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Presenter
Presentation Notes
Good afternoon, my name is Ivan Sutherland, I live in Portland, Oregon
My colleague, Warren Hunt, lives in Austin, Texas 
We work with our students, Quinn and Vivek, and
with Marly Roncken, who presented a poster yesterday
I shall talk about a TAP controller for JTAG

mailto:ivans@cecs.pds.edu

@ RSFQ Testing Applied Superconductivity Conference

Joint Test Action Group (JTAG)

An |EEE 5-wire test standard

Test Access Port (TAP) has 5 pins
Serial data ON and OFF chip
Equipment available

We have used for experiments
Both synchronous and self-timed

Widely used for commercial CMOS chips
Unknown for superconducting chips
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Presentation Notes
IEEE standard 1149, known as JTAG, offers a five-wire interface for testing chips
The five-wire interface drives an on-chip Test Access Port (TAP) controller
Test software passes serial data to and from on-chip scan chains�   via the JTAG interface and the TAP controller
I used JTAG to test all of my experimental CMOS chips
Although almost all commercial CMOS chips include a JTAG interface
   JTAG is largely unknown in the superconducting community
Adopting JTAG could increase the number of superconducting circuits 
   tested per year, and thus
   eliminate a major bottleneck to progress


@ RSFQ Testing Applied Superconductivity Conference

Weaver: CMOS self-timed 6 GHz

Testable with 5 low-speed connections
mega Hz signals to test giga Hz chip

est computer drives JTAG box
JTAG box drives on-chip TAP controller
AP controller drives scan chains

Scan-chains
convert serial-to-parallel and parallel-to-serial
and permit or forbid action
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I shall use Weaver as an example. 
Weaver is a self-timed, non-blocking, 8x8, CMOS crossbar switch that 
   operates at 6 giga data items per second
Like all my experimental CMOS chips, Weaver has JTAG�Weaver’s five JTAG control signals run at about 1 megahertz,
   more than 1000 times slower than Weaver’s self-timed action
Weaver’s scan chains can load and read on-chip registers
Weaver’s scan chains also permit or forbid actions
   to start or stop Weaver’s self-timed operation
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Weaver: CMOS self-timed 6 GHz
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Here is a photograph of Weaver under test
The test computer (not shown) drives a blue JTAG controller box via Ethernet connection
   The blue box in this picture is a CORELIS netUSB-1149.1/E, able to drive several TAP controllers
The ribbon cable connects the five low-speed JTAG control signals to the PC board and the chip



@ RSFQ Testing Applied Superconductivity Conference

Testing Weaver

Use JTAG to control

initial conditions
actions

permit action: chip runs
forbid action: chip stops

Use JTAG to observe

final state
activity counters to calculate speed

est computer confirms data integrity
est computer plots throughput
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The test computer sets initial conditions via JTAG
JTAG serial communication at the leisurely pace of 1 megabit per second
   takes several milliseconds to initialize Weaver’s internal registers
JTAG then permits Weaver’s self-timed action to start
Weaver runs for a while at it own fast pace, about 6 Giga Data Items per second per channel
After JTAG stops the Weaver, serial communication through JTAG reports
    not only Weaver’s final state to confirm data integrity 
    but also the values of activity counters to calculate throughput
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Applied Superconductivity Conference

TAP control state transition diagram

» Two shift registers
> DR (data)
> IR (instruction)

« TMS=0 actions

> from CAPTURE
= parallel read

> from SHIFT
—> serial shift

> from UPDATE
= parallel write
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An IEEE standard TAP controller drives two shift registers: 
   a data shift register, DR, and an instruction shift register, IR
Our tap controller implements the IEEE standard state transition diagram
   shown in this slide
Each state has two possible exit transitions labeled TMS=0 and TMS=1
It is true but not obvious from the state diagram alone that the six 
   TMS=0 transitions leaving the states indicated here,
   states CAPTURE, SHIFT, and UPDATE,
   cause a scan chain to read, shift, or write
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Five low speed (mega Hz) wires

* Data in

- Data out

* Reset (optional)

» Clock (a level signal)

* TMS (a level signal) CMOS levels

RSFQ pulses
» Use RSFQ pulse signals Qp

> tms0 = (TMS = 0) & clock
> tms1 = (TMS = 1) & clock
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The IEEE standard specifies the five level signals shown here to drive the TAP controller
The fifth level signal, TMS, selects between the two possible exit transitions
   for each state, labeled TMS=0 and TMS=1
Because RSFQ circuits need pulse signals rather than levels
   our TAP controller replaces the level signals called “clock” and “TMS”
   with two pulse signals that combine selection and timing.
The pulse signals are called “tms0” and “tms1”�


@ RSFQ Testing Applied Superconductivity Conference

RSFQ use 16 D2Latches, one-hot

* Only one latch is FULL (other 15 EMPTY)

* Each transition

> drains one latch
> and fills another latch

» |EEE standard permits counterflow clock

* Counterflow implies

> destination is drained and guaranteed empty
> before the source emits a pulse
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Our TAP controller represents its state in 16 D2Latches
We use a "one-hot" design and so only one latch is FULL at a time
   while the other 15 are EMPTY
Each state transition drains the latch for the present state and 
   fills the latch for the next state

To simplify local timing, our TAP controller uses counterflow clocking
Counterflow clocking ensures that each destination latch 
   has already had its chance to act
   before any source can emit a state transition pulse


.

