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specific needs of the application.

Details

Product Status Obsolete

Number of LABs/CLBs 960

Number of Logic Elements/Cells 7680

Total RAM Bits 131072

Number of I/O 95

Number of Gates -

Voltage - Supply 1.14V ~ 1.26V

Mounting Type Surface Mount

Operating Temperature 0°C ~ 70°C (TA)

Package / Case 132-VFBGA, CSPBGA

Supplier Device Package 132-CSBGA (8x8)

Purchase URL https://www.e-xfl.com/product-detail/lattice-semiconductor/ice65l08f-lcb132c

Email: info@E-XFL.COM Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong

https://www.e-xfl.com/product/pdf/ice65l08f-lcb132c-4494621
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-fpgas-field-programmable-gate-array












   

Lattice Semiconductor Corporation  (2.42, 30-MAR-2011) 
www.latticesemi.com  29 

Figure 22:  iCE65 Internal Reset Circuitry 
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Power-On Reset (POR) 

The Power-on Reset (POR) circuit monitors specific voltage supply inputs and holds the device in reset until all the 
relevant supplies exceed the internal voltage thresholds.  The SPI_VCC supply also has an additional time-out delay 
to allow an attached SPI serial PROM to power up properly.  Table 24 shows the POR supply inputs.  The 
Nonvolatile Configuration Memory (NVCM) requires that the VPP_2V5 supply be connected, even if the 
application does not use the NVCM. 

Table 24:  Power-on Reset (POR) Voltage Resources 

Supply Rail iCE65 Production Devices 
VCC Yes 

SPI_VCC Yes 

VCCIO_1 No 

VCCIO_2 Yes 

VPP_2V5 Yes 
 

CRESET_B Pin 

The CRESET_B pin resets the iCE65 internal logic when Low. 

JTAG Interface 

Specific command sequences also reset the iCE65 internal logic. 

SPI Master Configuration Interface 

All iCE65 devices, including those with NVCM, can be configured from an external, commodity SPI serial Flash 
PROM, as shown in Figure 23.  The SPI configuration interface is essentially its own independent I/O bank, powered 
by the VCC_SPI supply input.  Presently, most commercially-available SPI serial Flash PROMs require a 3.3V 
supply. 
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Figure 24:  SPI Release from Deep Power-down Command 
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Figure 25 illustrates the next command issued by the iCE65 device.  The iCE65 SPI interface again drives SPI_SS_B 
Low, followed by a Fast Read command, hexadecimal command code 0x0B, followed by a 24-bit start address, 
transmitted on the SPI_SO output.  The iCE65 device provides data on the falling edge of SPI_SS_B.  Upon initial 
power-up, the start address is always 0x00_0000.  After waiting eight additional clock cycles, the iCE65 device 
begins reading serial data from the SPI PROM.  Before presenting data, the SPI PROM’s serial data output is high-
impedance.  The SPI_SI input pin has an internal pull-up resistor and sees high-impedance as logic ‘1’. 

Figure 25:  SPI Fast Read Command 

X X X X X X X X

A
2
3

A
2
2

A
2
1

A
2
0

A
1
9

A
1
8

A
1
7

A
1
6

A
1
5

A
1
4

A
1
3

A
1
2

A
1
1

A
1
0

A
9

A
8

A
7

A
6

A
5

A
4

A
3

A
2

A
1

A
00 0 0 0 1 0 1 1

0x0B
Fast Read

24-bit Start Address

D
7

D
6

D
5

D
4

D
3

D
2

D
1

D
0

D
7

Dummy Byte
Don’t Care

Data Byte 0

D
6

SPI_SCK

SPI_SS_B

SPI_SO

SPI_SI
PROM output is Hi-Z.  Pulled High in SPI_SI pin via internal pull-up resistor.

 

The external SPI PROM supplies data on the falling edge of the iCE65 device’s SPI_SCK clock output.  The iCE65 
device captures each PROM data value on the SPI_SI input, using the rising edge of the SPI_SCK clock signal.  The 
SPI PROM data starts at the 24-bit address presented by the iCE65 device.  PROM data is serially output, byte by 
byte, with most-significant bit, D7, presented first.  The PROM automatically increments an internal byte counter as 
long as the PROM is selected and clocked. 

After transferring the required number configuration data bits, the iCE65 device ends the Fast Read command by 
de-asserting its SPI_SS_B PROM select output, as shown in Figure 26.  To conserve power, the iCE65 device then 
optionally issues a final Deep Power-down command, hexadecimal command code 0xB9.  After de-asserting the 
SPI_SS_B output, the SPI PROM enters its Deep Power-down mode.  The final power-down step is optional; the 
application may use the SPI PROM and can skip this step, controlled by a configuration option. 

Figure 26:  Final Configuration Data, SPI Deep Power-down Command 
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After driving CRESET_B High or allowing it to float High, the AP must wait a minimum of tCR_SCK µs, (see  Table 60) 
allowing the iCE65 FPGA to clear its internal configuration memory. 

