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INTRODUCTION 

The CITATION XXP i s designed t o be the p u r e s t , most a c c u r a t e h i g h 
f i d e l i t y p r e a m p l i f i e r a v a i l a b l e today. I t p r o v i d e s p r e c i s e RIAA 
e q u a l i z a t i o n and a m p l i f i c a t i o n f o r low l e v e l and h i g h l e v e l moving-
magnet type phono c a r t r i d g e s and f l a t a m p l i f i c a t i o n f o r h i g h l e v e l 
i n p u t s . I n the i n t e r e s t o f p u r i t y and s i m p l i c i t y , t h e o n l y f e a t u r e s 
p r o v i d e d are a subsonic f i l t e r , i n p u t s e l e c t o r s w i t c h and l e v e l c o n t r o l s . 

DYNAMIC PERFORMANCE 

The performance o f h i g h f i d e l i t y components i s u s u a l l y s p e c i f i e d i n 
terms o f t o t a l harmonic d i s t o r t i o n (THD), f r e q u e n c y response, r a t e d 
power, e t c . These s p e c i f i c a t i o n s are based on measurements made w i t h 
s t e a d y - s t a t e s i n e wave i n p u t s i g n a l s . 

However, as many l i s t e n i n g t e s t s have i n d i c a t e d , e x c e l l e n t s t e a d y - s t a t e 
s p e c i f i c a t i o n s do no t guarantee e x c e l l e n t sound q u a l i t y . That's because 
e x c e l l e n t s t e a d y - s t a t e s p e c i f i c a t i o n s are r e l a t i v e l y easy t o a c h i e v e . 
S t e a d y - s t a t e s i n e waves are sy m m e t r i c a l waveforms t h a t are r e l a t i v e l y 
slow. They are a l s o pure tones and t h e r e f o r e c o n t a i n no harmonics. 

Music s i g n a l s , i n c o n t r a s t , are c o n s t a n t l y changing i n b o t h a m p l i t u d e 
and f r e q u e n c y . They can have l a r g e , even dominant, harmonic c o n t e n t 
c o v e r i n g a wide f r e q u e n c y range, w i t h a s i n g l e waveform. 

Because o f t h i s , music s i g n a l s are h i g h l y s u s c e p t i b l e t o a type o f 
d i s t o r t i o n t h a t a l t e r s the p r e c i s e r e l a t i o n s h i p between t h e fundamental 
tones and t h e i r harmonics. T h i s i s c a l l e d Phase D i s t o r t i o n . 

I t r e s u l t s i n a degraded s t e r e o image. And i t i s t h i s same phase 
d i s t o r t i o n t h a t i s the u n d e r l y i n g reason why many h i g h - f i d e l i t y components 
(which have e x c e l l e n t s t e a d y - s t a t e s p e c i f i c a t i o n s ) have been c r i t i c i z e d 
as sounding " t w o - d i m e n s i o n a l . " 

F o r t u n a t e l y , the problem o f Phase D i s t o r t i o n can be s o l v e d . The means 
to do so are d i r e c t l y r e l a t e d t o the upper and lowe r frequency l i m i t a t i o n s . 

AC c o u p l i n g a t a v e r y low fr e q u e n c y l i m i t (such as a f r a c t i o n o f a 
H e r t z ) helps t o e l i m i n a t e phase s h i f t . And d i r e c t c o u p l i n g c o m p l e t e l y 
e l i m i n a t e s low frequency phase s h i f t s . 

High frequency phase s h i f t can be reduced by e x t e n d i n g the h i g h f requency 
response f a r beyond 20kHz. But c i r c u i t s w i t h such h i g h upper frequency 
l i m i t s o f t e n have o t h e r problems, such as r i n g i n g and o s c i l l a t i o n . 

The t a b l e below c o r r e l a t e s f r e q u e n c y response l i m i t a t i o n s t o phase 
s h i f t , assuming a simple 6 dB/oct. r o l l - o f f . 
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LOW FREQUENCY LIMIT VS PHASE SHIFT 

ATTENUATION 
AT 20 HZ 

-3 dB 
-2 dB 
-1 dB 
-0.5 dB 
-0.25 dB 

LOW FREQUENCY 
LIMIT (-3dB) 

20 HZ 
10.2 HZ 
7.0 HZ 
4.9 HZ 
3.4 HZ 

PHASE SHIFT 
AT 20 HZ 

+45° 
+ 27° 
+19.3° 
+13.7° 
+ 9.7° 

HIGH FREQUENCY LIMIT VS PHASE SHIFT 

ATTENUATION 
AT 20KHZ 

-3 dB 
-2 dB 
-1 dB 
-0.5 dB 
-0.25 dB 

HIGH FREQUENCY 
LIMIT (-3dB) 

