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AN 038: Programming with an MCU and the JTAG Interface

Introduction

When designing your system, you may have a microcontroller or microprocessor (MCU)
that controls a number of devices in a JTAG chain. To streamline your design, you would
like to take advantage of the JTAG chain to program your Trion, Topaz, or Titanium
FPGA. This scenario is a type of passive configuration in which the FPGA receives the
configuration clock and data from an external active module.

Unlike SPI passive mode, this method only requires the 4-pin JTAG interface plus a few extra
pins, depending on the FPGA you are targeting. The configuration data is transferred via
JTAG, which is serial, so the configuration time can be slow. Therefore, you do not want

to use this method when you need the FPGA to wake up "instantly." This application note
descibes how to use a MCU to configure an FPGA via the JTAG interface.

Note: Before attempting the method described in this document, you should have a solid knowledge of
JTAG commands and the JTAG TAP. This method is for expert users.

Working with JTAG .svf Files

E:Q Learn more: For information on JTAG .svf files, refer to

The JTAG serial vector format (.svf) file is a vendor-independent ASCII text file of JTAG
commands. You can use an .sVf file for JTAG debugging, boundary-scan testing, and
programming with any .svf-compatible JTAG hardware.

The Efinity Programmer can convert a bitstream file to .svf so that you can use third-party
JTAG hardware to program an Efinix FPGA. Refer to "Export to .svf Format" in

JTAG programming with an .svf file is supported in all Efinix FPGAs except for:
* T4, T8, and T13 in any package
e T20 in W80, Q144, F169, and F256 packages
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JTAG Commands for Programming

With this programming method, the MCU is acting as a JTAG programmer. It needs to
send commands via the JTAG interface. The Efinity” software can export a bitstream file to
serial vector format (.svf), which contains JTAG commands and bitstream data. Typically
you would use the .svf to program the FPGA with a JTAG SVF player. However, in this
context, the .svf provides a template for the JTAG commands the MCU needs to use for
programming.

The following code snippet shows an example of a Trion T35 bitstream file converted to .svf.

1. The first five lines are preamble.

2. The FREQUENCY line sets the JTAG clock frequency; in this case, it is the maximum.

3. The next four lines relate to the position of the device in the JTAG chain; this .svf
assumes that the T35 is the only device in the chain.

4. The SIR and SDR lines after the Check idcode comment specify the IDCODE
instruction and IDCODE data. You should always check the IDCODE before
programming.

5. The SIR after the Enter programming mode comment issues the PROGRAM
instruction.

6. The following SDR commands send the bitstream data.
7. At the end of the bitstream data it flushes zeroes.

8. Finally, the lines after the Enter user mode comment send the ENTERUSER
instruction and send 100 TCK clock cycles in the IDLE or SHIFT DR state.

Figure 1: Example T35 .svf

TRST OFF;

ENDIR IDLE;

ENDDR IDLE;

STATE RESET;

STATE IDLE;

FREQUENCY 6E6 HZ;

TIR O;

HIR O;

TDR 0;

HDR O0;

//

// Check idcode

SIR 4 TDI (3);

SDR 32 TDI (00000000) TDO (00240A79) MASK (ffffffff);

//

// Enter programming mode

SIR 4 TDI (4);

//

// Begin bitstream

//

ENDDR IDLE;

HDR O;

TDR 0;

SDR 3000 TDI (518CB8065C633E011718CF8045C633E00088100000000...);
SDR 3000 TDI (000000000000000000000000000000000000000000000...);
SDR 3000 TDI (000000000000000000000000000000000000000000000...);

SDR 616 TDI (4028140A05028140A05028140A05028140A05028140A04. ..);
// Extra clock ticks in SDR state

SDR 3000 TDI (000000000000000000000000000000000000000000000. . .) ;
//

// Enter user mode
SIR 4 TDI (7):;
RUNTEST 100 TCK;
//

@ Note: For detailed information on .svf files, refer to the by ASSET
InterTech, Inc.
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Converting a Bitstream

AN 038: Programming with an MCU and the JTAG Interface

The Efinity” software generates a bitstream as a .bit file for JTAG programming. You can use
this file for programming, or you can convert it to raw binary (.bin) format. The .bin has a

slightly smaller size than the .bit.

