WINSDODURCE

ELECTRONICS

THE DATASHEET OF
CYFBO0/2V18L-133BGXI

www.win-source.net e / SY 0086-755-83957316




&= CYPRESS

- EMBEDDED IN TOMORROW™

Features

m Memory organization

a Density: 72-Mbit

a Organization: x 36
m Up to 133-MHz clock operation Y
m Unidirectional operation

m Independent read and write ports
a Supports simultaneous read and write operations

7 Reads and writes operate on independent clocks, upto a
maximum ratio of two, enabling data buffering across clock
domains.

o Supports multiple /O voltage standard: low voltage
complementary metal oxide semiconductor (LVCMOS) 3.3 V
and 1.8 V voltage standards.

m Input and output enable control for write mask and read skip
operations

m Empty & Full status flags

m Flow-through mailbox register to send data from input to output
port, bypassing the Frame Buffer

m Separate serial clock (SCLK) input for serial programming of
configuration registers

m Master reset to clear entire Frame Buffer
m Partial reset to clear data but retain programmable settings

m Joint test action group (JTAG) port provided for boundary scan
function

m Industrial temperature range: —-40 °C to +85 °C

Note
1. For device operating at 150 MHz, Contact Sales.

Cypress Semiconductor Corporation
Document Number: 001-88646 Rev. *E

198 Champion Court .

CYFB0072V

72-Mbit Video Frame Buffer

Functional Description

The Video Frame Buffer is a 72-Mbit memory device which
operates as a FIFO with a bus width of 36 bits. It has independent
read and write ports, which can be clocked up to 133 MHz. The
bus size of 36 bits enables a data throughput of 4.8 Gbps. The
device also offers a simple and easy-to-use interface to reduce
implementation and debugging efforts, improve time-to-market,
and reduce engineering costs. This makes it an ideal memory
choice for a wide range of applications including video and image
processing or any system that needs buffering at high speeds
across different clock domains.

The functionality of the Video Frame Buffer is such that the data
is read out of the read port in the same sequence in which it was
written into the write port. If writes and inputs are enabled (WEN
& IE), data on the write port gets written into the device at the
rising edge of write clock. Enabling reads and outputs (REN &
OE) fetches data on the read port at every rising edge of read
clock. Both reads and writes can occur simultaneously at
different speeds provided the ratio between read and write clock
is in the range of 0.5 to 2. Appropriate flags are set whenever the
device is empty or full.

The device also supports a flow-through mailbox register to
bypass the frame buffer memory

For a complete list of related documentation, click here.

San Jose, CA 95134-1709 . 408-943-2600
Revised November 14, 2017
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Logic Block Diagram
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Pin Configuration
Figure 1. 209-ball FBGA pinout (Top View)
1 2 3 4 5 6 7 8 9 10 11
A| FF DO D1 DNU Vpu Vpu DNU DNU Vpp Qo Q1
B EF D2 D3 DNU DNU Vpy DNU DNU REN Q2 Q3
c| D4 D5 | WEN | DNU Veer DNU Ve DNU | RCLK Q4 Q5
D| D6 D7 Vss | Vet DNU LD DNU Veer Vss Q6 Q7
E| D8 D9 Veez | Veez Vecio Vecio Veeio Veez Veez Q8 Q9
F| p1o | D11 Vss | Vs Vgs DNU Vgs Vss Ves Q10 Q1
G| D12 D13 Veez | Veez Vceio Veer Vceio Vee Veez Q12 Q13
J | D16 D17 | Veeca | Veez Vecio Veet Veeio Veez Veez Q16 Q17
K| DNU | DNU |WCLK| DNU Ves IE Vss DNU | Veeo | Veeco | Veco
L| D18 D19 | Veea | Veez Vecio Veet Veeio Veez Veez Q18 Q19
M| D20 | D21 | Vgg | Vs Vgs Veer Vgs Vss Vss Q20 Q21
N | D22 D23 Veez | Veez Vceio Veer Vceio Vee Veez Q22 Q23
P| D24 | D25 | Vg | Vss Vss SPI_SEN Vss Vss Vss Q24 Q25
R| D26 D27 | Vec2 | Veez Vecio Vecio Veeio Veez Veez Q26 Q27
T| D28 | D29 | Ves | Vec Veer SPL_SI Voot Veor Vss Q28 Q29
U | Dval DNU D30 D31 PRS DNU ! | SPI_SCLK | Vger OE Q30 Q31
V | DNU DNU D32 D33 DNU MRS MB DNU Vep Q32 Q33
W | TDO DNU D34 D35 TDI DNU TMS TCK DNU Q34 Q35

Notes

2. This pin should be tied to Vgg preferably or can be left floating to ensure normal operation.

Document Number: 001-88646 Rev. *E
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Pin Definitions

Pin Name 110 Pin Description

MRS Input Master reset: MRS initializes the internal read and write pointers to zero, resets both flags and sets the
output register to all zeroes. During Master Reset, the configuration registers are set to default values.