After waiting for the configuration memory to clear, the AP sends the configuration image generated by the iCEcube 
development system.  An SPI peripheral mode configuration image must not use the ColdBoot or WarmBoot 
options.  Send the entire configuration image, without interruption, serially to the iCE65’s SPI_SI input on the falling 
edge of the SPI_SCK clock input.  Once the AP sends the 0x7EAA997E synchronization pattern, the generated 
SPI_SCK clock frequency must be within the specified 1 MHz to 25 MHz range (40 ns to 1 µs clock period) while 
sending the configuration image.  Send each byte of the configuration image with most-significant bit (msb) first.  
The AP sends data to the iCE65 FPGA on the falling edge of the SPI_SCK clock.  The iCE65 FPGA internally 
captures each incoming SPI_SI data bit on the rising edge of the SPI_SCK clock.  The iCE65’s SPI_SO output pin is 
not used during SPI peripheral mode but must connect to the AP if the AP also programs the iCE65’s Nonvolatile 
Configuration Memory (NVCM). 

 

Prior to sending the iCE65 configuration image , an SPI NVCM shut-off  sequence must be sent. 
     See AN014 for details. 
The iCE65 configuration image must be sent as one contiguous stream without interruption. 
The SPI_SCK clock period must be between 40 ns to 1 µs (1 MHz to 25 MHz). 

 

After sending the entire image, the iCE65 FPGA releases the CDONE output allowing it to float High via the 10 kΩ 
pull-up resistor to AP_VCC.  If the CDONE pin remains Low, then an error occurred during configuration and the 
AP should handle the error accordingly for the application.  

After the CDONE output pin goes High, send at least 49 additional dummy bits, effectively 49 additional SPI_SCK 
clock cycles measured from rising-edge to rising-edge.   

After the additional SPI_CLK cycles, the SPI interface pins then become available to the user application loaded in 
FPGA. 

To reconfigure the iCE65 FPGA or to load a different configuration image, merely restart the configuration process 
by pulsing CRESET_B Low or power-cycling the FPGA. 

Figure 29:  Application Processor Waveforms for SPI Peripheral Mode Configuration Process 

49 SPI_SCK Cycles

iCE65L01: ≥ 800 µs
iCE65L04: ≥ 800 µs

iCE65L08: ≥ 1200 µs

≥ 200 ns

X X X X X X

iCE65 clears internal
configuration memory

Entire Configuration Images
49 dummy bits
Don’t Care

SPI_SCK

SPI_SS_B

SPI_SI

SPI_SO
Pulled High in SPI_SO pin via internal pull-up resistor.  Not used for SPI Peripheral mode configuration.  Used when programming NVCM via SPI itnterface.

CRESET_B

CDONE

D
7

D
6

D
5

D
4

D
3

D
2

D
1

D
0

D
7

D
6

D
5

D
4

D
3

D
2

D
1

D
0

Send most-significant bit of each byte first

S
P

I 
In

te
rf

a
c
e

 p
in

s
 a

v
a

il
a

b
le

 
a

s
 u

s
e

r-
d

e
fi

n
e

d
 I

/
O

 p
in

s

iCE65 enters SPI Peripheral 
mode with SPI_SS_B = Low on 
rising edge of CRESET_B

iCE65 captures SPI_SI data on SPI_SCK rising edge.

Configuration image always starts with 0x7EAA997E synchronization word.

Rising edge to rising edge

 

 

The iCE65 configuration image must be sent as one contiguous stream without interruption. 

The SPI_SCK clock period must be between 40 ns to 1 µs (1 MHz to 25 MHz). 

 



iCE65 Ultra Low-Power mobileFPGA™ Family 

(2.42, 30-MAR-2012)  Lattice Semiconductor Corporation 

40  www.latticesemi.com 

iCE65 Pin Descriptions 

Table 36 lists the various iCE65 pins, alphabetically by name.  The table indicates the directionality of the signal and 
the associated I/O bank.  The table also indicates if the signal has an internal pull-up resistor enabled during 
configuration.  Finally, the table describes the function of the pin. 

Table 36:  iCE65 Pin Description 

Signal Name Direction 

I/O 
Bank 

Pull-up 
during 
Config Description 

CDONE Output 2 Yes 

Configuration Done.  Dedicated output.  Includes a permanent 
weak pull-up resistor to VCCIO_2..  If driving external devices 
with CDONE output, connect �D���������N�»���S�X�O�O-up resistor to 
VCCIO_2. 

CRESET_B Input 2 No 
Configuration Reset, active Low.  Dedicated input.  No internal 
pull-up resistor.  Either actively drive externally or connect a 
10 �N�»���S�X�O�O-up resistor to VCCIO_2. 

GBIN0/PIO0 
GBIN1/PIO0 

Input/IO 
0 

Yes 
Global buffer input from I/O Bank 0.  Optionally, a full-featured 
PIO pin. 

GBIN2/PIO1 
GBIN3/PIO1 

Input/IO 
1 

Yes 
Global buffer input from I/O Bank 1.  Optionally, a full-featured 
PIO pin. 

GBIN4/PIO2 
GBIN5/PIO2 

Input/IO 
2 

Yes 
Global buffer input from I/O Bank 2.  Optionally, a full-featured 
PIO pin. 

GBIN6/PIO3 Input/IO 3 No 
Global buffer input from I/O Bank 3.  Optionally, a full-featured 
PIO pin. 

GBIN7/PIO3 Input/IO 3 No 
Global buffer input from I/O Bank 3.  Optionally, a full-featured 
PIO pin.  Optionally, a differential clock input using the 
associated differential input pin. 

GND Supply All N/A Ground.  All must be connected. 

