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High l igh t s 
 Ext remely  low distort ion and noise over 
frequency and power range 

 Ext remely  low output  impedance 
 Very high power densit y  
 Neut ral and t ransparent  reproduct ion: 

 

Feat u res  
 Conservat ively  rated 
 Different ial audio input  
 2 : capable 
 Extensive, microprocessor-cont rolled 
error protect ion 

Appl ica t ions 
 Top-end stereo and mult ichannel amps 
 Act ive speakers 

 

Descr ip t ion  
The NC500 OEM amplifier module is an ext remely  high-qualit y  audio power amplifier module which 
operates in class D. Not  only  does it  offer a way for audiophile music reproduct ion to cont inue in an 
ever more energy-conscious world, it s measured and sonic performance actually  raises the bar for 
audio amplifiers of any descript ion. Operat ion is based on a non-hysteresis 5th order self-oscillat ing 
cont rol loop taking feedback only  at  the speaker output .  
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1 Perform ance data  
Pow er supp l y  = SMPS1200A700, Load=4Ω, MBW =20k Hz, Sou rce im p=40Ω, un less ot herw ise 
not ed  
It em  Sy m bol  Min  Ty p Max Un i t  Not es 
Rated Output  Power PR  550  W THD=1%, Load=2Ω 

 700  W THD=1%, Load=4Ω 
 400  W THD=1%, Load=8Ω 

Distort ion THD+N, 
IMD 1) 

 0.001 0.005 % 20Hz<f<20kHz1), 4Ω 
Pout<PR/ 2 

Output  noise UN  9 10 PV Unwtd 
Signal-t o-noise rat io 
(unweighted, add 2 dB 
for A-weighted) 

SNR 134 135  dB Re PR,  
109 110  Re 2.8Vrms 

Output  Impedance ZOUT  1.5 2 mΩ f<16kHz 
  5 mΩ f=20kHz 

Power Bandwidth PBW 35   kHz 2) 

Frequency Response  0  50 kHz +0/ -3dB. All loads. 
Voltage Gain AV 11.9 12.4 12.9 dB  
Output  Offset  Voltage |VOO|   50 mV  
Supply  Ripple Reject ion PSRR 75 85  dB Either rail, f<1kHz. 
Efficiency K  93  % Full power 
Idle Losses P0  6.3 7 W  
Current  Limit   25 26 28 A Hiccup mode after 200ms 

lim it ing 
Not e 1: At  higher audio frequencies there are not  enough harmonics left  in t he audio band to make a 
meaningful THD measurement . High frequency distort ion is t herefore determined using a 
18.5kHz+19.5kHz 1:1 two-tone IMD test .  
Not e 2: Dielect ric losses in t he output  capacitor lim it  long term (>30s) full -power bandwidth to 
5kHz. 

2 Audio Inpu t  Charact er ist i cs 
It em  Sy m bol  Min  Ty p Max Un i t  Not es 
DM Input  Impedance  ZIN,DM  1.8  kΩ Per input 1) 
CM Reject ion Rat io CMRR 50 65  dB All frequencies 
Not e 1: See 8.3.  

3 Cont rol  I/ O Charact er ist i cs 
It em  Sy m bol  Min  Ty p Max Un i t  Not es 
Pull-up RWPU  27  kΩ nAMPON, OPTION, To 3.3V 
Logical high input  
volt age 

VIH 2.65  3.6 V nAMPON, SCL, SDA 

Logical low input  
volt age 

VIL -0.3  0.5 V nAMPON, SCL, SDA 

Logical low output  
volt age 

VOL   0.4 V nFATAL, SCCPIND, SDA, 
CLIP 
IOL=1mA 
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4 Absolu t e m axim um  ra t ings 
Correct  opera t i on  a t  t hese l im i t s i s not  guaran t eed. Opera t ion  bey ond  t hese l im i t s m ay  
resu l t  i n  i r reversib le dam age. 
It em  Sy m bol  Rat ing  Un i t  Not es 
Power supply  voltage VB +/ -100 V See sect ion 10.3 
VDR supply  voltage VDR 20 V See sect ion 10.3 
Peak output  current  IOUT,P 28 A Guarded by  current  lim it  at  26A 
Input  volt age VIN +/ -15 V Either input  referred to ground 
Input  current  IIN 10m A Logical inputs and buffer inputs 
Collector volt age VOC 35 V Open collector outputs when high 
Collector current  IOC 2m A Open collector outputs when low 
Air Temperature TAMB 65 °C Lower improves lifet ime 
Heat -sink temperature TSINK 90 °C Thermistor lim ited. User t o select  heat  sink to 