PRS Input Partial reset: PRS initializes the internal read and write pointers to zero, resets both flags and sets the
output register to all zeroes. During Partial Reset, the configuration register settings are retained.

WCLK Input Write clock: The rising edge clocks data into the frame buffer when writes are enabled (WEN asserted).
Data is written into the buffer memory when LD is high and into configuration registers when LD is low.

LD Input  |Load: When LD is LOW, D[7:0] (Q[7:0]) are written (read) into (from) the configuration registers. When
LD is HIGH, D[35:0] (Q[35:0]) are written (read) into (from) the buffer memory.

WEN Input Write enable: Control signal to enable writes to the device. When WEN is low data present on the inputs

is written to the buffer memory or configuration registers on every rising edge of WCLK.

IE Input Input enable: IE is the data input enable signal that controls the enabling and disabling of the 36-bit data
input pins. If it is enabled, data on input pins is written into the frame buffer memory or configuration
registers. The internal write_address pointer is always incremented at rising edge of WCLK if WEN is
enabled, regardless of the IE level. This is used for 'write masking' or incrementing the write pointer
without writing into a location.

D[35:0] Input Data inputs: Data inputs for a 36-bit bus.

RCLK Input Read clock: The rising edge initiates a read from the frame buffer when reads are enabled (REN
asserted). Data is read from the buffer memory when LD is high & from the configuration registers if LD
is low.

REN Input Read enable: Control signal to enable reads from the device. When REN is low data is read from the
buffer memory or configuration registers on every rising edge of RCLK.

OE Input Output enable: When OE is LOW, device data outputs are enabled; when OE is HIGH, the device’s
outputs are in High Z (high impedance) state.

Q[35:0] Output |Data outputs: Data outputs for a 36-bit bus.

DVal Output |Data valid: Active low data valid signal to indicate valid data on Q[35:0].

MB Input Mailbox: When asserted the reads and writes happen to flow-through mailbox register.

EF Output |Empty flag: When EF is LOW, the frame buffer is empty. EF is synchronized to RCLK.

FF Output |Full flag: When FF is LOW, the frame buffer is full. FF is synchronized to WCLK.

SPI_SCLK Input Serial clock: A rising edge on SPI_SCLK clocks the serial data present on the SPI_SI input into the
configuration registers if SPI_SEN is enabled.

SPI_SI Input Serial input: Serial input data in SPI mode.

SPI_SEN Input Serial enable: Enables serial loading of configuration registers.

TCK Input  |Test clock (TCK) pin for JTAG.

TMS Input Test mode select (TMS) pin for JTAG.

TDI Input Test data in (TDI) pin for JTAG.

TDO Output |Test data out (TDO) pin for JTAG.

VREF Input Reference voltage: Reference voltage (regardless of I/O standard used)

Reference
Ve Power |Core voltage supply 1: 1.8 V supply voltage
Supply
Veeo Power |Core voltage supply 2: 1.5 V supply voltage
Supply

Document Number: 001-88646 Rev. *E Page 5 of 28
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Pin Definitions (continued)

Pin Name 110 Pin Description
Veeio Power  |Supply for I/Os
Supply
Vss Bl Ground |Ground
Vpy CMOS |[The pins A5, A6 and B6 of the FBGA Pins are required to be Pulled Up to the CMOS voltage level. These

Voltage |pins should be powered up post the power supply Ve & Ve, and should be stable prior MRST
Level operation.

DNU - Do not use: These pins need to be left floating.
Vpp B Input  |Connect to GND (Short to Vgg).
Note

3. All Vgg pins should be connected to the same ground plane.

Document Number: 001-88646 Rev. *E Page 6 of 28
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Architecture

The video frame buffer consists of a memory array of 72-Mbit
along with the logic blocks to implement FIFO functionality and
its associated features that are built around this memory array.

The input and output data buses have a maximum width of
36 bits. The input data bus goes to an input register and the data
flow from the input register to the memory is controlled by the
write control logic. The inputs to the write logic block are WCLK,
WEN and IE. When the writes are enabled through WEN and if
the inputs are enabled by IE, then the data on the input bus is
written into the memory array at the rising edge of WCLK. This
also increments the write pointer. Enabling writes but disabling
the data input pins through IE only, increments the write pointer
without doing any writes or altering the contents of the memory
location.

