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Disclaimers

Lattice makes no warranty, representation, or guarantee regarding the accuracy of information contained in this document or the suitability of its products
for any particular purpose. All information herein is provided AS IS, with all faults, and all associated risk is the responsibility entirely of the Buyer. The
information provided herein is for informational purposes only and may contain technical inaccuracies or omissions, and may be otherwise rendered
inaccurate for many reasons, and Lattice assumes no obligation to update or otherwise correct or revise this information. Products sold by Lattice have
been subject to limited testing and it is the Buyer's responsibility to independently determine the suitability of any products and to test and verify the
same. LATTICE PRODUCTS AND SERVICES ARE NOT DESIGNED, MANUFACTURED, OR TESTED FOR USE IN LIFE OR SAFETY CRITICAL SYSTEMS, HAZARDOUS
ENVIRONMENTS, OR ANY OTHER ENVIRONMENTS REQUIRING FAIL-SAFE PERFORMANCE, INCLUDING ANY APPLICATION IN WHICH THE FAILURE OF THE
PRODUCT OR SERVICE COULD LEAD TO DEATH, PERSONAL INJURY, SEVERE PROPERTY DAMAGE OR ENVIRONMENTAL HARM (COLLECTIVELY, "HIGH-RISK
USES"). FURTHER, BUYER MUST TAKE PRUDENT STEPS TO PROTECT AGAINST PRODUCT AND SERVICE FAILURES, INCLUDING PROVIDING APPROPRIATE
REDUNDANCIES, FAIL-SAFE FEATURES, AND/OR SHUT-DOWN MECHANISMS. LATTICE EXPRESSLY DISCLAIMS ANY EXPRESS OR IMPLIED WARRANTY OF
FITNESS OF THE PRODUCTS OR SERVICES FOR HIGH-RISK USES. The information provided in this document is proprietary to Lattice Semiconductor, and
Lattice reserves the right to make any changes to the information in this document or to any products at any time without notice.

Inclusive Language

This document was created consistent with Lattice Semiconductor’s inclusive language policy. In some cases, the language in underlying tools and other
items may not yet have been updated. Please refer to Lattice’s inclusive language FAQ 6878 for a cross reference of terms. Note in some cases such as
register names and state names it has been necessary to continue to utilize older terminology for compatibility.
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Acronyms in This Document

A list of acronyms used in this document.

Acronym Definition

AHB Advanced High-performance Bus

AMBA Advanced Microcontroller Bus Architecture
APB Advanced Peripheral Bus

FPGA Field Programmable Gate Array

12C Inter-Integrated Circuit

IP Intellectual Property

LUT Lookup Table

RTL Register Transfer Level
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1. Introduction

The 12C-to-APB Bridge Reference Design provides an interface between the low speed 12C Bus and the AMBA 3 APB Bus.
The design is implemented in Verilog HDL and comes in .ipk format that is installed within Lattice Propel™ Builder software
as an IP. Implementation is done within the Lattice Diamond® software as shown in Table 1.1.

= LATTICE

Table 1.1. FPGA Software for IP Configuration, Generation, and Implementation

Supported FPGA Family

IP Configuration and Generation

IP Implementation (Synthesis, Map, Place and Route)

Machxo2™

Lattice Propel Builder version 2.2 and above

Lattice Diamond version 3.12 and above

MachX0o3™

Lattice Propel Builder version 2.2 and above

Lattice Diamond version 3.12 and above

MachX0O3D™

Lattice Propel Builder version 2.2 and above

Lattice Diamond version 3.12 and above

1.1. Features

The key features of the 12C to APB Bridge Reference Design include:

e Compliance with AMBA 3 APB Protocol v1.0
e  APB Data Bus width of 32 bits.
e APB Address width of 32-bits.

e Registered output

1.2. Limitations

e Reference design is not verified in UVM (Universal Verification Methodology).
e Specifically designed to access the System Memory Module from Lattice Propel Builder.
Refer to System Memory Module - Lattice Propel Builder (FPGA-IPUG-02073).

www.latticesemi.com/legal
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2. Functional Description

2.1. Overview

The 12C-to-APB Bridge Reference Design is used for interfacing one 12C Controller and one APB Completer. This bridge has
two sections: the 12C Target section, and the APB Requester section. An external 12C Controller is required to use this
bridge, while the APB Completer can be implemented within the FPGA fabric. When interfacing to multiple APB Completers,
the user can use either an APB interconnect IP or multiple instantiations of this I12C to APB Bridge with different Target
addresses. Follow the 12C framing described in this document to allow proper conversion of 12C to APB transactions.