insure this condit ion under most  adverse use 
case  

5 Recom m ended Opera t ing  Cond i t ions and Supp ly  Curren t s 
It em  Sy m bol  Min  Ty p Max Un i t  Not es 
Power supply  voltage VB 35 84 98 V Available output  power 

depends on supply  voltage 
Signal stage supply  
voltage (posit ive and 
negat ive) 

VSIG 10.5 15 16 V  

Signal stage supply  
current  

IVSIG  30 35 mA  

External driver supply  
voltage 

VDR 14 15 17 V Unit  protects when 
allowable range is 
exceeded 

Drive supply  current  IDR  70 75 mA  
Load impedance ZLOAD 1   Ω  
Source impedance ZSRC   50 Ω Different ially  (25 per leg) 
Effect ive power 
supply  storage 
capacitance1) 

CSUP 4700   PF Per rail, per at t ached 
amplifier. 4Ω load 
presumed. 

Not e 1: The effect ive power supply  storage capacitance of Hypex SMPS is already in excess of 
4700uF. Do not  add supplementary  capacitance. 
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6 Ty p ica l  perform ance graphs 
Test  condit ions: one NC500 powered by SMPS1200A700 with 230VAC mains. Measurement  
bandwidth=20kHz except  for small signal test s. 

6.1 Sm al l  signa l  t est s (a l l  loads)  
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Output  impedance, four-wire test  at  speaker 
t erminals. 

6.2 Large signa l  t est s (8:)  
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6.3 Large signa l  t est s (4:)  
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6.4 Large signa l  t est s (2:)  
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7 Frequen t ly  ask ed num bers 
The following are neither specificat ions nor indicators of audio performance but  engineering choices 
which in combinat ion wit h the specific circuit  t opology lead to the performance found in sect ion 1. 
They do not  influence sound qualit y  direct ly . Commonly  ex
suitabilit y  for high qualit y  audio can be read from these numbers (fSW in part icular) are ill informed. 
 
It em  Sy m bol  Min  Ty p Max Un i t  Not es 
Swit ching frequency  fSW  450  kHz Idle, see the white paper. 
MOSFET ON resistance RDSON   100 mΩ Over tolerance and 

temperature 
Dead t ime t b  100  ns 

value depends on load 
current  

Output  coil inductance L  10  PH Effect ive output  inductance 
is t his number divided by 
loop gain. 

Output  coil resistance RL  2  mΩ  
Output  capacitance C  2  PF  
Loop gain AL 53  60 dB Loop gain peaks at  15kHz 

and drops back to 53dB at  
20kHz. 

 

8 Connect ions 
J3: Connector t ype: 2x18 pin  
Pin  Ty pe Nam e Funct ion  
1, 2 Pwr +HV  unregulated supply   
3,4,5, 
6,7,8 

Pwr GND  

9, 10 Pwr -HV unregulated supply   
11 Pwr VDR External driver supply  connect ion. A float ing unregulated 

supply  must  be connected between this pin and HV. 
12 - Reserved Do not  connect . 
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13,14, 
15,16, 
18 

Out  OUTC Cold speaker t erm inal. 

17 In FBC Cold feedback terminal (do not  leave unconnected, see below) 
19 In FBH Hot  feedback terminal (see below) 
20,21, 
22,23, 
24 

Out  OUTH Hot  speaker terminal. 

25 Pwr - VSIG Negat ive supply  for modulator stage. 
26 Pwr + VSIG Posit ive supply  for modulator stage. 
27 Pwr GND  
28 i/ o Iout  Current  monitor output , hot  (0.1V per Ampere) 
29 In INH Hot  (noninvert ing) input  t erminal 
30 In INC Cold (invert ing) input  terminal 
31 In wpu OPTION Cont rol mode and I²C address select ion 
32 In wpu nAMPON HW mode: Amplifier enable cont rol 
33 O/ C CLIP Clip indicat ion 

Pulled low when amp clips. OR t ie with other channels and pull 
up. 