Similarly, the output register is connected to the data output bus.
Transfer of contents from the memory to the output register is
controlled by the read control logic. The inputs to the read control
logic include RCLK, REN, OE. When reads are enabled by REN
and outputs are enabled using OE, the data from the memory
pointed by the read pointer is transferred to the output data bus
at the rising edge of RCLK along with active low DVal. If the
outputs are disabled but the reads enabled, the outputs are in
high impedance state, but internally the read pointer is incre-
mented.

During write operation, the number of writes performed is always
an even number (i.e., minimum write burst length is two and
number of writes always a multiple of two), whereas during read
operation, the number of reads performed can be even or odd
(i.e., minimum read burst length is one).

Reset Logic

The frame buffer can be reset in two ways: Master Reset (MRS)
and Partial Reset (PRS). The MRS initializes the read and write
pointers to zero and sets the output register to all zeroes. It also
resets empty flag, full flag & the configuration registers to their
default values. A Master Reset is required after power-up before
accessing the frame buffer.

PRS resets the read pointer, write pointer to the first physical
location in the memory array. It also resets the flags to their
default values. PRS does not affect the programmed
configuration register values.

Data Valid Signal (DVal)

Data valid (DVal) is an active low signal, synchronized to RCLK
and is provided to check for valid data on the output bus. When
a read operation is performed, the DVal signal goes low along
with output data. This helps user to capture the data without
keeping track of REN to data output latency. This signal also
helps when write and read operations are performed
continuously at different frequencies by indicating when valid
data is available at the output port Q[35:0].

Document Number: 001-88646 Rev. *E

Write Mask and Read Skip Operation

As mentioned in Architecture on page 7, enabling writes but
disabling the inputs (IE HIGH) increments the write pointer
without doing any write operations or altering the contents of the
location.

This feature is called Write Mask and allows user to move the
write pointer without actually writing to the locations. This “write
masking” ability is useful in some video applications such as
Picture In Picture (PIP).

Similarly, during a read operation, if the outputs are disabled by
keeping the OE high, the read data does not appear on the
output bus; however, the read pointer is incremented. This
feature is referred to as a Read Skip Operation.

Flow-through Mailbox Register

This feature transfers data from input to output directly bypassing
the sequential buffer memory. When MB signal is asserted the
data present in D[35:0] will be available at Q[35:0] after two
WCLK cycles. Normal read and write operations are not allowed
during flow-through mailbox operation. Before starting
Flow-through mailbox operation reads should be completed to
make data valid DVal high to avoid data loss from buffer memory.

Flag Operation

This device provides two flag pins to indicate the condition of the
video frame buffer.

Full Flag

The Full Flag (FF) operates on double word (burst length of two)
boundaries and goes LOW when the device is full. Write
operations are inhibited whenever FF is LOW regardless of the
state of WEN. FF is synchronized to WCLK, that is, it is
exclusively updated by each rising edge of WCLK. The worst
case assertion latency for Full Flag is four. As the user cannot
know that the frame buffer is full for four clock cycles, it is
possible that user continues writing data during this time. In this
case, the four data words written will be stored to prevent data
loss and these words have to be read back in order for full flag
to get de-asserted. The minimum number of reads required to
de-assert full-flag is two and the maximum number of reads
required to de-assert full flag is six. The latency associated with
Full flag is explained in Latency Table on page 15.

Empty Flag

The Empty Flag (EF) deassertion depends on burst writes and
goes LOW when the device is empty. Read operations_are
inhibited whenever EF is LOW, regardless of the state of REN.
EF is synchronized to RCLK, that is, it is exclusively updated by
each rising edge of RCLK. The latency associated with Empty
flag is explained in Latency Table on page 15.

Page 7 of 28
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Programming Configuration Registers

The CYFBO072V has ten 8-bit user configurable registers. The
tenth register is the Fast CLK bit which indicates the faster clock
domain.

This register can be programmed in one of two ways: serial
loading or parallel_loading method. The loading method is
selected using the SPI_SEN (Serial Enable) pin. A low on the
SPI_SEN selects the serial method for writing into the register.
For serial programming, there is a separate SCLK and a Serial
Input (SI). In parallel mode, a LOW on the load (LD) pin causes
the write and read operation to these registers. When LD is held
LOW, write and read operations happen sequentially from the

Table 1. Configuration Registers

first location (0x1) to the last location (0xA). If LD is HIGH, the
writes occur to the FIFO.