2.2. Interface Description

Figure 2.1 shows the interface diagram of the 12C-to-APB Bridge Reference Design. This is in .ipk format and installed within
Lattice Propel Builder as an IP. The diagram shows all the available ports for the IP core. The 12C ports (SCL and SDA) act as
I12C-Targets requiring separate 12C-Controller to control it. The APB ports act as APB-Requesters that can control an
APB-Completer device.

Reference Design

apb_psel o

apb_paddr_o

A4

apb_pwdata_o

A
h 4

apb_pwrite_o

12C . > APB
I2C to APB Bridge
Controller g apb_penable_o . Completer
’ apb_pready i
) . ’ apb_pslverr_i
” apb_prdata_i
A A A A
clk_i
rstn_i

Figure 2.1. Functional Block Diagram
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Table 2.1. APB to AHB-Lite Bridge Signal Description
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Pin Name

Direction | Width (Bits) | Description

Clock and Reset

clk_i In 12 MHz system clock or higher

rstn_i In Asynchronous active LOW reset input.

12C Target Interface

SCL Bidirectional Serial Clock Line of the I12C Target core.

SDA Bidirectional 1 Serial Data Line of the 12C Target core.

APB Requester Interface (APB_MO0)

apb_psel_o Out 1 Select signal. This indicates that the Completer device is selected and that a
data transfer is required.

apb_paddr_o Out 32 Address signal

apb_pwdata_o Out 32 Write data signal. This is transmitted to the APB Completer during a write
transaction.

apb_pwrite_o Out Direction signal. Write =1, Read =0

apb_penable_o Out Enable signal. This indicates that the second and subsequent cycles of an
APB transfer.

apb_pready_i In 1 Ready signal. This indicates transfer completion. The Completer uses this
signal to extend an APB transfer.

apb_pslverr_i In 1 Error signal. This indicates a transfer failure. If APB Completer does not have
this signal, it is tied to 1'b0.

apb_prdata_i In 32 Read data signal. This comes from the APB Completer during a read

transaction.

www.latticesemi.com/legal
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2.3. Attributes

Table 2.2 provides the list of user-configurable attributes for the 12C to APB Bridge. The attribute values are specified using
the IP core Configuration user interface in the Propel Builder software as shown in Figure 2.2.

Table 2.2. Attributes Table

Attributes Selectable Values Default Dependency on Other Attributes
7-Bit Target Address 7'b0000001 — 7’b1111111 7’b1000001 —

4, Module/IP Block Wizard x

Configure Component from IP 12C to APB Bridge RD Version 1.0.0
Set the following parameters to configure this companent.

Diagram i2c2apbbridge Configure IP

Param

i2c2apbbridge Property Value
APB—ME _ : P:::mava Address | 7'b1000001
apb_paddr_o[31:0]p ==
apb_penable_op |—
apb_prdata_i[31:0]« =
apb_pready id |—
apb_psel op [—

clk i

—rstn_i
apb_pslverr_iq |—

apb_pwdata_o[31:0]p =
apb_pwrite_op  [—

SCLi—

SDA|—

12C to APB Bridge RD

L] »__| No DRC issues are found.

Generate Cancel

Figure 2.2. 12C to APB Bridge Configuration User Interface

Table 2.3. Attributes Description

Attributes Description

7-Bit Target Address User configurable 7-bit Target address.

© 2025 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal
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3. Operation Sequence

This reference design converts 12C transactions from an external I12C Controller into APB Requester transactions. This can be
done by following the proper 12C framing mentioned below.

