnw_i = 0), 16-bit address (saddr_i) and 32-bit data (sdata_i), then
toggle the start_spi_i bit low-high-low to initiate the transfer.

To initiate a read transaction using the ctz_dp_fpga_ctrl_vi_00-a EDK peripheral first set
the Read/Write Select to read (rmw_i = 1) and 16-bit address (saddr_i), then toggle the start_spi_i
bit low-high-low to initiate the transfer.

The ctz_dp_fpga_ctrl_vi_00_a connects to the Xilinx Spartan-3A FPGA pins shown in Ta-

ble J.6.
Table J.6: cte_dp_fpga_ctrl v1_00_a EDK peripheral I/O descriptions

zps_spi Pin Name | Pin Name Dir | Pin | Description
iilb_srqn FPGA_DP_CTRL_INTN I | G18 | Service Request (Active Low).
i-ilb_miso FPGA_DP_CTRL_MISO I F18 | Master-In/Slave-Out Serial Data.
o-ilb_sck FPGA_DP_CTRL_SCK O | F20 | Serial Clock.
o-ilb_mosi FPGA_DP_CTRL_MOSI O | F22 | Master-Out/Slave-In Serial Data.
o-ilb_addr_csn FPGA_DP_CTRL_CSN O | F21 | Address Chip Select (Active Low).
o-ilb_data_csn FPGA_DP_CTRL_-GPIO4 | O | E22 | Data Chip Select (Active Low).
o_ilb_rnw FPGA_DP_CTRL_.GPIO3 | O | D22 | Read/nWrite Select.
o_lb_rstn FPGA_DP_CTRL_RSTN O F19 | data path FPGA Reset.




Table J.7: ctx_dp_fpga_ctrl_vi_00_a EDK peripheral register map

Address | Name R/W | Default Value | Description
0 {16’b0,saddr-i[16:31]} | R/W 0x00000000 16-bit SPI Address Register.
1 sdata_i[0:31] R/W 0x00000000 32-bit SPI Write Data Register.
2 {30'b0,ilb_ctrl[30:31]} | R/W 0x00000002 ILB Control Register.
[0:29]: reserved;
[30]: rnw_i: Read/Write Select; 0 = Write, 1 = Read.
[31]: start_spii: Start current SPI transaction.
Toggle high-then-low to initiate transaction.
slv_reg3[0:31] R/W 0x00000000 Reserved Register.
4 miso_read-o[0:31] RO 0x00000000 SPI Read Data Register.
5 {31’b0,txfer_done} RO 0x00000000 SPI Transfer Done Register.
[0:30]: reserved;
[31]: txfer_done: SPI Transfer Done (Active High).
slv_reg6[0:31] RO | 0xAAAAAAAA | Reserved Register.
slv_reg7[0:31] RO 0x55555555 Reserved Register.
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J.4 SPI Configuration Flash PROM Organization

The SPI configuration flash PROM will be organized as shown in Figure J.1. Figure J.1
shows the images stored at adjacent address locations, but in the final implementation the images

will be re-aligned to the beginning of a memory sector.

0x00000000 —
Boot Loader

BOOT_FPGA_PROG.MCS

{immutable}
OXx003FFFFF —

User Image #1

CTRL_FPGA_PROG.MCS

CTRL_FPGA_CODE.ELF

OX009FFFFF —

User Image #2

CTRL_FPGA_PROG.MCS

CTRL_FPGA_CODE.ELF

OXOOFFFFFF —

Figure J.1: SPI configuration flash PROM organization
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J.4.1 SPI_FLASH: ST Microelectronics M25P64 Flash Prom SPI Con-

troller

The SPI_.FLASH EDK peripheral is an instance of the zps_spi IP and is the main interface
to the ST Microelectronics M25P64 Flash Prom. The SPI_FLASH connects to the Xilinx Spartan-
3A FPGA pins shown in Table J.8.

Table J.8: SPI_.FLASH EDK peripheral I/O descriptions

zps_spt Pin Name | Pin Name Dir | Pin | Description

SCK S3A_CCLK O | AA20 | Spartan-3A Configuration Clock.

SS S3A_SPI_CSO O Y4 | Spartan-3A SPI Chip Select (Active Low).
MISO S3A_SPI_MISO I | AB20 | Spartan-3A SPI Master-In-Slave-Out (MISO).
MOSI S3A_SPI.MOSI | O | AB14 | Spartan-3A SPI Master-Out-Slave-In (MOSI).

J.4.2 GPIO_FLASH: ST Microelectronics M25P64 Flash Prom GPIO

Controller

The GPIO_FLASH EDK peripheral is used to control the write protect and hold pins of
the ST Microelectronics M25P64 Flash PROM. The GPIO_FLASH EDK peripheral connects to the

Spartan-3A FPGA pins shown in Table J.9.

Table J.9: GPIO_FLASH EDK peripheral I/O descriptions

xps_gpto Pin # | Pin Name Dir | Pin | Default Value | Description

0 S3A_SPILHOLDN | O | ABI13 1 Hold Signal (Active Low).

1 S3A_SPI_WPN O | AAl4 1 Write Protect Signal (Active Low).
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J.5 AsAP Configuration

The measurement board contains two AsAP processors, which need to be configured at
power-up or at receipt of the AsAP configuration command from the command line interface.

The configuration data files for each AsAP will be stored in the microSD card. FEach
configuration data file will be retrieved upon power-up, and shifted serially to the appropriate AsAP
device. See Section J.6 for information on the microSD card directory structure.

The control FPGA will configure each of the AsAP processors using a custom SPI Interface.

The custom SPI interface consists of the following 8 signals:
1. SCK: Serial Configuration Clock
2. CSn: Chip Select (Active Low)
3. MOSI: Master-Out/Slave-In Serial Data
4. MISO: Master-In/Slave-Out Serial Data
5. LOAD_EN: Parallel Data Load Enable
6. CFG_CLK: Configuration Clock Pulse
7. CFG_VLD: Configuration Valid Pulse
8. RESET_COLD: Perform a Cold Reset (Active Low)

The outgoing serial data is sent in 20-bit packets/symbols, and the parallel data is formatted as

follows:

Table J.10: AsAP Configuration Packet descriptions

par[19] | par[18] | par[17:0] | Description
0b0 0b0 upper_addr | Upper Address Word (config-addr[35:18]).
Obl 0b0 lower_addr | Lower Address Word (config_addr[17:0]).
0b0 Obl upper_data | Upper Data Word (config_data[35:18]).
Obl Obl lower_data | Lower Data Word (config_data[17:0]).

The par[18] bit is used for determining if address or data is being sent by the SPIE to the AsAP

processor. If par[18] is a 0, then address is being sent. If par[18] is a 1, then data is being sent.
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The par[19] bit is used for determining which part of the word is being sent: upper or
lower. If par[19] is a 0, then the upper part of the word is being sent. If par[19] is a 1, then the
lower part of the word is being sent.

The configuration blocks inside the AsAP processor know how to interpret the data based
on the status of the 2 MSB bits of each 20-bit packet. Each of the 4 serial transactions outlined
above are sent with a configuration clock and a configuration valid signal to clock the parallel data

into the AsAP processor configuration blocks.

J.5.1 asap_config vl 00_a: AsAP Configuration Peripheral

The asap_config-v1_00-a EDK peripheral is used to configure a single AsAP processor, and
appears as a set of 8 software accessible registers to the applications running on the MicroBlaze.
The asap_config_vl_00_a EDK peripheral’s register map is shown in Table J.11.

To initiate a write transaction using the asap_config_v1_00_-a EDK peripheral first, set the
40-bit address registers (config_addr[39:0]) and 40-bit data registers (config_data[39:0]), then toggle
the start_spi bit high then low to initiate the transfer. For subsequent write transactions wait for
the send bit to go high. Also, before the config_addr[39:0] and config_data[39:0] registers can be
updated, the application must wait for the hold bit to go high. When hold is low, the SPIE state
machine is writing the current config_addr[39:0] and config_data[39:0] registers in to the upper_addr,
lower_addr, upper_data, and lower_data registers.

To initiate a read transaction using the asap_config-vi_00-a EDK peripheral wait for the
miso_rdy bit to go high, then read the data from the miso_read[19:0] register.

The asap_config_0 connects to the Xilinx Spartan-3A FPGA pins shown in Table J.12. The

asap_config_1 connects to the Xilinx Spartan-3A FPGA pins shown in Table J.13.



Table J.11: asap_config-v1i_00_-a EDK peripheral register map

Address

Name

R/W

Default Value

Description

config_data[31:0]

R/W

0x00000000

Lower 32-bits of Configuration Data Register.

{24’b0,config_data[39:32]}

R/W

0x00000000

Upper 8-bits of Configuration Data Register.

config_addr[31:0]

R/W

0x00000000

Lower 32-bits of Configuration Address Register.

{24’b0,config_addr[39:32]}

R/W

0x00000000

Upper 8-bits of Configuration Address Register.

=W N =

{29’b0,spie_cfg[2:0]}

R/W

0x00000006

SPIE Configuration Control Register.

[0:28]: reserved,;

[29]: start_spi: Start SPIE Transaction (Active High).
Toggle high-then-low to initiate transaction.

[30]: reset_cold: AsAP Cold Reset (Active Low).
Toggle low-then-high to initiate transaction.

[31]: reset_sel: Reset Selection.
0: 20ns wide re-timed pulse.

1: MicroBlaze pulse high-low-high.

slv_reg5[31:0]

R/W

0x00000000

Reserved Register.

{29'b0,spie_stat[2:0] }

RO

0x00000000

SPIE Status Register.
[0:28]: reserved;
29]: miso_rdy: MISO Read Data Ready (Active High).

[
[30]: send: Ready to Start New Transaction (Active High).
[

31]: hold:
0: receiving data/addr.

1: transaction in process.

{12’b0,miso_read[19:0] }

RO

0x00000000

SPIE MISO Read Data Register.