Register values can be read through the parallel output port
regardless of the programming mode selected (serial or parallel).
Register values cannot be read serially. The registers may be
programmed (and reprogrammed) any time after master reset,
regardless of whether serial or parallel programming is selected.

See Table 1 and Table 2 on page 9 for access to configuration
registers in serial and parallel modes.

In parallel mode, the read and write operations loop back when
the maximum address location of the configuration registers is
reached. Simultaneous read and write operations should be
avoided on the configuration registers.

ADDR Configuration Register Default Bit [7] | Bit[6] | Bit[5] | Bit[4] | Bit[3] | Bit[2] | Bit[1] | Bit[0]
0x1 |Reserved 0x00 X X X X X X X X
0x2 |Reserved 0x00 X X X X X X X X
0x3 |Reserved 0x00 X X X X X X X X
0x4 |Reserved Ox7F X X X X X X X X
0x5 |Reserved 0x00 X X X X X X X X
0x6 |Reserved 0x00 X X X X X X X X
0x7 |Reserved Ox7F X X X X X X X X
0x8 |Reserved 0x00 X X X X X X X X
0x9 |Reserved 0x00 X X X X X X X X
OXA |Fast CLK Bit Register DO00KKxb | FaSLSLK X X X X X X

Document Number: 001-88646 Rev. *E
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Table 2. Writing and Reading Configuration Registers in Parallel Mode
SPI_SEN LD | WEN | REN WCLK RCLK SPI_SCLK Operation
1 0 0 1 7T First rising edge X X Parallel write to first register
because both LD and
WEN are low

1 0 0 1 T Second rising edge X X Parallel write to second register

1 0 0 1 T Third rising edge X X Parallel write to third register

1 0 0 1 T Fourth rising edge X X Parallel write to fourth register

1 0 0 1 . X X .

1 0 0 1 . X X .

1 0 0 1 . X X .

1 0 0 1 T Tenth rising edge X X Parallel write to tenth register

1 0 0 1 1 Eleventh rising edge X X Parallel write to first register
(roll back)

1 0 1 0 X 7 Firstrising edge since X Parallel read from first register

both LD and REN are
low

1 0 1 0 X T Second rising edge X Parallel read from second
register

1 0 1 0 X 1 Third rising edge X Parallel read from third register

1 0 1 0 X T Fourth rising edge X Parallel read from fourth
register

1 0 | 1 0 X . X *

1 0 1 0 X . X .

1 0 1 0 X . X .

1 0 1 0 X 1 Tenth rising edge X Parallel read from tenth
register

1 0 1 0 X T Eleventh rising edge X Parallel read from first register
(roll back)

1 X 1 1 X X X No operation

X 1 0 X T Rising edge X X Write to Frame Buffer memory

X 1 X 0 X T Rising edge X Read from Frame Buffer
memory

0 0 X 1 X X X lllegal operation

Document Number: 001-88646 Rev. *E
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Table 3. Writing into Configuration Registers in Serial Mode
SPI_SEN LD | WEN | REN WCLK RCLK SCLK Operation
Eachrising of the SCLK clocks
in one bit from the SI (Serial
0 1 X X X X T Rising edge |In). Any ofthe 10 registers can
be addressed and written to,
following the SPI protocol.
X 1 0 X 1 Rising edge X X Parallel write to Frame Buffer
memory.
. Parallel read from Frame
X 1 X 0 X T Rising edge X Buffer memory.
This corresponds to parallel
1 0 1 1 X X X mode (refer to Table 2 on page
9).
Figure 2. Serial WRITE to Configuration Register
LD
SP|_SEN /_"

SPI_SCK

WRITE INSTRUCTION {0x02)

10 N

REGISTER ADDRESS

12 13 14 15 16 17 18

DATAIN

19 20 21 22 23 24

spisi fifho o o o o oftlofxXx)x)xjuskuzaryaoforoefosfosfosfoziorfoo
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Width Expansion Configuration

The width of the frame buffer can be expanded to provide word widths greater than 36 bits. During width expansion mode, all control
line inputs are common and all flags are available. Empty (Full) flags are created by ANDing the Empty (Full) flags of every Frame
Buffer. This technique avoids reading data from or writing data to the device that is “staggered” by one clock cycle due to the variations
in skew between RCLK and WCLK. Figure 3 demonstrates an example of 72 bit-word width by using two 36-bit word frame buffers.

