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ABSTRACT. The effects of annealing that occur during VPE growth of GaN 
were investigated. GaN powder (and epilayers) samples were annealed in 
Ar, N2, H2, NH3, HC1 + N2 and HC1 + H2(N2, H? and HC1 + N 2 ) , respectively; 
under a range of experimental conditions of interest for preparing 
electroluminescent devices. Good surface appearenee Zn doped epilayers 
were also used under N2 in order to investigate surface morphology changes 
due to thermal decomposition. It was found that GaN reacts with H2, remains 
stable under NH3, and the effects of thermal decomposition are somewhat 
enhanced with HC1. The epilayers' behaviour under thermal decomposition 
and HC1 are interpreted by the greater stability of the (0001) crystal 
plane, which accounts for the improvement of the surface quality under 
special growth conditions. Significant observations are reported concerning 
GaN decomposition in different ambients. 

RESUMO. Os efeitos de recozimento decorrentes do crescimento epitaxial em 
fase vapor do GaN foram investigados. Amostras em pó (e camadas epitaxiais) 
de GaN foram recozidas com Ar, N2, H2, NH3, HC1 + N2 e HC1 •» H2(N2, H2 e 
HC1 + N 2), respectivamente, sob condições exporimentais de interesse para a 
preparação de dispositivos eletroluminescentes. Canadas epitaxiais dopadas 
com Zn apresentando boa qualidade de superfície foram também recozidas em 
N2, para a investigação de mudanças morfológicas produzidas na superfície 
pela decomposição térmica. Os resultados mostram que GaN reage com H2, per
manece estivei sob NH3, e os efeitos produzidos pela decomposição térmica 
são favorecidos com HC1. 0 comportamento das camadas epitaxiais durante a 
decomposição térmica e em HC1 são interpretadas pela maior estabilidade do 
plano (0001), explicando o melhoramento obtido na qualidade de superfície 
sob condições especiais de crescimento. São apresentadas observações sig
nificativas sobre a decomposição do GaN em diversos ambientes. 

* Work partially supported by FINEP, CNPq and CAPES. 
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1. INTRODUCTION 

Gallium nitride has emerged in recent years as an 

1—12 

interesting new material for electroluminescent applications 

Very attractive luminescence efficiencies have been reported 

with Zn doping for the yellow, green and blue emissions. 

Moreover, electroluminescent structures operating at low 

threshold voltages were prepared, in particular for the blue 

emission where there is no commercial emitting device available. 

Yet, GaN has not been developed as a new device material, 

largely because of the scattered results obtained in its 

preparation. Most of the effort is still concentrated on the 

exploration of suitable growth conditions. 

Although GaN may be grown by several different growth 
13 — 15 

methods , single crystals for electroluminescent structures 

are only prepared by vapor phase epitaxy (VPE) over sapphire 

substrates following the technique introduced by Maruska and 

Tietjen16. Larger growth rates and continuous layers of better 

quality are obtained this way. 

In previous works, we have reported about the external 

parameters that govern VPE growth in order to prepare reproducible 
9— I 2 

electroluminescent devices , as well as contributions to the 

understanding of the epitaxial relationship among GaN,its sapphire , 
17 18 

substrate and Zn doping incorporation ' . I t was shown that 

free additional HC1 in the deposition zone is an important and 

very useful tool in preparing reproducible epilayers of well 

defined electrical and optical characteristics. For instance, 

blue emitting devices with an external quantum efficiency art 



high as 10 are obtained by simply varying the partial pressure 

of additional HC1 (PHC1 dd) between the two active grown 

layers- Moreover, additional HC1 has another important effect 

on Zn doped layers; it improves the surface quality. Good 

surface quality is essential to prepare reproducible electroluminescent 

devices, in order to spread the electric field inside the 

structure and avoid breakdown effects. 

In spite of these results, the influence of HC1 and 

other gases present during VPE growth of GaN is not clearly 

established. For instance, Sano and Aoki19 claim that HC1 reacts 

readily with GaN resulting considerably in a lower growth rate. 

Although the latter observation is consistent with our previous 

9 1 Ü 

results ' since HC1 is one of the products of the reaction of 

GaN formation, no noticeble reaction was observed to occur with 

GaN7. On the other hand, some investigators growing GaN for 

electroluminescent devices use H2 as carrier, whereas it was 

previously stated7, in agreement with Morimoto20, that H2 attacks 

GaN so it is preferable to work under a neutral gas instead. 