STVYHAHAIYHAd AZVTIOUDIN/MAHT VOdAd TOYINOD [ XIANAV

GLE



Table J.12: asap_config-0 EDK peripheral I/O descriptions

asap_config_0 Pin Name | Pin Name Dir | Pin | Description

i_spi_asap_miso FPGA_ASAP1_MISO I AA22 | Master-In/Slave-Out Serial Data.
o_spi_asap_cfg_clk FPGA_ASAP1_CFG_CLK O W20 | Configuration Clock Pulse.
o_spi_asap_cfg_vld FPGA_ASAP1_CFG_VALID O W19 | Configuration Valid Pulse.

o_spi_asap_sck FPGA_ASAP1_SPI.CLK (@] Y21 | Serial Configuration Clock.
o-spi_asap_csn FPGA_ASAP1_SPI_.CSN O | W22 | Chip Select (Active Low).
o_spi_asap_mosi FPGA_ASAP1_SPI_MOSI (0] Y22 | Master-Out/Slave-In Serial Data.
o_spi_asap_load_en FPGA_ASAP1_SPI.LOAD O | W21 | Parallel Data Load Enable (Active High).
o_asap_reset_cold FPGA_ASAP1 RESET_COLD | O V19 | Perform a Cold Reset (Active Low).
o_asap-rst_cntelk FPGA_ASAP1_RST.CNTCLK | O V20 | Reset Counter Clock (Active Low).
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Table J.13: asap_config-1 EDK peripheral I/O descriptions

asap_config-1 Pin Name | Pin Name Dir | Pin | Description

i_spi_asap_miso FPGA_ASAP2_MISO I W18 | Master-In/Slave-Out Serial Data.
o_spi_asap_cfg_clk FPGA_ASAP2_CFG_CLK O | AA21 | Configuration Clock Pulse.
o_spi_asap_cfg_vld FPGA_ASAP2_CFG_VALID O | AB21 | Configuration Valid Pulse.

o_spi_asap_sck FPGA_ASAP2_SPI_.CLK O | ABI18 | Serial Configuration Clock.
o-spi_asap_csn FPGA_ASAP2_SPI_CSN O | AA19 | Chip Select (Active Low).
o_spi_asap_mosi FPGA_ASAP2_SPI_MOSI (0] Y18 | Master-Out/Slave-In Serial Data.
o_spi_asap_load_en FPGA_ASAP2 SPI_.LOAD O | AB19 | Parallel Data Load Enable (Active High).
o_asap_reset_cold FPGA_ASAP2 RESET_COLD | O | AB17 | Perform a Cold Reset (Active Low).
o_asap-rst_cntelk FPGA_ASAP2_RST_.CNTCLK | O | AA17 | Reset Counter Clock (Active Low).
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J.6 microSD Card Organization

The microSD card will be used to store both configuration and waveform data. The mi-
croSD card is accessed and controlled using both an SPI interface and a FAT File System, and as
such, must abide by the file name, size, and path restrictions. The current microSD card contains
2GB of storage capacity, which means a FAT16 File Sytem will be implemented in the MicroBlaze
32-bit micro-controller residing in the Xilinx Spartan 3A FPGA. The maximum filename length is
8.3, therefore the descriptor can be at most 8 characters and the extension can be at most 3 char-
acters; there is no limit defined on the maximum pathname length. A proposed directory structure

and file naming convention is shown below:

Listing J.1: IODELAY Tap Calculation Perl Script

ASAP/
PROG1/
ASAP1.BIN
ASAP2.BIN
RUN. BIN
PROG2/
ASAP1.BIN
ASAP2.BIN
RUN. BIN
PROG3/
ASAP1.BIN
ASAP2. BIN
RUN. BIN
CONFIG/
FACTORY . MCS
UPGRADE. MCS
DPIMAGE . BIN
PATTERN/

BRAM/
SRAM/
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J.6.1 SPI_SD: microSD Card SPI Controller

The SPI_.SD EDK peripheral is an instance of the zps_spi IP and is the main interface to

the microSD card. The SPI.SD connects to the Xilinx Spartan-3A FPGA pins shown in Table J.14.

Table J.14: SPI_SD EDK peripheral I/O descriptions

zps_spi Pin Name | Pin Name Dir | Pin | Description

MOSI FPGA SD_TX O | AB2 | Receive Data Input.

SS FPGA_SD_CARD.DETECT | I/O | AA4 | Chip Select (Active Low).
SCK FPGA_SD_CLK O | AA3 | Serial Clock.

MISO FPGA_SD_RX I AB3 | Transmit Data Output.

J.6.2 GPIO_SD: microSD Card GPIO Controller

The GPIO_SD EDK peripheral is used to control the busy LED placed next to the microSD
card. The Control Application will blink the LED as a warning while the microSD card is being
accessed in order to avoid accidental removal and data loss. The GPIO_SD EDK peripheral connects

to the Xilinx Spartan-3A FPGA pins shown in Table J.15.

Table J.15: GPIO_SD EDK peripheral I/0O descriptions

zps_gpio Pin # | Pin Name Dir | Pin | Default Value | Description

0 FPGA_SD_BUSY.LED | O | AB4 1 Busy LED (Active Low).
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J.7 Digital-to-Analog Converter

A Texas Instruments DAC56827Z dual-channel, 16-bit, 1 GS/s digital-to-analog converter
is used to generate the analog waveforms for the baseband signal source [6]. This DAC must be
properly configured before it can be used to generate waveforms. The baseband signal source uses
the dual-channel, interpolating DAC in a single-channel, non-interpolating mode. The data path
FPGA drives the DAC56827 with data encoded in two’s complement format. Table J.18 describes

the configuration data that must be set via the SPI control interface on the DAC5682Z.

J.7.1 SPI DAC56827Z: TI DAC56827Z DAC SPI Controller

The SPI_DAC56827Z EDK peripheral is an instance of the zps_spi IP and is the main
interface to the DAC56827Z high-speed DAC. The SPI_DAC5682Z connects to the Xilinx Spartan-
3A FPGA pins shown in Table J.16.

Table J.16: SPI_ DAC5682Z EDK peripheral I/0O descriptions

zps_spi Pin Name | Pin Name Dir | Pin | Description

SCK FPGA_DAC5682_SCLK O | V22 | DAC5682Z Serial Clock.

MOSI FPGA_DAC5682_SDIO O | U22 | DAC5682Z Serial Data Input.
MISO FPGA_DAC5682_SDO 1 U19 | DAC5682Z Serial Data Output.
SS FPGA_DAC5682_SDENB | O | U21 | DAC5682Z Chip Select.

J. 7.2 GPIO_DAC5682Z OUTS: TI DAC5682Z DAC GPIO Controller

The GPIO_DAC5682Z_OUTS EDK peripheral is used to control the non-spi pins of the TT
DAC5682%7 high-speed DAC. The GPIO_-DAC5682Z_0OUTS EDK peripheral connects to the Xilinx
Spartan-3A FPGA pins shown in Table J.17.

Table J.17: GPIO_-DAC5682Z_OUTS EDK peripheral I/0 descriptions

zps_gpio Pin # | Pin Name Dir | Pin | Default Value | Description

0 FPGA_DAC5682_RSTB | O | U20 1 DAC5682Z Reset.




Table J.18: TT DAC5682Z DAC Register Settings

Register Name | Register Address | Value | Description

STATUSO 0x00 0x03 PLL/DLL Locked Status.

CONFIG1 0x01 0x00 DAC Delay, FIR Enable, Self Test, and FIFO Offset Control.

CONFIG2 0x02 0x80 Two’s Comp Enable, Dual/Single DAC Mode, and FIR Mode Control.
CONFIG3 0x03 0x00 DAC Offset Enable, A/B Swap, A equal B, SW Sync, and SW Sync Enable.
STATUS4 0x04 0x00 Self Test Error, FIFO Error, and Pattern Error Status.

CONFIG5H 0x05 0x92 SPI Setup, Clock Divider, FIFO Offset Sync, and PLL/DLL Bypass Control.
CONFIG6 0x06 Oxae Hold Sync, Sleep, Bias and PLL/DLL Sleep Control.

CONFIGT 0x07 Oxff Channel A and B Gain Control.

CONFIGS 0x08 0x00 DLL Restart Control. Toggle bit 2 high then low.

CONFIGY9 0x09 0x00 PLL M/N Control.

CONFIG10 0x0a 0x00 DLL Delay and Clock Control.

CONFIG11 0x0b 0x00 PLL Loop Filter, VCO Divider, PLL Gain and Range Control.

CONFIG12 0x0c 0x00 Offset Sync and Channel A Offset (MSB) Control.

CONFIG13 0x0d 0x00 Channel A Offset (LSB) Control.

CONFIG14 0x0e 0x00 SPI Serial Data Out and Channel B Offset (MSB) Control.

CONFIG15 0x0f 0x00 Channel B Offset (LSB) Control.
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J.8 Reference Clock Control

The measurement board contains a Vectron VTC2 10 MHz voltage controlled temperature
compensated crystal oscillator (TCXO) for use as a precision reference. The VTC2 is a £0.5 ppm

quartz stabilized, CMOS square wave, temperature compensated oscillator, operating off a 3.3 V

supply.
e http://vectron.com/products/tcxo/VTC2.pdf

The internal 10 MHz reference can be used as the reference to the AD9516-3 clock generator IC. If
a more precise 10 MHz reference clock is required, an external 10 MHz reference can be provided
via the rear-panel connector of the measurement board.

The internal 10 MHz reference is also used to generate a common 312.5 kHz sync clock
for the Texas Instruments PTHO8T2xxWAZ DC-DC Converters. A Xilinx CPLD (XC9572XL) is

employed to perform the divide-by-32 and multi-phase clock generation.

Table J.19: Reference clock control descriptions

Bit | Description
0 | Internal/External 10 MHz Reference Select

1 = external

0 = internal
1 External 10 MHz Enable

1 = external

0 = internal
2 External 10 MHz Input Disable

1 = external

0 = internal
3 Internal 10 MHz Enable

1 = external

0 = internal



http://vectron.com/products/tcxo/VTC2.pdf
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Table J.20: Reference clock control register map
Bits
3121
0 | 0 | Internal 10 MHz Clock Selected (Default)
0|0/ 1]1| External 10 MHz Clock Selected
Internal 10 MHz used as reference,
External 10 MHz pass to Control FPGA.

Clock Mode Description

The CLK10MHZ_CTRL_OUTS EDK peripheral connects to the Xilinx Spartan-3A FPGA pins

shown in Table J.21.