3.1. Write Operation

Figure 3.1 shows the 12C framing for a single APB Write transaction. The first four bytes of serial data named in the figure as
APB Address[31:0] are converted into the parallel apb_paddr_o signal mentioned in Table 2.1. The next four bytes of serial
data named APB Write Data[31:0] are converted into the parallel apb_pwrite_o signal mentioned in Table 2.1. For multiple
writes, this framing needs to be repeated by the 12C Controller for every APB address location.

0 (write)

‘ S ‘7—bitI2CTargetAddress‘ R/I~W ‘ A ‘ APB Address[31:24] ’ A ‘ APB Address[23:16] ‘ A ’ APB Address[15:8] ‘ A ’ APB Address[7:0] ‘ A

L><APB Write Data[31:24]‘ A ’APB Write Data[zs:le]‘ A ‘ APB Write Data[15:8]‘ A ’ APB Write Data[7:0] ‘ A ’ P ‘

CJFrom Controller to Target ~A — Not Acknowledge R/~W — Data Direction Bit
LIFrom Target to Controller ~ A — Acknowledge 0 — Indicates Write Operation
S — Start Condition 1 — Indicates Read Operation
Rs — Repeated Start
P — Stop Condition

Figure 3.1. Write Operation Data Format for 12C to APB Conversion

3.2. Read Operation

Figure 3.2 shows the I2C framing for a single APB Read transaction. The first four bytes of serial data named in the figure as
APB Address[31:0] are converted into the apb_paddr_o signal mentioned in Table 2.1. The next four bytes of serial data
named APB Read Data[31:0] is the serial conversion of the parallel data coming from the apb_prdata_i data line mentioned
in Table 2.1. For multiple reads, this framing needs to be repeated by the 12C Controller for every APB address location.

0 (write)
’ S |7-bit 12C TargetAddressl R/I~W ‘ A ‘ APB Address[31:24] ‘ A ‘ APB Address[23:16] ‘ A ‘ APB Address[15:8] ‘ A ‘ APB Address[7:0] ‘ A T
L’ Rs‘?-bit 12C TargetAddressl R/I~W ‘APB Read Data[31:24] ‘ A ‘APB Read Data[23:16] ‘ A ‘ APB Read Data[15:8]‘ A ‘ APB Read Data[7:0] ‘ ~A l P ‘
1 (read)
OJ From Controller to Target ~A — Not Acknowledge R/~W — Data Direction Bit
O From Target to Controller A — Acknowledge 0 — Indicates Write Operation
S — Start Condition 1 — Indicates Read Operation

Rs — Repeated Start
P — Stop Condition

Figure 3.2. Read Operation Data Format for 12C to APB Conversion

www.latticesemi.com/legal
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4. Timing Diagram

4.1. Write Transactions

The following steps describe the APB Requester transaction generated after following the correct 12C frame during Write
operation. Connect a user APB Completer to this design to allow proper transactions. For simplicity, 12C signals are not
included in Figure 4.1 due to the large difference in clock speeds (SCL versus clk_i). Refer to Figure 7.4 to see both 12C and
APB waveforms in the same context.

1. The APB Bus is in idle state. During this period, the external 12C Controller starts the write operation shown in Figure
3.1.

2. After receiving the stop condition of the 12C write operation, the APB Requester section of this reference design asserts
the apb_pwrite_o and apb_psel_o signals to HIGH. The user APB Completer latches the data presented on the
apb_paddr_o and apb_wdata_o data lines.

3. The APB Requester asserts the apb_penable_o signal to HIGH. Wait states can be inserted by the APB Completer during
this step by holding apb_ready_i to LOW.

The APB Completer asserts the apb_pready_i signal to HIGH signifying that a write transaction has completed.

The APB bus returns to an idle state. The apb_psel_o and apb_penable_o signals are deasserted to LOW. Due to the
large difference in clock speed of 12C and APB protocols, time periods between multiple writes are much larger than
what is shown in Figure 4.1.

Similar to steps 2, 3, and 4.

Similar to step 1.