In this paper we report a more careful analysis on the 

effects of each gas present during VPE growth of GaN. GaN powder 

was annealed in the Ar-N2-H;>-NH3-HCl system under conditions 

where electroluminescent devices are usually prepared. The powder 

is more easily affected by the annealing gas due to a larger 

disposable free surface. However, GaN is thermally unstable at 

high temperatures, so we have first studied the effects of 

thernal decomposition under a neutral gas, in order to establish 

by comparison with any other annealing gas, wether a reaction 

occurs or not. in addition, the effects of thermal decomposition, 



Ü2 and HC1 upon GaN epilayers were studied with a particular 

emphasis on the aspects affecting the surface quality of the 

layers. Although the latter are important in obtaining 

reproducible electroluminescent devices, they have received 

little attention in the literature. Finally, this study being 

undertaken as a part of a general one on electroluminescent 

devices based on Zn doped GaN £, the results obtained as well 

as other related phenomena to growth, are discussed and compared 

to results reported by other investigators. 

2. CRYSTAL GROWTH 

GaN powder is synthesized by direct reaction of NH3 

with molten Ga for a few hours at 1070 C: 

Ga + NH3 ç^ GaN + 3/2 H2 

The unreacted Ga is rinsed with HC1 after the reaction and the 

final product is washed several times with deionised water. The 

GaN po'Her, thus obtained, has a white rosed colour and is 

composed of microcrystals with a needle-like structure whose 

average size is 30pm length - 3̂ m thickness. 

9—12 

GaN epilayers are grown by VPE as reported previously 

The basic reaction is: 
GaCl + NH5 ç=à GaN + HC1 + H2 

9 

The deposition temperature is 970 C. The substrates are mechanically 

polished sapphire wafers of 15 * 15 mm2 area, their orientation 

is (0001) i 10°. Before being introduced into the reactor, they 

are decreased in KOH for a few seconds at room temperature, then 
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rinsed with deionised water. Typical layers thickness were at 

least 10 - 20um to avoid influence of the disordered region 

close to the substrate. 

3. EXPERIMENTAL 

The annealings were undertaken in the VPE reactor 

where GaN deposition usually occurs. The powder samples were 

placed in a boat and annealed under Ar, N2, H2, NH3/ N2+HC1, 

and H7+HC1, respectively. The annealing temperatures were varied 

in a range close to the deposition temperature. The flow rates 

and corresponding partial pressures used for each gas are those 

employed in obtaining reproducible electroluminescent devices, 

9-1 2 as previously reported : 

N2: 8.3 1/min (PM = 0.83 atm) w2 

NH^: 1.5 1/min (PM1, = 0.15 atm) 
NH3 

HC1: 0.2 1/min (PHC1 =0.02 atm) 

Since Ar and H2 are employed as carrier gases, the flow rates 

and corresponding partial pressures are the same as N2. After 

each annealing run, the analysis included measuring the weight 

loss percentage of the powder and direct observation of any 

change caused under the annealing. 

The epilayers were annealed in the same way under N2, 

H2, and HC1 + N2, respectively. The annealing temperatures were 

almost always higher than the deposition temperature, about 

1070 C, in order to enhance the effects observed. Zn doped layers 

were also used, to study surface morphology changes caused by 
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thermal decomposition. Unlike the undoped layers that show a 

rough surface quality (Fig.3a), Zn doped layers present a 

smooth and mirrorlike surface quality (Fig.3b) which provide an 

easier tool to observe changes of surface morphology. The 

observations were undertaken with the optical microscope. 

4. RESULTS 

4.1 - Powder 

The observations undertaken after each annealing run 

are summarized in Table I. For each gas and temperature» it is 

shown respectively: the annealing time, the weight loss percentage 

(w.l.p.) and colour aspect of the powder. The grey colour 

indicates the presence of 6a after the heat treatment. Through 

dissolution in HC1 and filtration, the powder's degree of 

decomposition may be known. 

a) Ar and N2 

Thermal decomposition was studied by annealing with Ar 

and N2, respectively. Such gases are chemically inert under the 

conditions used here and are expected to have similar effects on 

the decomposition of GaN. However, the equilibrium pressure of 

N2 over GaN becomes important above BOO C
1<f,thus favouring a 

slower decomposition under N2. GaN is thetmally unstable at low 

pressures above 700 C 1 4 and decomposesGaU) into and N2(g), hence . 