When you are sending the bitstream using JTAG commands though, you need to convert
it to little endian and then send it in one or more PROGRAM commands. The example .svf
discussed previously breaks the bitstream into many separate commands. However, the

number of commands you need depends on the capabilities of the hardware you are using.

Connect the FPGA and MCU

You connect the MCU to the FPGA using the four JTAG pins TCK, TMS, TDI, and TDO.
Additionally, you need to connect a few other pins for managing configuration as described

in the following table.

Table 1: Pins to Connect

Pins FPGA Guideline

TCK, TMS, TDI, | All Pull high during configuration.

and TDO

CSl Packages that have a CSl pin. Pull high during configuration.
For packages that do not have a CSlI pin, this signal is
held high in the package.

CRESET_N All Pull high during configuration.

TEST_N All Pull high during configuration.

CDONE All Optional. Use to monitor configuration done status.

SS_N T4 and T8 all packages Connect as shown in

T13 all packages
T20 W80, F169, and F256

on page 6

The following sections show connection schematics and the programming sequence for

Trion, Topaz, and Titanium FPGAs.
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Trion Schematic and Programming

The connection schematic and programming sequence differs slightly for different Trion
FPGAs. Follow the instructions for your FPGA/package combination.

For JTAG chains, you configure one FPGA at a time in any order. The FPGAs not being
configured are in BYPASS mode (not user mode).

T4 (All), T8 (All), T13 (All) and T20 (W80, Q100, Q144, F169, and F256)

These FPGAs require you to connect the SS pin to ground and have some additional
configuration sequence requirements.

Figure 2: Single FPGA

See on page 11 for unspecified resistor values.
VCCIO_MCU VCCIO VCCIO
VCCIO VCCIO
MCU 2 FPGA
)
GPIO5
“</\V\-e CDONE
= O
RESET » CRESET_N
GPIO1 » TCK
GPI02 » TMS
GPIO3 » TDI
GPIO4 <« TDO
— SS_N
—— CSI
TEST_N

1. 100 kQ resistor
2. 10 kQ resistor
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Figure 3: Multiple FPGAs

See on page 11 for unspecified resistor values.
VCCIO_MCU VCCIO VCCIO VCCIO
VCCIO VCCIO VCCIO
MCU (2
@
GPIO7 FPGA 1 FPGA 2
° CDONE CDONE
= @
RESET » CRESET_N » CRESET_N
GPIO1 > TCK > TCK
GPI102 » TMS » TMS
GPIO3 > TDI TDO > TDI TDO
GPIO4 « [ SS.N [~ SS N
Csl —— CSI
TEST_N L TESTN

1. 100 kQ resistor
2. 10 kQ resistor

If you want to monitor the CDONE of each FPGA separately instead of the system status,
connect each CDONE to a separate GPIO on the MCU.

The configuration sequence is:

1.
2.

® N v

For a chain, put all devices except the one you are configuring into BYPASS mode.
Pulse CRESET N (1 to O to 1) at the beginning of configuration. The FPGA(s) go into
passive mode. You can probe the FPGA's SCK pin to confirm that it is tri-stated.

Perform an IDCODE check for the FPGA you want to configure.

Send the PROGRAM command and the bitstream data as well as the zeros for flushing.
The FPGA is in the JTAG SHIFT DR state while the whole bitstream is sent, including
flushing zeros at the end. Do not cycle to PAUSE DR or IDLE in the middle of

transferring the bitstream or zeros.

Send the ENTERUSER command.

Send 100 TCK cycles in the IDLE or SHIFT DR state.
The FPGA's CDONE pin goes high.

. Repeat steps 2 - 6 for any other FPGAs in the chain.