Figure 3. Width Expansion

DATAIN (D) 22, | as, 36,
T

WRITE CLOCK (WCLK) READ CLOCK (RCLK)

WRITE ENABLE (WEN) | READ ENABLE (REN_)

> OUTPUT ENABLE(OE)

CYF0072V
CYF0072V
A e e A

FE , 36, DATAOUT(Q) 70,

36

Power Up

The device becomes functional after Vccq, Veeo, Vecio, and
Vger attain minimum stable voltage required as given in
Recommended DC Operating Conditions on page 14. The
device can be accessed tp, time after these supplies attain the
minimum required level (see Switching Characteristics on page
17). There is no specific power sequencing required for the
device.

Read/Write Clock Requirements

The read and write clocks must satisfy the following
requirements:

m Both read (RCLK) and write (WCLK) clocks should be
free-running.

m The clock frequency for both clocks should be between the
minimum and maximum range given in Electrical
Characteristics on page 14.

m The WCLK to RCLK ratio should be in the range of 0.5 to 2.

Document Number: 001-88646 Rev. *E

For proper frame buffer operation, the device must determine
which of the input clocks — RCLK or WCLK — is faster. This is
evaluated using counters after the MRS cycle. The device uses
two 9-bit counters (one running on RCLK and other on WCLK),
which count 256 cycles of read and write clocks after MRS. The
clock of the counter which reaches its terminal count first is used
as master clock inside the frame buffer.

When there is change in the relative frequency of RCLK and
WCLK during normal operation of Frame Buffer, user can specify
it by using “Fast CLK bit” in the configuration register (OxA).

“1” - indicates freq (WCLK) > foq (RCLK)
“0” - indicates frgq (WCLK) < frgq (RCLK)
The fast clock bit configuration register(OxA), can be accessed
by keeping LD low for 10 clock cycles. The result of counter
evaluated frequency is available in this register bit. User can

override the counter evaluated frequency for faster clock by
changing this bit.

Whenever there is a change in this bit value, user must wait tp| |
time before issuing the next read or write to buffer memory.

Page 11 of 28
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JTAG Operation

The video frame buffer has two devices connected internally in a JTAG chain, as shown in figure Figure 4.

Figure 4. Device Connection in a JTAG Chain

LL TMS
TCK

TDI TDO

DEVICE 2

« 7

TMS TMS
TCK TCK
DEVICEL
TDI TDO
TDI
TDO

Test Access Port

Test Clock (TCK)

The test clock is used only with the TAP controller. All inputs are
captured on the rising edge of TCK. All outputs are driven on the
falling edge of TCK.

Test Mode Select (TMS)

The TMS input is used to give commands to the TAP controller
and is sampled on the rising edge of TCK. This pin may be left
unconnected if the TAP is not used. The pin is pulled up inter-
nally, resulting in a logic HIGH level.

Test Data-In (TDI)

The TDI pin is used to serially input information into the registers
and can be connected to the input of any of the registers. The
register between TDI and TDO is chosen by the instruction that
is loaded into the TAP instruction register. For information on
loading the instruction register, see Figure 5. TDI is internally
pulled up and can be left unconnected if the TAP is unused in an
application. TDI is connected to the most significant bit (MSB) on
any of the TAP registers.

Test Data-Out (TDO)

The TDO output pin is used to serially clock data out from the
registers. The output is active, depending upon the current state
of the TAP state machine. The output changes on the falling edge
of TCK. TDO is connected to the least significant bit (LSB) of any
of the TAP registers.

Note: Reset is performed by forcing TMS HIGH (Vpp) for five
rising edges of TCK.

Document Number: 001-88646 Rev. *E

Tap Registers

Registers are connected between the TDI and TDO pins to scan
the data in and out of the test circuitry. Only one register can be
selected at a time through the instruction registers. Data is
serially loaded into the TDI pin on the rising edge of TCK. Data
is output on the TDO pin on the falling edge of TCK.

Instruction Register

Three-bit instructions can be serially loaded into the instruction
register. This register is loaded when it is placed between the TDI
and TDO pins, as shown in Figure 5. Upon power-up, the
instruction register is loaded with the IDCODE instruction. It is
also loaded with the IDCODE instruction if the controller is placed
in a Reset state.

Bypass Register

To save time when serially shifting data through registers, it is
sometimes advantageous to skip certain chips. The bypass
register is a single-bit register that can be placed between TDI
and TDO pins. This enables shifting of data through the device
with minimal delay.

Boundary Scan Register

The boundary scan register is connected to all of the input and
output pins on the device. Several No Connect (NC) pins are also
included in the scan register to reserve pins for higher density
devices.

The boundary scan register is loaded with the contents of the
device input and output ring when the TAP controller is in the
Capture-DR state and is then placed between the TDI and TDO
pins when the controller is moved to the Shift-DR state. The
EXTEST, SAMPLE/PRELOAD instructions can be used to
capture the contents of the input and output ring. The MSB of the
register is connected to TDI and the LSB is connected to TDO.