Table J.21: CLK10MHZ_CTRL_OUTS EDK peripheral I/O descriptions

zps_gpio | Pin Name Dir | Pin | Default | Description
Pin # Value

0 FPGA_CLK10MHZ REF_CTRL[0] | O B2 1 10 MHz Ref. Select
1 =int
0 = ext

1 FPGA_CLK10MHZ REF_CTRL[1] | O B3 1 10 MHz Ref. Select
1 = int
0 = ext

2 FPGA_CLK10MHZ REF_CTRL[2] | O A3 1 10 MHz Ref. Select
1 = int
0 = ext

3 FPGA_CLK10MHZ REF_CTRL[3] | O A4 1 10 MHz Ref. Select
1 =int
0 = ext
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The CLK10MHZ_CTRL_INS EDK peripheral connects to the Xilinx Spartan-3A FPGA

pins shown in Table J.22.

Table J.22: CLK10MHZ_CTRL_INS EDK peripheral I/0 descriptions

zps_gpio | Pin Name Dir | Pin | Default | Description
Pin # Value
0 FPGA_EXT_CLK10MHZ_LOS I A2 NA 10 MHz Loss of signal

1 = Loss of Signal

0 = Signal Present

J.8.1 INT_CLK_10MHZ_INPUT: Internal 10 MHz Clock Input Buffer

The INT_-CLK_10MHZ_INPUT EDK peripheral is an instance of the wtil_ds_buf 1P and
connects to the Xilinx Spartan-3A FPGA pins shown in Table J.24. The wtil_ds_buf 1P is essentially

an IBUFGDS Xilinx Spartan-3A input clock buffer primitive.

Table J.23: INT_CLK_10MHZ _INPUT EDK peripheral I/O descriptions

util_ds_buf Pin # | FPGA Pin Name Dir | Pin | Description

IBUF_DS_P FPGA_INT_CLK10MHZ_REF_P I A12 | Int 10 MHz Clock (Positive).
IBUF_DS_P FPGA_INT_CLK10MHZ_REF_N I A1l | Int 10 MHz Clock (Negative).
IBUF_.OUT int_clk10mhz_ref (0] NA | Int 10 MHz Clock.

Listing J.2: Xilinx EDK MHS Internal Clock Input Buffer Instantiation

BEGIN util_-ds_buf

PARAMETER INSTANCE = INT_CLK_10MHZ_INPUT
PARAMETER HW.VER = 1.00.a

PARAMETER C_BUF_TYPE = IBUFGDS

PORT IBUF_DS_P FPGA_INT_CLK10MHZ_REF_P
PORT IBUF_DS_N = FPGA_INT_CLK10MHZ_REF_N

PORT IBUF_.OUT = int-clklOmhz_ref
END
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J.8.2 EXT_CLK_10MHZ_INPUT: External 10 MHz Clock Input Buffer

The EXT_CLK_10MHZ_INPUT EDK peripheral is an instance of the wutil_ds_buf IP and

connects to the Xilinx Spartan-3A FPGA pins shown in Table J.24. The wtil_ds_buf IP is essentially

an IBUFGDS Xilinx Spartan-3A input clock buffer primitive.

Table J.24: EXT_CLK_10MHZ_INPUT EDK peripheral I/0 descriptions

util_ds_buf Pin # | FPGA Pin Name Dir | Pin | Description

IBUF_DS_P FPGA_EXT_CLK10MHZ_REF _P I B11 | Ext 10 MHz Clock (Positive).
IBUF_DS_P FPGA_EXT_CLK10MHZ_REF N I C11 | Ext 10 MHz Clock (Negative).
IBUF_.OUT ext_clk10mhz_ref (@) NA | Ext 10 MHz Clock.

Listing J.3: Xilinx EDK MHS External Clock Input Buffer Instantiation

BEGIN util_ds_buf
PARAMETER INSTANCE = EXT_CLK_10MHZ_INPUT

PARAMETER HW.VER = 1.00.a

PARAMETER C_BUF_TYPE = IBUFGDS

PORT IBUF_DS_P = FPGA_EXT_CLK10MHZ_REF_P
PORT IBUF_DS_N = FPGA_EXT_CLK10MHZ_REF_N

PORT IBUF_OUT = ext-clklOmhz_ref

END




APPENDIX J. CONTROL FPGA EDK/MICROBLAZE PERIPHERALS 386

J.9 High-Speed Clock Generation

The Analog Devices AD9516 clock generator IC does not require programming during nor-
mal use, but does need to be initialized during the normal power-up routines. Once the initialization
is complete, the AD9516 can generate the appropriate clock frequencies. Table J.25 shows the gen-
erated output frequencies of the active AD9516 Clock Generator IC outputs. Table J.26 shows the
default value for each of the AD9516 clock generator IC registers. Writing to the register at 0x232
applies all updates to the AD9516 clock generator IC. The data sheet for the AD9516 can be found

here:
e Analog Devices AD9516-3 14-Output Clock Generator with Integrated 2.0 GHz VCO
— http://www.analog.com/UploadedFiles/Data_Sheets/AD9516_3.pdf

The Universal Microwave Corp UMX Series 1GHz VCO (UMX-244-B14) is used to drive the AD9516-

3 External Clock Input.

e http://www.vcol.com/SCDs/scd244-a.pdf

J.9.1 AD9516 Clock Generator Output Assignments

Table J.25: AD9516 clock generator outputs
Output Number | Description
ADC Sampling Clock (500 MHz).
DAC Sampling Clock (500 MHz).
FPGA AsAP Clock (250 MHz).
FPGA DSP Clock (250 MHz).
Unused Output.
Unused Output.
FPGA SRAM Clock (250 MHz).
FPGA SDRAM Clock (250 MHz).
FPGA IODELAY Reference Clock (200 MHz).
Test Clock Output.

OO0 | N ||| W(N|~ O



http://www.analog.com/UploadedFiles/Data_Sheets/AD9516_3.pdf
http://www.vco1.com/SCDs/scd244-a.pdf
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J.9.2 AD9516 Clock Generator PLL Calculations

Equations J.1 and J.2 were used to determine the appropriate values of the PLL parameters.

fuo= (5 ) (o) 4 ) = 1y () (.0

N

((P-B)+ A) (J.2)
The known variables of Equation J.1 are:

e f,... =1 GHz

e ..y =10 MHz

Solving for N given R = 1, shows that N should be equal to 100. The next step is to solve for P, B,
and A in Equation J.2. First assume that A = 0 and P = 4. Solving for B in Equation J.2 yields

25. A summary of the calculated values is shown below:

eR=1
e P=4
e B=25
e A=0

J.9.3 AD9516 Clock Generator Registers

Table J.26: AD9516 Clock Generator Register Settings

AD9516 Clock Generator Register Settings

Register Address | Value Description

Serial Port Configuration

0x000 Oxbd Serial Port Configuration (Reset SPI Registers).
0x000 0x99 Serial Port Configuration (Normal Operation).
0x001 blank Unused Register

0x002 reserved Unused Register

0x003 reserved Unused Register

0x004 0x01 Read Back Control

Continued on Next Page...
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AD9516 Clock Generator Register Settings
Register Address | Value ‘ Description
PLL
0x010 Ox4c PFD and Charge Pump
0x011 0x01 R Counter
0x012 0x00 R Counter
0x013 0x00 A Counter
0x014 0x19 B Counter
0x015 0x00 B Counter
0x016 0x03 PLL Control 1
0x017 0x00 PLL Control 2
0x018 0x66 PLL Control 3
0x019 0x00 PLL Control 4
0x01a 0x00 PLL Control 5
0x01b 0x00 PLL Control 6
0x01c 0x07 PLL Control 7
0x01d 0x00 PLL Control 8
0x0le 0x00 PLL Control 9
0x01f 0x00 PLL Readback
0x020 - 0x04f blank Unused Registers
Fine Delay Adjust: OUT6 to OUT9
0x0a0 0x01 OUT6 Delay Bypass
0x0al 0x00 OUT6 Delay Full-Scale
0x0a2 0x00 OUT6 Delay Fraction
0x0a3 0x01 OUTT Delay Bypass
0x0a4 0x00 OUTT Delay Full-Scale
0x0a5 0x00 OUTT Delay Fraction
0x0a6 0x01 OUTS8 Delay Bypass
0x0a7 0x00 OUTS8 Delay Full-Scale
0x0a8 0x00 OUTS Delay Fraction
0x0a9 0x01 OUT9 Delay Bypass
Ox0aa 0x00 OUT9 Delay Full-Scale
0x0ab 0x00 OUT9 Delay Fraction
0x0ac - 0x0ef blank Unused Registers
LVPECL Outputs
0x0£0 0x0c ouTo
0x0f1 0x0c ouT1
0x0f2 0x08 ouT2
0x0f3 0x08 ouTs
0x0f4 0x03 ouT4
0x0f5 0x03 ouT5s

Continued on Next Page...
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AD9516 Clock Generator Register Settings

Register Address

Value

Description

0x016 - 0x13f

blank

Unused Registers

LVDS/CMOS Outputs

0x140 0x02 ouTé6

0x141 0x02 ouT7

0x142 0x01 ouTs8

0x143 0x02 ouT9

0x144 - 0x18f blank Unused Registers
LVPECL Channel Dividers

0x190 0x00 Divider 0 (PECL)
0x191 0x40 Divider 0 (PECL)
0x192 0x01 Divider 0 (PECL)
0x193 0x44 Divider 1 (PECL)
0x194 0x40 Divider 1 (PECL)
0x195 0x01 Divider 1 (PECL)
0x196 0x00 Divider 2 (PECL)
0x197 0x00 Divider 2 (PECL)
0x198 0x00 Divider 2 (PECL)

LVDS/CMOS Channel Dividers

0x199 0x00 Divider 3 (LVDS/CMOS)
0x19a 0x00 Divider 3 (LVDS/CMOS)
0x19b 0x00 Divider 3 (LVDS/CMOS)
0x19c¢ 0x08 Divider 3 (LVDS/CMOS)
0x19d 0x01 Divider 3 (LVDS/CMOS)
0x19e 0x32 Divider 4 (LVDS/CMOS)
0x19f 0x00 Divider 4 (LVDS/CMOS)
0x1a0 0x11 Divider 4 (LVDS/CMOS)
Oxlal 0x28 Divider 4 (LVDS/CMOS)
Ox1a2 0x01 Divider 4 (LVDS/CMOS)
Ox1a3 reserved Unused Register

Oxlad - Ox1df blank Unused Registers

VCO Divider and CLK Input

0x1e0 0x02 VCO Divider

Oxlel 0x01 Input CLKs

Oxle2 - 0x22a blank Unused Registers
System

0x230 0x04 Power Down and Sync
0x231 blank/reserved | Unused Register

Update All Registers

0x232

| 0x01

Update All Registers

389
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J.9.4 AD9516_SPI: AD9516 Clock Generator SPI Controller

The AD9516_SPI EDK peripheral is an instance of the zps_spi IP and is the main interface

to the configuration pins of the AD9516 clock generator IC. The AD9516_SPI connects to the Xilinx

Spartan-3A FPGA pins shown in Table J.27.