the w.l.p. measured results from vaporization of N2. Figure 1 

shows the w.l.p. values obtained with Ar and N2 in terms of the 

annealing tine. The straight lines represent the limit of thermal 

decomposition to the w.l.p, in a fixed temperature. Any value 
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shown in Table I that lies above the straight line for a given 

annealing condition (temperature and tine), imply a chemical 

reaction with GaN and/or decomposed Ga. When the w.l.p. reaches 

15%, total dissolution of the heat treated powder occurs in HCl 

showing that thermal decomposition has been completed. Indeed, 

the w.l.p. expected from total vaporization of N2 from GaN is 

about 17%, since the atomic weight ratio Ga/N is around 5. 

b) H2 

Clearly, the results shown in Table I with H2 cannot 

be accounted for by thermal decomposition alone. First, the w.l.p. 

obtained are by far greater than under H2 in the same annealing 

conditions (temperature and time). Second, a considerable amount 

of Ga becomes apparent after the heat treatment, even at lower 

temperatures when thermal decomposition is unsignificant. Hence, 

the excess Ga in the powder after annealing with H2 can only 

result from the reaction: 

GaN + 3/3 H2 7 ^ Ga + NH3 

7.20 
which occurs above 600 C, in agreement with ' 

c) Nil 3 

The observations of the heat treated powder under NH3 

are described as follows: the upper layer that is in contact 

with the annealing gas shows no visible change; on the contrary, 

the powder inside the boat that is isolated from the flowing gas, 

suffers total decomposition. The observed features are 

schematically shown in Fig.2 and can be easily understood if 

one assumes the stabilizing role played by NH3 upon GaN, Although 
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NH3 is unstable at high temperatures, it does not decompose in 

the gas flow through the reactor21. Therefore» the upper layer 

of the powder which is in direct contact with the flowing gas 

remains undecomposed. On the other hand, as NH3 diffuses into 
« 

the powder inside the boat, it reaches thermal equilibrium and 

decomposes through the reaction: 

NH3 «a* 1/2 N2 + 3/2 H2 

The freed H2 then reacts with GaN achieving the high degree of 

decomposition observed. 

d) HC1 + N2 

The results obtained under HC1 -l- N2 must be compared 

with those of N2 in the same annealing conditions. From Figure 1, 

the w.l.p. due to 20 min thermal decomposition at 1070 C is - 3%. 

(This is a low limit value. In the presence of HCl the rate of 

thermal decomposition is somewhat increased owing to GaCKg) 

formation, whereas in the absence of HCl, the decomposed Ga 

remains as molten layer in the powder which slows down further 

decomposition.) Hence, considering that the w.l.p. contribution 

from reaction of HCl with all decomposed Ga is - 15% under such 

conditions, the net w.l.p. should be ~ 18%. Actually, Table I 

shows the presence of decomposed Go anda w.l.p. - 15%. As a results, 

reaction of HCl with the decomposed Ga is slower than thermal 

decomposition and there is no evidence of reaction with GaN at 

this temperature. 

On the other hand, the w.l.p, deduced from Figure 1 for 

25 min thermal decomposition at 850 C is ~ 0.8%. Accordingly, 
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the reaction of HC1 with all decomposed Ga contributes - 4% 

to the w.l.p. under such conditions, which gives a net w.l.p. -

4.8%. Table I shows that the observed w.l.p. is ~ 8%, and there 

is no evidence of decomposed Ga in the powder. Thus, the remaining 

3.2% of the w.l.p. observed results from reaction of HC1 with GaN: 

GaN + HC1 r ^ GaCl + 1/2 H + 1/2 N2 

But since all are gaseous products, the overall effect of HC1 

upon GaN may be considered as an enhancement to thermal 

decomposition. The small contribution to the w.l.p. shows that 

reaction of HCl with G<*h has a slower rate than either thermal 

decomposition or reaction of HCl with decomposed Ga. Actually, 

during single crystal VPE growth of GaN, the presence of NH3 

inhibits thermal decomposition, so HCl becomes relatively more 

important. As it will be discussed below, HCl plays an important 

role in obtaining epilayers with a good surface quality. 

e) HCl • H2 

The w.l.p. obtained under HCl + H2 is by far greater 

than under HCl + N2 with the same annealing conditions. In the 

former case, the H2 attack is reinforced by the reverse reaction 

of GaN formation: 

GaN + HCl + H2 ç=£ GaCl + NH3 

Therefore, H2 is not a suitable choice as a carrier when additional 

HCl is employed in GaN VPE. 