Identification (ID) Register

The ID register is loaded with a vendor-specific, 32-bit code
during the Capture-DR state when the IDCODE command is
loaded in the instruction register. The IDCODE is hardwired into
the device and can be shifted out when the TAP controller is in
the Shift-DR state. The ID register has a vendor code and other
information described in Table 4.

Page 12 of 28
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JTAG ID Codes
Table 4. JTAG IDCODES

IR Register Length Device ID (HEX) Bypass Register Length
Device-1 3 “Ignore” 1
Device-2 8 1E3261CF 1
OPCODES Supported
Table 5. OPCODES Supported
Device-1 Opcode (Binary) Device-2 Opcode (Binary)
BYPASS 11111111
EXTEST 00000000
BYPASS 111 HIGHZ 00000111
SAMPLE/PRELOAD 00000001
IDCODE 00001111

JTAG Instructions

IDCODE

The IDCODE instruction loads a vendor-specific, 32-bit code into
the instruction register. It also places the instruction register
between the TDI and TDO pins and shifts the IDCODE out of the
device when the TAP controller enters the Shift-DR state. The
IDCODE instruction is loaded into the instruction register at
power-up or whenever the TAP controller is supplied a
Test-Logic-RST state.

SAMPLE/PRELOAD

SAMPLE/PRELOAD is an IEEE 1149.1 mandatory instruction.

When the SAMPLE/PRELOAD instructions are loaded into the
instruction register and the TAP controller is in the Capture-DR
state, a snapshot of data on the input and output pins is captured
in the boundary scan register.

PRELOAD places an initial data pattern at the latched parallel
outputs of the boundary scan register cells before the selection
of another boundary scan test operation.

The shifting of data for the SAMPLE and PRELOAD phases can
occur concurrently when required; that is, while the data
captured is shifted out, the preloaded data can be shifted in.

BYPASS

When the BYPASS instruction is loaded in the instruction register
and the TAP is placed in a Shift-DR state, the bypass register is
placed between the TDI and TDO pins. The advantage of the
BYPASS instruction is that it shortens the boundary scan path
when multiple devices are connected together on a board.

HIGHZ

The HIGHZ instruction mode is used to set all the user I/O pins
to an inactive drive state. These pins are tri-stated until a new
JATG instruction is executed. When this instruction is selected,
the bypass register is connected between the TDI and TDO
ports.

EXTEST

The EXTEST instruction drives the preloaded data out through
the system output pins. This instruction also connects the

Document Number: 001-88646 Rev. *E

boundary scan register for serial access between the TDI and
TDO in the Shift-DR controller state.

Instruction Update and Bypass

1. Every time an instruction is loaded through JTAG port, BY-
PASS command needs to be loaded on device 1.
For example, to push PRELOAD command, BYPASS to
device-1“111” + PRELOAD to device-2 “00000001” needs to
be sent.

2. When both devices are put on BYPASS, any pattern sent in
should be observed on TDO after two TCK delay.

TAP Controller State Diagram
Figure 5. TAP Controller State Diagram

Test-Logic-

Run-Testi |1 Select- 1 Select-
e ] ok |
o
1

1
Capture DR
o

Shifi-DR F)'

TAP controller is a Finite State Machine with 16 states as shown
in Figure 5. State change is determined by the state of TMS on
rising edge of TCK. Figure 5 shows the value of TMS for each
state transition.
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Maximum Ratings