I
apb_pwrite_o }
\

I
f
|
I
I
"'"V"""Y"’VV'V"'YV \\ J\
apb_pacdr o WGNANGNING, | Addrd] X Addr 2
| \L 1 |
apb_psel_o } }
| [ | | |
| | |
apb_penable_o l } 4\‘—1
| | | | |
| | | | |
ap_wdata_o QARG Datal, X Data 2 |
I | |

apb_pready_i

Figure 4.1. 12C-to-APB Bridge Write Transactions
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4.2. Read Transactions

The following steps describe the APB Requester transaction generated after following the correct 12C frame during Read
operation. Connect a user APB Completer to this design to allow proper transactions. For simplicity, 12C signals are not
included in Figure 4.2 due to the large difference in clock speeds (SCL versus clk_i). Refer to Figure 7.5 to see both 12C and
APB waveforms in the same context.

1. The APB Bus is in idle state. During this period, the external I12C Controller starts the read operation shown in Figure 3.2.

2. After receiving the 32-bit APB Address during the 12C read operation, the APB Requester section of this reference
design asserts the apb_psel_o signals to HIGH while apb_pwrite_o is deasserted to LOW. The user APB Completer
latches the data presented on the apb_paddr_o data line.

3. The APB Requester asserts the apb_penable_o signal to HIGH. Wait states can be inserted by the APB Completer during
this step by holding apb_ready_i to LOW.

4. The APB Completer asserts the apb_pready_i signal to HIGH signifying that a read transaction has completed and that
the data is already available on the apb_prdata_i data line.

5. The APB bus returns to an idle state. The apb_psel_o and apb_penable_o signals are deasserted to LOW. Due to the
large difference in clock speed of 12C and APB protocols, time periods between multiple writes are much larger than
what is shown in Figure 4.2.

Similar to steps 2, 3, and 4.

Similar to step 1

oo T LML L L
| \ | \
‘ \ | |
apb_pwrite_o \ I !
| ; | 1‘
VAAAAAAARAANAAAANAAS | } | J\
apb_pacar_o (RN X Addr 2 |
| |

apb_psel_o

apb_penable_o

apb_rdata_i

|

|
Data 1 X  Ddta2

|

B

apb_pready i

Figure 4.2. 12C-to-APB Bridge Read Transactions
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5. Design Package

The reference design folder (12C_to_APB_Bridge) contains two subfolders: IP and Simulation:
e [P —Contains the IPK file that can be installed in Lattice Propel Builder.
e Simulation — Contains the simulation script file (.DO) and the pregenerated RTL and Testbench files.

w [2C_to APB_Bridge
Ip
v Simulation
rtl
testbench

Figure 5.1. Directory Structure

© 2025 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal
All other brand or product names are trademarks or registered trademarks of their respective holders. The specifications and information herein are subject to change without notice.
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6. Installing the .ipk Design File

This reference design is in .ipk file format and installed within Lattice Propel Builder.
To install the design:

1. Choose File > New Design from the Lattice Propel Builder menu bar. The Create System Design wizard opens in the
Design Information page, as shown in Figure 6.1.

The default Project Type is displayed in the Type field.
2. Enter the project name in the Name field.

The default location is shown in the Location field. Use the Browse... option to change the project workspace location.
4. Click Next.

%

Design Information
Enter a name for your design and specify a directory where the design files will be stored.

Project:

Type: SoC Project hd

MName: XO03D_Test

Location: = C:/Users/aisla * | | Browse...

Create Project at C:/Users faislafX030_Test

Next = Cancel

Figure 6.1. Design Information Page

5. In the Configure Propel Project page, select a device for the project. Refer to Table 1.1.
Use the drop-down menu to select device information (Family, Device, Package, and Speed).
Select Empty Project in the Templates field.