34 O/ C SCCPIND Overcurrent  indicat ion 
35 O/ C 

Out  
SDA 
READY 

SW mode: Data line of I²C bus 
HW mode: Operat ing indicator (act ive high) 

36 In 
O/ C 

SCL 
nFATAL 

SW mode: Clock line of I²C bus 
HW mode: Catast rophic fault  indicat ion, inverse of internal 
FATAL bit . 

Not e 1: o/ c=open collector  
Not e 2: wpu=weakly  pulled up to 3.3V, not  to be driven above 3.3V. 

8.1 Supply  connect ions 
An unregulated split  supply  of 2x84V is connected to the HV, GND and +HV pins. The amplifier will 
operate from 2x35V upward but  rated output  power is not  available at  low voltages. 
The VDR supply  should be connected between HV and VDR. Any other connect ion may cause 
damage or excessive heat  output . 
All GND pins are direct ly  connected to the same ground plane. A separate GND pin (27) is provided 
near t he small-signal end of t he connector for convenience only . No dist inct ion is made between 

nputs and outputs are configured as different ial 
signal pairs t hat  do not  rely  on GND as a reference potent ial. 

8.2 Speak er and feedback  connect ions 
The speaker output  is t he OUTH/ OUTC signal pair. St rict ly  connect  t he speaker between OUTH and 
OUTC. Do not  t reat  OUTC as a ground terminal. 
FBH and FBC m ust  be connect ed t o OUTH and OUTC not  more than a few cm away from the 
amplifier. This is done to elim inate the contact  resistance of J3 from the output  impedance. The 
point s where FBH/ FBC take off from OUTH/ OUTC may be used to branch off biwired connect ions. 

(  likewise) with one wide t race is perfect ly  
acceptable. 
Using FBH/ FBC to sense remotely  (e.g. at  the end of a speaker cable) does not  work well. Do not  leave 
FBH/ FBC unconnected. 

8.3 Audio inpu t  
The INH/ INC inputs form a different ial pair. Note t hat  t he input  impedance is fairly  low meaning that  

 All op amps commonly  used in audio 
can handle them though. See sect ion 11.2 for suggested circuit s and connect ions. 
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Do not  
intended for driving XLR outputs or t ransformers. Using a float ing source will always result  in a 
common mode component  t hat  will exceed the common mode input  range and will manifest  it self as 
gross distort ion. Make sure to set  the outputs of your distort ion analyser to grounded, not  float ing. 

9 Operat ion  in  Hardw are m ode 
When OPTION (pin 31) is left  unconnected, the amplifier is operated in Hardware mode. 
Hardware cont rol consist s of a single cont rol line, nAMPON. Pulling nAMPON low enables the 
amplifier as soon as all error condit ions have been cleared for at  least  one second.  

9.1 READY 
The READY pin is pulled high whenever the amplifier is amplify ing audio. When it  mutes, for 
whatever reason, READY goes low. This includes periodic mutes after sustained overcurrent  events. 

9.2 CLIP 
The CLIP indicator pin is act ive low, open collector, meaning that  t he CLIP indicator of several 
channels may be paralleled. An external pull-up resistor should be at tached. The CLIP indicator is 
asserted whenever the amplifier is unable to t rack the input  accurately : 

x Normal clipping 
x Current  lim it ing 
x Signal input  during mut e 

Note that  whilst  muted the amplifier is clearly  unable to t rack any input  other t han zero. The 
applicat ion circuit  should ignore the CLIP flag when during mute as it  is likely  t hat  t he CLIP indicator 
will be chat tering most  of the t ime.  

9.3 SCCPIND 
The amplifier has a two-stage overcurrent  protect ion. Short  overcurrent  events are covered by a 
cycle-by-cycle lim iter which clips the output  signal in t he current  domain. When too many swit ching 
cycles are term inated by  the cycle-by-cycle lim iter, indicat ing a sustained overload, the amplifier will 
mute momentarily  t o allow the output  devices to cool down. 
SCCPIND is an open-collector, act ive low output  that  outputs t he cycle-by-cycle pulses. 