When you finish configuring all FPGAs, all of their CDONE pins should be high.
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T20 (F324, and F400) and T35, T55, T85, and T120 (All Packages)

Figure 4: Single FPGA

on page 11 for unspecified resistor values.

See
VCCIO_MCU VCCIO VCCIO

VCCIO VCCIO
MCU 2

@)
GPIO5

<« /\\/-e
=

GPIO1 >
GPIO2 >
GPIO3 >
GPIO4 «

1. 100 kQ resistor
2. 10 kQ resistor

Figure 5: Multiple FPGAs

See
VCCIO_MCU VCCIO

FPGA

CDONE

CRESET_N

TCK
TMS
TDI

TDO

— CSI

TEST N

on page 11 for unspecified resistor values.

VCCIO

VCCIO VCCIO
MCuU 2 g

@

GPIO5
L@ R

GPIO1 >
GPI02 >
GPIO3 >

GPIO4 «—

1. 100 kQ resistor
2. 10 kQ resistor

VCCIO
VCCIO g

FPGA 1 g FPGA 2
CDONE CDONE
CRESET_N » CRESET N
TCK » TCK
T™S > TMS
DI TDO » TDI TDO
csl L csI
TEST N L TESTN

If you want to monitor the CDONE of each FPGA separately instead of the system status,
connect each CDONE to a separate GPIO on the MCU.

The configuration sequence is:

Nk pN =

For a chain, put all devices except the one you are configuring into BYPASS mode.
Perform an IDCODE check for the FPGA you want to configure.

Send the PROGRAM command and the bitstream data as well as the zeros for flushing.
Send the ENTERUSER command.
Send 100 TCK cycles in the IDLE or SHIFT DR state.
The FPGA's CDONE pin goes high.
Repeat steps 2 - 6 for any other FPGAs in the chain.

When you finish configuring all FPGAs, all of their CDONE pins should be high.
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Topaz and Titanium Schematic and
Programming

For JTAG chains, you configure one FPGA at a time in any order. The FPGAs not being
configured are in BYPASS mode (not user mode).

Figure 6: Single FPGA

See Resistors in Configuration Circuitry on page 11 for unspecified resistor values.

VCCIO_MCU VCCIO VCCIO

VCCIO VCCIO
@) % FPGA
@

° CDONE

)

CRESET_N

TCK
TMS
TDI

TDO

vVvyyY

- csl
TEST N

1. 100 kQ resistor
2. 10 kQ resistor

Figure 7: Multiple FPGAs

See Resistors in Configuration Circuitry on page 11 for unspecified resistor values.
VCCIO_MCU  VCCIO VeeIo Veeio

1. 100 kQ resistor
2. 10 kQ resistor

veeio T veclio vCeIo
@) g g
@ FPGA 1 FPGA 2
= @

CDONE CDONE
» CRESET N » CRESET N
> TCK » TCK
» TMS > TMS
> TDI TDO > TDI TDO
47
csl L csl
TEST N L TESTN
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If you want to monitor the CDONE of each FPGA separately instead of the system status,
connect each CDONE to a separate GPIO on the MCU.

The configuration sequence is:

For a chain, put all devices except the one you are configuring into BYPASS mode.
Perform an IDCODE check for the FPGA you want to configure.

Send PROGRAM commands and the bitstream data as well as the zeros for flushing.
Send the ENTERUSER command.

Send 100 TCK cycles in the IDLE or SHIFT DR state.

The FPGA's CDONE pin goes high.

Repeat steps 2 - 6 for any other FPGAs in the chain.

Nk phe

When you finish configuring all FPGAs, all of their CDONE pins should be high.
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Resistors in Configuration Circuitry

Efinix recommends that you use 10 k for all unspecified pull-up and pull-down resistors in
configuration circuitries.

@ Important: Perform an IBIS simulation to analyze the impact of pull-up and pull-down
resistors on the signal integrity of dual-purpose configuration pins. Typically, 10 kQ
pull-up and pull-down resistors do not significantly affect either the single-ended or
differential signals.