Exceeding maximum ratings may shorten the useful life of the Voltage applied to I/O pins ........ccccoveveeevnenne -0.3V1t03.75V
device. These user guidelines are not tested. Output current into outputs (LOW) ......eevvveeeereene 24 mA
Storage temperature (without bias) ........ —65 °C to +150 °C Static discharge voltage
Ambient temperature with (per MIL-STD-883, Method 3015) ........cccccvvvveennns >2001V
power applied .......cccccocviriiiiiiiieen -55°C to +125 °C
Core supply voltage 1 (Vgq) to Operating Range
ground potlentlall ...... 2 (V ...... ) .......................... -03Vto25V Range Ambient Temperature
ore supply voltage cc2) to : S S
ground potential ..........cccoeoeeevereecrereiennnne. -03Vto1.65V Industrial —40°C to +85 °C
Latch up current ..........ccooiiiiiiiiiii e >100 mA
I/0 port supply voltage (Veoig) -«eeeeeveeemreerene -0.3Vto 3.7V
Recommended DC Operating Conditions
Parameter [“] Description Min Typ Max Unit
Ve Core supply voltage 1 1.70 1.80 1.90 \Y
Veeo Core supply voltage 2 1.425 1.5 1.575 \Y,
VREF Reference voltage (irrespective of /O standard used) 0.7 0.75 0.8 \%
Vpy Input CMOS Voltage level for the Frame Buffer LVCMOS33 3.00 3.30 3.60 \Y
LVCMOS18 1.70 1.8 1.90 \Y,
Veelo I/0 supply voltage, read and write banks. LVCMOS33 3.00 3.30 3.60 \
LVCMOS18 1.70 1.8 1.90 \Y,
Electrical Characteristics
Parameter Description Conditions Min Typ Max Unit
Veet = Vecimax - - 300 mA
Veez = Vecamax _ _
lcc Active current (All'I/O switching, 133 MHz) 600 mA
Veeio = Veciomax _ _
(All outputs disabled) 100 mA
I Input pin leakage current VIN=Veeiomax 1o 0V -15 - 15 MA
loz I/0 pin leakage current Vo =Veciomax o 0V -15 - 15 MA
Cp Capacitance for TMS and TCK - - - 16 pF
c Capacitance for all other pins _ _ _ 8 F
PIO except TMS and TCK P

Note
4. Device operation guaranteed for a supply rate > 1V / ys.
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I/0O Characteristics
(Over the operating range)
Nominal Input Voltage (V) Output Voltage (V) Output Current (mA)
1/0 Standard | /O Supply 3 .
Voltage ViL(max) Vin(min) VoL(max) Von(min) loL(max) lon(max)
LVCMOS33 33V 0.80 2.20 0.45 2.40 24 24
LVCMOS18 1.8V 30% Veeio 65% Vceio 0.45 Veeio —0.45 16 16
Latency Table
Latency Parameter |Number of Cycles Details
LREN_TO_DATA 4 Latency when REN is asserted low to first data output from Frame Buffer.
Latency when REN is asserted along with LD to first data read from configuration
L@_TO_CONHG 4 registers.
Initial latency for data read after Frame Buffer goes empty during simultaneous
Lin Max = 26 [5] read/write.
LFF_AsSERT Max = 4 Last data write to FF going low.
LEF ASSERT 0 Last data read to EF going low.
Lﬁ_DEASSERT 8 (8l Read to ﬁ going high.
LEF DEASSERT Max = 24 [5] Write to EF going high.
LPRS_To_ACTIVE 32 18] PRS de-assert to normal operation.
LmalLBOX 2 Latency from write port to read port when MB = 1 (w.r.t. WCLK).
Note

5. These latency values are valid for a clock ratio of 1.

Document Number: 001-88646 Rev. *E
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AC Test Load Conditions
Figure 6. AC Test Load Conditions
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Switching Characteristics

Parameter Description 133 Unit

Min Max

tpu Power-up time after all supplies reach minimum value - 2 ms
ts Clock cycle frequency 3.3V LVCMOS 24 133 MHz
ts Clock cycle frequency 1.8 VLVCMOS 24 133 MHz
ta Data access time - 10 ns
toLk Clock cycle time 7.5 41.67 ns
toLkH Clock high time 3.375 - ns
teLkL Clock low time 3.375 - ns
tps Data setup time 3 - ns
tDH Data hold time 3 - ns
tens Enable setup time 3 - ns
tENH Enable hold time 3 - ns
tens sl Setup time for SPI_SI and SPI_SEN pins 5 - ns
teENH_sI Hold time for SPI_SI and SPI_SEN pins 5 - ns
trRATE sPI Frequency of SCLK - 25 MHz
trs Reset pulse width 100 - ns
trRsF Reset to flag output time - 50 ns
toLz Output enable to output in Low Z 4 15 ns
toe Output enable to output valid - 15 ns
tonz Output enable to output in High Z - 15 ns
twir Write clock to FF - 8.5 ns
tREF Read clock to EF - 8.5 ns
tpLL Time required to synchronize PLL - 1024  |cycles
tRATE JTAG JTAG TCK cycle time 100 - ns
ts_JtAG Setup time for JTAG TMS,TDI - ns
ty_JtAG Hold time for JTAG TMS,TDI - ns
tco JtAG JTAG TCK low to TDO valid - 20 ns

Document Number: 001-88646 Rev. *E
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Switching Waveforms
Figure 7. Write Cycle Timing
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Figure 8. Read Cycle Timing
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Switching Waveforms (continued)
Figure 9. Reset Timing
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Figure 10. Empty Flag Timing
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Figure 11. Full Flag Timing
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Switching Waveforms (continued)
Figure 12. Initial Data Latency
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CYFBO0072V