9.4 nFATAL 
nFATAL is an open collector, act ive low output  which is assert ed when the amplifier senses a large DC 
voltage at  t he output . When a >15V DC potent ial is detected, the amplifier will first  mute because the 
reason might  well be DC at  t he input . If t his fails to restore the output  t o zero, nFATAL will be pulled 
low to indicate catast rophic failure. 
IMPORTANT: For sa fet y  reasons, t he app l i ca t ion  m ust  be ab le t o respond t o t h i s l i ne by  
t u rn ing  t he pow er supp ly  off.  
Do not  use output  relays. Apart  from causing distort ion, a relay  is not  suit ed t o disconnect  a heavily  
induct ive load like a loudspeaker. Typical loudspeakers store enough energy to weld the relay  shut , 
maintaining the safety  hazard. 

10 Operat ion  in  Soft w are m ode 
When OPTION (pin 31) is pulled-down, t he amplifier is operated in Software mode. In software mode, 
pin 36 is configured as SCL and pin 35 as SDA. These lines should be pulled to 3.3V with 4.7k 
resistors externally . The I2C bus should be operated at  the standard 100kHz rate. 
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10.1 Address select ion  
The NC500OEM support s up to 16 I2C addresses. Set  t he address by pulling OPTION to GND through 
a resistor. 
Pu l l -dow n  resist or a t  Pin  31 I2C address 
0 1011000x 
1.8k 1011001x 
3.9k 1011010x 
6.8k 1011011x 
10k 1011100x 
12k 1011101x 
18k 1011110x 
22k 1011111x 
27k 1011000x 
33k 1011001x 
47k 1011010x 
56k 1011011x 
82k 1011100x 
120k 1011101x 
180k 1011110x 
390k 1011111x 
X=r/ w bit . 

10.2 Regist ers 

10.2.1  Regist er 0: St a t us by t e 1 
Bi t  R/ W  Funct ion  
7 R FATAL. Shut  down power supply  immediately  when this bit  it  set . See 9.4. 
6 R FreqError. Indicates direct  short  very  close to the connector. 
5 R OverLoadError. Flags amp is being muted due to sustained overcurrent  
4 R -HV undervoltage. Clears as soon as -HV is above t he UVP lim it . 
3 R +HV undervoltage. Clears as soon as +HV is above the UVP lim it . 
2 R -HV overvoltage. Clears as soon as -HV has returned below the OVP lim it . 
1 R +HV overvoltage. Clears as soon as +HV has returned below the OVP lim it . 
0 R DC error. Excessive DC content  was found at  the output .  

10.2.2  Regist er 1: St a t us by t e 2 
Bi t  R/ W  Funct ion  
7 R Always set  to 0 
6 R Always set  to 1 
5  Reserved 
4  Reserved 
3 R Overtemperature. Clears as soon as temperature has dropped back to the lower 

hysteresis lim it . 
2 R Amplifier Ready. High when the amplifier is working normally  and not  mut ed. 
1 R VDR undervoltage 
0 R VDR overvoltage 

10.2.3  Regist er 2: Com m and  by t e 
Bi t  R/ W  Funct ion  
0 R/ W AmpEnable, writ e 1 to enable (unmute) amp, clear t o mute 
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10.2.4  Regist er 3-7: Measu red param et ers 
Reg Funct ion  
3 +HV, in volt s 
4 -HV, in volt s 
5 VDR, in tenths of volt s 
6 NTC reading, contact  for further details 
7 Frequency reading in unit s of 64kHz 
8 Product  number (5 for NC500) 

10.3 Prot ect ion  l im i t s 
It em  Sy m bol  Rat ing  Un i t  Not es 
+/ -HV undervoltage  35 V  
+/ -HV overvoltage  101 V  
VDR undervolt age  13.5 V  
VDR overvoltage  17.5 V  
Overtemperature  95 °C  
Overtemp, lower 
hysteresis 

 85 °C  

11 Appl ica t ion  h in t s 

11.1 Therm al  considera t ions 
The amount  of cooling needed by the NC500OEM varies with usage. Idle dissipat ion is around 6.3W. 
Addit ional power loss scales linearly  with output  power. A good rule of t humb is Ploss=Pidle+0.06*Pout. 
Please refer to the Thermal Design App Note on the Hypex web sit e for more details. 