PIOx_yy I/O 0,1,2 Yes 

Programmable I/O pin defined by the iCE65 configuration 
�E�L�W�V�W�U�H�D�P�������7�K�H���µ�[�¶���Q�X�P�E�H�U���V�S�H�F�L�I�L�H�V��the I/O bank number in 
�Z�K�L�F�K���W�K�H���,���2���S�L�Q���U�H�V�L�G�H�V�������7�K�H���³�\�\�¶���Q�X�P�E�H�U���V�S�H�F�L�I�L�H�V���W�K�H���,���2��
number in that bank. 

PIO2/CBSEL0 Input/IO 2 Yes 
Optional ColdBoot configuration SELect input, if ColdBoot mode 
is enabled.  A full-featured PIO pin after configuration. 

PIO2/CBSEL1 Input/IO 2 Yes 
Optional ColdBoot configuration SELect input, if ColdBoot mode 
is enabled.  A full-featured PIO pin after configuration. 

PIO3_yy/ 
DPwwz 

I/O 3 No 

Programmable I/O pin that is also half of a differential I/O pair.  
Only available in I/O Bank 3.  �7�K�H���³�\�\�´���Q�X�P�E�H�U���V�S�H�F�L�I�L�H�V���W�K�H���,���2��
�Q�X�P�E�H�U���L�Q���W�K�D�W���E�D�Q�N�������7�K�H���³�Z�Z�´���Q�X�P�E�H�U���L�Q�G�L�F�D�W�H�V���W�K�H��
�G�L�I�I�H�U�H�Q�W�L�D�O���,���2���S�D�L�U�������7�K�H���µ�]�¶���L�Q�G�L�F�D�W�H�V���W�K�H���S�R�O�D�U�L�W�\���R�I���W�K�H���S�L�Q���L�Q��
th�H���G�L�I�I�H�U�H�Q�W�L�D�O���S�D�L�U�������µ�$�¶� �Q�H�J�D�W�L�Y�H���L�Q�S�X�W�������µ�%�¶� �S�R�V�L�W�L�Y�H���L�Q�S�X�W�� 

PIOS/SPI_SO I/O SPI Yes SPI Serial Output.  A full-featured PIO pin after configuration. 

PIOS /SPI_SI I/O SPI Yes SPI Serial Input.  A full-featured PIO pin after configuration. 

PIOS / 
SPI_SS_B 

I/O SPI Yes 

SPI Slave Select.  Active Low. Includes an internal weak pull-up 
resistor to SPI_VCC during configuration.  During configuration, 
the logic level sampled on this pin determines the configuration 
mode used by the iCE65 device, as shown in Figure 20.  An 
input when sampled at the start of configuration. An input when 
in SPI Peripheral configuration mode (SPI_SS_B = Low). An 
output when in SPI Flash configuration mode.  A full-featured 
PIO pin after configuration. 

PIOS/ 
SPI_SCK 

I/O SPI Yes 
SPI Slave Clock.  An input when in SPI Peripheral configuration 
mode (SPI_SS_B = Low). An output when in SPI Flash 
configuration mode.  A full-featured PIO pin after configuration. 

TDI Input 1 No 
JTAG Test Data Input.  If using the JTAG interface, use a 10kΩ 

pull-up resistor to VCCIO_1.  Tie off to GND when unused. 
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Signal Name Direction 

I/O 
Bank 

Pull-up 
during 
Config Description 

TMS Input 1 No 
JTAG Test Mode Select.  If using the JTAG interface, use a 10kΩ 

pull-up resistor to VCCIO_1.  Tie off to GND when unused. 

TCK Input 1 No 
JTAG Test Clock.  If using the JTAG interface, use a 10kΩ pull-

up resistor to VCCIO_1.  Tie off to GND when unused. 

TDO Output 1 No JTAG Test Data Output. 

TRST_B Input 1 No 
JTAG Test Reset, active Low.  Keep Low during normal 
operation; High for JTAG operation. 

VCC Supply All N/A Internal core voltage supply.  All must be connected. 

VCCIO_0 Supply 0 N/A 
Voltage supply to I/O Bank 0.  All such pins or balls on the 
package must be connected.  Can be disconnected or turned off 
without affecting the Power-On Reset (POR) circuit. 

VCCIO_1 Supply 1 N/A 
Voltage supply to I/O Bank 1.  All such pins or balls on the 
package must be connected.  Required to guarantee a valid 
input voltage on TRST_B JTAG pin. 

VCCIO_2 Supply 2 N/A 
Voltage supply to I/O Bank 2.  All such pins or balls on the 
package must be connected.  Required input to the Power-On 
Reset (POR) circuit. 

VCCIO_3 Supply 3 N/A 
Voltage supply to I/O Bank 3.  All such pins or balls on the 
package must be connected.  Can be disconnected or turned off 
without affecting the Power-On Reset (POR) circuit. 

SPI_VCC Supply SPI N/A 
SPI interface voltage supply input.  Must have a valid voltage 
even if configuring from NVCM.  Required input to the Power-On 
Reset (POR) circuit. 

VPP_FAST Supply All N/A 
Direct programming voltage supply.  If unused, leave floating or 
unconnected during normal operation. 

VPP_2V5 Supply All N/A 

Programming supply voltage.  When the iCE65 device is active, 
VPP_2V5 must be in the valid range between 2.3 V to 3.47 V to 
release the Power-On Reset circuit, even if the application is not 
using the NVCM. 