20 KHZ 
39.3 KHZ 
57.3 KHZ 
82.2 KHZ 

117.0 KHZ 

PHASE SHIFT 
AT 20KHZ 

-45° 
-27° 
-19.3° 
-13.7° 
- 9.7° 

High frequency n o n - l i n e a r i t i e s t h a t produce s o n i c d i s t o r t i o n a re ano t h e r 
s e r i o u s problem. I n o r d e r f o r a c i r c u i t t o p r o v i d e improved q u a l i t y , 
the bandwidth must n o t o n l y be v e r y wide, b ut the s t a b i l i t y and l i n e a r i t y 
must be m a i n t a i n e d . 

ULTIMATE PREAMPLIFIER CIRCUIT DESIGN 

CITATION engineers s e t out t o d e s i g n t he u l t i m a t e p r e a m p l i f i e r c i r c u i t r y 
A f t e r much r e s e a r c h and development, the y f i n a l i z e d t h e i r d e s i g n and 
concluded t h a t w i t h some m o d i f i c a t i o n , i t c o u l d be used i n b o t h the 
phono and f l a t a m p l i f i e r s e c t i o n s . 

The r e s u l t i s a c o m p l e t e l y s y m m e t r i c a l CLASS A d e s i g n . I t has an u l t r a -
low n o i s e , p u s h - p u l l FET i n p u t and a f u l l y complementary D a r l i n g t o n 
o u t p u t . The open-loop (uncompensated) frequency response i s DC-300 kHz 
and uses 20 dB o f n e g a t i v e feedback. The power supply v o l t a g e s t o the 
c i r c u i t are ±30V i n the phono s e c t i o n and ±20V i n the f l a t a m p l i f i e r 
s e c t i o n . Each channel o f each s e c t i o n i s c o n s t r u c t e d i n d e p e n d e n t l y and 
p o t t e d i n a r e s i n - e p o x y module. The p o t t e d module p r o v i d e s t e m p e r a t u r e 
t r a c k i n g and s t a b i l i t y between t r a n s i s t o r s , i n a d d i t i o n t o p r o t e c t i o n 
a g a i n s t c o n t a m i n a t i o n . 
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The b a s i c c i r c u i t d e s i g n o f the CITATION XXP i s shown i n the b l o c k 
diagram (FIG 1 . ) . One stage o f a m p l i f i c a t i o n and e q u a l i z a t i o n i s i n 
the phono s e c t i o n s , w h i l e the second stage o f a m p l i f i c a t i o n i s employed 
a f t e r the f u n c t i o n s e l e c t o r s w i t c h , which a l l i n p u t s i g n a l s pass t h r o u g h . 
This second stage o f a m p l i f i c a t i o n i s c a l l e d the " f l a t a m p l i f i e r " or 
" o u t p u t a m p l i f i e r " s e c t i o n . The phono s e c t i o n and the o u t p u t s e c t i o n 
share many elements, such as e x t r e m e l y low n o i s e and d i s t o r t i o n , e x c e l l e n t 
t r a n s i e n t response, h i g h i n p u t impedance, low o u t p u t impedance, and 
s i m i l a r g a i n ( a m p l i f i c a t i o n f a c t o r ) . 

Figure 1: Cit.XXP Block Diagram 

THE IDEAL PHONO PREAMPLIFIER 

Because t h e r e are so many d i f f e r e n t performance aspects i n v o l v e d i n 
the r e p r o d u c t i o n o f e x c e l l e n t sound q u a l i t y , the phono s e c t i o n o f a 
s t e r e o p r e a m p l i f i e r i s v e r y d i f f i c u l t t o d e s i g n . The i d e a l phono preamp 
must i n c l u d e a l l o f the f o l l o w i n g : 