4.2 - Epilayers 

a) N2 
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Two Zn doped and one undoped layers were annealed at 

1070 C. One of the Zn doped layers was low doped and presented 

a very smooth surface aspect with few unoriented hillocks about 

20pm high (Fig.3b). The other one was highly doped and had a 

more irregular surface than the first, with more hillocks 

(Fig.3c). The undoped layer presented a rough surface aspect with 

pits a few uns deep uniformily distributed (Fig.3a). Before the 

heat treatment, the layers' thickness were 10nm, 20um and 90vm 

for the low Zn doped» high Zn doped and undoped layers,respectively. 

The observations undertaken after 30 min, 2 h 30 min and 6 h 30 min 

annealing, respectively, are summarized below: 

- 30 min: No visible change was observed on the layers' surf?je 

and thickness, but the hillocks' size diminished to 

about 6»m height on the Zn doped samples (Figs. 4a, 4b). 

- 2 h 30 min: The two Zn doped layers showed slightly different 

behaviours. The low doped had etch pits 10 - 20pm deep 

where the hillocks had vanished, however no visible 

change was observed either in thickness or sides of the 

layer (Figs. 5a, 5b). 

The high doped layer was totally decomposed on one of 

its sides (Fig.5c). The hillocks were still visible, 

but their size was even smaller. Etch pits about 20i>m 

deep were also apparent, however the layers' thickness 
# 

at the center of the wafer remained unchanged. 

The undoped layer showed no visible change either in 

thickness or surface aspect, but one large etch pit 

about 20»» deep became apparent over the layer (Fig.Sd). 
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- 6 h 30 min: The low doped layer showed many shallow scratches 

and etch pits 5 - lOum deep (Fig.6a). The high doped 

layer showed no visible scratches, however the etch 

pits became larger with an average depth - 30um 

(Pig.6b). Although both layers were totally decomposed 

on the sides and edges of the wafer (Fig.6c), at the 

center they presented a quite smooth surface with a 

small area that remained almost undecomposed (Figs.6a, 

6b). 

The undoped layer presented an inhomogeneous surface 

aspect (Fig.6d). Large etch pits about 30mn and 7Gum 

deep became visible at the center and on the cleaved 

side of the layer, respectively. 

One undoped layer was annealed at 950 C for 14 h: Ga 

droplets became visible over the surface and light diffusing areas 

due to crystal decomposition close to the substrate were also 

apparent (Fig.7a). 

b) H2 

Two undoped layers were annealed at 950 C and 1070 C, 

respectively, for 2 h. The H2 attack results in large Ga droplets 

over the layers (Figs. 7b,7c). 

c) HC1 + N2 

One undoped layer was annealed at 1070 c. The observations 

urderstaken after 5 min and 35 min annealing respectively, are 

summarized below: 

- 5 min: Etch pits about a few urn deep appeared over the surface, 
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but the thickness of the layer remained unchanged. At 

the center of wafer, one etch pit about 50um deep was 

visible (Fig.8a). 

- 35min: The etch pits' depth increased down to the substrate, 

but the thickness of the layer was still unchanged 

(Fig.8b). The etch pits were visible as light diffusing 

areas and they were largest at the crystal-substrate 

interface, as shown on the cleaved side of the sample 

(Fig.8c). 

5. DISCUSSION 

The experimental observations described for the epilayers 

are consistent with the results obtained with the powder: CaN is 

attacked by H2 and the effects of thermal decomposition are 

somewhat enhanced with HC1. However, thermal decomposition acts 

preferentially on the single crystal defects and/or crystal 

directions that differ from the basal one. This trend was clearly 

demonstrated with the Zn doped samples: decomposition occurs more 

rapidly on the unoriented hillocks md sides of the layer than 

within the crystal surface plane. The appearence of etch pits in 

the same place where hillocks have vanished, total decomposition 

of the sides of the layer whereas the center remains almost 

undecomposed, are further «sidence of the greater stability of 

the (0001) plane. This is accounted for by a compact structure 

which favours a slower decomposition in relation to the other 

crystal planes. The -light difference observed between the two 

Zn doped samples is explained by their difference in surface 

quality. The low doped resists better to decomposition, and the 



appearence of scratches enlarging with the annealing show 

clearly that the decomposition trend is different from that of 

the crystal surface plane. The high doped layer is more readily 

and uniformily decomposed than the low doped one, because of its 

pjorer surface quality. 