11.2 Inpu t  Condi t ion ing /  Bu ffer ing 
Unlike in many other Hypex products, no input  buffer is present  as manufacturers of audiophile 
equipment  t end to bypass it  anyway and design t heir own. The NC500 is pract ically  devoid of any  

 For direct  
connect ion to external equipment , t he recommended input  circuit  is given in Figure 1. EMC/ ESD 
countermeasures are left  out  for clarit y . 

1.
5k

INC

INH

3.3k

3.3k

LM4562

47
k

47
k

1 2

3

 
Figu re 1: Recom m ended ci rcu i t  for  XLR inpu t s 

For further clarificat ion of how to connect  RC Dealing 
with Legacy Pin-1 Problems
good refresher course in t he use of balanced signalling. 
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The impedance of t he NC500 input  is relat ively  low and because of t he specific configurat ion, drive 
currents may  become higher than expected. Use the model of Figure 2 to est imate input  current : 

1.2k 1.2k 10k

1.2k 1.2k 10k

8k

8k

INC

INH

 
Figu re 2: Equ iva len t  m odel  of NC500 for  inpu t  cu r ren t  est im at ion  

The input  is clearly  different ial. The opt imum choice of input  circuit  depends on the sit uat ion. Most  
audio designers incorrect ly  assume that  it  is necessary  to drive different ial inputs with symmet r ical 
signals. This is ent irely  unnecessary . For instance, a single op amp suffices to interface most  DAC 
chips with the NC500 as shown in Figure 3. Circuit  values depend on the DAC output  volt age and the 
required maximum output  from the amplifier. 

1.5k 1.5k

18
k

18
k

INC

INH

1.5k 1.5k

2.2n

2.2n

68p

68p

AOUTR+

AOUTR-

AK4396

LME49860

 
Figu re 3: Recom m ended in t er face bet w een  Vol t age-ou t  DAC and NC500 

The only  potent ial drawback to this method is, depending on the maximum required speaker voltage, 
t he need for fairly  high supply  rails for t he op amp. A symmet rical output  volt age solves this but  
again, t his is only  a pract ical considerat ion. There are no inherent  performance benefit s at tached to 
symmet ry . In fact , in order not  t o lose performance the drive circuit  needs some forethought  in order 
t o keep the number of amplify ing stages minimal (i.e. one). 
The neatest  and probably  best , but  not  necessarily  t he cheapest , is t o use an op amp with two 
outputs as shown in Figure 4. 
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1.5k 1.5k

18
k

18
k

INC

INH

1.5k 1.5k

2.2n

2.2n

68p

68p

AOUTR+

AOUTR-

AK4396

LME49724

 
Figu re 4: In t er face ci rcu i t   for l ow  supp ly  ra i l s 

A low-cost  alt ernat ive is building the circuit  of Figure 3 twice, once with the inputs reversed and 
t y ing INC to the other output . You get  double the number of passives but  t his will be more than 
offset  by  the availabilit y  of much cheaper lower-voltage duals. 
 

12 Draw ings 
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pin 1
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DISCLAIMER: Th is subassem bly  i s designed for  use in  m usic rep rodu ct ion  equ ipm en t  on l y . 
No represen t a t ions are m ade as t o f i t ness for ot her uses. Except  w here not ed ot herw ise any   
speci f i ca t ions g i ven  pert a in  t o t h i s subassem bly  on ly . Responsib i l i t y  for ver i fy ing  t he 
perform ance, sa fet y , rel i ab i l i t y  and com pl iance w i t h  lega l  st andards of end p roduct s usin g  
t h is subassem bly  fa l l s t o t he m an u fact u rer of sa id  end produ ct . 
  
LIFE SUPPORT POLICY: Use of Hy pex p roduct s i n  l i fe suppor t  equ ipm en t  or  equ ipm en t  w hose 
fa i l u re can  reasonab ly  be expect ed t o resu l t  i n  i n ju ry  or  deat h  i s n ot  perm i t t ed  except  by  
exp l i ci t  w r i t t en  consen t  from  Hy pex Elect ron ics BV. 
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