1. P r e c i s e RIAA play b a c k e q u a l i z a t i o n 

2. Performance t h a t i s immune t o a h i g h , n o n l i n e a r , 
r e a c t i v e source impedance. 

3. Low, r e s i s t i v e o u t p u t impedance. 

4. Gain ( a m p l i f i c a t i o n ) o f approx 30-40 dB (30-100 t i m e s ) 

5. Very low n o i s e 

6. High o v e r l o a d l e v e l 

7. E x c e l l e n t t r a n s i e n t response 

8. E x c e l l e n t l i n e a r i t y ( l o w harmonic d i s t o r t i o n ) 
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Yet i n many cases d e s i g n elements c o n f l i c t w i t h each o t h e r . The most 
p o p u l a r method o f phono s e c t i o n d e s i g n i s the use o f a f l a t , h i g h g a i n 
a m p l i f i e r w i t h n e g a t i v e feedback e q u a l i z a t i o n (FIG. 2A). The problem 
w i t h t h i s method i s t h a t t h e n e g a t i v e feedback i s n o t c o n s t a n t over 
the audio frequency range, and i s ex c e s s i v e i n the h i g h f r e q u e n c i e s 
(FIG. 2B). The e f f e c t o f t h i s i s s e r i o u s l y reduced t r a n s i e n t response. 
Percussive music s i g n a l s such as cymbals and t r i a n g l e s w i l l seem muted 
and l a c k i n g i n d e t a i l . U n f o r t u n a t e l y , under s t e a d y - s t a t e t e s t s , t h i s 
type o f c i r c u i t performs v e r y w e l l . The good s t e a d y - s t a t e specs m i s l e a d 
many audio consumers i n t o b e l i e v i n g t h a t t h e c i r c u i t has good dynamic 
performance, as w e l l . 

A somewhat l e s s p o p u l a r method o f phono s e c t i o n d e s i g n i s the use o f 
passive e q u a l i z a t i o n : i t i s accomplished w i t h o u t t h e use o f n e g a t i v e 
feedback o r a c t i v e ( t r a n s i s t o r ) c i r c u i t r y . However, t he phono s e c t i o n 
o f a p r e a m p l i f i e r must a l s o p r o v i d e g a i n , and i n p u t / o u t p u t impedance 
c o m p a t i b i l i t y . Because o f t h i s , t h e p a s s i v e c i r c u i t r y must be used i n 
c o n j u n c t i o n w i t h a c t i v e b u f f e r a m p l i f i e r s a t the i n p u t and/or o u t p u t . 
(FIG. 3) Al t h o u g h these c i r c u i t s o f f e r g r e a t l y improved t r a n s i e n t 
response, they have an i n h e r e n t l y i n f e r i o r s i g n a l - t o - n o i s e r a t i o . 

DUAL RIAA EQUALIZED PHONO SECTION 

CITATION d e s i g n e n g i n e e r s , f u l l y aware o f the p o s i t i v e and n e g a t i v e 
aspects o f b o t h o f the b a s i c phono s e c t i o n s d e s c r i b e d above, developed 
an a l t e r n a t i v e . I t combines t he best aspects o f b o t h b a s i c d e s i g n s , 
w i t h none o f t h e i r drawbacks, and p r o v i d e s a l l e i g h t o f the re q u i r e m e n t s 
p r e v i o u s l y s t a t e d . 

The CITATION XXP phono s e c t i o n has the b a s i c c o n f i g u r a t i o n shown i n 
FIG. 4A. The c i r c u i t r y has b o t h a c t i v e and pa s s i v e RIAA e q u a l i z a t i o n , 
hence the d e s i g n a t i o n "DUAL RIAA EQUALIZED". This Dual RIAA c i r c u i t 
i s s u p e r i o r t o the more p o p u l a r NFB EQ c i r c u i t i n two ways: 1) v e r y 
l i t t l e feedback i s used, and 2) the amount o f feedback i s c o n s i s t e n t 
t h r o u g h o u t the audio f r e q u e n c y range (FIG. 4B). The r e s u l t i s e x c e l l e n t 
t r a n s i e n t response. And the Dual RIAA c i r c u i t a l s o o ut performs the 
passive EQ c i c u i t . The Dual RIAA c i r c u i t i n h e r e n t l y adds l e s s n o i s e 
t o the music s i g n a l t h a n t h e i n p u t and o u t p u t b u f f e r s t h a t must be 
used w i t h t h e pass i v e EQ c i r c u i t . 

FLAT AMPLIFIER (OUTPUT) SECTION 

Another v i t a l component o f the h i g h f i d e l i t y p r e a m p l i f i e r i s the o u t p u t 
s e c t i o n . I t p r o v i d e s f l a t , wideband a m p l i f i c a t i o n t o whichever source 
i s s e l e c t e d by the f u n c t i o n s w i t c h ; o u t p u t l e v e l c o n t r o l (volume c o n t r o l ) ; 
and s u f f i c i e n t c u r r e n t and v o l t a g e t o d r i v e n e a r l y a l l power a m p l i f i e r s 
v i a a l o n g l e n g t h o f c o - a x i a l c a b l e . 
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Figure 2A: NFB Phono Section 

Figure 2B: Amount of Negative Feedback 
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Figure 3: Passive Phono Section 

Figure 4A: Dual RIAA Phono Section 
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Figure 4B: Uniform Negative Feedback 