VREF 
Voltage 

Reference 
3 N/A 

Input reference voltage in I/O Bank 3 for the SSTL I/O standard.  
This pin only appears on the CB284 package and for die-based 
products. 

N/A = Not Applicable 
 

iCE65 Package Footprint Diagram Conventions 

Figure 31 illustrates the naming conventions used in the following footprint diagrams.  Each PIO pin is associated 
with an I/O Bank.  PIO pins in I/O Bank 3 that support differential inputs are also numbered by differential input 
pair. 

Figure 31:  CB Package Footprint Diagram Conventions 
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Figure 43: iCE65L08 CB132 Chip-Scale BGA Footprint (Top View) 
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Pinout Table 

Table 41 provides a detailed pinout table for the CB132 package.  Pins are generally arranged by I/O bank, then by 
ball function. The table also highlights the differential I/O pairs in I/O Bank 3. 

  

Table 41:  iCE65 CB132 Chip-scale BGA Pinout Table 

Ball Function Ball Number Pin Type Bank 

GBIN0/PIO0 
iCE65L01: A7  

iCE65L04/L08: A6 
GBIN 0 

GBIN1/PIO0 
iCE65L01: A6 

iCE65L04/08: A7 
GBIN 0 

PIO0 A1 PIO 0 

PIO0 A2 PIO 0 

iCE65L01: (NC)  
iCE65L04/L08: PIO0 

A3 iCE65L01: (NC)  
iCE65L04: PIO0 

0 

PIO0 A4 PIO 0 

PIO0 A5 PIO 0 

PIO0 A10 PIO 0 

iCE65L01: (NC) 
iCE65L04/L08: PIO0 

A11 iCE65L01: (NC)  
iCE65L04: PIO0 

0 

PIO0 A12 PIO 0 

PIO0 C10 PIO 0 

PIO0 C11 PIO 0 

PIO0 C12 PIO 0 

PIO0 C4 PIO 0 

PIO0 C5 PIO 0 

PIO0 C6 PIO 0 

PIO0 C7 PIO 0 

PIO0 C8 PIO 0 

PIO0 C9 PIO 0 

PIO0 D5 PIO 0 

PIO0 D6 PIO 0 

PIO0 D7 PIO 0 

PIO0 D8 PIO 0 

PIO0 D9 PIO 0 

PIO0 D10 PIO 0 

PIO0 D11 PIO 0 

VCCIO_0 A8 VCCIO 0 

VCCIO_0 F6 VCCIO 0 

GBIN2/PIO1 G14 GBIN 1 

GBIN3/PIO1 F14 GBIN 1 

PIO1 B14 PIO 1 

PIO1 C14 PIO 1 

PIO1 D12 PIO 1 

PIO1 D14 PIO 1 

PIO1 E11 PIO 1 

PIO1 E12 PIO 1 

PIO1 E14 PIO 1 

PIO1 F11 PIO 1 

PIO1 F12 PIO 1 

PIO1 G11 PIO 1 

PIO1 G12 PIO 1 

PIO1 H11 PIO 1 
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Ball Function 

Ball Number Pin Type by Device 

Bank 
CB132 Ball 
Equivalent 

iCE65L04 
iCE65L08 iCE65L04 iCE65L08 

VCCIO_3 J7 VCCIO VCCIO 3 E3 

VCCIO_3 K3 VCCIO VCCIO 3 �²  

VCCIO_3 N10 VCCIO VCCIO 3 J6 

VCCIO_3 P5 VCCIO VCCIO 3 K1 

VCCIO_3 R3 VCCIO VCCIO 3 �²  

VREF M1 VREF VREF 3 �²  

PIOS/SPI_SO T15 SPI SPI SPI M11 

PIOS/SPI_SI V15 SPI SPI SPI P11 

PIOS/SPI_SCK V16 SPI SPI SPI P12 

PIOS/SPI_SS_B V17 SPI SPI SPI P13 

SPI_VCC R15 SPI SPI SPI L11 

GND C12 GND GND GND �²  

GND E13 GND GND GND A9 

GND J3 GND GND GND �²  

GND K5 GND GND GND F1 

GND K11 GND GND GND F7 

GND L11 GND GND GND G7 

GND L12 GND GND GND G8 

GND L13 GND GND GND G9 

GND M10 GND GND GND H6 

GND M11 GND GND GND H7 

GND M12 GND GND GND H8 

GND N1 GND GND GND �²  

GND N12 GND GND GND J8 

GND N18 GND GND GND J14 

GND N20 GND GND GND �²  

GND R7 GND GND GND L3 

GND T3 GND GND GND �²  

GND V1 GND GND GND �²  

GND V10 GND GND GND P6 

GND Y12 GND GND GND �²  

GND Y16 GND GND GND �²  

GND AB5 GND GND GND �²  

GND G1 GND GND GND �²  

GND R1 GND GND GND �²  

VCC C8 VCC VCC VCC �²  

VCC D3 VCC VCC VCC �²  

VCC K12 VCC VCC VCC F8 

VCC L10 VCC VCC VCC G6 

VCC L20 VCC VCC VCC �²  

VCC M13 VCC VCC VCC H9 

VCC N8 VCC VCC VCC J4 

VCC N11 VCC VCC VCC J7 

VCC Y8 VCC VCC VCC �²  

VPP_2V5 E18 VPP VPP VPP A14 

VPP_FAST E17 VPP VPP VPP A13 
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iCE65L04 
Pad Name 