Table J.27: AD9516_SPI EDK peripheral I/O descriptions

zps_spi Pin Name | Pin Name Dir | Pin | Description

SCK FPGA_AD9516_SCLK | O | N18 | Serial Clock.

SS FPGA_AD9516_CSN O | N19 | Chip Select (Active Low).

MISO FPGA_AD9516_SDO I P22 | Master-In/Slave-Out Serial Data.
MOSI FPGA_ADY9516_SDIO O | N20 | Master-Out/Slave-In Serial Data.

J.9.5 AD9516 GPIO: AD9516 Clock Generator Output GPIO Controller

The AD9516_GPIO EDK peripheral is used to control the RESET_N and PD_N pins of the

ADI516 clock generator IC. The AD9516_GPIO EDK peripheral connects to the Xilinx Spartan-3A

FPGA pins shown in Table J.28.

Table J.28: AD9516_GPIO EDK peripheral I/0 descriptions

zps_gpio Pin # | Pin Name Dir | Pin | Default Value | Description

0 FPGA_AD9516_ RESET_N | O | N21 1 Reset (Active Low).
1 FPGA_AD9516_ PD_N (@) P20 1 Power Down Enable.
2 FPGA_AD9516_REF_SEL O | N22 1 Reference Select.
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J.9.6 GPIO_AD9516_INS: ADI AD9516 GPIO Controller

The GPIO_AD9516_INS EDK peripheral is used to control the non-spi pins of the Analog
Devices AD9516 clock generator IC. The GPIO_AD9516_-OUTS EDK peripheral connects to the
Xilinx Spartan-3A FPGA pins shown in Table J.29.

Table J.29: GPIO_AD9516_INS EDK peripheral I/O descriptions

zps_gpio Pin # | Pin Name Dir | Pin | Default Value | Description

0 FPGA_AD9516_LD I P19 NA Lock Detect.

1 FPGA_AD9516_ REFMON 1 M17 NA Reference Monitor.
1 FPGA_AD9516_STATUS I N17 NA Status.

J.10 Instrument Fan Control

The measurement board contains two instrument fan controllers for maintaining proper
cooling and airflow, while avoiding the generation of beat frequencies between the two fans. The
Texas Instruments AMCG6821 [28] is an intelligent temperature monitor and pulse-width modulation
(PWM) fan controller. Using either a low-frequency or a high-frequency PWM signal, this device
can simultaneously drive a fan, monitor remote sensor diode temperatures, and measure and control
the fan speed so that it operates with minimal acoustic noise at the lowest possible speed.

The AMC6821 has three fan control modes:
1. Auto Temperature-Fan mode
2. Software-RPM mode
3. Software-DCY mode

The measurement board uses the AMC6821 in software-RPM mode. The software-RPM mode is a
closed-loop control. In this mode, the AMC6821 adjusts the PWM output to maintain a consistent
fan speed at a user-specified target value; that is, the device functions as a fan speed regulator.
Software-RPM mode can also be used to allow the AMC6821 to operate as a stand-alone device.

The 12C address of the two fan controllers is:
1. 0b1001100

2. 0b1001101
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J.10.1 AMC6821 Fan Controller #1 Registers

Table J.30: AMC6821 Fan Controller #1 Register Settings

AMCG6821 Fan Controller #1 Register Settings

Register Address ‘ Value ‘ R/W ‘ Description

IDENTIFICATION REGISTERS

0x3D 0x21 R Device ID Register

0x3E 0x49 R Company ID Register

CONFIGURATION REGISTERS

0x00 0xbb R/W | Configuration Register 1

0x01 0x3d R/W | Configuration Register 2

0x3F 0x82 R/W | Configuration Register 3

0x04 0x88 R/W | Configuration Register 4

0x02 0x00 R Status Register 1

0x03 0x00 R Status Register 2

TEMPERATURE MONITORING

0x06 0x00 R Temp-DATA-LByte

0x0A 0x80 R Local-Temp-DATA-HByte

0x0B 0x80 R Remote-Temp-DATA-HByte

0x14 0x3c R/W | Local-High-Temp-Limit

0x15 0x00 R/W | Local-Low-Temp-Limit

0x16 0x46 R/W | Local-THERM-Limit

0x18 0x50 R/W | Remote-High-Temp-Limit

0x19 0x00 R/W | Remote-Low-Temp-Limit

Oxla 0x64 R/W | Remote-THERM-Limit

0x1b 0x50 R/W | Local-Critical-Temp

Oxlc 0x00 R/W | PSV-Temp

0x1d 0x69 R/W | Remote-Critical-Temp

PWM CONTROLLER

0x20 0x1d R/W | FAN-Characteristics

0x21 0x55 R/W | DCY-Low-Temp

0x22 0x55 R/W | DCY (Duty Cycle)

0x23 0x52 R/W | DCY-RAMP

0x24 0x41 R/W | Local Temp-Fan Control

0x25 0x61 R/W | Remote Temp-Fan Control

TACH (RPM) MEASUREMENT

0x08 0x00 R TACH-DATA-LByte

0x09 0x00 R TACH-DATA-HByte

0x10 Oxff R/W | TACH-Low-Limit-LByte

0x11 Oxff R/W | TACH-Low-Limit-HByte
Continued on Next Page...
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AMCG6821 Fan Controller #1 Register Settings

Register Address | Value | R/W | Description

0x12 0x00 R/W | TACH-High-Limit-LByte
0x13 0x00 R/W | TACH-High-Limit-HByte
0x1E Oxft R/W | TACH-SETTING-LByte
0x1F Oxff R/W | TACH-SETTING-HByte
0x3A 0x00 R Reserved

0x3B 0x00 R Reserved

J.10.2 ctx_iic_ctrlr_0: I2C Control Peripheral

The ctz_iic_ctrlrvi_00_a EDK peripheral is used to control the I2C fan controller, and

appears as a set of 16 software accessible registers to the applications running on the MicroBlaze.

The ctx_iic_ctrir-vi_00-a EDK peripheral’s register map is shown in Table J.33.

The ctz_iic_ctrlr_0 connects to the Xilinx Spartan-3A FPGA pins shown in Table J.31.

Table J.31: ctx_iic_ctrlr_0 EDK peripheral I/O descriptions

ctx_1ic_ctrlr_vi_00_a Pin Name | Pin Name

Dir

Pin | Description

io_fpga_iic_sda

FPGA_AMC6821_FAN1_SDA | 10

Y7 | I2C Serial Data.

io_fpga_iic_scl

FPGA_AMC6821_FAN1.SCK | O

W7 | I2C Serial Clock.

The GPIO_FAN_CTRLI connects to the Spartan-3A FPGA pins shown in Table J.32.

Table J.32: GPIO_FAN_CTRL1 EDK peripheral I/O descriptions

zps_gpio Pin # | Pin Name Dir | Pin | Description

0 FPGA_AMC6821_ FAN1_OVRN I T8 | Over Temp Flag.
1 FPGA_AMC6821 FAN1_THERMN I U7 | Thermal Flag.

2 FPGA_AMC6821_FAN1_FAULTN I T7 | Fault Flag.

3 FPGA_AMC6821_FAN1_SMBALERTN I V7 | SMB Alert Flag.
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Table J.33: ctx_iic_ctrlr_vi_00_-a EDK peripheral register map

Address

Name

R/W

Default

Description

0

{16’b0,prer[15:0]}

R/W

0x63

I2C Clock Prescaler Register.
[16:31]: prer[15:0]: Clock Prescale.

{30’b0,ctrl[1:0]}

R/W

0x0

I2C Control Register.
[30]: core_en: Module Enable.
[31]: int_en: Interrupt Enable.

{24’b0,txr[7:1],rnw}

R/W

0x0

I?C Transmit Data Register.
[24:30]: txr: Transmit Data.
[31]: rnw: Read/Write Bit.

1 = Read.
0 = Write.

{26’b0,cmd[5:0]}

R/W

0x0

I2C Command Register.
[26]: iack: Interrupt Acknowledge.
Clears a pending interrupt.

27]: ack: ACK =0’ or NACK = "1".

[\
oo

]:

]: wr: Write to Slave.
9]: rd: Read from Slave.
30]:
31]:

=)

sto: Generate Stop Condition.

ooyl

sta: Generate Start Condition.

{31’b0,rst}

R/W

0x0

I2C Reset Register.
[31]: rst: I2C Module Reset..

Toggle to reset module.

{24’b0,rxr[7:0]}

RO

0x0

I?C Receive Data Register.

{26’b0,stat[4:0]}

RO

0x0

I2C Status Register.
[27]: rxack: Received ACK from Slave.
1 = No ACK Received.
0 = ACK Received.
[28]: busy: Busy.
1 after START detected.
0 after STOP detected.
[29]: al: Arbitration Lost.
Arbitration is lost when:
STOP detected, but not requested.
master drives SDA high, but it is low.
[30]: tip: Transfer in Progress.
1 = Transferring Data.
0 = Transfer Complete.
[31]: irq-flag: Interrupt Flag.