FREQUENCY (Hz) 

INPUT ATTENUATORS 

I n o r d e r t o o b t a i n t he best o v e r a l l performance, t he s i g n a l l e v e l must 
be as h i g h as p o s s i b l e w i t h o u t o v e r l o a d . I n c o n v e n t i o n a l d e s i g n s , o n l y 
one l e v e l c o n t r o l , l a b e l e d "volume," i s used. When the l e v e l c o n t r o l 
i s p ut a t the i n p u t t o t h e f l a t a m p l i f i e r , t h e f l a t a m p l i f i e r i s p r o t e c t e d 
from o v e r l o a d . (FIG. 5) However, depending upon the o u t p u t l e v e l r e q u i r e d , 
the f l a t a m p l i f i e r i s n o t l i k e l y t o be d r i v e n t o a h i g h enough l e v e l t o 
o b t a i n t h e b e s t sound q u a l i t y . The most obvious d e g r a d a t i o n i n sound 
q u a l i t y , i n t h i s case, i s a reduced s i g n a l - t o - n o i s e r a t i o . 

When the l e v e l c o n t r o l i s p l a c e d a t the o u t p u t o f t h e f l a t a m p l i f i e r , 
i t i s t h e o r e t i c a l l y p o s s i b l e t o d r i v e t h e f l a t a m p l i f i e r v e r y h i g h 
and o b t a i n e x c e l l e n t sound q u a l i t y . As t h e o u t p u t l e v e l i s reduced, so 
i s t h e n o i s e , which m a i n t a i n s t h e s i g n a l - t o - n o i s e r a t i o . However, i n 
t h i s case, t he i n p u t l e v e l t o t h e f l a t a m p l i f i e r i s de t e r m i n e d by one 
of these elements: 1) the s e n s i t i v i t y o f t h e phono c a r t r i d g e ; 2) the 
g a i n o f t h e phono c a r t r i d g e t r a n s f o r m e r ( i f a n y ) ; o r 3) the o u t p u t l e v e l 
o f a tape deck or a u x i l i a r y component. I t i s n o t l i k e l y t h a t t h e i n p u t 
l e v e l t o the f l a t a m p l i f i e r i s t h e p r e c i s e l e v e l t h a t d r i v e s i t t o j u s t 
below o v e r l o a d . I n t h i s s i t u a t i o n , a v e r y h i g h l e v e l i n p u t would cause 
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Figure 5: Flat Amplifier w/lnput and Output Attenuators 

the f l a t a m p l i f i e r t o o v e r l o a d and t h e l e v e l c o n t r o l c o u l d n o t s o l v e 
the problem. A weak i n p u t s i g n a l would n o t d r i v e t he f l a t a m p l i f i e r 
h i g h enough and the sound q u a l i t y , p a r t i c u l a r l y t h e s i g n a l - t o - n o i s e 
r a t i o , would s u f f e r . 

I n t h e CITATION XXP, an a t t e n u a t o r i s used a t the i n p u t t o t h e f l a t 
a m p l i f i e r , so i t can be g i v e n t h e optimum i n p u t l e v e l . A l s o , a main 
o u t p u t l e v e l c o n t r o l (volume c o n t r o l ) i s l o c a t e d a t t h e o u t p u t o f the 
f l a t a m p l i f i e r . T h e r e f o r e , even though the f l a t a m p l i f i e r i s b e i n g 
d r i v e n a t a h i g h , but optimum l e v e l , t h e o u t p u t l e v e l can be c o n t r o l l e d , 
w h i l e t he s i g n a l - t o - n o i s e r a t i o i s m a i n t a i n e d . 

The CITATION XXP c i r c u i t , employing b o t h i n p u t and o u t p u t l e v e l c o n t r o l , 
i s a s u p e r i o r , no-compromise d e s i g n . 

POWER SUPPLY SECTION 

The power supply o f t h e CITATION XXP, l i k e t h a t o f most h i g h f i d e l i t y 
p r e a m p l i f i e r s , c o n v e r t s 110-120 v o l t , 50-60 HZ AC power t o DC. 