DiePlus 
VQ100 CB132 CB196 CB284 Pad  X (µm) Y (µm) 

PIO3_18/DP09A 12 �²  G2 L3 29 129.40 1,627.75 

GBIN7/PIO3_19/DP09B 13 G1 G1 L5 30 231.40 1,592.74 

VCCIO_3 14 J6 J6 N10 31 129.40 1,557.75 

VREF N/A N/A N/A M1 32 231.40 1,522.74 

GND �²  �²  A9 N1 33 129.40 1,487.75 

GBIN6/PIO3_20/DP10A 15 H1 H1 M5 34 231.40 1,452.74 

PIO3_21/DP10B 16 �²  H2 M3 35 129.40 1,417.75 

GND 17 H7 A9 M11 36 231.40 1,382.74 

PIO3_22/DP11A �²  �²  G3 N3 37 129.40 1,347.75 

PIO3_23/DP11B �²  �²  G4 P3 38 231.40 1,312.74 

VCCIO_3 �²  �²  K1 R3 39 129.40 1,277.75 

VCCIO_3 �²  �²  �²  �²  40 231.40 1,242.74 

GND �²  �²  A9 T3 41 129.40 1,207.75 

GND �²  �²  �²  �²  42 231.40 1,172.74 

PIO3_24/DP12A �²  �²  J1 U3 43 129.40 1,137.75 

PIO3_25/DP12B �²  �²  J2 V3 44 231.40 1,102.74 

GND �²  �²  A9 V1 45 129.40 1,067.75 

PIO3_26/DP13A �²  �²  H4 W3 46 231.40 1,032.74 

PIO3_27/DP13B �²  �²  H3 Y3 47 129.40 997.75 

PIO3_28/DP14A 18 G3 K2 L7 48 231.40 962.74 

PIO3_29/DP14B 19 G4 J3 L8 49 129.40 927.75 

PIO3_30/DP15A �²  H3 H5 M7 50 231.40 892.74 

PIO3_31/DP15B �²  H4 G5 M8 51 129.40 857.75 

VCC �²  J4 F2 N8 52 231.40 822.74 

PIO3_32/DP16A 20 J3 L1 N7 53 129.40 787.75 

PIO3_33/DP16B 21 J1 L2 N5 54 231.40 752.74 

VCCIO_3 22 K1 K1 P5 55 129.40 717.75 

VCCIO_3 �²  �²  �²  �²  56 231.40 682.74 

GND 23 L3 L3 R7 57 129.40 637.75 

GND �²  �²  �²  �²  58 231.40 592.74 

PIO3_34/DP17A �²  K3 M1 P7 59 129.40 547.75 

PIO3_35/DP17B �²  K4 M2 P8 60 231.40 502.74 

PIO3_36/DP18A 24 L1 K3 R5 61 129.40 457.75 

PIO3_37/DP18B 25 M1 K4 T5 62 231.40 412.74 

PIO3_38/DP19A �²  N1 N1 U5 63 129.40 367.75 

PIO3_39/DP19B �²  P1 N2 V5 64 231.40 322.74 

PIO2_00 �²  �²  �²  AB2 65 545.00 139.20 

PIO2_01 �²  P2 L4 V6 66 595.00 37.20 

PIO2_02 �²  M3 M3 T7 67 645.00 139.20 

GND �²  �²  C2 AB5 68 695.00 37.20 

PIO2_03 26 L4 P1 R8 69 745.00 139.20 

PIO2_04 27 P3 N3 V7 70 795.00 37.20 

PIO2_05 28 M4 P2 T8 71 845.00 139.20 

PIO2_06 29 L5 L5 R9 72 895.00 37.20 

PIO2_07 30 P4 M4 V8 73 930.00 139.20 
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iCE65L04 
Pad Name 

DiePlus 
VQ100 CB132 CB196 CB284 Pad  X (µm) Y (µm) 