Set when interrupt is pending.
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J.10.3 AMCG6821 Fan Controller #2 Registers

Table J.34: AMC6821 Fan Controller #2 Register Settings

AMCG6821 Fan Controller #2 Register Settings

Register Address ‘ Value ‘ R/W ‘ Description

IDENTIFICATION REGISTERS

0x3D 0x21 R Device ID Register

0x3E 0x49 R Company ID Register

CONFIGURATION REGISTERS

0x00 0xbb R/W | Configuration Register 1

0x01 0x3d R/W | Configuration Register 2

0x3F 0x82 R/W | Configuration Register 3

0x04 0x88 R/W | Configuration Register 4

0x02 0x00 R Status Register 1

0x03 0x00 R Status Register 2

TEMPERATURE MONITORING

0x06 0x00 R Temp-DATA-LByte

0x0A 0x80 R Local-Temp-DATA-HByte

0x0B 0x80 R Remote-Temp-DATA-HByte

0x14 0x3c R/W | Local-High-Temp-Limit

0x15 0x00 R/W | Local-Low-Temp-Limit

0x16 0x46 R/W | Local-THERM-Limit

0x18 0x50 R/W | Remote-High-Temp-Limit

0x19 0x00 R/W | Remote-Low-Temp-Limit

Oxla 0x64 R/W | Remote-THERM-Limit

0x1b 0x50 R/W | Local-Critical-Temp

Oxlc 0x00 R/W | PSV-Temp

0x1d 0x69 R/W | Remote-Critical-Temp

PWM CONTROLLER

0x20 0x25 R/W | FAN-Characteristics

0x21 0x55 R/W | DCY-Low-Temp

0x22 0x55 R/W | DCY (Duty Cycle)

0x23 0x52 R/W | DCY-RAMP

0x24 0x41 R/W | Local Temp-Fan Control

0x25 0x61 R/W | Remote Temp-Fan Control

TACH (RPM) MEASUREMENT

0x08 0x00 R TACH-DATA-LByte

0x09 0x00 R TACH-DATA-HByte

0x10 Oxff R/W | TACH-Low-Limit-LByte

0x11 Oxff R/W | TACH-Low-Limit-HByte
Continued on Next Page...
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AMCG6821 Fan Controller #2 Register Settings

Register Address | Value | R/W | Description

0x12 0x00 R/W | TACH-High-Limit-LByte
0x13 0x00 R/W | TACH-High-Limit-HByte
0x1E Oxft R/W | TACH-SETTING-LByte
0x1F Oxff R/W | TACH-SETTING-HByte
0x3A 0x00 R Reserved

0x3B 0x00 R Reserved

J.10.4 ctx_iic_ctrlr_1: I2C Control Peripheral

The ctz_iic_ctrlrvi_00_a EDK peripheral is used to control the I2C fan controller, and

appears as a set of 16 software accessible registers to the applications running on the MicroBlaze.

The ctx_iic_ctrir-vi_00-a EDK peripheral’s register map is shown in Table J.37.

The ctz_iic_ctrlr_1 connects to the Xilinx Spartan-3A FPGA pins shown in Table J.35.

Table J.35: ctx_iic_ctrlr_1 EDK peripheral I/O descriptions

ctx_1ic_ctrlr_vi_00_a Pin Name | Pin Name

Dir

Pin | Description

io_fpga_iic_sda

FPGA_AMC6821_FAN2_SDA | 10

Y9 | I2C Serial Data.

io_fpga_iic_scl

FPGA_AMC6821_FAN2_SCK | O

AB9 | I2C Serial Clock.

The GPIO_FAN_CTRLZ2 connects to the Xilinx Spartan-3A FPGA pins shown in Table J.36.

Table J.36: GPIO_FAN_CTRL2 EDK peripheral I/0O descriptions

zps_gpio Pin # | Pin Name Dir | Pin | Description

0 FPGA_AMC6821_FAN2 OVRN I V9 | Over Temp Flag.
1 FPGA_AMC6821 FAN2 THERMN I V8 | Thermal Flag.

2 FPGA_AMC6821_FAN2_FAULTN I U8 | Fault Flag.

3 FPGA_AMC6821 _FAN2_SMBALERTN I T9 | SMB Alert Flag.
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Table J.37: ctx_iic_ctrlr_vi_00-a EDK peripheral register map

Address

Name

R/W

Default

Description

0

{16’b0,prer[15:0]}

R/W

0x63

I2C Clock Prescaler Register.
[16:31]: prer[15:0]: Clock Prescale.

{30’b0,ctrl[1:0]}

R/W

0x0

I2C Control Register.
[30]: core_en: Module Enable.
[31]: int_en: Interrupt Enable.

{24’b0,txr[7:1],rnw}

R/W

0x0

I?C Transmit Data Register.
[24:30]: txr: Transmit Data.
[31]: rnw: Read/Write Bit.

1 = Read.
0 = Write.

{26’b0,cmd[5:0]}

R/W

0x0

I2C Command Register.
[26]: iack: Interrupt Acknowledge.
Clears a pending interrupt.

27]: ack: ACK =0’ or NACK = "1".

[\
oo

]:

]: wr: Write to Slave.
9]: rd: Read from Slave.
30]:
31]:

=)

sto: Generate Stop Condition.

ooyl

sta: Generate Start Condition.

{31’b0,rst}

R/W

0x0

I2C Reset Register.
[31]: rst: I2C Module Reset..

Toggle to reset module.

{24’b0,rxr[7:0]}

RO

0x0

I?C Receive Data Register.

{26’b0,stat[4:0]}

RO

0x0

I2C Status Register.
[27]: rxack: Received ACK from Slave.
1 = No ACK Received.
0 = ACK Received.
[28]: busy: Busy.
1 after START detected.
0 after STOP detected.
[29]: al: Arbitration Lost.
Arbitration is lost when:
STOP detected, but not requested.
master drives SDA high, but it is low.
[30]: tip: Transfer in Progress.
1 = Transferring Data.
0 = Transfer Complete.
[31]: irq-flag: Interrupt Flag.

Set when interrupt is pending.
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J.11 Temperature Sensing

The measurement board contains 6 digital temperature sensors in a 2x3 array. The Texas
Instruments TMP125 [29] digital temperature sensor is accurate to 2°C over a temperature range of
—25°C to +85°C, and is controlled using a serial peripheral interface. The temperature measurement
is made with a 10-bit resolution delta-Y analog to digital converter, which translates to a temperature

resolution of 0.25°C. A block diagram of the TMP125 temperature sensor is shown in Figure J.2.

N N
el Control
Temperature p
Sensor Logic
\
~
Ax Serial
AID Peripheral
Converter Interface
\ o\ /
Config.
0oscC and Temp. scK
Register
\ o\ /

Figure J.2: 2°C accurate digital temperature sensor with SPI interface

An application running on the MicroBlaze 32-bit Soft-Core Processor will periodically sample the
temperature of all nine sensors to determine if a temperature calibration is required for the various
high-speed devices. Upon characterization of the measurement board during normal operation within
a chassis, a set of temperature limits will be defined that denote when a recalibration is necessary.

It is possible that there may be only three temperature zones:
1. Too Cold!!
2. Normal Operation
3. Too Hot!!

However, more zones may be necessary depending on the environment and performance limitations

of the high-speed devices.
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The temperature register of the TMP125 is a 16-bit, read-only register that stores the
output of the most recent conversion. However, temperature is represented by only 10-bits, which
are in signed two’s complement format. The first bit of the temperature register, D15, is a leading
zero. Bits D14 to D5 are used to indicate temperature. Bits D4 to DO are the same as D5 (see
Table J.38). Data format for temperature is summarized in Table J.39. When calculating the signed
two’s complement temperature value, only the 10 data bits should be used.

Following power-up or reset, the temperature register will read 0°C until the first conversion

is complete.

Table J.38: TMP125 Temperature Register

D15 | D14 | D13 | D12 | D11 | D10 | D9 | D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1

0 T9 T8 T7 T6 Ts | T4 | T3 | T2 | T1 | TO | TO | TO | TO | TO

Table J.39: TMP125 temperature data format

TMP125 Temperature Data Format
Temperature (°C) | DIGITAL OUTPUT (T9...T0)
+127 0b01-1111-1100
+125 0b01-1111-0100
+100 0b01-1001-0000
+75 0b01-0010-1100
+50 0b00-1100-1000
+25 0b00-0110_0100
+10 0b00-0010-1000
+0.25 0b00-0000_0001
0 0b00_-0000_0000
-0.25 Ob11_1111.1111
-25 0b11-1001-1100
-50 0b11-0011-1000
-55 0b11-0010-0100
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J.11.1 TMP_SENSE_1A: TI TMP125 Temperature Sensor SPI Controller

The TMP_SENSE_1A EDK peripheral is an instance of the zps_spi IP and is the main
interface to the temperature sensor #1(A). The TMP_SENSE_1A connects to the Xilinx Spartan-

3A FPGA pins shown in Table J.40.

Table J.40: TMP_SENSE_1A EDK peripheral I/O descriptions

zps_spt Pin Name | Pin Name Direction | Pin | Description

SCK FPGA_TMPSENS_1A_SCK (@) ABT | Sensor 1A Serial Clock.
MOSI FPGA_TMPSENS_1A_MOSI (@) ABS8 | Sensor 1A MOSI.
MISO FPGA_TMPSENS_1A_MISO I AB6 | Sensor 1A MISO.

SS FPGA_TMPSENS_1A_CSN (@) AAS8 | Sensor 1A Chip Select.

J.11.2 TMP _SENSE _1B: TI TMP125 Temperature Sensor SPI Controller

The TMP_SENSE_1B EDK peripheral is an instance of the zps_spi IP and is the main
interface to the temperature sensor #1(B). The TMP_SENSE_1B connects to the Xilinx Spartan-

3A FPGA pins shown in Table J.41.

Table J.41: TMP_SENSE_1B EDK peripheral I/O descriptions

zps_spt Pin Name | Pin Name Direction | Pin | Description

SCK FPGA_TMPSENS_1B_SCK O F7 | Sensor 1B Serial Clock.
MOSI FPGA_TMPSENS_1B_MOSI O F8 | Sensor 1B MOSI.
MISO FPGA_TMPSENS_1B_MISO I E6 | Sensor 1B MISO.

SS FPGA_TMPSENS_1B_CSN O E7 | Sensor 1B Chip Select.
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J.11.3 TMP_SENSE_1C: TI TMP125 Temperature Sensor SPI Controller

The TMP_SENSE_1C EDK peripheral is an instance of the zps_spi IP and is the main
interface to the temperature sensor #1(C). The TMP_SENSE_1C connects to the Xilinx Spartan-

3A FPGA pins shown in Table J.42.

Table J.42: TMP_SENSE_1C EDK peripheral I/O descriptions

zps_spt Pin Name | Pin Name Direction | Pin | Description

SCK FPGA_TMPSENS_1C_SCK (@) V17 | Sensor 1C Serial Clock.
MOSI FPGA_TMPSENS_1C_MOSI (0] W17 | Sensor 1C MOSI.
MISO FPGA_TMPSENS_1C_MISO I U16 | Sensor 1C MISO.

SS FPGA_TMPSENS_1C_CSN (@) Y17 | Sensor 1C Chip Select.