RSFQ Testing

Applied Superconductivity Conference

Counterflow clocking sequence

Sequence in which

* tms0, tms1 pulses
> reach state latches

- state latches
> 15 EMPTY are silent

> the one FULL latch
emits a state transition
pulse to successor

> successor already had
Its chance to act and
sois EMPTY
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Sequence for tms(0

Sequence for tmsl

run_test_idle
update_DR
pause_DR
exit._ 1 DR
shift. DR
exit._ 2 DR
capture_DR
select DR_scan
test_logic_reset
update_IR
pause_IR
exit 1 IR

shift IR
exit_ 2 IR
capture_IR
select IR _scan

test_logic_reset
select_IR_scan
select DR_scan
run_test_idle
update_DR
exit 2 DR
pause_DR
exit_1 DR
shift DR
capture_DR
update_IR
exit_2 IR
pause_IR
exit_1_IR

shift IR

capture_IR
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Fortunately, the IEEE standard TAP controller state diagram permits counterflow clocking
Two Josephson Transmission Lines in our TAP controller deliver 
   tms0 and tms1 pulses to the latches in the sequences shown here to ensure
   that the tms0 and tms1 pulses flow in a direction opposite to every state change. 
Each tms0 or tms1 pulse passes to all 16 latches 
The 15 empty state latches do nothing, but
   the one latch that is FULL, representing the current state
   drains and emits a pulse to fill its successor
These sequences guarantee that each tms pulse results in exactly one state transition
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Here are simulation results for our TAP controller. 
The top panel shows the reset, tms1 and tms0 pulses that drive this simulation
The red arrows indicate what four tms1 pulses do
The second panel shows the quantizing inductor currents
    in named state latches
Color changes mark where one latch drains and another fills
The delay between a tms input pulse and the resulting state change 
   differs for different latches
   depending on where each latch lies in the counterflow sequence
This simulation generates the two blue shift pulses seen in the bottom panel
   as it twice exits and re-enters the blue shiftDR state
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D2Latch layout with tms0, tms1

Lincoln Lab SFQ5ee process Gap for tms wire

o, JTL power 4 places
6 frorl:l)'n M3 ( P )

flying J2 ;
tmsl out§
groundedJ3§ &

; slin

latch power I &
from M3 ] =

tms0 out . my ns0 in
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Here is our layout for a D2Latch with four JJs of local tms JTLs inside�L13, the quantizing inductor is in the center, flanked by moats
In each corner, a square M5 plate (orange) connects three JJs 
    and their bypass resistors (green)
This layout is set up for counterflow clocking
    The tms0 and tms1 control signals enter at the right and flow right to left
    but the latch data enter at the left outer corners and flow left to right

At the  upper right, the label “gap for tms wire” points out a
   a gap between the two outer JJs in each of the four corners
   through which a blue tms control wire can reach adjacent latches
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TAP controller layout (near exit2)
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The whole TAP control is too detailed for a slide, but
   here is a part of our TAP controller layout; 
I have a check plot that you can examine at your leisure
A black dotted rectangle outlines the D2Latch for the state called “exit2”
To the right and left of the exit2 latch, the tms JTLs continue to adjacent latches
Our entire TAP controller has about 400 JJs and occupies 580 x 280 microns, 
    less than the area of two bonding pads 


.
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Our TAP controller

Designed in Electric CAD system
open-source

Simulated in JoSIM and own VWsim (ACL2)
equivalent results

Patent free
Lincoln Lab may distribute
If support for test and revision is available
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We used the open-source Electric CAD system for schematics and layout
For simulation we used both JoSIM and our own ACL2 simulator, VWsim
Our design is now in fabrication at Lincoln Lab
Our design and layout are patent free and will be publicly available
We hope that Lincoln Lab will distribute our design
   assuming financial support is available for test and possible revision
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Our TAP controller

Reduces test effort
Permits remote testing

and

Lets designers test their own chips
Encouraging good test structures
Increasing the number of chips tested per year

October, 2022 Slide 14


Presenter
Presentation Notes
Our TAP controller provides access to the rich eco-system that has grown up around JTAG
JTAG and its eco-system can reduce test effort and permit remote testing

Perhaps most important our TAP controller may let designers test their own chips
   encouraging designers to include effective test structures
   and increasing the number of chips that get tested per year


@ RSFQ Testing Applied Superconductivity Conference

Discussion
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There is time for some discussion


.
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. 1Lk =12510% Amp
D2Latch schematic - 1.+ = 2.632 102 Henry

« All JJs 0.707 Lk = 88 microAmp
J2 : flying JJ J3 : grounded JJ

RSFQ bias \ \ J4 : flying JJ
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Turning to RSFQ circuits, I must first explain six things about our schematic notation:
1) We use the abbreviation Lk (pronounced “Lick”) for the normalized unit of current
2) We use the abbreviation oH (pronounced "O.Henry”) for the normalized unit of inductance
   for example, oH= 3.976 in the center of the picture specifies the inductance of L13, the quantizing inductor
3) Our icon for grounded JJs is a circle with a center dot terminal, like J3.
  Schematic wires can attach to the center dot, but
  the other terminal of a grounded JJ connects implicitly to ground.
4) We reserve the cross icon for non-grounded JJs also known as “flying” JJs
5) We use ”do” for an RSFQ pulse signal that says when to EMIT an RSFQ pulse, 
    and we reserve the word “clock” for a signal that says when to capture a level value
6) All JJ bypass resistors are implicit and never clutter our schematics
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