PIO1_24 �²  �²  G11 F20 167 3,712.80 1,812.00 

PIO1_25 �²  �²  F11 E20 168 3,610.80 1,847.00 

PIO1_26 �²  �²  E10 D20 169 3,712.80 1,882.00 

PIO1_27 �²  �²  E14 C20 170 3,610.80 1,917.00 

GND �²  G8 G8 L12 171 3,712.80 1,952.00 

GND �²  �²  �²  �²  172 3,610.80 1,987.00 

PIO1_28 �²  �²  F12 G22 173 3,712.80 2,022.00 

PIO1_29 �²  G12 D14 L16 174 3,610.80 2,057.00 

PIO1_30 64 G11 E13 L15 175 3,712.80 2,092.00 

PIO1_31 65 F12 C14 K16 176 3,610.80 2,127.00 

VCC �²  �²  K13 L20 177 3,712.80 2,162.00 

VCC �²  �²  �²  �²  178 3,610.80 2,197.00 

PIO1_32 66 E14 E11 J18 179 3,712.80 2,232.00 

PIO1_33 �²  F11 C13 K15 180 3,610.80 2,267.00 

VCCIO_1 67 F9 F9 K13 181 3,712.80 2,302.00 

VCCIO_1 �²  �²  �²  �²  182 3,610.80 2,337.00 

PIO1_34 68 E12 E12 J16 183 3,712.80 2,377.00 

PIO1_35 69 D14 B14 H18 184 3,610.80 2,427.00 

GND 70 G9 G9 L13 185 3,712.80 2,477.00 

PIO1_36 71 E11 B13 J15 186 3,610.80 2,527.00 

PIO1_37 72 D12 D12 H16 187 3,712.80 2,577.00 

PIO1_38 73 C14 C12 G18 188 3,610.80 2,627.00 

PIO1_39 74 B14 D11 F18 189 3,712.80 2,677.00 

VPP_2V5 75 A14 A14 E18 190 3,610.80 2,739.68 

VPP_FAST 76 A13 A13 E17 191 3,097.00 2,962.80 

VCC 77 F8 F8 K12 192 2,997.00 2,860.80 

VCC 77 F8 F8 K12 193 2,947.00 2,962.80 

PIO0_00 78 A12 C11 E16 194 2,897.00 2,860.80 

PIO0_01 �²  C12 �²  G16 195 2,847.00 2,962.80 

PIO0_02 79 A11 A12 E15 196 2,797.00 2,860.80 

PIO0_03 80 C11 B11 G15 197 2,747.00 2,962.80 

PIO0_04 �²  D11 �²  H15 198 2,697.00 2,860.80 

PIO0_05 81 A10 D10 E14 199 2,647.00 2,962.80 

PIO0_06 82 C10 A11 G14 200 2,612.00 2,860.80 

PIO0_07 83 D10 D9 H14 201 2,577.00 2,962.80 

GND 84 A9 H6 E13 202 2,542.00 2,860.80 

GND �²  �²  �²  �²  203 2,507.00 2,962.80 

PIO0_08 85 C9 C10 G13 204 2,472.00 2,860.80 

PIO0_09 86 D9 A10 H13 205 2,437.00 2,962.80 

PIO0_10 87 C8 B10 G12 206 2,402.00 2,860.80 

PIO0_11 �²  D8 E9 H12 207 2,367.00 2,962.80 

PIO0_12 �²  �²  �²  A18 208 2,332.00 2,860.80 

PIO0_13 �²  �²  �²  A17 209 2,297.00 2,962.80 

PIO0_14 �²  �²  �²  A16 210 2,262.00 2,860.80 

PIO0_15 �²  �²  �²  A15 211 2,227.00 2,962.80 

VCCIO_0 88 A8 A8 E12 212 2,192.00 2,860.80 

VCCIO_0 �²  �²  �²  �²  213 2,157.00 2,962.80 
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iCE65L04 
Pad Name 

DiePlus 
VQ100 CB132 CB196 CB284 Pad  X (µm) Y (µm) 