Switching Wavefo
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Figure 14. Configuration Register Write
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Figure 15. Configuration Register Read
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Figure 16. Empty Flag Deassertion
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Switching Waveforms (continued)
Figure 17. Empty Flag Assertion
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Switching Waveforms (continued)

Figure 19. Full Flag Deassertion
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Ordering Information

Speed [ (MHz) Ordering Code

Package Diagram

Package Type

Operating Range

133 CYFB0072V18L-133BGXI

51-85167 209-ball FBGA (14 x 22 x 1.76 mm)

Industrial

133 CYFB0072V33L-133BGXI

51-85167 209-ball FBGA (14 x 22 x 1.76 mm)

Industrial

Ordering Code Definitions

CYFB 0 072 VXX L - 133 BG X |

Note
6. For device operating at 150-MHz, Contact Sales.

Document Number: 001-88646 Rev. *E

L Temperature Grade:

| = Industrial = —40 °C to +85 °C
Pb-free

Package Type:
BG = 209-ball FBGA

Speed Grade: 133 MHz
1/0 Standard: L = LVCMOS

1/0 Voltage: VXX = V18 or V33
V18=1.8V;V33=33V

Density: 072 = 72M

Single Queue

Family Code: Frame Buffer
Company ID: CY = Cypress
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Package Diagram

Figure 20. 209-ball FBGA (14 x 22 x 1.76 mm) BB209A Package Outline, 51-85167

TOP VIEW
A1 CORNER
1. 2 3 4 5 p 7 8 9 10 11
A
B |
[
D
E
F |
G
o H
% "
g - + -
8§
M
N
P |
R
T
v
v |
w
A 14.00£0.10

0.70+0.05

(0.56)

I L W W W N W S 7 7 C7
SEATING PLANE

Document Number: 001-88646 Rev. *E

0.50£0.10 —| |~—

1.7610.20 —

'49' 90.05 @)|C
20.25 @[A[8]

A1 CORNER

BOTTOM VIEW

©0.600.10(209X)

111093765432[
N
' Goooo$oo 00 |
—&00000P00000 B
- 0O0000POOO00O ¢
E ooooo%ooooo >
00000000000 |t
00000000000 |f
00000PO0O000 |e
) ooooo%ooooo H
g & 00000000000 |
3@ 06 66086666 6—I
8= 00000QPOO0O00O |t
ooooo%ooooo "
00000000000 |
S 0O0000ODOO00O00 |r
Q 00000PO0000 |r
ooooo%ooooo T
00000000000 |u
00000000000 |v
eooooToooTe W

' —

A oo
[fo.00}
[BFH—————14.000.10
[B[05G)]

PKG WEIGHT: REFER TO PMDD SPEC

51-85167 *C

Page 25 of 28



A

w CYPRESS

~»” EMBEDDED IN TOMORROW™

CYFBO0072V

Acronyms Document Conventions
Acronym Description Units of Measure

FF Full Flag Symbol Unit of Measure

FIFO First In First Out °C degree Celsius

IE Input Enable MHz megahertz

1’0 Input/Output pA microampere

FBGA Fine-Pitch Ball Grid Array mA milliampere

JTAG Joint Test Action Group mm millimeter

LSB Least Significant Bit ms millisecond

LVCMOS |Low Voltage Complementary Metal Oxide ns nanosecond
Semiconductor Q ohm

MB Mailbox pF picofarad

MRS Master Reset N volt

MSB Most Significant Bit w watt

OE Output Enable

PRS Partial Reset

RCLK Read Clock

REN Read Enable

RCLK Read Clock

SCLK Serial Clock

TCK Test Clock

TDI Test Data In

TDO Test Data Out

TMS Test Mode Select

WCLK Write Clock

WEN Write Enable

Document Number: 001-88646 Rev. *E
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Sales, Solutions, and Legal Information

Worldwide Sales and Design Support

Cypress maintains a worldwide network of offices, solution centers, manufacturer’s representatives, and distributors. To find the office
closest to you, visit us at Cypress Locations.

Products

ARM® Cortex® Microcontrollers

Automotive

Clocks & Buffers
Interface

Internet of Things
Memory
Microcontrollers

PSoC

Power Management ICs
Touch Sensing

cypress.com/arm
cypress.com/automotive
cypress.com/clocks
cypress.com/interface
cypress.com/iot
cypress.com/memory
cypress.com/mcu
cypress.com/psoc
cypress.com/pmic
cypress.com/touch
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Cypress Developer Community
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cypress.com/support
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