J.11.4 TMP _SENSE 2A: TTI TMP125 Temperature Sensor SPI Controller

The TMP_SENSE_2A EDK peripheral is an instance of the zps_spi IP and is the main
interface to the temperature sensor #2(A). The TMP_SENSE_2A connects to the Xilinx Spartan-

3A FPGA pins shown in Table J.43.

Table J.43: TMP_SENSE_2A EDK peripheral I/O descriptions

zps_spt Pin Name | Pin Name Direction | Pin | Description

SCK FPGA_TMPSENS_2A SCK (@) R19 | Sensor 2A Serial Clock.
MOSI FPGA_TMPSENS_ 2A _MOSI (@) R20 | Sensor 2A MOSI.
MISO FPGA_TMPSENS_2A _MISO I R18 | Sensor 2A MISO.

SS FPGA_TMPSENS_2A_CSN (0] R21 | Sensor 2A Chip Select.
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J.11.5 TMP_SENSE_2B: TI TMP125 Temperature Sensor SPI Controller

The TMP_SENSE_2B EDK peripheral is an instance of the zps_spi IP and is the main

interface to the temperature sensor #2(B). The TMP_SENSE_2B connects to the Xilinx Spartan-

3A FPGA pins shown in Table J.44.

Table J.44: TMP_SENSE_2B EDK peripheral I/O descriptions

zps_spt Pin Name | Pin Name Direction | Pin | Description

SCK FPGA_TMPSENS_2B_SCK O J21 | Sensor 2B Serial Clock.
MOSI FPGA_TMPSENS_2B_MOSI O J22 | Sensor 2B MOSI.
MISO FPGA_TMPSENS_2B_MISO I J20 | Sensor 2B MISO.

SS FPGA_TMPSENS_2B_CSN O K22 | Sensor 2B Chip Select.

J.11.6 TMP _SENSE 2C: TI TMP125 Temperature Sensor SPI Controller

The TMP_SENSE_2C EDK peripheral is an instance of the zps_spi IP and is the main

interface to the temperature sensor #2(C). The TMP_SENSE_2C connects to the Xilinx Spartan-

3A FPGA pins shown in Table J.45.

Table J.45: TMP_SENSE_2C EDK peripheral I/0O descriptions

zps_spt Pin Name | Pin Name Direction | Pin | Description

SCK FPGA_TMPSENS 2C_SCK (0] C17 | Sensor 2C Serial Clock.
MOSI FPGA_TMPSENS_2C_MOSI (0] B17 | Sensor 2C MOSI.
MISO FPGA_TMPSENS_2C_MISO I D17 | Sensor 2C MISO.

SS FPGA_TMPSENS_2C_CSN (@) A17 | Sensor 2C Chip Select.
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J.12 DDR2 SDRAM SODIMM I?C Memory Interface

The measurement board contains a DDR2 SDRAM SODIMM connector for use with mem-
ory of a capacity up to 2 GB. The SODIMM contains an I2C memory for storing information related
to the control and refresh of the DDR2 SDRAM. The SODIMM data interface is connected to the

data path FPGA, and the I2C control interface is connected to the control FPGA.

J.12.1 ctx_iic_ctrlr_2: I2C Control Peripheral

The ctx_iic_ctrir_vi_00-a EDK peripheral is used to control the DDR2 SDRAM SODIMM
I2C interface, and appears as a set of 16 software accessible registers to the applications running on
the MicroBlaze. The ctx_iic_ctrir_vl_00-a EDK peripheral’s register map is shown in Table J.47.

The ctz_iic_ctrlr_2 connects to the Xilinx Spartan-3A FPGA pins shown in Table J.46.

Table J.46: ctx_iic_ctrlr_-2 EDK peripheral I/O descriptions

ctx_tic_ctrlr_vi_00_-a Pin Name | Pin Name Dir | Pin | Description
io_fpga_iic_sda FPGA_DDR2_.SDRAM_SDA | 10 | B15 | I?C Serial Data.
io_fpga_iic_scl FPGA_DDR2_SDRAM_SCL O | A15 | I2C Serial Clock.

Table J.47: ctx_iic_ctrlr_v1_00_.a EDK peripheral register

map
Address | Name R/W | Default | Description
0 {16’b0,prer[15:0]} R/W 0x63 I2C Clock Prescaler Register.
[16:31]: prer[15:0]: Clock Prescale.
1 {30’b0,ctrl[1:0]} R/W 0x0 I?C Control Register.

[30]: core_en: Module Enable.
[31]: int_en: Interrupt Enable.

2 {24’b0,txr[7:1],rnw} | R/W 0x0 I?C Transmit Data Register.
[24:30]: txr: Transmit Data.
[31]: rnw: Read/Write Bit.
1 = Read.
0 = Write.

Continued on Next Page...
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Address

Name

R/W

Default

Description

3

{26’b0,cmd[5:0]}

R/W

0x0

I?C Command Register.
[26]: iack: Interrupt Acknowledge.
Clears a pending interrupt.

27]: ack: ACK =0’ or NACK = "1".

[\
[0

]:

]: wr: Write to Slave.
9]: rd: Read from Slave.
30]:
31]:

=)

sto: Generate Stop Condition.

sta: Generate Start Condition.

T T ™

{31’b0,rst}

R/W

0x0

I2C Reset Register.
[31]: rst: I2C Module Reset..

Toggle to reset module.

{24'b0,rxr[7:0]}

RO

0x0

I2C Receive Data Register.

{26’b0,stat[4:0]}

RO

0x0

I2C Status Register.
[27]: rxack: Received ACK from Slave.
1 = No ACK Received.
0 = ACK Received.
[28]: busy: Busy.
1 after START detected.
0 after STOP detected.
[29]: al: Arbitration Lost.
Arbitration is lost when:
STOP detected, but not requested.
master drives SDA high, but it is low.
[30]: tip: Transfer in Progress.
1 = Transferring Data.
0 = Transfer Complete.
[31]: irq_flag: Interrupt Flag.

Set when interrupt is pending.
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J.13 Debug Peripherals

The measurement board contains several peripherals intended to be used during debug of

both Hardware and Software.

3 Push-Buttons (Active Low)

4 LEDs (Active Low)

Logic Analyzer Header

CP2102 USB-to-UART Bridge

FT245BL USB Interface

FPGA Re-Program Push-Button

J.13.1 Buttons_3Bit: Push-Button GPIO Controller

The measurement board control FPGA has three momentary push-button for debugging
various applications and hardware. The push-buttons can be polled independently. A logic low
indicates a push-button has been pressed, and the push-buttons idle high when not pressed. The

push-buttons are controlled by the MicroBlaze via a GPIO peripheral.

Figure J.3: Momentary Push-Button

The push-buttons connect to the Xilinx Spartan-3A FPGA pins shown in Table J.48.

Table J.48: Buttons_3Bit EDK peripheral I/O descriptions

xps_gpto Pin # | Pin Name Dir | Pin | Default Value | Description

0 FPGA_PUSHBUTTONS|0] I H9 NA Push-Button 0
1 FPGA_PUSHBUTTONS][1] I G8 NA Push-Button 1
2 FPGA_PUSHBUTTONS|2] I G7 NA Push-Button 2
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J.13.2 LEDs_4Bit: LED GPIO Controller

The measurement board control FPGA has four LEDs for debugging various applications
and hardware. The LEDs can be controlled independently, and are turned on by setting the appro-

priate control bit to a logic low. The LEDs are controlled by the MicroBlaze via a GPIO peripheral.

@

Figure J.4: Light-Emitting Diode

The LEDs connect to the Xilinx Spartan-3A FPGA pins shown in Table J.49.

Table J.49: LEDs_4Bit EDK peripheral I/O descriptions

zps_gpto Pin # | Pin Name Dir | Pin | Default Value | Description

0 FPGA_LEDS[0] | O D8 1 LED Bit 0 (Active Low).
1 FPGA_LEDS[1] | O Cr 0 LED Bit 1

2 FPGA_LEDS[2] | O C8 1 LED Bit 2

3 FPGA_LEDS[3] | O B8 0 LED Bit 3
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J.13.3 Logic Analyzer

407

The measurement board contains a header for probing internal FPGA signals with a Logic

Analyzer. The pinout for the 18-pin Logic Analyzer header is shown in Table J.50.

Table J.50: Logic analyzer header pinout

Odd Pins Even Pins
FPGA_LA_CLK 1] 2| GND
FPGA_LADATA[7] | 3 | 4 | GND
FPGA_LADATA[6] | 5 | 6 | GND
FPGA_LADATA[5) | 7 | 8 | GND
FPGA LA DATA[4] | 9 | 10 | GND
FPGA LA DATAJ[3] | 11 | 12 | GND
FPGA_LADATA[2] | 13 | 14 | GND
FPGA_LA_DATA[1] | 15 | 16 | GND
FPGA_LA_DATA[0] | 17 | 18 | GND

The LEDs connect to the Xilinx Spartan-3A FPGA pins shown in Table J.51.

Table J.51: Logic analyzer I/O descriptions

Pin Name Dir | Pin | Default Value | Description
FPGA_LA_CLK O | Al4 NA Logic Analyzer Clock.
FPGA_ LA DATA[7] | O | Al3 NA Logic Analyzer Data Bit 7.
FPGA_LA_DATA[6] | O | B13 NA Logic Analyzer Data Bit 6.
FPGA_LADATA[5] | O | C13 NA Logic Analyzer Data Bit 5.
FPGA_LA_DATA[4] | O | D15 NA Logic Analyzer Data Bit 4.
FPGA_.LA_DATA[3] | O | D13 NA Logic Analyzer Data Bit 3.
FPGA_LADATA[2] | O | E13 NA Logic Analyzer Data Bit 2.
FPGA_ LA DATA[1] | O | E14 NA Logic Analyzer Data Bit 1.
FPGA_ LA DATA[0] | O | F13 NA Logic Analyzer Data Bit 0.
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J.13.4 CP2102 USB-to-UART Bridge

The measurement board contains a Silicon Laboratories CP2102 USB-to-UART Bridge for

controlling the board in a development environment in lieu of the full-speed USB interface. The

CP2102 provides a COM Port Interface over USB, and allows for an RS-232 interface between the

data path FPGA and the CP2102. The MicroBlaze design will use an Xilinx EDK XPS UART Lite

peripheral, which will be configured as shown in Table J.13.4.