PIO0_16 �²  �²  �²  C19 214 2,122.00 2,860.80 

PIO0_17 �²  �²  C9 C18 215 2,087.00 2,962.80 

PIO0_18 �²  �²  B9 C17 216 2,052.00 2,860.80 

PIO0_19 �²  �²  D8 C16 217 2,017.00 2,962.80 

PIO0_20 �²  �²  C8 C15 218 1,982.00 2,860.80 

PIO0_21 �²  �²  E8 C14 219 1,947.00 2,962.80 

PIO0_22 �²  �²  B8 C13 220 1,912.00 2,860.80 

GBIN1/PIO0_23 89 A7 E7 E11 221 1,877.00 2,962.80 

GND �²  �²  B12 C12 222 1,842.00 2,860.80 

GND �²  �²  �²  �²  223 1,807.00 2,962.80 

GBIN0/PIO0_24 90 A6 A7 E10 224 1,772.00 2,860.80 

PIO0_25 �²  �²  D7 C11 225 1,737.00 2,962.80 

PIO0_26 �²  �²  C7 C10 226 1,702.00 2,860.80 

PIO0_27 �²  �²  E6 C9 227 1,667.00 2,962.80 

VCC �²  �²  B7 C8 228 1,632.00 2,860.80 

VCC �²  �²  �²  �²  229 1,597.00 2,962.80 

PIO0_28 �²  �²  A6 C7 230 1,562.00 2,860.80 

PIO0_29 �²  �²  B6 C6 231 1,527.00 2,962.80 

PIO0_30 �²  �²  A5 C5 232 1,492.00 2,860.80 

PIO0_31 �²  �²  D6 C4 233 1,457.00 2,962.80 

GND �²  F7 F7 K11 234 1,422.00 2,860.80 

GND �²  �²  �²  �²  235 1,387.00 2,962.80 

PIO0_32 �²  �²  �²  C3 236 1,352.00 2,860.80 

PIO0_33 �²  �²  �²  A7 237 1,317.00 2,962.80 

PIO0_34 �²  �²  �²  A6 238 1,282.00 2,860.80 

PIO0_35 �²  �²  �²  A5 239 1,247.00 2,962.80 

PIO0_36 91 C7 C6 G11 240 1,212.00 2,860.80 

VCCIO_0 92 F6 F6 K10 241 1,177.00 2,962.80 

VCCIO_0 92 F6 F6 K10 242 1,142.00 2,860.80 

PIO0_37 93 D7 C5 H11 243 1,107.00 2,962.80 

PIO0_38 94 C6 B5 G10 244 1,072.00 2,860.80 

PIO0_39 95 A5 A4 E9 245 1,037.00 2,962.80 

PIO0_40 96 D6 B4 H10 246 1,002.00 2,860.80 

PIO0_41 97 C5 D5 G9 247 967.00 2,962.80 

PIO0_42 �²  A4 A3 E8 248 917.00 2,860.80 

GND 98 G7 G7 L11 249 867.00 2,962.80 

PIO0_43 99 D5 B3 H9 250 817.00 2,860.80 

PIO0_44 �²  C4 C4 G8 251 767.00 2,962.80 

PIO0_45 100 A3 A2 E7 252 717.00 2,860.80 

PIO0_46 �²  A2 A1 E6 253 667.00 2,962.80 

PIO0_47 �²  A1 B2 E5 254 617.00 2,860.80 
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iCE65L08 
Pad Name 

Available Packages DiePlus 

CB196 CB284 Pad X (µm) Y (µm) 

PIO3_44/DP22A M1 U3 86 231.735 777.67 

PIO3_45/DP22B M2 V3 87 129.735 732.67 

PIO3_46/DP23A N1 U5 88 231.735 687.67 

PIO3_47/DP23B N2 V5 89 129.735 642.67 

PIO3_48/DP24A �²  W3 90 231.735 597.67 

PIO3_49/DP24B �²  Y3 91 129.735 552.665 

PIO2_00 P1 AB2 92 510.0 139.5 

PIO2_01 M3 R8 93 560.0 37.5 

PIO2_02 P2 Y4 94 610.0 139.5 

GND P6 AB5 95 660.0 37.5 

GND �²  �²  96 710.0 139.5 

PIO2_03 M4 T7 97 760.0 37.5 

PIO2_04 N3 AB3 98 810.0 139.5 

PIO2_05 �²  R9 99 859.3 37.5 

PIO2_06 �²  Y5 100 910.0 139.5 

PIO2_07 L4 T8 101 960.0 37.5 

PIO2_08 P3 V6 102 1,012.5 139.5 

VCCIO_2 M5 T9 103 1,047.5 37.5 

VCCIO_2 �²  �²  104 1,082.5 139.5 

PIO2_09 P4 R10 105 1,117.5 37.5 

PIO2_10 N4 AB4 106 1,152.5 139.5 

GND H8 V10 107 1,187.5 37.5 

GND �²  �²  108 1,222.5 139.5 

PIO2_11 K5 V7 109 1,257.5 37.5 

PIO2_12 P5 Y7 110 1,292.5 139.5 

PIO2_13 �²  V9 111 1,327.5 37.5 

PIO2_14 �²  Y6 112 1,362.5 139.5 

PIO2_15 �²  AB7 113 1,397.5 37.5 

PIO2_16 �²  AB6 114 1,432.5 139.5 

PIO2_17 L5 Y9 115 1,467.5 37.5 

PIO2_18 N5 V8 116 1,502.3 139.5 

GND P6 N12 117 1,537.3 37.5 

GND �²  �²  118 1,572.5 139.5 

PIO2_19 N6 AB8 119 1,607.5 37.5 

PIO2_20 K6 AB9 120 1,642.5 139.5 

VCC J7 Y8 121 1,677.5 37.5 

VCC �²  �²  122 1,712.5 139.5 

PIO2_21 L6 T10 123 1,747.5 37.5 

PIO2_22 M6 AB10 124 1,782.5 139.5 

PIO2_23 �²  AB11 125 1,817.5 37.5 

PIO2_24 �²  AB12 126 1,852.5 139.5 

PIO2_25 L7 Y10 127 1,887.5 37.5 

PIO2_26 P7 AB13 128 1,922.5 139.5 

PIO2_27 K7 AB14 129 1,957.5 37.5 

VCCIO_2 N10 Y11 130 1,992.5 139.5 

VCCIO_2 �²  �²  131 2,027.5 37.5 
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Programmable Input/Output (PIO) Block 

Table 55 provides timing information for the logic in a Programmable Logic Block (PLB), which includes the paths 
shown in Figure 57 and Figure 58.  The timing shown is for the LVCMOS25 I/O standard in all I/O banks.  The 
iCEcube development software reports timing adjustments for other I/O standards. 

Figure 57:  Programmable I/O (PIO) Pad-to-Pad Timing Circuit 

PADPIOPAD PIO

 
 

Figure 58:  Programmable I/O (PIO) Sequential Timing Circuit 
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Table 55:  Typical Programmable Input/Output (PIO) Timing (LVCMOS25) 

 

  

Symbol From To 

Device: iCE65 L01 L04, L08 

Units 

Power/Speed Grad –T –L –T 

Nominal VCC 1.2 V 1.0 V 1.2 V 1.2 V 

Description Typ. Typ. Typ. Typ. 

 Synchronous Output Paths 

tOCKO OUTFF 
clock 
input 

PIO 
output 

Delay from clock input on OUTFF output flip-
flop to PIO output pad. 

4.7 13.8 7.3 5.6 ns 

tGBCKIO GBIN 
input 

OUTFF 

clock 
input 

Global Buffer Input (GBIN) delay, though 
Global Buffer (GBUF) clock network to clock 
input on the PIO OUTFF output flip-flop. 

