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Motivation

The old problem

@ Nuclear physics instrumentation - often NIM inputs/outputs (LEMO jacks)
@ interface it with general purpose devices - often with TTL inputs/outputs

o Experiment groups have old converter modules, some from the 70s ... and they're falling apart - so these
people come to us

@ You can buy new modules from the usual vendors - but they cost a fortune

@ We want to implement our own NIM/TTL IO into our modules
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TTL, LVTTL, CMOS

5V Ve 5V Vo

444 Vou

What is "TTL"?
35 Vi

@ Transistor Transitor Logic

aav Vee @ Voltage signal - driver sends defined voltage into an
24 Vou 25 I v “I Vo undefined (high) impedance
20 Vin 20 Vi @ Used for IC to IC communication
15 e " 15 w s " @ misused for device to device communication
o Compare variants: TTL (5V), LVTTL (3.3V) and
08 Vi 08 Vi LVCMOS (3.3V)
0 I Yo B MI Ya o TTL and LVTTL — same V4, = 1.5V
0 Gne 0 eo 0 cHo e CMOS logic has Vi, at VCC/2
5VTIL 5V CMOS 3.3V LTTL .
Standard TTL: ABT, Rail-to-Rail 5 V VT, V1T, LT, @ 3.3V CMOS and 3.3V LVTTL compatible
AHCT, HCT, ACT, HC, AHC, AC, LV-A, LVC, ALVC, AUP,
bipolar, LVIT, LV4T LVIT, Lv4T LV-A,ALVT

Figure: Texas Instruments Logic Guide 2017
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NIM

What is NIM?
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Nuclear Instrumentation Module

Current signal - a defined current (16 mA) into a
defined impedance (50R, LEMO jacks)

Used for device to device communication - over
several meters of 50R lab cables

Negative polarity. Logic HI = -0.8V in 50R, Logic
LO = 0V

Negative? - Yeah, logic signal intended
comparable/compatible with a decent PMT pulse

In NIM crate you always get -6V for free, so
negative logic is not an issue
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NIM vs TTL - HI level power needed

TTL/NIM in 50R

@ assume driving constant HI into line termination
remember: | = U/R, P = U?/R

e TTL 5V,50R — 100 mA, 500 mW

e LVTTL 3.3V,50R — 66 mA, 218 mW
e LVTTL 2.5V,50R — 50 mA, 125 mW
o NIM -0.8V,50R — 16 mA, 12.8 mW !
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Best of both worlds

HOW STANDARDS PROLIFERATE
(6 A/C CHARGERS, CHARACTER ENCODINGS, IN STANT MESSAGING, )

4?! RIDICULOUS!
WE NEED To DEVELOP
. || ONE UNIVERSAL STRNDARD .
SITUATION: | Tt covere Evervongs | | STUATION:
THERE ARE USE CSES. e THERE ARE
4 COMPETING \ ) 5 COMPETING
STANDPRDS. O STANDPRDS.
Figure: xkcd.com
@ | propose positive logic NIM :)
e HI = 4+0.8V in 50 R
@ Technically best solution - works with no existing equipment
o Better not ...
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oldschool NIM driver/receiver example

R1
47 kQ

2N3906

legacy tech

@ "oldschool example” of a NIM driver

@ uses discrete BJT transistors

@ negative power comes from NIM crate -6V

@ draws significant current when idle

Q3 Q4
2N3904 2N3904

@ asymmetric reaction to rising/falling edges

2ka o we don't need to build it like this anymore

Figure:
https://electronics.stackexchange.com/questions /456969 /ttl-

to-nim-logic-translation-logic-gate-issue
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What we need

receiver driver
50QTTL  [> 3.3V > soQTIL
| LVTTL/LVCMOS
50QNIM - [> HiZ [> 5s00QNIM

o If we have a circuit for all four cases ...

@ ... we can build all sorts of active converters and |/O on our own boards

If possible compact/cheap/reliable/reusable building blocks

@ easy to power with e.g. a single 5V source

something you could give to a colleague
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TTL to LVCMOS

+3.3V
50R TTL in
J1 o
i u
Sl termination
= 1 _ 1 74LVC1G32
4
o LVCMOS
R7
50
GND GND GND GND

S0T23-5 or SC70-5
@ Okay, that was trivial

e Vy = VCC/2
@ TTL/LVTTL is compatible with LVCMOS anyway

Michael Wiebusch NIM to TTL, TTL to NIM,

9/23



LVCMOS to TTL

+3.3V
50R TTL out
o u1 12
LVEMOS 1 o T4LVC1G32 SigOut
= 4 17
2 2
) o
M
GND GND  s0T23-5 or 5C70-5 GND

o Pretty easy as well. Driver output only reaches 2.5V in 50R, but complies with TTL and LVTTL levels!
o Edges are nice and steep (< 800ps)
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NIM receiver