Alternatively, you can calculate your own pull-up or pull-down resistance, Rusggr, shown in
the following sections.

[:Q Learn more: The internal weak pull-up resistance, internal weak pull-down resistance, and Schmitt Trigger
thresholds values used in the following formulas are included in the Trion® Data Sheet in

User-Defined Pull-Up Resistor Values

Ryser = (Repu x Ripy) + (Ripu - Repy)
where:

* Ruysgr = User-defined pull-up resistance
* Rcpy = Combined pull-up resistance

* Rpu = Internal weak pull-up resistance

The combined pull-up resistance, Rcpu, can be derived using the following formula:
VI+ < VCCIO x (Ripp + (Rcpy + Ripp))

where:
* VT+ = Schmitt Trigger low-to-high threshold
* VCCIO = I/O bank power supply

* Rppp = Internal weak pull-down resistance

User-Defined Pull-Down Resistor Values

Ruser = (Repp X Ripp) + (Ripp - Rerp)

where:

* Rysgr = User-defined pull-down resistance
* Rcpp = Combined pull-down resistance

* Rppp = Internal weak pull-down resistance

The combined pull-down resistance, Rcpp, can be derived using the following formula:
VT- = VCCIO x (Rcpp + (Repp + Ripy)

where:

° VT- = Schmitt Trigger high-to-low threshold
* VCCIO = I/O bank power supply

* Rppy = Internal weak pull-up resistance
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Appendix

This appendix provides reference information.

Trion Family JTAG Device IDs
The following table lists the Trion JTAG device IDs.

Table 2: Trion JTAG Device IDs

FPGA Package JTAG Device ID
T4,T8 BGAS81 0x0
T8 QFP144 0x00210A79
T13 All 0x00210A79
T20 WLCSP80, QFP100F3, 0x00210A79
QFP144, BGA169, BGA256
T20 BGA324, BGA400 0x00240A79
T35 All 0x00240A79
T55,T85,T120 All 0x00220A79

Topaz Family JTAG Device IDs
The following table lists the Topaz JTAG device IDs.

Table 3: Topaz JTAG Device IDs

FPGA Package JTAG Device ID
Tz50 All 10668A79
T275 All 006C8A79
Tz100 All 006C9A79
Tz110 All 00698A79
Tz170 All 00699A79
Tz200 All 006A8A79
Tz325 All 006A9A79

www.efinixinc.com
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Titanium Family JTAG Device IDs

The following table lists the Titanium JTAG device IDs.

Table 4: Titanium JTAG Device IDs

FPGA Package JTAG Device ID
Ti35 All 0x10661A79
Ti60 All 0x10660A79
Ti85 All 0x006C2A79
Ti90 J361, J484, G400, G529 0x00691A79
L484 0x00688A79
Ti120 J361, J484, G400, G529 0x00692A79
L484 0x0068CA79
Ti135 All 0x006COA79
Ti165 All 0x006A1A79
Ti180 M484 0x00680A79
J361, J484, G400, G529 0x00690A79
L484 0x00684A79
Ti240 All 0x006A2A79
Ti375 All 0x006A0A79

www.efinixinc.com
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Supported JTAG Instructions

The following table shows the JTAG instructions Trion FPGAs support.

Table 5: Supported Trion JTAG Instructions

Instruction Binary Description
Code [3:0]
SAMPLE/PRELOAD 0010 Enables the boundary-scan SAMPLE/PRELOAD
operation

EXTEST 0000 Enables the boundary-scan EXTEST operation
BYPASS 1111 Enables BYPASS
IDCODE 0011 Enables shifting out the IDCODE
PROGRAM 0100 JTAG configuration
ENTERUSER 0111 Changes the FPGA into user mode.
JTAG_USER1 1000 Connects the JTAG User TAP 1.
JTAG_USER2 1001 Connects the JTAG User TAP 2.
JTAG_USER3 1010 Connects the JTAG User TAP 3.
JTAG_USER4 1011 Connects the JTAG User TAP 4.