2.1 7.3 3.8 2.6 ns 

 Synchronous Input Paths 

tSUPDIN PIO 
input 

GBIN 
input 

Setup time on PIO input pin to INFF input flip-
flop before active clock edge on GBIN input, 
including interconnect delay. 

0 0 0 0 ns 

tHDPDIN GBIN 
input 

PIO 
input 

Hold time on PIO input to INFF input flip-flop 
after active clock edge on the GBIN input, 
including interconnect delay. 

2.7 7.1 3.6 2.8 ns 

 Pad to Pad 

tPADIN PIO 
input 

Inter-
connect 

Asynchronous delay from PIO input pad to 
adjacent interconnect. 

2.5 9.5 5.0 3.2 ns 

tPADO Inter-
connect 

PIO 
output 

Asynchronous delay from adjacent 
interconnect to PIO output pad including 
interconnect delay. 

4.5 14.6 7.7 6.2 ns 
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RAM4K Block 

Table 56 provides timing information for the logic in a RAM4K block, which includes the paths shown in Figure 59. 

Figure 59:  RAM4K Timing Circuit 

PAD PIO PADPIO

GBIN GBUF

WDATA

WCLK

RDATA

RCLK

RAM4K
RAM Block
(256x16)

GBINGBUF

 

Table 56:  Typical RAM4K Block Timing 

Symbol From To 

Device: iCE65 L01 L04, L08 

Units 

Power/Speed Grade –T –L –L –T 

Nominal VCC 1.2 V 1.0 V 1.2 V 1.2 V 

Description Typ. Typ. Typ. Typ. 

 Write Setup/Hold Time 

tSUWD PIO 
input 

GBIN 
input 

Minimum write data setup time on PIO 
inputs before active clock edge on GBIN 
input, include interconnect delay. 

0.6 3.1 1.7 0.8 ns 

tHDWD GBIN 
input 

PIO 
input 

Minimum write data hold time on PIO 
inputs after active clock edge on GBIN 
input, including interconnect delay. 

0 0 0 0 ns 

 Read Clock-Output-Time 

tCKORD RCLK 
clock 
input 

PIO 
output 

Clock-to-output delay from RCLK input 
pin, through RAM4K RDATA output flip-
flop to PIO output pad, including 
interconnect delay. 

5.6 17.1 9.1 7.3 ns 

tGBCKRM GBIN 
input 

RCLK 
clock 
input 

Global Buffer Input (GBIN) delay, though 
Global Buffer (GBUF) clock network to 
the RCLK clock input. 

2.1 7.3 3.8 2.6 ns 

 Write and Read Clock Characteristics 

tRMWCKH WCLK 
RCLK 

WCLK 
RCLK 

Write clock High time 0.54 1.14 0.54 0.54 ns 

tRMWCKL Write clock Low time 0.63 1.32 0.63 0.63 ns 

tRMWCYC Write clock cycle time 1.27 2.64 1.27 1.27 ns 

FWMAX Sustained write clock frequency 256 256 256 256 MHz 
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Internal Configuration Oscillator Frequency 

Table 57 shows the operating frequency for the iCE65’s internal configuration oscillator. 

Table 57:  Internal Oscillator Frequency 

Symbol 
Oscillator 

Mode 

Frequency (MHz) 

Description Min. Max. 

fOSCD Default 4.0 6.8 Default oscillator frequency.  Slow enough to safely operate 
with any SPI serial PROM. 

fOSCL Low 
Frequency 

14 21 Supported by most SPI serial Flash PROMs 

fOSCH High 
Frequency 

21 31 Supported by some high-speed SPI serial Flash PROMs 

 Off 0 0 Oscillator turned off by default after configuration to save 
power. 

 

Configuration Timing 

Table 58 shows the maximum time to configure an iCE65 device, by oscillator mode.  The calculations use the 
slowest frequency for a given oscillator mode from Table 57 and the maximum configuration bitstream size from 
Table 1 which includes full RAM4K block initialization.  The configuration bitstream selects the desired oscillator 
mode based on the performance of the configuration data source. 

Table 58:  Maximum SPI Master or NVCM Configuration Timing by Oscillator Mode 

Symbol Description Device Default Low Freq. High Freq. Units 

tCONFIGL Time from when 
minimum Power-on 
Reset (POR) threshold is 
reached until user 
application starts. 

iCE65L01 53 25 11 ms 

iCE65L04 115 55 25 ms 

iCE65L08 230 110 50 ms 

 

Table 59  provides timing for the CRESET_B and CDONE pins. 

Table 59:  General Configuration Timing 

Symbol From To Description 

All Grades 

Units Min. Max. 

tCRESET_B CREST_B CREST_B Minimum CRESET_B Low pulse width required to restart 
configuration, from falling edge to rising edge 

200 �²  ns 

tDONE_IO CDONE 
High 

PIO pins 
active 

Number of configuration clock cycles after CDONE goes 
High before the PIO pins are activated. 

�²  49 Clock 

cycles 
SPI Peripheral Mode (Clock = SPI_SCK, cycles measured 
rising-edge to rising-edge) 

Depends on 
SPI_SCK frequency 

 

NVCM or SPI Master Mode by internal 
oscillator frequency setting (Clock = 
internal oscillator) 

Default 7.20 12.25 µs 

Low 2.34 3.50 µs 

High 1.59 2.33 µs 

 

 

 

 

 

  