6. Click Next.

www.latticesemi.com/legal
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4. Create System Design X
Configure Propel Project
Specify a device or board for project.
Language: Device Information:
; Part Number: LCMXO3D-9400HC-5BG434C
Verilog -
Registers: 9400

Family: Board Processor: PLLs: 2

MachxC30 | |RISCYMC - DSPs: 3

DlLs: 0
Device: Templates:
- EBR Bits: 432K
LEMX03D-9400HC ~ [ |Emptyiio}ectiy PIOCells: 334
Hello Werld Project

Package: Voltage: 2.5V/3.3v

TR - EER Blocks: 48
Speed;

5 -
Operating Condition:

Commerdial 4

Template Info:

Empty project for user to "build from scratch™
Orline Data Sheet for Device

< Back Mext = Cancel

Figure 6.2. Configure Propel Project Page

7. Inthe Project Information page, review the details of the project.
8. Click Finish.

© 2025 Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are as listed at www.latticesemi.com/legal.
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9. Inthe IP Catalog area of the main user interface, click the Install button.

%, Propel Builder [C:/Users/aicla/X030_Test/X030_Test/XO3D_Test.chx] Device: LCMXO3D-9400HC-5BGA84C Board: NA

oF f=
of f=

wef  Faus

File Edit View Design Toocls Window Help
s & A EREERo@EL 8 QQQQ
IP Catalog m Schematic Address %, Start Page
L5
1P on Local 1P on Server LT
[ Module/P on Local
~ Module
3 Processers_Controllers_and_Peripherals
3 Verification [P
T p
- Processors_Controllers_and_Peripherals
@D APB to AHB Lite Bridge 100 T
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% sbp design close
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% sbp design open -name XO3D Test
3

-path {C:/Users/aisla/X03D Test/XO3D Test/XO3D Test.sbx}

Figure 6.3. IP Catalog View

10. In the Select User IP Package File to Install dialog box, select the .ipk file and click Open.

. Select user IP package file to install X
€« « 4 || <« Desktop > 12C_to_APB_Bridge » Ip ) £ Searchlp
Organize MNew folder Bz~ M@ e
E (o] Name Date moedified Type Size
< B 12C te APE Bridge RD_1.0.0.ipk 12/14/2022 2:40 PM IPK File 230Ke
1
[
& Select a file
& to preview.
[
1
[
[
v o< >
File name: | [1p packages (~ipk) v

Figure 6.4. Select User IP Package File to Install Dialog Box
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11. After installation, 12C to APB Bridge RD is listed under IP > Processors_Controllers_and_Peripherals.

Double-click the item and follow the Module/IP Block Wizard to add the IP to the design.

&, Propel Builder [C/Usas/eis/a/XOSLF_SOC/XOBLE SOC/AE3F SCC.aks] Device: LIMKOSLF- G000 JBG256C Eoard: WA
File Edic View Design Took Window Helg
B & 6 Y &
PR - B N “« w8 N o QQaaQ
1P Lataiog L=l Schameic A Rtz
(<]
oo 17 on Server 3
O Mocul=? or Local
~ Module
- rocessors Centrallers and Periphers s % Module/Il Block Wizard B
 system Memery 112 from 12 .
Tt AFE Lic bocdthrough o0 This wizard wil guitke ye Brough s configu < b, g rretion ad meelici: o Uss Mol /1P, Enter U Talumng 0o mele Lo getslarlal
) AFBLite merconrece 130
B ARl ONFige L0
7 APE Feedtrrough 100
5 APE lnlaomed 18
+ [ Veifcation IE
-
= ) Droceisons Conbollers_and Penishera ¢
e
@ crio s @
@ nize-vme il
@ rscvsm 120
@ uner 130
Corpmentrare:  2:_n_epb_t=| (-]
—1:;: = m.E }lus > Cresem:
i equstion splt conzztimvert
Mexts | Tecd
pe—
1 Cady Dasi Ve 7
Tl Console
3 sbp_cesign open -name XOSLF_SOT -path {C:/Uszrs/alsla/XDILE_SOT/XOSLF_SOC/XOSLT_SGC.shE)
& sbo_selets (XOILF_SOC/52:2a0bbricge_Snstl -Type componsnt
5

Figure 6.5. Module/IP Block Wizard
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7. Using the .do Simulation Script File

This reference design includes pre-generated RTL files that can be directly simulated within ModelSim or QuestaSim.
QuestaSim is supported starting from Lattice Diamond software version 3.14 and later.