Although not so easily observable, the undoped layer 

followed the same trend of the Zn doped layers. The formation of 

etch pits enlarging with the annealing show that decomposition 

occurs inhomogeneously over the surface and more rapidly in 

crystal directions that are different from (0001). The formation 

of etch pits may be associated with crystal defects, for instance, 

etching of GaN layers using phosphoric acid generates etch pits 

associated with dislocations22. Under HC1, the decomposition trend 

is enhanced by the fact that gallium reacts readily with HCl, 

while under N2 alone, decomposition is slowed down by thedeocmposed 

Ga which is left over the layer. On the other hand, the crystal-

substrate interface acts as a source to further decomposition. The 

large strains involved as a consequence of a considerable 

difference of crystal-substrate parameter (-13%), induces an 

exponential increase of the dislocation density towards the 

interface22. This accounts for the formation of etch pits at the 

surface of the layer which enlarges with increasing depth and then 

become very large at the crystal-substrate interface. 

X-ray diffractometry and Laue patterns of GaN layers 

show the characteristics of a single crystal with broadened 

spots8'23 which may be interpreted as a mosaic of similarly oriented 

single crystal grains forming low angle boundaries. However, local 

disorder must not be discarded since a high dislocation density 
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(-108 can ) has been detected2**. Dislocations provide favorable 

sites for large amounts of -traped impurities which contribute 

with non radiative centers that affect luminescence efficiency. 

Hence, a somewhat greater Zn doping concentration is expected at 

the crystal defects sites such as grain boundaries and dislocations 

than within the grains. This nay account for the improvement of 

7 23 
the surface quality obtained with low Zn doping concentrations ' 

2 5 26 

Actually, Zn incorporates non uniformily in GaN layers ' and 

more readily in crystal directions which are tilted 20° - 30° from 
1 7 1ft 

(0001), corresponding to directions of fastest growth rates ' 

Moreover, X-ru/ analysis show a lattice that is further distorted12 

but a greater Zn concentration has been detected around the 

peripheries of the grains than within the grains26. However, high 

Zn doping concentrations induces crystal defects such as dislocations 

close to the surface12 and precipitates26, leading to a less 

improved surface quality of the layer with unoriented hillocks. 

Other impurities such as Mg behave in a similar way distributing 

non uniformily in GaN layers27. 

Mirror like surface qualities of Zn doped GaN layers are 

only obtained in the presence of additional HC1 under VPE ' ' 

Although additional HC1 limits the amount of Zn doping in GaN 

layers ' , unoriented hillocks and crystal planes which are 

different from (0001) are more rapidly decomposed by the action 

of HC1. Thus, the base plane can grow at the expense of the other 

crystal planes resulting in an improved surface quality of the 

grown layer. This effect also accounts for the improvement of the 

nucleation stage of GaN on sapphire observed under HC19. Thus, all 

the parasite and non oriented germinations are avoided, then 
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leading to a continuous layer of large area onto the substrate. 

However, only within the range where Kw^ d d <3.5*10~ atm that 
9 12 

an improvement of the surface quality is obtained ' , otherwise 

an excess surface effect from HCl results in a .less improved 

surface quality. Therefore, other investigators28 working with 

an excess HCl under VPE of Zn doped GaN layers, did not report 

for an improvement of the surface quality because their carrier 

gas flow rate is much lower and hence, their PHCl a d d is probably 

much higher. 

Furthermore, other growth parameters such as the 

deposition temperature and growth rate have an important influence 

on the surface quality of Zn doped GaN layers. Higher reposition 

temperatures improve the surface quality, but the compensation of 
9 12 

native defects is then harder to obtain ' . Moreover, mirror like 

surface qualities are only obtained when the growth rates are low, 

as shown in Fig.9. Thus, Crouch et al.29 observed no apparent 

difference in the surface quality of Zn doped and undoped GaN 

layers because their growth rates were too high (-lOOpm/h). Both 

of these requirements concerning the improvement of the surface 

quality with higher deposition temperature and lower growth rate 

are consistent with the above discussion where thermal decanposition 

and/or its enhancement by HCl favours the growth of the (0001) 

crystal plane. 