To an e x t e n t , t he CITATION XXP c i r c u i t r y i s u n a f f e c t e d by i r r e g u l a r i t i e s 
i n DC power s u p p l i e s . However, performance and sound q u a l i t y a re best 
when power s u p p l i e s are a b s o l u t e l y s t a b l e . For t h i s r e ason, much 
e n g i n e e r i n g e f f o r t has been spent on p r o v i d i n g DC power t o a l l c i r c u i t s . 
The l e f t and r i g h t channels o f t h e phone and the f l a t a m p l i f i e r s e c t i o n s 
each have t h e i r own independent, d u a l p o l a r i t y r e g u l a t e d power s u p p l i e s 
(a t o t a l o f 8 power s u p p l i e s ) . W i t h t h i s huge amount o f power s u p p l y , 
i s o l a t i o n and c a p a c i t y , n o t o n l y i s each channel s e p a r a t e , but the 
phono s e c t i o n and f l a t amp s e c t i o n o f each channel are a l s o independent. 
Large s i g n a l s i n one channel do n o t a f f e c t t h e o t h e r s . The phono 
s e c t i o n s are n o t a f f e c t e d by t h e o u t p u t l e v e l o r the impedance l o a d on 
the o u t p u t c i r c u i t r y . The 110-120 v o l t AC power i s c o n v e r t e d t o t h e 
necessary o p e r a t i n g v o l t a g e s by a l a r g e t o r o i d a l power t r a n s f o r m e r . 
This t o r o i d a l t r a n s f o r m e r p r o v i d e s a low impedance t o each sup p l y and 
generates l e s s leakage f l u x t h a n t h e c o n v e n t i o n a l , r e c t a n g u l a r core 
t r a n s f o r m e r s . The r e s u l t i s e x c e l l e n t power sup p l y s t a b i l i t y and lower 
hum. 
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CONSTRUCTION 

A f t e r t h e c i r c u i t s and power s u p p l i e s were p e r f e c t e d , CITATION engineers 
s t i l l measured and heard minor i m p e r f e c t i o n s i n t h e XXP performance. 
I n t e r e s t i n g l y enough, these i m p e r f e c t i o n s were t r a c e d t o the c o n s t r u c t i o n . 
T h e r e f o r e , more e n g i n e e r i n g e f f o r t was spent d e v e l o p i n g a m o d i f i e d 
c o n s t r u c t i o n t h a t would n o t a f f e c t t h e sound o f the c i r c u i t r y . These 
are t h e r e s u l t s o f t h a t e f f o r t : 

The CITATION XXP i s enclosed i n an EIA s t a n d a r d 3 1/2 i n c h x 19 i n c h 
r a c k mount c h a s s i s . T h i c k t o p and bottom p l a t e s are used, and each 
p l a t e i s made o f a metal chosen f o r i t s s h i e l d i n g and g r o u n d i n g c a p a b i l i t y . 
The l a y o u t o f the r e a r panel j a c k s , c i r c u i t modules, l e v e l c o n t r o l s 
and s w i t c h e s are a l l l o c a t e d t o p r o v i d e t h e s i m p l e s t p o s s i b l e s i g n a l 
p a t h . A sub-enclosure houses t he power s u p p l y , f u r t h e r r e d u c i n g hum and 
no i se. 

A l l e l e c t r i c a l c o n n e c t i o n s , f r o m t h e i n p u t t o o u t p u t j a c k s t o the 
co n n e c t i n g t e r m i n a l s between modules, are made v i a g o l d - p l a t e d s u r f a c e s . 
This i n s u r e s e x c e l l e n t e l e c t r i c a l c o n t a c t , because g o l d i s immune t o 
the c o r r o s i o n t h a t a f f e c t s c o n v e n t i o n a l c o n n e c t o r s . 
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Citation XXP 
SPECIFICATIONS 

INPUT SENSIT IV ITY/ IMPEDANCE 
Phono 1: 1.6mV/47k Ohm, 120 pf 
Phono 2: 3.2mV/47k Ohm, 120 pf 

Aux/Tape Play: 100 mV/27k Ohm 

INPUT O V E R L O A D L E V E L 
Phono 1: 220 mV 
Phono 2: 440 mV 

Aux/Tape Play: 750 mV 

O U T P U T L E V E L : 1 Volt (Nominal), 10 Volts (Max) 

SIGNAL-TO-NOISE RATIO (A-WTD/UNWTD) 
Phono 1: 82dB/74dB 
Phono 2: 84dB/76dB 

Aux/Tape Play: 94dB/90dB 

F R E Q U E N C Y R E S P O N S E 
Phono (RIAA Accuracy): 20 Hz 20k Hz, ± 0 15dB 

Aux/Tape Play: 0.1 Hz-300k Hz to ±9dB (Output Level Max.) 
0.1 Hz-100 Hz 9 ± d B (Worst Case: Output Level 
- 6 d B , 1000 pf Capacitive Load) 

SUBSONIC F ILTER C H A R A C T E R I S T I C S : - 3 d B at 15 Hz, 6dB/Octave Slope 

All specifications and features subject to change without notice. Citation, 240 Crossways Park West, Woodbury, New York 11797 