To use the simulation script file:

1. Open the .do file on a text editor and replace the text SET THE SIMULATION PATH HERE from Line 1 with the directory
path of the simulation file. As an example, see Line 4 in Figure 7.1.

set 5IM DIR "SET THE SIMULATION PATH HERE ™

C_to APB Bridge /Simulation™

Figure 7.1. Changing the Simulation Directory

2. Open ModelSim Lattice FPGA Edition.
3. Click Tools > Tcl > Execute Macro.

ﬁ ModelSim Lattice FPGA Edition 2020.3

File Edit View Compile Simulate Add Library Tools Layout Bookmarks Window Help

B | - @ WevemCompare  » Ficoigm,
Code Coverage 3
Functional Coverage 3

. vibrary Togale Caverage »

T|Name |'| Coverage Save...

il Iscdr_wark L Coverage Report ¥ odr_work
=Hil Iptmz2 L Coverage Configuration » Ptm2

=l ptm L Garbage Collector ¢ pim

1.—ﬂ]l lifmdf L Breaknoints ifmdf

) akpoints... |

1.—_{']1 lifmd L I ifmd

1-‘1]11 Fmnx L Dataset Snapshot... -

1.—M ecpSum L Trace p PCP5U

1,—ﬂjl ecp5Su L arn 5

il ecp3 L T Execute Macro...
+l ecpams L Wildcard Filter... icp2

], ecp2s L Edit Preferences... rcp2

1.—_{']1 epl Liorary SODCCTECT S oTecp 2

1.—ﬂjl ecp2m Library SMODEL_TECH/.. libfecp2

wl} e Library EMODEL_TECH/.  fibfecp

wl ec Library ~ SMODEL_TECH/. fibfec

1.—1]]1 vfl Library SMODEL_TECH/. . latticevhdl fvf1
1.—M mach Library SMODEL_TECH/.. latticefvhdlfmach
1.—ﬂ]l lat_vitl Library SMODEL_TECH/. . latticefvhdllat_vit
1.—1]]1 lat_vhd Library SMODEL_TECH/. . lattice/vhdllat_vhd
1.—ﬂjl vf1_vlog Library SMODEL_TECH/.. latticefverilogfvf1
1.—ﬂ]l mach_vlog Library SMODEL_TECH/. . latticefverilog/mach

Figure 7.2. Running the Simulation Script File

4. The simulation waveform is generated.

www.latticesemi.com/legal


http://www.latticesemi.com/legal

12C-to-APB Bridge Reference Design User Guide
Reference Design

= LATTICE

M ModeiSim Lattice FPGA Edition 20203

e tal Vew Compie Smsle Akl Weve Toos Loyout Sockmaks Window Hep
5 EB-8 ARB02 0-AEE A emEan|ta s
- a-oe-a LLeriifd]|Qaasaa| umimi

@ o v
viisics

g

§5833

334
FER
e
W

i

St )
FEAFFFFFIIT

11

i
i

?

§

BEFBLIFEEEFEIBFE D
%

Pu1
1
1000

Pu1

=
11000001
unon

How

- (x4l

ey |

Layuut [simatate -

LR K-

oo e LB S R WS

F ¥

008 10 6770865900 08 Praject Y verlog [Mow: 6,495,558 08 Delts: 0 rd_sd¥_10b_2nd

L[] i
r—— & % 3] semchrer v | T la) b
AT ——————————— = rrE
N =]
t
s
t
¢
¢
¢
¢
¢
¢ |
H =]

Figure 7.3. Simulation Waveform

Figure 7.4 shows a detailed view of the first 12C transaction following the Write Operation Data Format mentioned in the

Werite Operation section.