More recently, another group30 reported an enhancement 

of the growth rate under H2 in relation to an inert carrier gas 

obtaining rates that are quite high (~600|im/h) .it was suggested 

the formation of an activated complex containing hydrogen which 

governs the surface reaction step. These results are in a clear 
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disagreement with our data, though the carrier gas flow rates 

employed were much lower than ours, hence their growth conditions 

are rather different. Under our growth conditions, without 

additional HC1 the GaN layers become polycristalline at rates 

above 50wm/h 9 . 

6. CONCLUSION 

The annealings of GaN powder and epilayers undertaken 

in this study lead to the following concluding remarks: 

- GaN reacts readily with H2 and does not decompose under direct 

contact with NH3. 

- Thermal decomposition depends strongly on temperature and 

predominates largely over the effects of HC1. However, at lower 

temperatures when thermal decomposition is considerably reduced, 

HC1 reacts moderately with GaN. 

- The epilayers decomposition does not occur homogeneously over 

the surface. It occurs more rapidly on crystal defects and sides 

of the layer than within the surface plane. This is explained by 

a greater stability of the (0001) plane in relation to the other 

crystal planes. 

- The epilayers decomposition is enhanced under HCl, but on crystal 

planes that are different from (0001). Accordingly, under VPE of 

Zn doped GaN layers, the surface quality is improved with 

additional HCl. 

- The interface crystal-substrate acts as a source of crystal 

decomposition. 
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TABLE CAPTION 

Table I - It is shown respectively, for each gas and temperature: 

the weight loss percentage of GaN powder under annealing, 

the annealing time (min), and the colour aspect of the 

powder after the heat treatment. „ 



c). high Sn doped layer 

d) undoped layer 

Figure 7 - Micrographs taken with undoped layers afters 

a) 14 h annealing at 950 C under N?: Ga droplet (arrow) 

b) 2 h annealing at 950 C under H2 

c) 2 h annealing at 1070 C under H-

Figure 8 - Micrographs taken with an undoped layer after annealing 

at 1070 C under HC1 + N2: 

a) 5 min: etch pit 50un deep (arrow) 

b) 30 rain: etch pit down to the substrate (arrow) 

c) 30 min: very large etch pit (-70»m width) at the 

crystal-substrate interface (arrow) 

Figure 9 - Surface quality versus the two parameters: growth rate 

and Zn partial pressure (FZn> 

O - undoped (Fig.3a) 

*** - mirror like (Fig.3b) 

*,** are intermediate stages between O and *** 



FIGURE CAPTIONS 

Figure 1 - Variation of the weight loss percentage (w.l.p.) of 

the powder as a function of the annealing time for the 

temperatures: 850 C, 950 C and 1070 C; under Ar(0) and * 

N 2(x). 

Figure 2 - Schematic diagram of the powder inside the boat after 

annealing under NH3. 

Figure 3 - Surface morphology micrographs for: 

a) an undoped layer 

b) a low Zn doped layer: unoriented hillock (arrow) 

c) a high Zn doped layers unoriented hillock (arrow) 

Figure 4 - Micrographs taken after 30 min annealing at 1070 C 

under N 2: 

a) low Zn doped layer 

b) high Zn doped layer 

Figure 5 - Micrographs taken after 2 h 30 ntin annealing at 1070 C 

under N 2: 

a) low Zn doped layer 

b) high Zn doped layer: total decomposition on a side 

of the layer (arrow) 

c) high Zn doped layer; etch pit 20inn deep (big arrow), 

hillock 6pm high (small arrow) 

d) undoped layer 

Figure 6 - Micrographs taken after 6 h 30 min annealing at 1070 C 

under N 2: 

a) high Zn doped layer: small area undecomposed (arrow) 

b) high Zn doped layer 



Table I 

\ . T 

Gas ^ s . 

Ar 

N2 

H2 

NH3 

HC1 + N2 

j HC1 + H2 

750 C 

1.4% (60) 

white rose 

4% (180) 

grey 

850 C 

2.S% (90) 

white rose 

5.5% (90) 

grey 

8% (25) 

white rose 

50% (15) 

white rose 

950 C 

3.5% (45) 

white rose 

5% (75) 

white rose 

8.5% (75) 

grey 

1.7% (75) 

see text 

1070 C 

15%(60) 

grey 

1.5% (10) grey 

in sane places 

5% (40) grey 

15% (90) grey 

15% (15) 

grey 

7% (120) 

see text 

15% (20) 

grey 

* 

# 
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