C_BAUDRATE 115200
C_DATA BITS 8
C_USE_PARITY 0
C_ODD_PARITY 0

The desired terminal settings are shown in Table J.13.4.

Bits per second: 115200

Data bits: 8
Parity: None
Stop bits: 1
Flow Control: None

The CP2102 connects to the Xilinx Spartan-3A FPGA pins shown in Table J.53.

Table J.52: CP2102 I/O descriptions

CP2102 Pin Name | FPGA Pin Name | Pin | Description

TXD FPGA_RS232_ RX AB5 | RS-232 Receive Data to FPGA.
RXD FPGA_RS232_.TX Y5 | RS-232 Transmit Data from FPGA.
RTS FPGA_RS232_RTS | AA6 | RS-232 Request to Send to FPGA.
CTS FPGA_RS232_CTS Y6 | RS-232 Clear to Send from FPGA.

In order to use the CP2102, a driver must be installed on the computer. The driver can be down-

loaded from the following Silicon Laboratories website:

e https://www.silabs.com/products/mcu/Pages/USBtoUARTBridgeVCPDrivers.aspx


https://www.silabs.com/products/mcu/Pages/USBtoUARTBridgeVCPDrivers.aspx
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J.13.4.1 RS232_CP2102: RS-232 UartLite Controller
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The RS232_CP2102 EDK peripheral is an instance of the zps_uartlite and connects to the

Xilinx Spartan-3A FPGA pins shown in Table J.53.

Table J.53: RS232_CP2102 EDK peripheral I/0 descriptions

zps_uartlite Pin # | FPGA Pin Name | Dir | Pin | Description
RX FPGA_RS232_RX I ABG6 | Receive Data to FPGA.
TX FPGA_RS232_.TX O Y5 | Transmit Data from FPGA.

J.13.4.2 CP2102_RTS: RS-232 UartLite Controller

The CP2102_RTS EDK peripheral connects to the Xilinx Spartan-3A FPGA pins shown

in Table J.54.

Table J.54: CP2102_-RTS EDK peripheral I/O descriptions

xps_gpio Pin #

FPGA Pin Name

Dir

Pin

Default Value

Description

0

FPGA_RS232_RTS

I

AAG6

NA

Request to Send to FPGA.

J.13.4.3 CP2102_CTS: RS-232 UartLite Controller

The CP2102-CTS EDK peripheral connects to the Xilinx Spartan-3A FPGA pins shown

in Table J.55.

Table J.55: CP2102_CTS EDK peripheral I/O descriptions

zps_gpio Pin #

FPGA Pin Name

Dir

Pin

Default Value

Description

0

FPGA_RS232_CTS

0]

Y6

0

Clear to Send from FPGA.
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J.13.5 FTDI FT245BL USB Interface
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The measurement board control FPGA has access to a Future Technology Devices Inter-

national Ltd. FT245BL USB first-in/first-out (FIFO) IC. This USB FIFO can provide higher data

throughput than the Silicon Laboratories CP2102 USB-to-UART bridge IC, and may be used as the

main communications interface for the General Purpose Instrument.

In order to use the FT245BL USB FIFO IC, a driver must be installed on the computer.

FTDI Chip provides two kinds of drivers:

e Virtual COM Port Drivers

http://www.ftdichip.com/Drivers/VCP.htm

e D2XX Drivers

http://www.ftdichip.com/Drivers/D2XX.htm

For higher throughput the D2XX Drivers should be used. If the Virtual COM Port driver is used,

then similar data throughput to the CP2102 will be achieved.

The FT245BL USB FIFO IC connects to the Xilinx Spartan-3A FPGA pins shown in

Table J.56.

Table J.56: FT245BL_GPIO EDK peripheral I/O descriptions

zps_gpio Pin # | Pin Name Dir | Pin | Default Value | Description

0 FPGA_FTDI_DATA[0] I/O0 | V15 1 Data Bit 0.

1 FPGA_FTDI_DATA[1] I/O0 | V16 0 Data Bit 1.

2 FPGA_FTDI_DATA[2 I/0 | W15 1 Data Bit 2.

3 FPGA_FTDI_DATAJ3] I/0 | W16 0 Data Bit 3.

4 FPGA_FTDI_DATA[4] I/0 | Y15 1 Data Bit 4.

5 FPGA_FTDI_DATAJ5] I/0 | Y16 0 Data Bit 5.

6 FPGA_FTDI_DATA]I6] I/O0 | AB15 1 Data Bit 6.

7 FPGA_FTDI_DATAJ7 I/0 | AB16 0 Data Bit 7.

8 FPGA_FTDI_TXEN I P12 0 TX Data Enable.
9 FPGA_FTDI_RXFN I R12 0 RX Data Valid.
10 FPGA_FTDI_.PWRENN I R13 0 Power Enable.

11 FPGA_FTDI_RSTOUTN I R14 0 Reset Output.

12 FPGA_FTDI_RDN (0] U13 0 Read Enable.

13 FPGA_FTDI_-WRN (@) V14 0 Write Enable.

14 FPGA_FTDISI. WU (@) W13 0 Send Immediate and

Wake Up Signal.



http://www.ftdichip.com/Drivers/VCP.htm
http://www.ftdichip.com/Drivers/D2XX.htm
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J.13.6 FPGA Re-Program Push-Button

The measurement board has the ability to precisely control the re-configuration process
for the control FPGA. Figure J.5 shows the circuit used on the measurement board. Section J.14
describes how the TPS3823-33DBV device works at power-up along with the manual reset input.
Unlike the board reset circuit whose Logical AND gate A input is driven by Config Done, the
PROG_B circuit’s A input is driven an external connector interface for future controller boards.
This input provides a controller board with the capability to initiate an FPGA re-configuration

during either the General Purpose Instrument power-up routine or a firmware upgrade.

Pavip Favie  Holds off configuration while low.

Configuration starts on rising edge. PIVID
o 1u
< p (1
o o J7 caz] | o01u
s l—cuar
a5 5
PUSH TO
RE-PROGRAM
FRGA UL PROGO . s
= - * -

us4 VoD
s2

R320
R3ZL
511K

Figure J.5: Measurement board PROG_B circuit
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J.13.7 Reach Technologies Display

The measurement board contains an RS-232 interface to a Reach Technologies Display for
displaying waveforms and configuring the instrument. The MicroBlaze design will use an EDK XPS
UART Lite peripheral, which will be configured as shown in Table J.13.7.

C_BAUDRATE 115200
C_DATA _BITS 8

C_USE_PARITY 0
C_.ODD_PARITY 0

The desired terminal settings are shown in Table J.13.7.

Bits per second: 115200

Data bits: 8
Parity: None
Stop bits: 1
Flow Control: None

The Reach Technologies Display connects to the Xilinx Spartan-3A FPGA pins shown in Table J.57.

Table J.57: CP2102 I/O descriptions
CP2102 Pin Name | FPGA Pin Name | Pin | Description
TXD FPGA_RS232_ RX V12 | RS-232 Receive Data to FPGA.
RXD FPGA_RS232_TX U12 | RS-232 Transmit Data from FPGA.
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J.14 Board Reset Push-Button

There are several methods to reset the measurement board. A Texas Instruments processor
supervisory circuit (TSP3823-33DBV) is used to provide both a power-up and manual reset. During
power-on, RESET is asserted when supply voltage +3.3 V becomes higher than 1.1 V. Thereafter,
the supply voltage supervisor monitors +3.3 V and keeps RESET active as long as +3.3 V remains
below the threshold Vyr. An internal timer delays the return of the output to the inactive state
(high) to ensure proper system reset. The delay time, tq, starts after +3.3 V has risen above the
threshold voltage V. When the supply voltage drops below the threshold voltage Vi, the output
becomes active (low) again. The threshold voltage of the TPS3823-33DBV is 2.93 V.

The TPS3823-33DBV device incorporates a manual reset input, M R. A low level at M R
causes RESET to become active. The measurement board does not take advantage of the watch
dog circuit available in the TPS3823-33DBV. A truth table for the TPS3823-33DBV is shown in
Table J.58.

Table J.58: TPS3823-33DBV truth table

TPS3823-33DBV Truth Table
INPUTS OUTPUTS
MR | Vpp > Vir RESET
0 0 0
0 1 0
1 0 0
1 1 1

As +3.3 V powers-on the TPS3823 will initiate a power-on reset to the control FPGA, but the
FPGA will most likely be busy in the configuration process. Therefore, the reset will be missed
by the FPGA. However, an external logic AND gate is provided to logically AND an active-low
push-button and the FPGA Configuration Done (Active High) signal (see Table J.59), so that the
MR pin is toggled low then high. This results in RESET being toggled low for 1 us, which will
provide plenty of time for the FPGA to properly reset after the configuration process completes.
After the measurement board has powered up and the FPGA is configured, the user can press the

push-button to initiate an FPGA reset whenever desired.
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Table J.59: Local reset truth table

Local Reset Truth Table

Config Done | Push-Button | Local Reset
0 0 0
0 1 0
1 0 0
1 1 1

During normal operation, the future controller board can also initiate a board reset by toggling the

controller reset pin low then high. The truth table for the board reset is shown in Table J.60.

Table J.60: Board reset truth table

Board Reset Truth Table

Local Reset | Controller Reset | Board Reset
0 0 0
0 1 0
1 0 0
1 1 1

The board reset signal is fanned out to 3 devices on the measurement board:

e Control FPGA

e Power Control CPLD

e Data Path FPGA
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The circuit shown in Figure J.6 allows for all three programmable devices to be simultane-

ously reset.

—]
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P3VID_RST P3V3D_RST PIVID_RST
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Figure J.6: Measurement board reset circuit

The reset signals connect to the Xilinx Spartan-3A FPGA pins shown in Table J.61.

Table J.61: Reset Signal descriptions

Pin Name Dir | Pin | Description
FPGA_S3A_BOARD_RSTN I D7 | Measurement Board Main Reset.
FPGA_LOCAL_RSTN I D6 | Measurement Board Local Reset.
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J.14.1 proc_sys reset_0: Processor System Reset Controller

The proc_sys_reset EDK peripheral is in charge of receiving all reset and DCM locked

signals in order to determine when the processor reset should be driven.