4 jtb_topju_i2c_to_apb_test/dk_i

£ jtb_topju_i2c_to_apb_testfrstn_i
— 12C to APE Interface

4 ftb_topfu_i2c_to_apb_test/SCL

“. ftb_topju_iZc_to_apb_test/SDA

#, jth_topju_i2c_to_apb_test/apb_pwrite_o
B-“. jtb_topju_i2c_to_apb_testfapb_paddr_o

4. ftb_topju_i2c_to_apb_test/apb_psel o

00000004
St

#, jtb_topju_i2c_to_apb_test/apb_penable_o
B-*- /tb_topfu_i2c_to_apb_testfapb_pwdata_o
B¢ jtb_topju_i2c_to_apb_test/apb_prdata i

£ jtb_topju_i2c_to_apb_testfapb_pready_i

£ jtb_topju_i2c_to_apb_test/apb_pslverr_i

5t
aabbcodd
1i1itill
St

St

#, ftb_topfu_i2c_to_apb_testfapb_pwrite_o
B, fth_topfu_i2c_to_spb_testfapb_paddr_o
4, ftb_topfu_i2c_to_apb_test/apb_psel o

#, ftb_topfu_i2c_to_apb_testfapb_penable_o

B-“s ftb_topfu_iZc_to_apb_test/apb_pwdata_o

e jth_topfu_i2c_to_apb_test/apb_prdata i
£ fth_topfu_i2c_to_aph_testfapb_pready_i
£ ftb_topfu_i2c_to_apb_testfapb_pslverr_i

codd
A a 7 1111111
Automatically Generated APB Write Transaction

St1
00000004
St
St
aabbecdd
11111111
St0
St

11111111

Figure 7.4. 12C to APB (Write) Conversion
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Figure 7.5 shows a detailed view of the second 12C transaction following the Read Operation Data Format mentioned in the
Read Operation section.

4 Jib_topfu_i2c_to_apb_test/dk_i

£ ftb_topfu_i2c_to_apb_testjrstn_i

12C to APS Interface

4. ftb_topju_i2c_to_apb_test/SCL

4 ftb_topfu_i2c_to_apb_test/SDA

4. fth_topfu_i2c_to_apb_testfapb_pwrite_o
B-“. fib_topju_i2c_to_apb_test/apb_paddr_o

4. ftb_topju_i2c_to_apb_testfapb_psel_o

4. fth_topfu_i2c_to_apb_testfapb_penable_o
4. ftb_topju_i2c_to_apb_testfapb_pwdata_o
£ [ftb_topju_iZc_to_apb_testfapb_prdata_i

4 [jib_topju_i2c_to_apb_testfapb_pready_i

4 [ftb_topju_i2c_to_apb_testfapb_pslverr_i

— Automatically Generated APB Read Transaction

4. ftb_topju_i2c_to_apb_test/apb_pwrite_o Eu]
B“. fib_topju_i2c_to_apb_test/apb_paddr_o 00000004
4. [tb_topju_i2c_to_apb_test{apb_psel_o
4. ftb_topju_i2c_to_apb_test/apb_penable_o
B~ fib_topju_i2c_to_apb_test/apb_pwdata_o
;B /tb_topju_i2c_to_apb_test/apb_prdata_i
4 jth_topju_i2c_to_apb_testfapb_pready_i
4 [Jib_topju_i2c_to_apb_test/apb_pslverr_j

Figure 7.5. 12C to APB (Read) Conversion
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8. Resource Utilization

Table 8.1. Resource Utilization

Device Family Language LUTs Registers Fmax (MHz)
MachX021 Verilog 212 205 >50
MachX032 Verilog 212 205 >50
MachX03D3 Verilog 212 205 >50
Notes:
1. Performance and utilization characteristics are generated using LCMX02-7000HE-4TG144C with Lattice Diamond 3.12 design
software with either LSE (Lattice Synthesis Engine) or Synplify Pro®.
2. Performance and utilization characteristics are generated using LCMXO3LF-6900C-5BG256C with Lattice Diamond 3.12 design
software with either LSE (Lattice Synthesis Engine) or Synplify Pro.
3. Performance and utilization characteristics are generated using LCMX03D-9400HC-5BG256C with Lattice Diamond 3.12 design

software with either LSE (Lattice Synthesis Engine) or Synplify Pro.
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Technical Support Assistance

Submit a technical support case through www.latticesemi.com/techsupport.

For frequently asked questions, please refer to the Lattice Answer Database at
www.latticesemi.com/Support/AnswerDatabase.
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