The following table shows the JTAG instructions that Topaz and Titanium FPGAs support.

Table 6: Supported Topaz and Titanium JTAG Instructions

Instruction Binary Description
Code [4:0]
BYPASS 1M1 Enables BYPASS.
DEVICE_STATUS 01100 Lets you read the device configuration status.
EFUSE_PREWRITE 11000 Loads user data for fuse operations.
EFUSE_USER_WRITE 11010 Blows fuses as defined in EFUSE_PREWRITE.
EFUSE_WRITE_STATUS 11011 Returns status of EFUSE_USER_WRITE operation.
ENTERUSER 00111 Changes the FPGA into user mode.
EXTEST 00000 Enables the boundary-scan EXTEST operation.
IDCODE 00011 Enables shifting out the IDCODE.
INTEST 00001 Enables the boundary-scan INTEST operation.
JTAG_USER1 01000 Connects the JTAG User TAP 1.
JTAG_USER2 01001 Connects the JTAG User TAP 2.
JTAG_USER3 01010 Connects the JTAG User TAP 3.
JTAG_USER4 01011 Connects the JTAG User TAP 4.
PROGRAM 00100 JTAG configuration.
SAMPLE/PRELOAD 00010 Enables the boundary-scan SAMPLE/PRELOAD
operation.
USERCODE 01101 Use this instruction to program a 32-bit signature

into the FPGA during programming.
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JTAG Waveforms and Timing

Figure 8: JTAG Programming Waveform for Trion T4, T8, T13, T20WLCSP80, T20QFP100F3,
T20QFP144, T20BGA256, and T20BGA169

VCC, VCCA XX |
VCCIO [
CRESET N 1]
CSI ///////////////////////////////////// \ User Mode
estN | User Mode

e NN | | WISUBL ) I

AR 1)) N —.

Q o 0] Todrpodpdos 2] Lefi]

B Too [T looprfozedodlos] %]

g SS.N ///////////////////////////////////A latency TCK cycles Im

% CCK //////////////////////////////////% \ User Mode

& | convero T oo oo
Cso //////////////////////////////////; / | User Mode

coone ) /

< > > »
< L) L) »

Power Up Programming User Mode
Legend:

Sl: Shift IR P: Program  E: Enteruser

@ Important: Refer to "Power-up Sequence" in the Trion data sheet for power-up details.
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Figure 9: JTAG Programming Waveform for Trion T20BGA324, T20BGA400, T35, T55, T85, and T120

VCC,VCCA XX |
veeo |
CRESETN |
Cs| | servode
TEST_N | usertode
EXT_CONFIG_CLK | usertrode
- e [0 VU SUsUuuiuuuwuy,  geisuuuy, T
§ ws [0 | % 1= 90 ) swmox ) ] JIELY
Q ™! e Teoforfozfesfodos Y 1 Le )]
; DO oforfozlosfodos )]
5 cex [N | userose
G | coiN-1:0] | Usertoge
cso [ [ | Userrode

coone )

»oe [ »
L] »

Power Up h Programming User Mode
Legend:
SI: Shift IR P: Program  E: Enteruser

@ Important: Refer to "Power-up Sequence" in the Trion data sheet for power-up details.
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Figure 10: JTAG Programming Waveform for Titanium and Topaz

VCC, VCCA XX [

VCCAUX, VCCIO

]
CRESET_N [
Csl ///////////////////////////////////////////// 1" User Mode
estN | User Mode
ext_conric_ck 11T 1™ User Mode
E ex [0 101910151019 ) SLITHL
5 ws [0 | =) NI swom ] JIEDY
é ey P ] Jocfer %I le )]
N oo [ (ooforfozlosfosfos| %]
Té SSL_N ////////////////////////////////////////////% latency TCK cycles | i
(f(z CCK ///////////////////////////////////////////// | User Mode
s o101 1T 1" User Mode
CSO //////////////////////////////////////////////I 11 1" User Mode

coone )

»oe [ »
L] »

Power Up h Programming User Mode
Legend:
SI: Shift IR P: Program  E: Enteruser

@ Important: Refer to "Power-up Sequence" in the Titanium or Topaz data sheets for power-up details.
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The CRESET N signal needs to be deasserted before JTAG configuration begins.