+3.3V
LVDS receiver
GND Elzsk
- - U6
50R NIM in =
(=]
J5 -350mv__ 3| =
Sz termination outlE LVCMOS
o 1 N -
=z
™ i~
gé —ttosy N 4
comman mode
input range SNE5LVDS34
Ri4 alternatively
10k
GND GND
DS90LVRA2

o Use LVDS receiver as comparator/inverter with negative threshold
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NIM driver

LVCMOS
speedup GND
cap ——
—_—isp [:| o 50R NIM out
d 74LVC1G04 SigOut
2 I\§>34 1 1 °
. -
7 68
§ inverter B
no schmitt trigger
1k 100
v GND GND
S0T23-5 or SC70-5 _3V3

@ speedup cap and inverter input cap (= 3pF) build a (capacitive) 1:2 voltage divider, too
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NIM driver - voltage divider

Ons 40ns 80ns 120ns 160ns 200ns 240ns 280ns 320ns 360ns 400ns 440ns

@ both resistive and capacitive divider achieve level conversion while preserving edge steepness
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output driver performance

Measure
value
mean

o No pulse width distortion

+ 5ns

P3:wid@Iv(C3)
2765ns
2778103 ns

@ both, rising and falling edges are steep, for NIM and TTL
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NIM/TTL combo receiver - with undershoot rejection

cl9 c20
I—{ i ’—i I—“\‘
LVDS
receiver |, 100n 100n
U3
vee SNB5LVDS34D s Logic
-350my NIM_THRESH 8y ia OR
2 NIM_detected
7 v 4] vee LVCMOS
1 ¥\ A
NIM_OR_TTL_IN > 5 2 Y 4—D
Y 2 3 TTL detected | uia
1.03v TTL THRESH 51 o 2y GND | SN74LVC1G32DCK
R37 GND 3
33
I 4
35 12 R38 = =
2ok 100R
R3s R40

TTL_THRESH U 10k 3

R36 Qs 1 Rt 4Tk

" BFUS50A 1k

when TTL is received:
c21 lower NIM threshold to be
‘ H 2 insensitive to undershoots.
‘\h i The saturated transistor needs
= 5 time to turn off - within this time we suppress
100n a5 fake NIM spikes.

@ Remember: LEMO Jacks are more expensive than ICs :)
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Combo input - undershoot mitigation

V(tti_thr)
TTL: pulse

TTL thresh

NIM pulse

60ns 120ns 180ns 240ns 300ns 360ns 420ns 480ns 540ns 600ns

@ an additional transistor helps ignoring ringing/fake NIM pulses
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660ns
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-3.3V power

rail from a charge pump

ur
NCP718ASN330T1G +3.3V
1 5
VIN VOUT | | >
'—#J S =
GND
alternative
MIE5219-3.3vM5-TR |€
s0T23-5 cas c26
ca3 470p 47u co7
100n 100n
GND. GND GND  GND GND
Leehed LM27761DSGR
switched capacitor inverter
b g IC REG CHRG PUMP ADJ 250MA
s @ loRea
5V u1s Texas Instruments -3.3V
1 4
> VIN vout ’ : >
—% 5
EN VFE
Eleie crour 3 ol | e
Gi- GND
a
ces i
1u
LM27761 |
—— c29 LM27761DSGR | Cc30
47u A50 220 | car
caz 82| | 130k 1000
I 47
GND GND GND GND GND GND

Michael Wiebusch

WOUT = -1.22V * (RL+R2)/RZ

NIM to TTL, TTL to NIM,

where do | get my negative
power from?

charge pump LM27761

switched capacitor, no coil,
low EMI

includes -3.3V LDO

easily powers at least four
NIM drivers

low cost, 1.5€ in single qty

alternatively LM27762 - has
neg AND pos LDO
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The finished stand-alone product
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The End

That's all

@ Thank you
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Bonus: Galvanic Decoupler - work in progress

R2 Rb
470R 470R

c2
100n
pwr_in

1 vees II B aNp1
.j

GND1
i3 N - R fg
e P THLVC1G17 100R D m
sig_in =
1 2 —D_ 4 sig_aut
2 oy I 1
2 2
R7 o
o & GNDL
~
GNDL GNDL 6ND1
GND2
GND2

o LVTTL over a gap
@ works like a charm

@ pulse lengths from 3ns to seconds, edge precision < 20ps
o transmits clocks up to 200 MHz
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Galvanic Decoupler - the demonstrator
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Galvanic Decoupler

floating CMOS
receiver output

voltage at
primary coil

T T T T T T T T T
20ns 40ns 60ns 80ns 100ns 120ns 140ns 160ns 180ns
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Galvanic Decoupler

LVDS inp:P

e e e L e

LVDS diff inp

T T T T T T T
40ns 60ns 80ns 100ns 120ns 160ns 180ns
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