Listing J.4: Xilinx EDK MHS System Reset Instantiation

BEGIN proc_sys_reset

PARAMETER INSTANCE = proc-sys-reset_0
PARAMETER HW_VER = 2.00.a

PARAMETER C_EXT_RESET_HIGH = 0

PORT Slowest_sync_clk = sys_clk_s
PORT Dcm_locked = dcmO_locked

PORT Ext_Reset_In = sys_rst_s

PORT MB_Reset = mb_reset

PORT Bus_Struct_Reset = sys_bus_reset
PORT MB_Debug_Sys_-Rst = Debug_-SYS_Rst
END

The proc_sys_reset EDK peripheral connects to the Xilinx Spartan-3A FPGA pins shown in Ta-
ble J.62.

Table J.62: proc_sys_reset_.0 EDK peripheral I/0 descriptions

Peripheral Name | Pin Name Dir | Pin | Default Value | Description

Ext_Reset_In FPGA_S3A_BOARD_RSTN I D7 1 Board Main Reset.
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J.15 CLK_100MHZ_INPUT: Differential Clock Input Buffer

The CLK_100MHZ_INPUT EDK peripheral is an instance of the util_ds_buf TP and con-
nects to the Xilinx Spartan-3A FPGA pins shown in Table J.63. The util_ds_buf TP is essentially an

IBUFGDS Xilinx Spartan-3A input clock buffer primitive.

Table J.63: CLK_100MHZ_INPUT EDK peripheral I/O descriptions

util_ds_buf Pin # | FPGA Pin Name Dir | Pin | Description

IBUF_DS_P FPGA_CLK100MHZ_P I AA12 | 100MHz Clock (Positive).
IBUF_DS_P FPGA_CLK100MHZ_N I AB12 | 100MHz Clock (Negative).
IBUF_.OUT dem_clk_s (@) NA | 100MHz Clock.

Listing J.5: Xilinx EDK MHS System Clock Input Buffer Instantiation

BEGIN util_ds_buf
PARAMETER INSTANCE = CLK_100MHZ_INPUT
PARAMETER HW.VER = 1.00.a
PARAMETER C_BUF_TYPE = IBUFGDS
PORT IBUF_DS_P = fpga_0_CLK_100_P
PORT IBUF_DS.N = fpga_0_CLK_100_N
PORT IBUF.OUT = dcm_clk_s

END
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J.16 dcm _module 0: Digital Clock Module

The dem-module-0 EDK Peripheral is an instance of the dem_module TP and is used to
generate the clocks shown in Table J.64. The util_ds_buf IP is essentially a Xilinx Spartan-3A digital
clock manager (DCM).

Table J.64: dem_module_.0 EDK Peripheral I/O Descriptions

util_ds_buf Pin # | FPGA Pin Name Dir Description

CLKIN dem _clk s I 100 MHz Clock.

CLKO DDR_SDRAM mpmec_clk_s O DDR SDRAM 100 MHz Clock, 0°.
CLK90 DDR_SDRAM mpmec_clk 90s | O | DDR SDRAM 100 MHz Clock, 90°.
CLKDV sys_clk_s O MicroBlaze 50 MHz System Clock.
CLKFB DDR_-SDRAM _mpmec_clk_s O DCM Feedback CLock Clock.
LOCKED demO_locked 0] DCM Locked (Active High).

Listing J.6: Xilinx EDK MHS DCM Instantiation

BEGIN dcm_module

PARAMETER INSTANCE = dcm_module_0
PARAMETER HW.VER = 1.00.c
PARAMETER C_CLKDV_DIVIDE = 2.0
PARAMETER C_CLKIN_PERIOD = 10.0
PARAMETER C_EXT_RESET_HIGH = 0
PARAMETER C_CLKIN_.BUF = FALSE
PARAMETER C_CLKFB_BUF = FALSE
PARAMETER C_CLKO-BUF = TRUE
PARAMETER C_CLK90_BUF = TRUE
PARAMETER C_.CLKDV_BUF = TRUE
PORT RST = net_vcc

PORT CLKIN = dcm_clk_s

PORT CLKO = DDR_SDRAM_mpmec_clk_s
PORT CLK90 = DDR_SDRAM_mpmec_clk_90_s
PORT CLKFB = DDR-SDRAM_mpmc-clk_s
PORT CLKDV = sys_clk_s

PORT LOCKED = dcmO_locked

END
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Glossary

ADC :
An acronym used to refer to a analog-to-digital converter, which converts a analog voltages to

binary values.

AsSAP
Acronym for Asynchronous Array of Simple Processors. A 2D-mesh parallel array architecture

designed for power efficiency while executing computationally intensive applications.

AsAP Version 1 :
This is the first implementation of the AsAP architecture which has 36 processing elements
arranged in a 6x6 array with one input in the upper-left corner and one output which can be
any one of the right edge processors. This version of the architecture uses nearest neighbor

communication exclusively.

AsAP Version 2 :
This is the second implementation of the AsAP architecture which has an array of size 13x13
with a few of the lower processors replaced by hardware-based accelerators. For this work the
array is assumed to be homogeneous with a size of 16x16. This version of the architecture
introduces a routing overlay network and also allows the input processor to be any one of the

left edge processors.
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CW .

Acronym for continuous waveform, which is an RF signal of constant amplitude and frequency.

Core Laminate :
An insulating material with copper affixed to both sides [30]. The majority of the copper is
etched away during the printed circuit board manufacturing process. The remaining copper

makes up the signal traces and power planes.

Core PCB Construction :
Core construction combines all core laminate materials using a prepreg during the multilayer

lamination process [31].

DAC :
An acronym used to refer to a digital-to-analog converter, which converts binary values to

analog voltages.

dBFS :
A measure of a DAC output signals power level in decibels relative to full scale. A power level
of 0 dBF'S represents the maximum possible level of a device. The output of DAC devices are

commonly scaled to 0 dBFS, —6 dBF'S, and —12 dBFS when measuring SFDR.

DDR :
An acronym used to refer to a data transfer mechanism known as double data rate, which

transfers data on both the rising and falling edges of a clock signal.

DDS :
An acronym used to refer to a direct digital synthesizer, which is made up of a phase accu-
mulator and phase to amplitude converter to generate periodic waveforms. For example, sine,

cosine, square and triangle waveforms.

DSP :
An acronym used to refer to a digital signal processor, or the act of digitally processing a

signal.

DUT :

An acronym used to refer to a Device Under Test in a measurement system.
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ENOB :
Effective number of bits is a measure in units of bits of a converter’s performance as compared

to the theoretical limit based on quantization noise.

Foil PCB Construction :
Construction using a core laminate material for all internal layers [31]. The outer layer is made

up of a copper foil.

HD2 .
Second harmonic distortion, or HDs, is the ratio of the amplitude of the second harmonic to
the amplitude of the fundamental tone. On a dB scale, HD5 increases linearly with a slope of

one in terms of the output power.

HD3 :
Third harmonic distortion, or HD3, is the ratio of the amplitude of the third harmonic to the
amplitude of the fundamental tone. On a dB scale, HD3 increases linearly with a slope of two

in terms of the output power.

Input/output block (I0OB) :
A collection or grouping of basic elements that make up the input and output functions of
FPGA devices. For example, the I0B of a Xilinx Virtex-5 FPGA is made up of an input

buffer, a tri-state output buffer, an inverter, and a pad [17].

Instrument Height :
Test and measurement equipment height is generally identified as a multiple of Us. Each U is

equivalent to 1.75 inches. The actual height of an instrument which is 1U tall is 1.719 inches.

Instrument Width :
Test and measurement equipment is typically designed to fit in a 19 inch rack mounted system.
A piece of equipment is generally less than 19 inches and is mounted in the rack using ear

brackets on both sides.

IMDg :
Third-order two-tone intermodulation distortion is a metric used to describe the distortion
performance of a transmitter or receiver when multiple signal tones are present in the data
stream. It is measured by driving two spectrally pure sine waves through the DUT at fre-

quencies f; and fsy, usually relatively close together. The amplitude of each tone when summed
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together will be approximately 6 dB below full-scale of the converter in order to avoid clipping.

It is typically specified in dBe relative to the value of either of the two input tones [11].

Nyquist Frequency :

FS

The sample rate divided by two (%) is known as the Nyquist Frequency.

Nyquist Sampling Theorem :
The Nyquist sampling theorem states that in order to perfectly reconstruct a signal the system
must sample at a rate greater than 2B, where B represents the highest frequency in the original

signal.

Nyquist Zones :
The frequency range from DC (0 Hz) to % is called the first Nyquist zone. The second Nyquist

zone is known as the frequency range from % to Fy.

One-hot encoding :
One-hot encoding refers to a group of bits where only a single bit is set to a logic high. All
remaining bits are set to a logic low. This type of encoding is commonly used to represent the
state transitions of a finite state machine. An example of a one-hot encoded group of 3 bits is

shown in Table J.65.

001
010
100

Table J.65: One-hot encoding example

Prepreg Laminate :
An insulating material which is inserted between the etched printed circuit board layers [30].

This material acts as the glue that bonds the multiple layers of the PCB.

QDR-II SRAM :
A type of synchronous random-access memory (RAM), which provides a DDR data interface
capable of simultaneous data reads and writes, hence the use of the term quad-data-rate
(QDR). The simultaneous read and write interface is made possible by two separate 36-bit

data interfaces. The address bus is shared between the read and write interfaces.
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RBW :
The analog or digital intermediate frequency (IF) section consists of resolution bandwidth

filters, which follow the IF gain amplifier of a spectrum analyzer [12].

SFDR :
Spurious-Free Dynamic Range is a measure of a signal tone relative to the largest spurious
signal present in the signal bandwidth being measured. It is commonly used to specify the

performance of DAC and ADC devices.

SPAN :

Spectrum analyzer use the term SPAN to define the frequency range displayed on screen.

TOI :
Third-order intercept point is a metric used to describe how well a transmitter or receiver
performs with closely spaced signals. It is calculated using the IMDg3 and fundamental tone

power parameters and is specified in terms of dB.

VBW
Spectrum analyzers use video filters to help discern signals which are close to the noise level.
The video filter will effectively smooth or average the displayed signal on screen. It is a low-
pass filter that comes after the envelope detector of a spectrum analyzer, and determines the
bandwidth of the video signal that will eventually be digitized to yield amplitude data. The
corner frequency of the video filter can be varied to increase or decrease the video bandwidth

12].

X2Y capacitor :
An X2Y capacitor is a type of capacitor developed by a company named X2Y Attenuators,
LLC.
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