Only for T4, T8, T13, T20WLCSP80, T20QFP100F3,T20QFP144, T20BGA256, and
T20BGA169 FPGAs, drive CRESET N low, and then high prior to JTAG configuration. When
configuration ends, the JTAG host issues the ENTERUSER instruction to the FPGA. After
CDONE goes high and the FPGA receives the ENTERUSER instruction, the FPGA waits for
tuseRr to elapse, and then it goes into user mode.

Figure 11: Boundary-Scan Timing Waveform

™S X X X

tTMSSU" —
TDI X X X
tTDISU" «—
- — sk
K N T
«— >
™o X X X X
tTCKTDO

Note: The FPGA may go into user mode before tysgg has elapsed. Therefore, you should keep the system
interface with the FPGA in reset until tysgr has elapsed.

Follow these guidelines for the JTAG signals:

* Because the TCK and TMS signals connect devices in the JTAG chain, they must have good
signal quality.

* TCK should transition monotonically at the receiving devices and should be terminated
correctly. Poor TCK quality can limit the maximum frequency you can use for
configuration.

* Buffer TMS and TCK so they have sufficient drive strength at all receiving devices.

* Ensure that the logic high voltage is compatible with all devices in the JTAG chain.

e If your chain contains devices from diffferent vendors, you might need to drive optional
JTAG signals, such as TRST and enables.

e For Trion T4, T8, T13, T20 (WLCSP80, QFP100F3, QFP144, BGA256, and BGA169
packages) FPGAs:

— Drive CRESET_N low and then high prior to JTAG configuration.

— When using the Efinity programmer to perform JTAG configuration, the CRESET N
and SS_N pins are used in addition to the standard JTAG pins. If the JTAG-SPI
bridge image has already been configured, neither CRESET N or SS_N are required.
However, you will need to establish both CRESET N and SS_N connections if using
"Auto configure JTAG Bridge Image" in SPI flash programming through the JTAG
bridge (see figure below).

www.efinixinc.com 18
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JTAG TAP Flow Chart

The following figure shows the standard JTAG TAP flow chart for your reference.

Figure 12: JTAG TAP Flow Chart
TMS =1

)

»|
TMS =0 1TMS =0

C Run Test Idle

CTes,t Logic Reset <

TMS =1

5|
iTMS =1
Select DR Scan ™S =1
iTMS =0
Capture DR | TMS =1

TMS=0 iTMS =0

C Shift DR <

iTMS =1

Exit 1 DR

TMS =1

TMS =0

iTMS =0
C Pause DR
iTMS =1

iTMS =1
> Update DR
TMS = 1i TMS =0

» Select IR Scan

iTMS =0

Capture IR | TMS =1

TMS =0 iTMS=O

C Shift IR <

iTMS =1
IMS=1 " Ei1IR <«
TMS=0 iTMS =0
C Pause IR
iTMS =1
Exit 2 IR TMS=0 |
iTMS = 1
> Update IR
TMS = 1i T™MS =0
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Revision History

Table 7: Revision History

AN 038: Programming with an MCU and the JTAG Interface

Date Version Description
December 2024 1.2 Updated on page 15.(DOC-2028)
August 2024 1.1 Corrected schematic for Trion on page 7 and
Titanium on page 9. (DOC-1372, DOC-1633,
and DOC-1925)
Updated JTAG codes for Trion and Titanium FPGAs. (DOC-1372,
DOC-1633, and DOC-1851)
Added G400 package JTAG Device ID. (DOC-1385)
Added topic on page 3 (DOC-1339)
November 2021 1.0 Initial release.
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